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BAADPBEDRITIED v ) DIF, NEPREVGRWGEROMCEA R Wikl TdH
%, B E DN, B2 kL 520 o T, BeEeflio THFEHRZE TN T S
EV ) IR S ZDIEFIINC ) £ LoD,

DEDOVLE MHOHELIZ, bbb ICHIBEDMRZEMTL L, 2L
T, ZOHRICS LTt E (TE 2T, BEEL T, 2L92) HfIL T2
E7, =i BEEE V) DI, BIFEOHS LIRS, MRINAE. ME, fmElo Rz B
%9 % 7O DM, BFORH I, 2 0% THil Id b & Ens, @wERIcOTU>
EFRH-TI 2L, FILOZZ OISR, FILLWIHENRZHRS 2 LN TESL, 2
NS DPZ PN RBBIFDOMIIL % A 5 DR TH Db > T 3R IF R D7,

ZI9EZ% &, BREROMPLAESEHE)VHOEARD P THEDPRIIDE VI DIF, £o7
(AR LR, 20 TAMEE ) 2ATLICRL TR0, (Zhd, ELUADFET
XH20%) T4 7P —"TOHDY A PV TERBEILEFTIHFOFREBLEEITORMNES
(The unreasonable effectiveness of mathematics in the natural sciences)y 7259, th& L
T SO7V—=XDFD, AV VFADHLEY 95 HETE2, 74 7F—1d, HITH
S OGP TORROP T, BFEDBHEVICHRIEDI 2 G2 5o THEL, D5
TR LIDEA I,

FEER, YA THE, Blonthwiz Lt & 2 AT, VB EE DL D
boTL2D2HZ I EITh%, ZRIUEHTOEBZ LT DICRT PABERZR T L, &
Tﬁ’é‘%fi%?hﬁ‘?}&é‘/\/ Wi, HRICHEZ 27259, 612, 1¥THOH ) s oisz
ST 2 DICHRIED RE, Mo ERITTH S, MWERE L) (R P eATS DB %
*ﬁmtk)%%%&ﬂ%i\3&3&&%@%%%%%?%%5%“ﬁ&ﬁ%%(k@@%
WOWBRTE, $, BINE LI, HEEZREICL EREU. 2 7 akitfoyiz
ﬁf?%g?ﬁ%%%fm7%t®®$o&%ﬁ%ﬁ;% %o TWwbDE, X7 PV E
V) 5% ( (= f’f’@Bﬁs&i H4- k??ﬁb)%@%ﬂ‘ﬁ? THHATETC SWIZE > TE WY

TIEL ) | BRSO L Y] > THOUI D 22, H 2 IE, ¥ v ¥ 7L DT

5 TZoHOWFIFTRCTHFCBRETE R TEAS RV, ZRDBFEL VI BDE, ) REEE->THBA
., oW RN Z I B0 EEZEL TUIL L,

6 BEEDBHEIR L EEHR E W DIE, HL ET, BERELTOFETH B, EBE 112 5DBEPIFAD NI, &
LB, BIEHONLV—LADHHTE S L) LI BRBEE], NEPIREE2RIBEIEIRERE>0ITICE-
DRRELEZH, 2F0, HIEEDL N ETOEERSIE, HADPS THRAS ) LB TE S,

*7 BEugene Paul ngner (1902-1995) N v A Y —HETRICT X Y A - 7B A, 1963 45/ — X
VYIBEAEE, B8 2 FRIEIC O T OEERPHKIE O e EOEENH 5, (FEFRF TV A
KETDORA R 7 RRICIAED Wigner SaE 2 MED 8RB0 L7,)

* I LERE Lo TR, THRBEEITE W TEERN S 2\ I EITRITED 2 EI2oWT) H720 D,



4 1w LD

5 FNMERROBCAE, FEt Ak 3= 7 0 R0t PRTRDLEZTVRDFFIC
EARRE2D7,

Yz 2bO T 7GR, Bbht 2ATEEPRICTID I LIZRI, Ew)HTEbL
BELIEH D, 74> ad 49231916 4EI v = —7 =)L M 0% TicH w7 F M o —
WaEPEL X9,

BE, AAMFENOMBEICEZLTED, 255 THL LTI NTw 38 2ol
JEED T, IRTORHELZRTE LS EH5PBLT0ET, K, O EOHEHE
WA B2 e, SFTOAET, MFZEEETTIRIBZED THBAR LI L b
(L Fh, SRR EFTIBFAANDHECEZER -2 b okt \vw) 2 ETT,
SFEFTORIZ, BMICH, BFOPPLI LT IEHRAZ2ERBZLEARLTHED
T,

TAVYaZAVIE, BEHOMETSH 5 AN EHROMBEN LT A T4 T EM LD
L. WMo B2 EERT LR T2 L) DR ZHEL VL, ZLT, V—<*3
SRR E LEBEEODMET, 740284 vDROTHELDIChRDIEN T2
) BEECRIBL TR LR, RADZBRA2 v 20D LT ESRICEZION-DF,
FoOFIZ, BFEFEDOOL 0@ ER T2 KXo THBDTATAT7TA2RHT L
TEB Lo, 74y ad A4 vnEniyDr 4 4% TR, AR LT
WHRECED— 8 (&) CZDPENOANEZHELTH - L LA T2 81,
720D ThH 5,

ZHIVIHERAL EBEFTHRTHEONR VL, LivAlE, 7270 T8 Ich->TL
¥9, SDEIAIE, INT, ROTEI I,

o2, SV, ARIAVEKTEHTY, TRENFHTCoOMEDEE), L)

*9 Albert Einstein (1879-1955) 7  fiftfdikmon, 2 LT, 8261 (S0 L 2 3) % EREmD, Pt
¥HETHD, bEAATIES LD K CFHERN S IRBELD, Bz 3 L TERZ MU, Bl e L7255
FHRERTEEDHGHD T2 6, MBMEHL ) 202 R EZ5XEWENZ > Tl E, ZL T, Zh
5x RV, DICROFROEHZAE L TLEIERNE D Z D > Tl E259,

*10° Arnold Johannes Wilhelm Sommerfeld (1868-1951) & Timd#IMi2» & H#M £ ©, %4 0 EEL Ek%
Bll, COMERZEZ) E--T, D) —_EZESTVRARWIEZRZIZLDTAHI K,

*11 A Pais “Subtle is the Lord” p.216 I2® 23RS |WRL 7=,

2 ymae v LIS, raAC v, TA Vv ad A4 vOFERROKAT, FERRICETA vy a2 s
AVICHERD ) — P 2HELTHIF D LTS L, 208K, 74 ¥ a A v RIHRNEREIC &1 T
RIS IZ o &, JuAw v EREARELZ T2 2 LItk s, IK7A vy a8 L VithodTE
IBESRCDETNE) RERROKAE ) DERARBITEERHL DL S RUNTL X9,

*13 Georg Friedrich Bernhard Riemann (1826-1866) A /@%ﬁ(?%‘o PRI 72 e AR D H\ 72T, B
DV OPDOFICABENLERMEZE L 2, bbb 4 WS OENME G2 DIFY —< v Th
D, KL TTTELMD o BE OB EL AR L7, £/ ¢ (Y =2—%) BoX o dofiicBlds ) —
2 PR, BRECAICB T2 b o L ABORBROTHEIN TV S

AL, 2 2o e BAHERER OMEE D | mbf~%ﬁTMm#&@ot®f@



1.3 EARWNZ I L5 5

BRMFTOBR E TRKBBOM G LV I)BADDH LD, I L BIGRERDIRD 2 7
ZEzBEOHLTIELY, &Z 2 TH->7D13, Bk 2MEEOAXZ ETIER, bivb
NOLELHITE DO TEVWIEEE T D 3D 4 & B 2@ BRI O BEEN e RBL7Z > 72 D
Th s,

B 1.2.a ZEPYRICHRICVDEWV) T EIZOWT, HEZ2IE, ROXkI Kz T 5 AL
Wizl Lk 95,

BROYEZEE W) DIZ, BHEFEDOANLEDET ST, HOhb OIS 5%
o TTobHIFHEIMIGEET o\, 206, BRI DD 2 b 2 247
DEIDEER DY, ZHd, BICWHYE L WIALLOREZR L Twa3 T ¢t
T, HRIZOWTOM S »DEMZRTHDTIEZR,

Bt ffio TOK o YEOHERIZFERRICE ) ) L) TROEBELIEE, #s
D THER X, bEDEHEEREADLEL I EBHMND b D, 206, HIEREEIC
LA, 22 omANABIEICL TS, A%, 3L LHwmES) L) IEo T
5D7:,

THLIBRICHLT, AASARDIC, HERHAKRETSC EEEZTHL), HIC
LADSEZGIM LD T2 L) Tid, HFO- ) 2IFR, 7. %DD%)L?ZN)—E%H%@
BEmza Az b L TOBEHIZR W, HOoWL o220 LB L T2 Y8 L BEE2 i,
Lo e lKmzHEAL L),

1.3 EXNRIEHS

RKILIZABHEZ, WL OPDIRNZZ o2 T LoTEL,

2 DA S BRI BN 2 b 07 L, BLLERENTS L Xk, 2070
%%T%oL#L\w(o#%%%ﬁ%@ﬁomfd\L&lm&1&2w;ik®%oit\
R AR ORLD B 1o 20Tk & 0 kA 72 H A 8 v 3 06, 1.3.3 ficaEL <
T 2, BED 1.3.4 8Tk, WHEICET 2O HOD VIOV TER S,

1.3.1 EFNRHFRE

Rolc, B, THE VoY RS TIEO TEHE ) ItonT, oML TBII, &
L. BACAMEN B AR ZZ T ZHA T b 2A L IZb o v ) DT, T 2Tl

5 Z AN TIEAGERS S H, B LTI KeBNnk k) AR S Z 5w ) BEAEH
THTL 22D 5 L9 7,



6 HB1FE I YIC

HUICHAR L TB L TH 5 21U kv, AFEZ (H 20 IidfhoBrydEHz) HiA TV GRAELL %
LE, CI2ATHL AN VRS ), kB, EPHEED L — VIOV T, 2.1.1 Hide
5213 HHTHLIEHELCHDI,

Bt ofEmo A IC e 3 DIZAR (axiom) & MEEN S EOMETH L, EL, D
ATIHIFEAERBICIFN WL, FEHOYHMOART (2L T, BHEOATH) MFEAICK
ZRBE LoD EHFETTILR LAV, 250 R THbLNIZAHEDIFEA LD
nbnd TEERNICHI>Twdy EEZTWEILENPSGTH S,

7L, DEEGI DI, BEEDOKBRFRE DL 3 OICHBET 2 RAN LR TH > T, Wb
W2 THHOM, O & Tk, ZORFOAREZERICED L, £ MEwP g v mqE
ZEROTRBICT 207D, H50F%E2O 2720DRMPVOH-—-#HYICEE 2D TlEA
VW, AL o TR, FoHUERZHR > THTH, HEHARHTAHE 572D D
HRETIIEMICR>TwS (2L T, —DHOHBEFETOEMB _OHTIEABIZZ>TWw»
%) VW) EIBILbdH D,

T (definition) &9 D UE. 151 OMEEF7 ICHAT 200 BENE) G3%
VI,

EHE (theorem) &9 DI, RPLLERL T 2> THE I TE 22 £ L O TE
BHL7bDThd, £, BITGEHTES LI DL EIC, EXICEERbDEZ, CHIEERE
B> Twb,

iR (lemma) &) Db, RPILERD O HEICIEHTE 2608, 7272L. Ebohtw
) EHBEL TAEMAERTOICHNICREN L) OB, bro EEZIDIC,
BEEMERZ L%\,

% (corollary) £ W I DIF, FEAEBATLOEDLRVWFIELD, 2 EMH» S TIEFIC
flc ) T2 2 e TEZMEER VI,

SEBA (proof) &9 DiF, A EERE LA DFEARN LN — V72T 2 HvT, EH, FiiE,
RERTHAD 7L ADI LRI,

1.3.2 FEBICLRES

MEE = MU E L W LR ETEHESED., ZhuclizEZE 2P LRTE L,

(F(¢))y = lim lim —

_SE,L ((P)
lim fim - / Dy F(p) e (1.3.1)

D) HAHNDS =13, FUHICEVTHL2H0250ICE L0 TERELEZZ L 2EK
T2, I, Ac=BHH20IEB=ALrEFI. ALtVIHIFLVESTZ, TTICHEDD

6 272 L, BOEHE TRARICAD S AT, T AMAETRTHS I LI TES ) LELTWE LR
’))O



1.3 HEARWRZ L25 7

PoTWVwE BILKoTERELALLEW) ZEX, ERIWGA=B LWH)FEH2HLI LY
Gy, TNRE, BEAEAADEL SRERI N TV 5D HIETIZ R, AFHTIE, X
DEHfEZ = ZH W5,

7L, REZIE Tf(@) =22 9%, ELVIDS, EREVZIFERLZDOED, b
WhE =2 2 LT LRV, D)z > TlEbN il PlEZ ERT S L EICK
., H67F>oT:=%2iH) 2 LIcT 3,

A, B &7=o0@) BERIICEL ) 22K TDIC, AxB EELIEDRHS, 72k
ZAE, Te DX TITHRTT 2 E/PZ WV E ST sine ~ e DD, L) U S, EfET
w2 = ERIUEKRZ EE> T8 534 BHEICE ZAIE, DEBINICE LY v
IILDEKRZE -SSR TR, 2HVIESHIERE LG, COHH D XY HE
BHOPVIE, 311 BiCHaZHERT 5 L SIS 2 EITL L),

Bl 1.3.2.a EICTTERL e 1 ICHRTT 2 E/NIWVEE, sine~e DD, £
FERBZIELW2AEI D (ELWELT, EYVIERTIEL WD), BAKER 2o CHO T
D & (1.3.5 Hi TN T 2 WolframAlpha® Z > TH W), e 2 0.1 £2 0.01 &1
EOBRDVE, FRTF2ATAHRLI,

1.3.3 —fMNGHODES

x> TRTEZHIEIERTHM > TEL LTI P, RBICA > THRIN 2 5
ZHOMIEIICHELE, TOEEHVPICKIEET S LIRS, ZHLZHOMNZED
LD BEST2L, 702y h—0DT WY EWHEN 2R LB & DA G LY %
FREELDT 2, DUT, EARNLEMiZFLEOTEZ), BUIZ. JALI EDPMDORITD

DIEODPSBVELIDE, BAHEAMEILTEVT, HETREICKR->LEE, ZIIKES
TRV E- S,

B—ENOBE HAD HAOBAD»SIRLDLI. $TE, V14—V /7y 70,
1P +2° 433 +4%° + 5% 4+ 6% + 7° + 8% +9° + 10° (1.3.2)

EVIHFEEZEZ L, ZIPoTRHHES LR RDTELDT,

10
> i (1.3.3)
=1

AT ke <1 EET,

8 M ETIEBLAIITD o~ DEKRT ~ 219 2 EH3% 0\, TERINICE L) 2 E2ETHEDH I IZNE
PEHICL > THIPICE DY) DT, ikE D & FITITERDIDBEL,

*19 1 70z, FlE 3025 17 5,



8 B1FE I

EVI)RITTEL AL D&Y, Y 3El "> e Ll (14 =YX Y vrX
TFOREZZI), Flo, i 131596 10 FTORE(EE L 2EH (variable) TH 220, i,

P EWVIHILHTIEDTEREPHET S, i 2 106 10 T THICEL L A5, i3 L)
BERLH TR I v,

E0H ZEEBERLTLS, (1.33) LALLMz el 25, N0 B ok,
INSWXF DRI DILEZ LR 5 DIPEHEDE S T72,

I, FTHEIRNELDI., RANICHEH O (1.3.2) I, 1 &I BEIES L Couin
ZE, EvH XD, (1.32) 13, BT HAOEDOMEDRS, it LA L A, BEBAD 2
A7, RV (1.3.3) IC85 T 228500 L) DI, RRIFRFTEICES L Thiw
e, FRO7DIRICEA L ZZBUSHEE R\, 96, BREOLHTIE i TH{Th Lw
DT, Y0 kP e Th, Y0 G eI Th, (133) LR ok SALLOR (X
VY XFDY 2=, 14 XR=YDE2ZMH), ZOk)ic, MO ETELT 2 ROLE
DI L EYI—FTH (dummy variable) EFER*2L ¥ —ZHux, (HFR-EHLTEED»ZZ
2T o EABEBICEESIZ T Ebk\v, £, ¥ I —ZE I DS el
IfEZRD 5N TV EDT, —BROEK LT > T, bbb HFELEZNATEI LI
TERW22, EMTICET A EH (4.1 fili) IR Y I —EHE,

BIDVLEEE MBILL X9, k&l 2 0<k <! Z7-T8EEEL.

B4 (k+1)% 4+ (=146 (1.3.4)

EVIHAMEEZEIE, kol ET, BEO=ZFR R LLEWVI T 72, Cn2Rn
BHITEITIL,

4
> i (1.3.5)

i=k

L%, 45

g
&

(=N

*20 Iz (B BED SNHPT) RIRMHE, H 5V IERMOMEE L 2 B2 LB ETR, BEIET L7 7y
FOXFETEDLT I ENS W, BRICH LT, MorDEE -7tz & 22 EH (constant) &9, T
. 3 & 145 Lo AKRNAE T VL, HEZRFEET) a, b DX I BXLFETROTILIH S,

*21 JdZ % (bound variable) £ W BV A b H L, BB, MalFh EOTH TS I —EH L V) FHEIEL
MOFER (0, 1 D fHi%E £ 2 2 L THREEZRDOTEE) THL SN TV D THERE,

*22 YiEEOIE 4 L — A M % dead variable £\ 2l b H B, BHENRATEIENTERLDS, BEATVRS ) &
VI b,

WHuaAC, AE U—k+ D)+ k) (2 +0+K%—k)/4ATH 2,

*24 (1.3.4) IF. k E LA EHN TV 2 L ZIRTEKRODH 2HEHIh>Tw5, FHBEIE, 2 2d k=3,
L=5,voBEIciE, 33 +43 453 LwIMEZRLAZVLDOE, BALL LGV, FHEICHIIWI
ForoTlk) WAEFEEHIZFLTTL 5,



1.3 EARWNZ I L5 9

P EWIHIKRTEO T (BREE L D) BRERETS, i 2 k26 ¢ ECHEICEN»L
BWe, P EVIRZELHITH IV,

V) eItk MIORK (1.35) 1I2IE, i, k, { DEDDERDELT 503, T D
5239, MO FICEKRi SIS N ik, ETALLIIC, ¥FI =L, BOD Lk & 11X
bNONDMDIFE R ENRATEIEDTES TS, 287, (1.3.5) OEH i 2 (—E
LT)@@%&*%%@%T%@%ﬁb%&wﬁ\hE@E%Ak%m%%okﬁﬁﬁwé
BEF I b DICEEZIEZ 2 DT ITIZ VD20,

DA% e e ﬁ%bf%%o%if K DMRLFHESHIHED I,
ay,ag,... 2 oLOBINET S, H£LADIEOHRE T =1,2,3,... 12 LT, WIHT 55
Ba,WEEF->TWwBENVH LR, Z2o000EEZIE, Fo#lichbETa;, =2 -
THWVW, kel Z20<k<lZili7od8EEL, (1.34) ITHY4T 22, —KIC

¢
Zai =ar+ a1+ -+ a1+ ag (1.3.6)
i=k

EVIHEETET, b2 hic{wEMIANIE, I, EOBIRE>TEZTUIL W,

BZENOBE FxiEn ¢, —H, ZHOAICO>WT, AEOMRNAES 2 T52L%
EZ2X9,

S, B o MRNBEIN 2 HOo0rE), IEOHAE i =1,2,... £ j=1,2,... &k
W& FEha, ; WEEDLEL L), REXR, a;j=(i14)) BEEVI DEROIFELAXR
ZE00EST,

SO Y Y any ) CEOMEEZ v, SHE, Y (D0 aig) DRI,
F3. AHID jIcoWTOMZFEL, 202 6/MIlD i IO TOMEEIET S, LI
IR7Z LR 2, k->T, MIDESE (1.3.6) 2ZDF £fl) &,

3 3 3
DD aii=) | D ai
i=1 j=1 i=1 \j=1
3
= Z(ai,l +ai2+a;3)
i=1
=(a11+a12+a13)+ (ag1 +az2+ass)+ (as1 +asz+ass)
=ai1+a2+ai3+az+azs+asz+asr+aso+ass (1.3.7)

b, BBEOWEADZE, i=1,2,3¢ j=1,2,3DJullh) DFlAADLEHTRTITONWT
ai; 2R LHT I EILB>TwE, I, TLOTHRLNDOIY DT, SlODE



10 F1E IO
BrFLOT,
3
> ai, (1.3.8)
i,j=1
EFWT, ACMEEREL XY,
IO, k4B O<k<lZhizdHEEEL,
¢ ¢ ¢
Z Qi 5 = Z Zam (139)
i,j=k i=k \j=k
DEHICTHMZERT S, WMUEZT, “HEHMZ
¢ ¢ ¢ ¢
Z Qh,i,j = Z Z Zah,i,j (1310)
hi,j=k h=k \i=k \j=k

LEETELL, L) ROZHEMOEERETE 5,

B7OXYH—OFIVY FoBEARKi=1,2,... £ j=12,...IcNL T, yARYH—*
DT L% (Kronecker Delta) & WXL % E%

1 i=j
0; 7 = 1.3.11
; {0 i (13.11)

LEHT S, CoRNE, BATTICEIBERT. i=j Lit ] ELOOREMNELINE D
CIEL T, 120 AT 2, 702y h—0FLY, HEEM 4 LARIROLTIO S
BLET B, ik AELITUE LT BAoTwiUZ 0 v RITE, BEIIC AL
S50 =0, Ga3a050 = L, G55, =0 HERE, TAK Thob, RbON, MRNAIHZEED
TWw{ ETRIEN LD,
702y h—TNY Db IZHOERN ML ZATEI ), £7.
M .
}:@j:{l}gjgﬂf (1.3.12)
] 0 j>M
DR SO0 1 Eo LR EMEDPOLSBBEAIDE, EZAFM=4:THLT, Al
Z BRI F W THA B &

4
D 0ig =01+ 82+ 835+ (1.3.13)

=1

*25 Leopold Kronecker (1823-1891) FA ¥ 0¥, BGuREU% LIRIA VT 2 K5O 2 X 9 360 H
25 Lv, BEOWNRIIEROFHETOLO6NIRL E LT, EHEEEM ) 2 EHMEL TR EWV) DIF,
BbLLAW,

26 < L wHDIE, SEFUT MELLHERIBAE ) LW ER, fia b s kudd, K¥ETR, < &
TR, <k > %5,

v



1.3 RN EH5 11

Eb, ZITC, jRREZE 246, GUOWUDDTNI D)L do0 721FH3 1127 DABIZ 0
o, AiHd 172, F7, jREEZREE RS, WUODTFAZIEAL 012 2DT, Aild
0, 2hz—Mibd e, (1.3.12) iK% 5,

Ik ) D BB E LT,

M .
1< g< M
Z&‘,j a; = % L I = (1.3.14)
] 0 Jj>M

DILDILD, (1.3.13) DL I M =4 DEH%2EFZ T L, ZOBRBENLT 52 L 2MERL
THLI,
FEME-EMEEHOMNT 2

M M
D bigjaig =) ai (1.3.15)
1=1

7,j=1

LRI L, Bbwk 25 TRICO,
B9 1.3.3.a CEAIOEE (1.3.9) I EP0T, (1.3.15) OBGE T,

BREORES ML FRIC, BIIoOwTy

4
H a; = QK Qpy1 - Qg1 Ay (1.3.16)
i=k

EVWIHIEEHFEME), Mo (1.3.6) LRHARE ), ZHEEOLEMEMAL L) ICTERETEZ S,

1.3.4 YIBICHEITDEE B

IITE COROALLE (1343) WRECORH, PRERORMLORICO W TR E
LTEE,

IR L A BEEEIC L A, PBUCBIN 2 5iEIZ, 2zl 2 il 2 ke TP 5 i iUl Rk z
b2\, BROYEH TR, 55U ODREOHA I s, HHEOHA I m 2 E LD TEE,
o b ZUE, Wi E 2 b, R AR TRT LS, INSOEBICIE =32, 0=54D%)
BREDZEDBIMRAING E Lz, 2L T, IS DEMEICHMNZ L >D1F T, 325, 54mD
59 RIBOMIRCHES T 2 L IcAoTwr, L, WIEREVI DI, 252, M
DIRGY EALDOTT Do L X IR > TIZERZ Db DK, WiFHZEHICUIDHEL TL %
IWY P iF, FAREL, AETH S,

KEFL VDL EOPIEICR, PIBEE £ = 0.5 h 0 k3 1o, B & Bl R 20 b £ b o)
LTS, X510 — 2 LT, I oARCEEA S — £ DT AR —oIc i) B
ZEEET. BRI, t=05h=1800 s ~ 0.020833 days. &% \>1F £ =35 cm = 0.35 m



12 1w LD

DEIHIT, BhottBfiz boYiEZ (bHLAALELWIREZNLT) HL DR E AR
TDTHD, L EWHEIIZ, AR EL LIZERERIC, FIET S, Tz, TEF XA —
FILEWH)BNTERITZLE 035 mTHY, 2FLFIVUXA—bLEV)HMNTERTS E
350 mm IZ74 %, EEZ5DITRE, ZH)0H)EEZKML T, 2O LD LK) nREIE THRZDD
WeBL LIERMIRT. TRIOXRICT 2R R LERONEEE, HfioowiEE vwoT
LF9) EEMENZHEA (m & mm L) Z2HET2HEBH 20, RIDOXILZ2FFO>EE
WZIE, M ERIEET S 2%, ZNESEZRTE OF), BHE L[S 20R S DY
hb¥im) ZLn) TR0 EDE, bEAA, ey TREOXTTZF>®E) o
ERRILORILZRORZEZADH LIRS, BETHR ) BALOOD I\ 0 1 72 DEUT IR TT
mEMIEN S,

KRR OBEZIDOLHIICRTE, 7L 21 v=236.0 km/h DEZ Tt =5.00 min D&H >
PHEATE L E DT,

::361Lknlaoolnn1::1&Jknln“n
DEHICEIRETEZ 5, OHT L MO 2 BEICEHFRE L T, &% 1 h =60 min &)
PRz o7z, £/, RI LD L) IR L RILZFOREI LZRERLE TSI LIZ
WLTTERVD, HlZIE, EIORILZHR-7-EE) LThiUL, PBELZ->THWTH 2
LETE%, {1 =1.00m, {5 =20 cm THIUZ,

=0t

= 3.00 km (1.3.17)

01+ 05 =1.00 m+ 20 cm = 120 cm (1.3.18)

ELTIWwEWY) LT,

COkHIc, BHeRETS LEEH, A2FHCLEH, PHEBHMNZEATHH DL
W) ZEEORICERR LA 2D TH S, Z2HUTL > T, HBOYHEZHAGDETHL WV
He202(5LE, AzFHZ T T LT, FEPVZLTHREEZEAIICEL %5, & 2F
(WIS v 2 & > 7 H & m ORI —EDESTN F Do 7-B 0. YiELEIET 2 £ Tof
BphEE ¢ 2k 530)

mv2

2
DEH) RS, PHEOSTHADHMIHEL W L2HERLEVS, HELDOTHS (L, Wil
DHALDEL W I L Z2MErDO L), THIVIFEEZTIUE, ¢+ DX ) ICTHOE) bDZ R
LTLE) o Bl td, halniazd ) EREP LS R2L)aX2HC LR
B %5159,

=F/ (1.3.19)

27T . ThNbNOESTEMIZIRIG, W) EEID TRIG) LRBEL-AMETHL I LICESE, I
i (Fricwieegicid) abmsb vy,
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ST, INLTDOEBEZTIUL, TTORTH, TXRTOEHITIFHMEIEGENT0D EL
THOD) ) EVHEEPOOI EBbNEKEA9, BAb, AL EHRL 2036, B
MBI DBICHEBICHAIZ & B AHEMEIC O VLT, WA WA LRI L THaL, ZOfEHE,
BWalhBo, TORD X ICYHEORMEL B Z 2B TR O Z L EFTRICT S &, it
ZARABICEILIETLEI A9 L) fimicwizoZz, L) blFT, ZOKRTIE, 2D
£ 9 B FEBIE, REOFEHPCHEEPIRAZINE DL LTHEED TV, 2L,
2.2.6 fiiCld, XouzFio B2 RANWICERMT 200 TN 5, £/, Moritdk
E. VM EDORDZY DMONEZERT 5 & 123, BEDHALZ b OV ZRDLE DD
R ZIEZoZD EIFTTVRELVEESTWES,

WTIUCE L, REOVBZIZLDBICHT> T, BKRE TOYHBDOHEADH O IR
HAZDDTH-o7- 2 L2 L. AR FIENE8 % L TUIL W,

1.3.5 HEFHE. HRNEBDY 7 McDWT

atE 2 O 7 B O R BB O EANE S H TR E DD THWL L NVICEL TWw 5,
AV =%y MZOBDP> T RERETRENTHHTELZ A7 L40H5, 22 TR, B0
Mo TWwa T Eh o TN WolframAlpha® ZfHHICHAL X9,

BRI V> THETHLE, A VI =2y PO DPoTWwE7 77 —T
WolframAlpha® ®_— (https://www.wolframalpha.com/ 7225, BETIULT A
27 %) 12 &, Enter what you want to calculate or know about: & \» 9 fi#fjic 5l L 72
WERBEANL, VI —r X =TI TH D,

W ODDREZRTEZ I,

e “1/9801" & AJ19#E*?, Decimal approximation: & \»9 & Z A1Z 1/9801 D/NLT
DRUADPERINSG, HHVIEZ L TWw3, “More digits” £ W) RF Y Z 7Yy 7§
Eb - LR EFTHO NS, MIBEBETVLD1E59 ? (83 R—Y D] 2.3.2.a %
X))

o “(2143/22)"(1/4)” E AJ1T % & (2143/22)Y/4 S 1) 2143/22 D 4 FREZFHEL T
{Nd, RIS x> EHA,

o “(x+1)"A"IF (x+ 1)t EWIHIEBEL, ANT DL, 777, BRI, My, ook
NN,

o “D[Loglx~2+y~2],{x,2}1" ¥ log(z? + y?) & (y FEEKE A% L T) o T
L&) R,

*28 M DRIER T T (. “When was Isaac Newton born?” & % >3 “What is the speed of sound in
water?” A7 WLWARERICHEZ T NG,
¥29 oM I AN THYEFANT 2, DT bR,


https://www.wolframalpha.com/

14 1w LI

e “Integrate[Expla x] Cos[b x],x]” & AJI9 UL (4.2.60) TRD 2 A EHED
[ dx e cos(bx) ZEFHFL TN 5,

o “Matrix{{6,2},{2,3}} L AT B L 2 x 2174 (2 i) IZDOWT DAL @ % i

FIHELTERL TN S, bo LRITEORE BITHID
‘Matrix{{2,9,4},{7,5,3},{6,1,8}}” DX JICLTANTE 2,

245 OfliZ WolframAlpha® DFRIIZHERED 2 ¢ T —#HZ R L TV 3 I E R\,

COE)BENLETO T LBEETHHTZZ L) DIEFEFS(EIREZILTH
2*30 72 ZIE T ORDHEMED % < 13 WolframAlpha® (2@ UIc A THUIMBIFTL %
VDI, Lo TH, ZNTRHEAHDOIHRIIIZLEALEE R DT LS, NFT VAR
WO %236 2 ) woeBdfiib ML TELWwER,

1.3.6 FUIPXFDE

KD APV TIEX ) O XTFPH N 2 EDNS 0, AT HETDTL 620
ERERDT, ¥V LFERIILTEI ),

V) ¥ v LPO/NLT, KT, FERETORD . HAETOERDHA ST Z MR TENTH
5, 122, KXTFPHEEDTIV7 77Xy b EFEL HDIFEMEL 7%,

*30 13 WolframAlpha® @ % & 127 572 Mathematica &\ 9 HRD 7 7V 7 — a v % 1980 FER D&
EHASEZEHL TWwW3 (el Mac HHL 2272222 72),
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Q alpha TINT 7
I6; beta N—%
~y I' | gamma VN
5 | A | delta 24

€ € epsilon A 7vnayv
¢ zeta Vr—4F, ¥—%
n eta 4
6 | ©| theta =%
L iota A X5
K kappa H w8
A | A | lambda A4
L mu Sa—
v nu =2
& | 2 xi THA, IHA, T —
) omicron FIrmav
s II pi %A
p rho a—
o | X | sigma VA
T tau g
v | Y | upsilon AR N

o, 0 | @ phi 774
X chi A
o | U psi 7 A
w | Q| omega IR

AFXF e 7vuroidbEhHeonkw, 370y o3 FEOTIVT 7Ry DL —
USRS T 5™,

77 A D_ODTED ) LEAPCYHTOEHE L TEITHONEDIEZDOHD ¢ TH
5, —DOH®D ¢ 2READHTLE L THCREEDLD 205, KAETIEIRESIT ) TET, B
JIHTE Y & o BEHINDEBHL AL (T A L7 74) PITWwB T E6F WV
2 B NS D RS2,

Bl zohot Iz viEF) e vy LFOThTH- L MAE > Bbhs, bbAA, 2021 # 11 HX HEiD
SEEEDS,

*BZIRAZET 5 ODMMEE LT FAOHMDBEVBRELELE) ToaL T v —HH, LI bonds, &9
THVVEEED, RSB ANIEZ Y FTHRELTALD,
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2. £5. . B

ZOETIE, BFEER POl T DI BRIERNLFEMICOWT, HERED
R=YRETHHAT 2, 2.1 fiT, WP, EL&E2HO»V, 2.2 fiiT, HAREL B
AL FEB BREEE ) BOBMREBINCOWTHRG, IwIiz, 2.3 ficldf
PR, 2.4 HiCIFEIE L 2 OEIRPEGEE H oD,

IS OREIE, WEIE TEEEOHY ) LARIN TV ST, MIHBUADOZHF}
FHIEHEVEL LR0E)7, LrL, ¥-o0 EERIC éh%%ﬂtiva
WIHDEDS, WLORHIDE ZAZEMAFTOLRICLS RV ER ST, 2ORICIE,
ZHOVIHEEbEDL LI,

%O#ofW%WﬁiﬁK%ﬁ%@Pﬁ Vx4 FDOEESFIE. DBHICYBIIGH T
5 EREZTAER, D FFED) HRELIFTORAEI D DI ST, E7.
%ﬁmﬁ%t&<f%\P%mM%%J&Lfﬂof£<«%tauot_k(taz
. V2 BEHE TRV R, DURDERICE T 2 -N #ik) 1F. TRz
L7,

COREIF, INLLEDTEICHRZ L BHALDTHD, HEDFEHWTIEZR VL,
koT, L BHhoTRBDEVEE X, COERERLLEWVWTH, KICEATEL,
AEH 72 £ imkbﬁ??(ﬂ@ﬁﬁtfkwf(%%mu\ﬁkhaﬁifmh
LICHGEEREREDPDIEII R 5T LA TAL LW 2 ETVLWEASY),

o MEMNBEEN,
o ERTEILEFNLBHT, <K, RELESH. I 2DM. BRH. B
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2.1 RIBLES

ZOfiTIE, BFDZ ERRDHEARTHIMMEELELGZDHOPI), TNHEDT—2ICDVTHE
CEEAIAATH &, PR Lo B XIS I HADBIA > T DD, I T2,
ZNZRo T EYMEZRLATOSEDE %S >TLE), 22 TE, EARNLZE S
REHATZZEICEREZEL,

BEAICHEN B ERIIC OV TR, BT, DL EB DN, £ GEWAREL £ T) FENIC
ffioTwz EEH, WHIZ OV THMENICEZ TV L 2dITiE, BANZmEIHRICHIC
HOTO2DONEF L\, 2.1.1 fin s 2.1.3 ficimd, BFEE Z 105 DI DOV TEGHT
B, MEED « « «IZOWVT,» + *BFEFEL) Vo mBOMBRICHERTE L TIZEL WL,
2.1.4 i CIIWIBNRREOm A WIGHZ BN T %,

—77. ERHEYBLCAKRIIZHG 2RI E VI DIF, ZRIEFELL R, RzZ2ELA L
B CHAT27-00EHE LT, £HMNAEZHZHOIGAENIILEAER LR, 72
5, EBAWMICIZEAD T, 2.1.5 ik 2.1.6 HiTHELE LBHRIZOVRTD WL D D&
BELTEL, B2 EKTRER 1o EE6DORE VI EZTTIIERNTH 3,

211 mEEERB

BBl v ) DlF, I EFIFHREANBaE (RBEE) ob VI ORREEIE L | §i
RPLIELVLIEHRZS L 72ODRED) TH S,

8 (proposition) &ld, K& >FI2w ) &, FANNLLOEANEE R, W 20DH
AR D B W DBCANBERIC O T S D iR EZ DR T30, DL THB*2, Lz
. I8 IXEBY LA €123 > 987 LD “45 + 32 = 12347 L\ o b DM, “34 13
Ty ¥ —FvN=" Ll (BEERROIFEANEE 220 6) Tl Ay, DUT, iz
XFTREILELLEIE, P, Q, R, P, Pa,... BEEHL,

EeEIT I,

P1 = “18 13 MHEY, Py = “123> 98", Py = “45+ 32 = 1234 (2.1.1)

DE)ICHHETZDT B L, P RICK D, TNETNDMEDONELATH L), WHSRIT,

LBFEOMRIZH DS DIEH D, 22T, B REAE2R2BICEVTS 52U 0ES T,

2EALTE K DEEICEI L, TRE) EwIDIF T Z20LDTIEARL TXORTHA) O EzFTEewn
) DR RIRIRE Z 57, 728213, “243=5"¢ “6=24+3" & QL 3DMAI5ITHELWV D=D
d, XELTRBELS>TOEIMBMEE LTRAL D EREINZ T ENSHLE VT,

*3 4193 > 987 BWIWMOEIRTOLTIF R WA “123 13 98 L Hh REW L) T EELLXEATWV S,
“45 432 = 1234”7 H “45 &£ 32 DAL 12347 ICEE L WEWH T EEDL L X, —F. ‘454327 13 “45 &
32Df” LE5TVLEEITT, XTldkv, koT, ZHiFMmETIIRY,
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WA Py, Py OFERIZIELV, ZOZE%E, 206 DMMEIZE (true) TH2EFH. —H. iy
Py DERIFHSTWE, ZDI L%, ZOMmEIXE (false) THEHEZIH, AL I &% TP
WD D), TPy DI iz L HEH0IE, K DARRIC TP THS,, TPy Thvg %
ELRHTEILELH S,

PIFRICA S A T3 (BB Wik, 1EEA LOBEDIERIEATY) RICHBERETH S
MATHZIDDEESHTH S LEZ T,

FELT, 2DFHE V2 &0 BEIRRIZOVTOUTD L) L2 ELTHRE D,
2B, V2 =1.4142135623730950488 - - - D & H 12 /2 ZHEEO/NETED L DR T2
DO FHENEIRR ) &S,

Pr=“1<V2<2
Py = “V2 OENEE O 1000 H7H £ 0ic 128 4 i L Tl & 2 50385 37
Ps = “V2 OHENEIERID 1010900 i H % iz 128 10000 L L TS E 50385 27
(2.1.2)
9. ME P, BETH DI EIF, V2 IERIIC 1.414 125 L 2 E 2 M TOIUZHIE I
bD5*, il Py EFFETIZE ) L&) by, FHEREE - TR % 1000
HHECEHELTUL D LIZODITEMDEE S, o THADLE, INERLT 952 KiH» 5 1
23 4\ L ClEATWS, Lo Tl Py 3ETH 2, TAIME P DELHLAIS 2w
L. o TWwa AL (8256K) W, ZHUd, BERKEL Aok TomE P LEo7
CFRUHEEOmEZ DT, 101000 #iH £ coH/NBUBRZ 5 L & 2 T1UIERIHEE T
5, LirL. ZAGEHBEIZFEEMEE L TR A ) L, 25 Z L ERLEHEZ LT T
i Ps DEMRZABEERDNH 2 LITEZA B, Z0Th, ZOMEITEIMEP TN TH S
ZERHSHEEES, DEo=21Fk, wind (FEWICIE) BROGRZ T CERDHEE
T 20 o 72,
oI, UMTok)hmBEEEZLTAHALI,

Pr = V2 O E/NEBIBBIZIR Y 72 { el 7
Ps = “V2 OHEIUERIT, 178 1 KEBE L TR E 2555 5"
Py = “V2 OHENKIERIICIZ 1 2D L 19 £ 105D 1 0EE&THLNS”  (2.1.3)

ZNoiE, BiO=2F FHMTIE R, flE P, DERZHRKL ) L7689 T 5725
3?2 BEARAZHEET V2 OBENUEHZOETORO TV EWIDN—FE, 2L,

o nEPEhE e, BIET 2 EEE E W 9 THY RT3,

B HoviE, 12=1%¢22 =4 10FEATHE, TTRLT2ICA280 P11 EOVKRELT2ID/AI NI ERY
5, IR TEISRIUSTEAIZZ %,

6 HMICHEL A TR ORROBTEMEDLD D25 L, HRKTH ENFITOHENLELBERNICH»-
TWwW3EwnH I,
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(LbOTIOHHZEFHE L L Z5T) BREIMEO ST V225 LHRD/IMITES NN
2, GE P 3T ot bbb, L L, DT I ZAGHBELTH T o LA EH
EFWFEIEIZNZOWES S 2 GE P, PECEMICKRDLYBEVDOrb LgwL,
FiZ, bIPLDBARE LEHEBEY ) LD DL AR, R TIE, E P FEE

ELHBIEEDLF AR\, Lol Ps 041X, &b 22< 1000 #iH £ THETUEZ N TH
BROWEH, SEIZZ ) VLIKED ERIZZ VD7, EBICIE, GE P, IETHE I LN
broTws, DF 0, EBRIZIL THROSTIRD 2 ki 0, ZiudahikctiE gz
BZFHE L 2D TIZIR L CHEHCE R WHEHETH B Z L ITHERL L), HEBOIHIZZZE
HEL < 2T,

M Py b LA BT VE, ELLEHAKTTIE Lo HENUBRZFE L, 15
IREEF L TR EZh2ADTNE, ZNTHTHS I EBbh 5, LirL, hThs L
T2E, ZNEHAZETORTI LR TELL, ROMZED ZOMED EBIZARIZITA
SNTVARV, BZoSHELLEPRINGH, EEMEL LT, Zh2BEHE R T DA
A7 %9,

il Py 13 & 502 TRy ©h 2*8, Z g mRIcHE < TN UERICB T 2 2 o T,
HTHAHI) EBTHAI) &, W ZHETHEIDZ I EIFRLTTELR Y, ZOMENETH
LM TH LB, S0 TEWiE) ZHOIGEHBBELRDTH 5, il Py
RGBT EOBRE LR EPSETH A ) EFREN TS, L, 5DEI A, ZDiF
BE 72\ Z 9 72,

DX, V2 BT AMEL TR R TH . AEIRLICE A E A S A I b
5, ZNHDOHFIZIE, TZDRICHE > THNS 231U (FEMICIZ) BEHEDITH» %) i P
DEIBBDHHIUL, O LDBEGEIHZ A DT 2 TIZEBDTH 52\ findE Py D K
IbDLH D, ZDX) BAEIZLTD, NEVPHIZ D E 9 2 L I3EEARIC, HETH 20
THIDPDBMEFEICEF>TVEEEZLDTH S,

*T 56 R—YOEM 2.7 C T2 WA TH 2, ZEEIAVTE, 20U k> T HENUBRERICH 2 &
Byips (FEZTH L),

B ZoMmEE b IP LIEICENS & T2 o/ UE D N HiHECIclns 1 ofi%z Ny 35 ¢,
limy oo N1/N = 1/10 3K D325 W) T ETHS (lim DIEMERERIZ OV T 2.2.3 fiTiE L (bR
%),

N EBEOANIERUTEWER : Lo L, BRCBII2HBUCOVTHELEZ TV LT LY TEALMG
HETHEPEPPTEE->T0E ) EABICZIINES LI EbroTWw5, AHETI I vol THED
WO ICERAL DD DI (2L ZHALMHTEZIFI LML Tzvn) 28, oD TINK
fHRIICHHAL L9 (b BbAA. ZOETRTRICHITITH 5> THVEOLIFEYN, Z2RTb 7roEH»L5 R3S
ERFRFALEEY), BT, Ric2b-oT MENE) THEEALZTHLEV) ERXOMEELEZ X
IEwnH LR,
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21.2 @EEDHDIHL

WL OPDMEPOHFEL, ZNo6Z TITy Lb#HAatbER)$52 L THLwand
ZOLBIENTES, ZITIRZDLI)BHANICOVWTE LD B,

gk, COHiDEmIFH E D ITERIT MR ) 72wy skkv, UL L
N, ZRUEH 2RI EED, 2ok (W2l AT B ELSLDHETID LI %) Emer
HEARENQTIT L EDLO TREROIADIED > TIT K D, R, 2 TEETLMEICOWT
DFENE 2.1.3 HiChFEE T ) & ZICRUBDOBNZFRETZ0 T, ZDWEFLIFNATVS L
HoTHATWIEE 0,

DIFCix, P, QR z—MofmdEE T2, ~ROMEL VI DIZ, INoICHFEHFLE
ENEmEZALTLEVEWV)I ZLETHS, IFTIE, bEDm@EP, Q, ... DEMBIIIEL
T, 2N HLAEONZMEOEBRE D 2202 HICEZ 5,

BEE MOGEPIINLT, 208HE. 2F) TP Chwv, 28bIHELZ P H5 0L
SPLEL, LR P=3>2 51 P=“3>2TEEWVW =43<2" )T LT

7ol 23, BRER LTINS (F L) VP H 5, BRER (ORLEARERO—>TH 2 BHK
fERD) Tk, HEME P PETHZ2DIE, PO TEENL ) EHPGZ o EEREERTE, 2975 L.
HHEMEP LZOEEP (TChZ2HE) oE8b oIz Ty THKNZ ) SEIREEL VL E FITiE, P
HEEBBEEDLE IR LIRS,

o LHABDIZ T —TNVOARTBREWEMIEA S, 7 —TVOE—FE2EERIE TH 55020 TR
AR (ABLEHEFREIZ b5 D) 12id, (Z0oRROTTIR) AHTEIEBKATEIEHTER N
WMEGBHFET S, 2T RTE, ZOFRZ2Z0FF THELBELTE S RWEENLGERH S, &
FRIRL T E ) I3 ARG Tld v, FEE BNk e 7L BEEREYco TE70) ik, 23X
72 AR D RFE e LR & % 28 DRFD T L2 v ) 2k, il G DEMBIE BANERD LT
DFEHA LI D FIET) DB LDITED, —H T, WRAWERDH 2552w 374 61X, Ml G BEIC
BHEIBETND, GEGPMBICEDI LI BRETNIEETIIEDPHAONT VS, IZEAEDTEPIL
CIRALL T3 290, TEALGHETOELPGEPBTE > TVEI3TE) EREMBICSWINZRnI &R
FIHED 2 X 9 72,

BE. AXTHNHET-HRBIC O WTOMmE (72 213, MEPy) 2, ZZTHEVAXI RERT THE
LHBELEES R\ MEZOPE I ELNO EEL L., FAER0) METH 3,

EZAT, UTWEESRSDIREDEN (Z LT, BEEZMIMZ 202205 ORROMS DR
W), A =T NAOEHERE LT HEFIIARSESR ) Lo TANEOMEICZBARALRH 2, L TEHETIEEDLE
N 3H 5 2 EDEEHEI N, Vo I EREDIADBTZLSIAVEDEDN, ZH0I) ANbidr—
FUDFREEIZ OV TAB Do THARVEFEZI TV, ¥—FLOEHIZ O WCEHED ¥ $M»%23E2 DL
G2 RIEL RO TNV ERS (FHIFABFEL Thhw, koT, ToOMEIIREEED -« -),

ASELMEBIZOWTIX, HEOERWEHPL L TEDLoTWBE I EBHAL, web FOfiEdin e (FADRT
L) HELPLITZ2EIRLONL WL, HRICLkE E (F-& 213,
http://taurus.ics.nara-wu.ac.jp/staff/kamo/shohyo/logic-2.html), A2 6 HI N T
ZAMEOHICHME S TS D kv L, (EMFKE 3 ) FADH5ALHETET 30T
E 500k, TRAIA TARGESEEE — BN RO WA (B FAESCH) B s - /75 —F
NWORFEWER, (V7 WXV 7V A4T47) THD, £/, PAVT V-7 7vk—r =T OEM
— M EFEHOARTERA A Fy (ATTEE) 3, 240 i & 23R AR,
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H5,
WRIEDS, P L P OEMBIZE &) ERMICKRS, L PHRELSIEP IIMETHH, Wiz P
WG LIEPIZETH S, 20D L) HEBONIGERZE

PP
T|F (2.1.4)
F|T

Lo EER (H3VIREER) 2o TEBTS, JITIR, T2 TE FA T %
b 30, ZLZIF1ITHEPHRTTPRF LI LE2EDLL TS, BEBETIE,
EOHEHIZIZFE > CBAAE T, aEO B T2 TAMWICHEICL TWwa 2 EICHERL
X9,

MEP #SSICHELE P o\, LLIMEL P LEI), LOEBEOP DL
P CESMANEDNZ2EI1C (LW ED, 2828 DHDRDEN), P HED L
I P OELL, PHBOLIICRD bETHE, DEh, PORLAGMELSI L, P
P OEBRERIC—ET 5, CoFEEE, P L P IXFEME (equivalent) (H 2\ Ik,
i) TH B E v\, WiFHE = THA T,

R,
Il
gl

(2.1.5)

b

ZDEH, Zoo— Nk amE 2o Gall) FEiE I, ToMEDOERO TR TONEER
R =2 (ZOBHIZTIEY) 1220 T, ZODMEOEBR KT 2 L\w)H L ToERMIC
EFET 2, ZITOHMEOTHIZEFoRLSELATOELI LITHERL X,

CIT,PELT, REAEP=3>2 X)) ICEAINAMERELTRE S, P iE,
3>2Tldk\vy TIEEWV, 2FD, “3<2TIEARV, 2F), “3>2" 2E£bL T3
ZERHENS, BEDOP ELALHLUTHS, 2F D, mHMAME ~oDMmE (0£X) I
Bk a2z AT 2L, MFEFEoLSALNEZEDTDORE, ZOMWEIZ MBIV
VY%, (2.1.5) DFEMEMEIZD £ D ICU 7D ETZRDT, A LEDF - BAAS Y DIEH] (2.1.13),
(2.1.14) 2 EZPUEZTH LDV 9,

B ™D, TFkid) —o0—BoEP, Q06 TP L OMHAEDE, EVIHHHL
MEDOK B2 ENTEL, TN PAQ LEE, TPro Q) Litte, FHfkic, TP L oA

1O OL XTHWVVLDED, TONEMT, X IFAREM &) L —) U IZEFEEHETIZ N,

11 Gl GRF) FfE%Z © EWIRFTEDLTIELH 2, ARTIE < FBEORIMEME (2.1.3 i) & BN
BMEOEBNEL W EE2RbOTDICHNS,

2 H a0z, T amEORR, LI 13 DIEME S, ZORTRERNZGEICO W TIFFEMEE
WEbAv, eI, “2> 17 & “4RMEE X ELESQELN, 2> 17 = “4 B LizEr RV
(42> 17 < “4 1 3EE LizEL),
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BEL—HPHE) twimEz, PVO EHE P ik Q) b,
INGEZHEMRICKT L, Z2nZh,

P Q| PAQ P Q|PVQ

T T T T T T

T F F T F T (2.1.6)
F T F F T T

F F F F F F

%%, 22T, PEQOEMBOMAGLIIIGL T, EBROGEDIILED 1275
TWV3 2 EICHER, BRREZE (BRI - BOGEPID 5 2 5H0 5 —r 22 TR T
Th b,

—MWDOMEP ICOVT, EPVP IZBTETHD, MEPAP ILITHTHL, Ihb
X, ERRE2EFTRITCICRENG, LT EICR 2z HEMGE, D3BICh 58z PE
firid & WS,

M 2.1.2.a FERICEBRZENT, LOFEELZRYE,

HifyR 2 H O THUETD» S L) IC, ZODmEPAQ L QAP DEME (Ml h oh
IZ2WT) SERIC T 5, Ak, PvQ & VP DEMLERIC-HTE, ZORKE
Ffie GREEFE) DEL5 2 HvT,

PAQ = QAP, PVQ = QVP (2.1.7)

EHET 5, HEWICH, "oy, TEXIZ) OMERIIMmEZ TR IEFICKEL 20T, Z
TUIBTDHEITH B, £/, THH YR,

PAP =P, PVP =P (2.1.8)

Th 3,
P, O, R%Z oML T2, EBaRE2HETIZO»S X I (H B0, 12IFYS72 ) FETED)

PA(QAR) = QA(RAP) = RA(PAQ) (2.1.9)

THr M, s =ooaENEE (ALdD) DT, TNHRFLOTPAQAR LE
(T EICT 3, HRAZIELA S, WO EOMED T2 122w THFERICERT 5,

B AEET TE7 v AEkid7n—J ki3, (X TEIE Te7rhbikicEs, £413, 70—5 LK
WH2)) L2 BT A7 =503 bDELLh—HERICHE LW EKRT, EPvAET7TR—F
DWMFTEFE > TEZATOVDLVEIRKICHS 8w A =Y —iZ&ENL v, BFEHFED TP ik Q) LIxE
o TWwA I EIHER, 22Uz L, TP 22 Q) Ok, HHEEEBATOMENZIZFEL TH 5,

4 () OEREFHEOHEOEALAL T, VOFF20 L LIV OMBEEELLEV) L,
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PVOVRLRE, BREOMERZ T£7213) THEALLDL, FAROEZEZLTERTE S,

M 21.2b L»L, @EPAQVR)E(PAQVRIZ, &XHYTHL I L% (FHks#k
2EH I, BEBIZE20C) HERLTE I ), BEIC»> 228 L TiRwiThvrild, i
DEREFLTH 5,
Bl 2.1.2.c —foardE P, Q, R IZ2W T, 7ricH]

PV(QAR) = (PVQA(PVR), PA(QVR) = (PAQ)V(PAR) (2.1.10)

DRYILD T E2RE, TNODOREFREZSETHMRL, ot bo LI Lzl &,

M 2.1.2.d —fROMEP, QIZDWT,
P=(PAQV(PAQ) (2.1.11)
N A RYAS R RV N cl

BR - FBILAVOZER TE. "oy, TERiE, Z2HaabEEZET, R EBILAYDD
&8 (De Morgan’s laws) & M-I 2R L WIERZERMLT 2 2 L23CTE 5, YL DHEIZZERE
ANCE ST FE S BEDFETADED, 29 ) M@ b3 %4 o X ) MR
Lo TWn DL,

TODDOMEP, QIOWVT, PVO EPAQDEBEFHRTAL), P, Q DEMBD
POiE D 12D W T, BEfafReEL L,

P Q|PvQ|PVQO P Q|P Q|PAQ

T T| T F T T|F F F

T F T F T F|F T F (2.1.12)
F T| T F F T|T F F

F F F T F F|T T T

LD, PVOEPAQDEMBIIERIC KT, HENCELTH, TP Lonbilt
HHDIRY IO DTIE AR, T E TP ARD 77Ty 2o TQ AR iz Tk
DRAL EWIDEHSDESS (RRILVDT, Wol DHATLEIW),

FIEFRRRIC L TR ENZ S I =D DR E HbET

PVO =
PAQ =

(2.1.13)
(2.1.14)

©Ql ©

A
V

< I

*15 Augustus de Morgan (1806-1871) A ¥V ZD¥##, ¥« TILH v OEMRE AL Z @R L 7.,



2.1 BN 25

. K BIAVOEHIE W,

M 2.1.2.e (2.1.14) 2ERBERZF> TR, £/, INUPEENIC b5 LWIER
ELL R

R Ay OBNEMEN = OE DV EZICOHRIIEETE S, n=1,2,... &
DARBET 2, nHO—BDME Py, ..., P, ITDWT,

PiVPV---VP, = PLAPsA---AP, (2.1.15)
PiAPyA-- AP, = PLVPyV---VP, (2.1.16)

DD ID, TNHEEWICH2EDH 5 LWESY, LEZIF—oHDBERIE, TP, ..., P,
DHRDH7 L EH—DIFHEy TIERW, 2828 TP, P, BTy LRELELEEST
Vw3,

DS n 817 2 EEBDNT — I3 2" @) H 5 DT, HiEEEICF T (2.1.16) %
N OEFAHRER, 99 & ZFECANIRNEZ D ODEEFRE,
(2.1.15) Dt :n =2 D L TOBRIF (2.1.13) TRENTV S, n=k—11Z2\T (2.1.15)
DD VDERET S5, P=P1VPoV-- VP 1 BEXO Q=P £FE, (2.1.13) 2fi9) L,

PiVPV VP, =PVQ = PAQ

=PiVPV - VP 1 APy
= P, APyA--APrp_1 APk (2.1.17)

ER50, BRI n=k—1DLEOMFREM >, THILTn=FLDLEDKD B
fFontcoT, RIBEANITIED —BERIZHE>T) (2.1.15) PMEED n = 2,3,... IZ20T
rant, 1

Bl 2.1.2.f (2.1.16) ZiEHE &, 7. ZORGRZEENICO» 2 X9 ICHIE X,

BEE b 5BR2EE (implication) 75 (B¢ &b ZOBETIE) bo kbbb
v, JERUCHIIL X9 L0 F, LbhEREBOTLES).,
P, Qz—MommEL T2, Inoxd Lic, BfRE

P Q|P=2Q

T T T

T F F (2.1.18)
F T T

F F T

*16 XA T, M 2B DPRAOEIICIE = 2y, MEOREEZHE -7 2 AICE = 2oz, TR
T=%2fo>ThEbR,
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TEFLMEP = QZERT D, Z1UE, POEMBTHTITALZEDLLIPLT W, T, P
DHEHDEZIZIE, P=> QDHMIZ QDEMEFERICHL, —/H., PHROLEITIE, 9N
BATEAIEP=QIRELTIDYE, ¥/, FoHALMEZ Q<P tHEL,

MEP = QIBEHE TP A6 Q) 50k "TPIF QZ2&ET 2, Lil, EHEE PIHE
ThHH, o, P= QbETHNIE, HEHEE (2.1.18) 6, QBUTETH S I L3bD 5,
Loz, TP 2ol Q) L) T ik b,

ZHFwoTh, HEWARERETIE TholE) L)oo roRREREROTSER
DT, HIZZODMEZRT Thold) EEOLNTOERPEICOLS R VDS HER, &
EZE, fmE T2+ 3 =5 %ol “ZAFONMAORNL 180 7 X (TR o1F) DDA
FIZELSDEEDS) HEW) I EITh2, TE, NADHID 180 27 2 DIZ =MAIFD
METH>T24+3=50D TB82F) TREHEVDT, TOXLEFHRICAZS, HDHW0IE, fir
B T24+3=18 2ol “MEKIZ4 IO REV") & (%513 OHIBEOMEIZEL S L
Es) BV I EIZRED, RIED)EENICIEETH 2T,

CDXkH7%, Thold) OFERE (2.1.18) L HEMEE O T >V T, AL %> T,
AL XD L83 TP TR IIERT ) LHDU->TEL DD ERS, FEiX,
CORTHIBIZOVTOEREEZ L L, 2513 OBEKRIZD I LIFEDEIIED VT
{2 (38 =T ZHX),

DD ODREIZE DIFBZGEEDBHECEREZ D > T LD TR Z 217 Th->ES LT
E LV,

M 21.2g (P=Q) = PVQThHaItimnt (HEBEEZBLKTIUILV),

f2.12h P=0Q = PAQThH3ILimRE, SETHIFTL MP L5391 TlEARWV,
EV) LR PO TQTlERVy ERICEV) ZET, SHUEHERE TR ELT
g5,

AT 2720, HWEETY TEDMARE 10 I E ORI TE 2426, MIIKAMTV2EB2 2 BRETICANS
) DX, PRHVBROLIELE 5 QRAITHHY LI EZAHIEH B,



2.1 imHEES 27

B=EGRE P, O RE2 - MomEL T, VLML, P=Q, 0=R,P=TR DEWE
R2HOTA L), TOMEB=ZOH 506 EHDONRY—VIZ8EH T, LT kIHickh s,

P=Q| Q=R |P=R

(2.1.19)

mmEEAHAs 88
HHEHAH"EAE 80
MHEEYEE AR
HEAER"=3H4
HHETHE3TH
HHHH=" 394

ZOROTT, P=>QL O RMVELLVEICAZEIALTERDE (4 T2 T %
KFZIZLE). P=2=R UDPESTHEHICASTVAEI ENbND, koT, ABOEHRPE VL
LCHELEVLTEZ UL,

{(P=9Ar(@Q=R)} = (P=TR) (2.1.20)

DD NDZ b3 8 TP 42513 Q) O TQAoIE Ry %61 TP 6IE Ry &
VI DL, LHYBEEERIETHD . ANEHEOBETL Lo L5 L,
(2.1.20) % < DIELFAVIUL. n HOAE Py, Py, ..., Py i,

{(Pl = 732) N (PQ = 7)3) VANRRIIVAY (Pn—l = Pn)} = (7)1 = Pn) (2'1'21)

DO VIDZEbbd, BRIZHSLKES 9,

(2.1.21) ZBCEAIC BT 2EEHOEERN 2 L2 hRNIc KD LI b D L Ty, i P,
DHEHTH S 2T 200PHELLEL L), P BRETHZ I broTw5MndE, &
50iE, BATWRRWTEICZ2MmELE T5, 2L T, KPR Tw 5 EH 2 v
T PL=P2, Po=>P3y ., Pas1 > P, DBFADBETH L2 LZRT, T5L, Pr= P,
VDEEDPLZD, Py BETHLILNS, P, BELEVZ D,

oI, HIFH DT, P, Q, R 2—MofmE L T2 & &,

{(P=9AP=>R)} = {P=(2AR)} (2.1.22)
{(P=QVv(P=R)} = {P=(QVR)} (2.1.23)

VIR LD, TS ERT DR THO Ih SEBREH CBED v,

*18 b p#Eiliz (BEORDOEA L FMIIC) MEOEEE ) ZRL T3,
OD s, P = “RICH” EWIMEIRTRTE, PHRELS, LEZIXP = Q DEHIZ Q DR L5
RIZ—HT 5, INSIEFETNUL, LoBRIET Cland 3,
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WEmECHERE P => QKWL T, Q=P 2 )., P, QDEMHD/ Y —
YIZDOWT, P= Q DEMRFE (2.1.18) b L@ L i EREZ2ES &

~—

P Q|P=0| Q=P

T T| T T

T F F T (2.1.24)
F T| T F

F F T T

L7, MDD, B P = Q Ll Q = P DEMIITERITII—EL K,
i &S E L ICHETH B L, 2D P=> QAP Q) i@z Po QL
;o (2.1.24) 28 LICEMRZE TR,

P Q| PsQ

T T T

T F F (2.1.25)
F T F

F F T

L%, 2FD, (BENAMEP, QIZ2o0wT) P& QWEEWI ZLIE, PL QOHEM
B—HL T3 EEHKT 3,
P = QITHLT, Q=P 2MMAEE ). Fia, NEHEET D & ofmE L R,
2D -
(P=Q) =(@=7P) (2.1.26)

TH2, ik, Q=P DHEMBEE

P Q|P Q|Q=7P

T T|F F T

T F|F T F (2.1.27)
F T |T F T

F F|T T T

ZED . P = Q OEMFE (2.1.18) LHIK L TANIHS 2 TH 5, T OMWHEIZFHEERDIE
HHCH RWICRICTZDO L, RICAZEHEOHEETLH 5,

b5 E Z OMBGEDRFEETH 2 2 ik, HIFEIR, HEMOMETE S, #lz
. TAMZ S 382, 3ETHY, 2odEidaEo TEYchRIFUIAMTIE Ry bE
THOTHETZICHALIEZZE>T0E*20 L, ALIEBPRI Lo TL %L, find
ERHBAED RN IIBET L E-> TR L 6N 2 b H D, DITORFEZGKL TE L\,

M 2.1.2.i DIMoaEOERZHES X,

*20 5 (KT BHI7DY) Tihs e v IR L 28\ OXMEAED THiET 2 Likond ) PLEEZTLE
FEERE, EIELTHL OO EHIZFAMTIZ R,
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(a) & B IEDBEBDMER TR\ S, Z DR 14 DREETII 2,
(b) ZODEKDON 4 TRV GIE, ZODEED I DA Lb 21X 2 Tk,
(c) Z2DWEDOREHDGED 150 AN 51X, 2% Lb—2DiE X 50 A TH 5,

B 2.1.2.] H2EDOKEKEEDOHREZFHRLEZS TABEPHFEL TV ZHIZEST B EiZ
RELTWT, ZEbhrol, 2OZE1S "BEVBPHEL TWZHIZIESNT A BIZREL
Ty LHERTELREA9D? B, ZOKKBEZEIZIEIREPHEL»ZWbED ET S,

BiEE SR COEEERLTTIENZHHD TEZEAE LB, 2 2 TR R TR
TEII,

EE 21 (BEE) P, oz (MomEcidsal) McaEL 35, P=>Q Lt P=Q
BELSHHR G, Ml P IZETH 5,

ERTE. T L 2 0EHOEE (D) P) oHRBELTHFERZEL ) XA LR,
ZIZTH, P QLEZOEEQNELICELNS ] EESTWVEDT, RIT) FENE
PINTVD,

AR RE & (2.1.22) XD P = (QA Q) DHEED S MEMED QAN Q=P bHETH2,
i R - 'AA OB (2.1.14) ZEHAT S LT, (QVQ)=PEHEDLMPS, LIAH
OV O REEMEL»S, AK (hoid) OEE (21.18)IKX) PArELLY2 S, |

T 2.1 DWHEORARLD, EEBOIFHDOZ LE2EZZ 3 LUTD X IcERLLTELD
DMEF] 72,

EHE 22 (BEE) P, Q1, Q 2HAENAMEL TS, (Q1AP) = O HEALLIE (Q1 A
Q) = PHBHEHTDH 5,

ZHUE (BEEOSCERTIZ) KK AT 35ETH B, BEIZ. TE&MH Q1 & Qy I H Dk
FIZP RO, ZERIHT B0, TETHD P 2KREL. & Q, LHlABDLES
QBN EDNEZ D, ZHEFELEDTP BN LD, L) EEHE2T 5,

W B RO TH VO, 2120 TRLEBIR (P= Q) = PV OICHEEL, %

B L 2501k, HENARBUCIZRMIET (H 2 WIEREEFRD) BPEICEENTwE I E23h 2
—J7 T e ol ) LVRIHRBETOEEIEZFIVIHIERE IR, KEZHRLT, 2213 ™4
Bz s e o7 6, FRITER L 2y E ) anEEE 2 UL, Z2oMEIE TPRICHERL Twb ik
5. FEIICKS Ny HBWIF THRRICHIRL TV Ew) Z i, FRIChks D7k, Lo T, DI
TEDfmAE E FfEIC 2> T35,
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{(Q1AP)= Do} = (QULAP)VDe= (Q1VP)V Q= Q1VQ VP
= (Q1VD)VP= (Q1ANQD)VP = {(Q1AQD2) =P} (2.1.28)

DEHT, ToDEENAETHEZ EnRENG, 1

o kDT, HHEEHOIEEHOEAREIE LT2, =27 v 2212 X 25803
ERE D % L) EHOFEHZ ATE Z 9,

CHAD X, HARE1,2,... k>, HoAH L 1 UATIEHE D Uk iz RE
(prime number) & M-8, FHZ/NIWVIE) oS E 23,5 7,11,13,17... L) BHE
7o FBEE1UNOAREIZ (18=2x3x3DXIHI2) o THEHBOEREORBICORIN

%2,
EIE 2.3 EHEOMEBUIRD E 70,

HE P = SEEUIRD 7% < SV RAHIL b,
WHEZ ) XL, P = “BEUTERE L2207 DDEFZEIREL X9, BIRMEL 2L
5. TRTOEHE 2,3,5,7,11,..., M DX I INZWHMSIEHICFIZETE 2, M IZRKAD

FHTHDH, 22T
N=(2x3x5x---xM)+1 (2.1.29)

EVIHEREERT D, N>MTHY MIZRROFELRLEDEDS Q = “N IFFEHTIE RV
DHE, 2Fh, P= QPwilk,

—Ji. B (2.1.29) 5 LT, NIFEDEHTH-TH 1 &5, FHE 1 UMH0EA
BE»m 0T uTFNLOERTEH) SN LN BERE VI EITAS, 2% D,
Q=“NWEFEKTH2” ZETH), P=OWEALI LIS,

P=QLP=0N L5820 T, EM21L0, PlEETHS, |

2L 2L, ZoiIE, WHETENS EHRICRELA L WA, Wiz HuFicEMbT s 2 EbTE S,
SR LT, 2.2.4 iR 2 THEREHFHZBGNISHTICRT 2, L) ER- 2.14 (66 X—) X, HHWE
EEOCHOTICHIHT 2 Z L3 TERWVI EBFISNTWE Z 957 (FAMZEMEL Thiwn),

*22 Buclid (325 BC??7-270 BC??) ¥V ¥ v OfERA&MEE, HF 0 ICHAL i K8V T, A8 A%
flEZ BB L, BACB I 2 —20RlHliz 2 o7, 2—27Vy FOEREDLEY I35 2T £ T
bHAI5NG,

*23 FEHIE Z UL EHEL < v,

RAERLD B 1D OAREKIZ. AOEEE 1UAORTEHID ENSG, EZAD, oA KL EK
DRI 20 6, T#EEE 1 UAOHARBIZ T Nr0ERTEH Y ENDE ) Zxbhs,
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2.1.3 I)Entﬁh‘g

iREE (predicate) &1x, KXo & TEBZAEALGE, D2 LTH5, BiEzHAi
EbETHLORGEEZDLC D, FdiEz2 b ElcmEiz o 32 LT, il ED BN I B
MWL R KD,

BRE HMRNEEETIE. 2R V3 Lo HHDEF > BT Th, HEED SN H
FHNOfEZ Lt spm, DF D EHZHEICH S, LFTIE, 2 2288 ET 5, FlICHis kv
DED, o BHEHBOHMTHEFEREEZ L EL L),

L w DBCEMIEEIC D Tl 72X

Plr)=“3<x<12”, Q)= ‘“c=19" (2.1.30)

Z, MELPIEEZ L TWwEDY, METIERV, XDBPF-> T A EENRNENEE->TE

5%, COFETREBNPEELRVHLSE, TDXI% TEEDB A>T b, %ilhEE

(predicate) & WE5*25,

P@)Q()@i?&ﬂﬂ B o BRI A E R RAT UL, SN s, K
ZIE, EP(4), P(r), Q(9) IFF T, frl P(—4), Q(10) 13 ThH %, D LX) LamEHOH

% 3. —HBEMOHNC z OHPHZ LA L B

P(x) Qz)

T <3 F F

3<x<9 T F
R T T (2.1.31)

9<x <12 T F

12 <z F F

TERETE S,
BEOEENAMET 2B FARICEZoND, T2, o,y ZHRERET L L E,
R(z,y) = “e? + 12 <9 d x, y ZEBICHLORBETH 3,

WREEORMEY BN LRLE P(x), Q) 8526 N T3, 2 23 N2 TRTOH
FCEIZ L&, ED 21200 Th P(z) & Qz) DEMA—HTEEL L), ZDEE,
Zo0EE P(x), Q) BE->7CHALARZRDLL TS LEEZLNLZDT, “DI3FEIE

(equivalent) TH % &\
P(z) < Q) (2.1.32)

*25 oo TREE) LIPSO LR A LML TuAY, T2 139 THhs, LWV UIFHELRELSTETVLS
MW, ZDILEED x DHIFEZF > THHEVDT, o TLEDILBRFELT — L) DB—2>DMED L H
2159, blhAall, SEFIZERLHD ThiE, 2b8HOIMFEILZHEN L, TBEPA--mE O
$I9BBTHET LI LS,
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EHEL, Fh AL EE TP(2) 13 Q(z) DREFREHETH L, b2k TO(x) i P(x)
DA FHEMETH L) ERITHIELH D, ZOMFEDOERICOVTIIE, ZOHfiORET
BB,
7o & 2R,
<9 & —3<2<3, nB3EH < n? 3EK (2.1.33)

7 EDFAE R REEOHITH B, kB, —DOHDHITIE o 3FEBOHMHEENEZ, ZOHDHITIX
n XHARE1,2,3,... OHFHFHZES

2.1.2 HiCEE L ZFEN: = 3B kaE (OflAaabE) PRI THL I LzEbT
e o, 22 TofEt ¢ FERNGEENFE LY TH LI LERDbOL TS, O]
EfiE, O, ITws LEES LTWw323, BaoTws 2 EICiEE 20,

BREDERE mEOLG L £ - & L ARICEROREZ A GO TIDRBRGEZES 2 L2
TE 2,

Px), Q(z) 2 —ROBIEL T2, Thozb LicL T, P) OEE #FbThE P(x).
"P(z) 52 Q(z)) 2FbTibE P(x) A Q(z). 2L T "P(z) £ Qz)) 2&Kb Tk
Plz) Vv Q(x) %, HLVBED (¢ ICHAEMRMERZAALLED) BEfsid, @EiconT
DERBE (2.1.4), (2.1.6) TEDIE VG, EHEO—FLIC ¢ ORPFZIEET 250055 D |
%ﬂ#%%énfm%&kab#D%?wﬁ6ﬁo

2, (< =2)V(x>2) 1 T ld —2DAF£7d 2 Dby 2EKT 2855 C, whaE
22> 4 LFEETH B,

R LAY MR (2.1.13),(2.1.14) b, ZDF FBFEICOWTOHERNCEEZET 2 L AT
&%, Plz), Oz) # BN MEL T2, o ICBERAMEERATIUZ, P(z), O(z) IFEHKE
(72 GBI 2 B @lm)_;of\mﬁp()vg@ Plx) A Q) DERBR—5T 5
Lbh D, ¢ 2HINZHHTEH L L TOokEE, FOzIcoLTHRL I EPVZR B,
2Fh, IS ODRBERFAETSH B,

(2.1.14) 255N B R L H T,

Plx)V Q(x) & P(x)AQ(z), Plx)AQ(x) & P(x)V Q(x) (2.1.34)
E 5%,

B "ERD, & "TFEI D) LKBCEENZMEZNRAT ML dEE» S mEZ DL S
JiED D %, ZDIEIFE DO TEIIT, Tﬂﬂg%ﬁ’ﬂ&ﬁ%%%$t“@/\z‘ﬂ?\_ EFTE o, B
N, dEE P(z) otz DK 2 LODRARNZLR D SR EER T 5,

26 = ¥ o L) idEofivaitid, EHE TR LRGSR 2 BEE0ERE (AL 1246 57,
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wEE P(x) ofEon s —D2>HOMmEIZ, (H2RDoNLHHICEENS) EAL 21D
WTH Px) THSy &) mOFIRE, uﬂ%?ﬁ(%@gﬂ@e“é‘\ MEED* 2T x I2D2WT P(x)J.
TTRTCD 2 122V Ty BELEW, Vo P(x) L)X TET, TIT, Vot “for all 2” %
AL DTH 5,

Vo P(z) £\ 9) XTlE z ICHFLRMEZRAT 2 R/RHMIIE 2, KoT, Vo Pz) &, @dEET
3, EZDOTH D,

WEE P(x) 226fEo b ) —o0amEIE, "(H 2k 6N HfliHl25) ) %< o ZEALT
CHUEP(z) THD, L) FRE, o5k, EOLD ST ERBIIKD LB ZH 7, C

ZREDEET e BWHEELTP(x)). "5 2120 TP(x)) BRELFW, Jz P(z) &
IRTET, T IT, Iz ld “exists z such that” ZEMEL 72 bDTH B, TITH x ITHF
ZEEMRAT S EIFTERVY S, Jr P(x) IZMETH 3,

WEEZMEICEZ 57 0D%E RSV & T2 % LOTELTF (quantifier) & IFE*28,

L L 225D CTETHHENZESHZATEZ S, B8 a3 (EATIER) HEOH
*m%k%%?’k* LT, BEEP@) & Te L) ANFHPEU ETHE ) 2L LI, T

L. mE Ve P(z) 1 TBROTOEEDAICOCT, ZOANIHTEUETHZ ) Liid b
ﬁ\§o&ﬁ DEVHZTIUL BRIV NFE2ERH U ETH S, L) 2k
2% %,

i 3z P(z) 1 HEOhDH 2 AMHFEL T, ZONIETHY ETh s, #48, i
EOFDOAR LS~ ANFHTEU ETH 2, H2D0id, b-o Ll HFEOHIC
T EDADY (B2l Eb—AlF) VW5 gm@x%h%o%E®$:£+ﬁui®A#
—ANEZF0HEEICL, HE0IEHEOHDADBBALGH AU EOBEICH | M 3 P(x)
IZETH B EICHEREL XY,

b9 —o, ffHEHZK 2.1 1R L7,

AN PNCES ), o 3FEROFMHZzEC L LT, e, Ple)=“c >3 £ 5,
—OHDMEVr P(z) 1 TEAZ zIZDO0WTH, 2>3) EWw)lEilhsb, bbAHA, C
IR TH S, v =—-4 DX P(x) BIRY LB 5 TOH 2067, Ve %z

2T ZHWIHIERT MLED) LI BERH VB DIRERICES LBEZDED, 2t Lt b Y 7%
FFERZEEY, HEE) EWIBELZRNUL TBICEE 2, 2F) TFEZICLTLVv) L0IHIERICEZTLE
I (FERE, MEEHEE) Evw) EED TR BE0ZH)0IEKRR), Il Tk AX-%6, BIIC
WEDVOHEZBEATLEA, LRI DODBAELS ), TEAZ 2 I2OWTEH ) L) BWHTDTNT - Liil)
D7,

WRILTEVIDIE, TYVAMTLAD TALA ) v [T E D PERCh %258 U CH R & i BimBE o s
RIS, L ZiE, WEFETO “All students study.” “Some students study.” “No students study.” D
&9 BLETOD all, some, no 1& TENL S5VD (ABD) 24y ERL WS, ZORORLT LEFIENR
5, B Tz TLE LD 1T 2, 28 (Hrvid, NTHNERICHIRT 22T IHEDREZEZ
%, k) 2EKT 2R (quantization) LIREFLL 2wk 5
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[ [ o O

e O OO OO0
Vo P(x) T F F F
S Pl) | T T T F
dx P(x) F T T T
Ve P@) | F F F T

X 2.1 fiHAFIcORLTV, 3 Ll P(x) 26 F 5N 2 A Ef,
FHH2VIZBROR—ADB=2H 2, £z 320K = LowuinrzEb L, il P(r)

i TR—= Lz 3By 2895, KoTHRED P(z) & THR—Lz AV, THD, VU@
DDBEITOVTOUDDMBEDERIIED LI IH D, AL TARLY, /o, BLFIC
DWVTD R - BNAYDIEA] (2.1.37) BN 2T B I LT CICETENS,

GUMEPEICE 27-DI121F, WOTHRN IO L) BWEEZEZZ %L TSRy, X
. Ve 22 > -1, TEALER zI2O20VTh, 22> -1 LwIH I EELL, T
HTH 5D,

PO Plrx)=“>3 32L, ZHOHOMmE Iz P(x) 13 Tz 29 £ U, = > 3
b, EZE, 2 =4 L THLTRUTOLDLITELS, CoMEITLEAAE, Jz 28
CaEPICR 2D, EIDPAES>TOEY L WEHEPIESIN TS L) R e &7,
eI, MBI 2?2 <01F TE B 229 F T 22 <0 EwIHZEEDLS, BB AA

BELFZEREME BV, IZMEPICHR TMEEZOLZIERTES, Ukt
TOHMEFTEALTET, SEIEFRGEICEYT5, 22T, TXHRICERTTETZA
T8I,

x,y ZEBEL, Pla,y) Zx &y ODMFICKETZ2HGELE T3, 2L 23, Plr,y) =
“r <y’ Vo filz BviEe iU v,

COLE, Jy Plx,y) & (y DO IFPHBICEIDPE 2L TIERLRDDT) v DAL
T2hFETHD, koT, 296 Ve {Fy Pz,y)} EV0IHamEE DL 52 LN TE S, Rl
DRI IE W EZITIE, o2 2AL T, FUMEZ Ve Jy P(r,y) EF <,

Bz REk), EOXITPr,y)=“c<y’ L35, i Q= Vo Jyz <y’ I,
BOxIZOo0nT, b2 yPHEEL. 2 <y ThH2) Litdd (o IREBKINTLEDTE
D OMEICEH ATV ZEICHER), bo LHHOSTEICERIE, TEALz2b>oTETH, 9
FyZWo TR, <y Lo TW0E ) L) TR oy BEEOHMEZT 7%

29 ZofmEik, ISICERTIUE, TS THLRERBH S, LE2TV 2,
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5. QBbBLEAAETHS, —H., z,y B EiiF, {1,2,3,4,5) DFEIHZH £T5L, Q
FECIEAR, 2 =5 LBALLE, s <y 2t T ynBuns<Tdhs,

Ve d2EHRTES AR RGEICIE, XD 2.1.4 fiTD7 — L DR EREE D E XL,
2.2.3 fiCOBHNONKDERE (L <12, (2.2.13) 2R E) RETHE), WHZHEICFEA
TV BT, VR I Z280MEZHSTTVTWEERES TEILEIZ R WESLS, LaL,
MEED « « DWW T v o LD THD -« - PFEELT: » + ) Lo aEOREKIZY
REBICBBTE 2 X)X >TELDOBE W ERS,

B MEED; & "THFETZ IKETZIR - BILAVOEN hFco dFEHEEELELT
e, 22Tz l3 125 N FTOARKOHIPAZ L2 LTl L9, N IZBTFITEA T
ELIEOBETH S, Pr) zdhiEL T 5,
T2L, MEED 2 1220 T P(x)y &), Iz, TP(1) Thbh., PR)THDH.
CP(N)THD L) T EEDS,

Ve P(x) = PL)AP2)A---ANP(N) (2.1.35)

LEF SISk S, RIS, (e BEEL T Pla)s oSk, TP(1), ..., P(N) DL
Do) L0 SRS, [ ofmEE T TRAT,

dx P(z) = P(1)VP2)V---VP(N) (2.1.36)

EEIT 5,
IhSDERE N HOMEICOWTH R - AN OEHI (2.1.15), (2.1.16) IfWATH
X, ZnzEnns

Jz P(x) = Vz P(z), Vz P(z) = 3z P(z) (2.1.37)

RN 20, s DBfRE, BIEFIRDOWTOR - BILAVOER L WFEN T2
AENBAD (21.37) ZRD EE x> LT E0HANZ LD, DBV TItA TAHAIUIHESR
RIEEFEoTwRY, e, —2HOBMROSADME I P(z) 13 THF sk th
EP(x)s TEZEV LB TR EbIFEDLL, W BIL, EARICHAE> T ZEZA T
TH Pz) BIRD R nEw) ZEE, T, $3IC TEARTZ2ESTH Plr)) &
IHEADEE Yz P(z) 12fli7e & %0,

Ll

B 2.1.3.a (2.1.37) D=2 HDOBRICOWTH, WU &9 I HEGECEIR L TEE X,

ROTD, KIZED THATRL by oI, BILFIZOWTD R « BAA YDA (2.1.37)
DO VDT ERFHERLTE I I, WBiEP(x) I3 Tz LI NFAHEAMTH S, Th D,

30 Z Uz OFE P(z) 2> 5 1E S 02 MO RMERIR RO T = 2o T3, Pz) & BENRBEL $1U,
Wi D BAR I 70 G D B 3 —E T B,
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(2.1.37) D—2HDOHEATIZ Iz P(z) 2F D TZOHEOHITIIHARE LD AD (D75
Eb—AIF) Vi OBREZMEICL T3, HEIHS AT T2 oEOHIIZ R
EoANZ (—AD) W 225, B0tz ud TZoEoF o NZEENH AT
H5, 2%, TCOBWBEDOHDEZFEDANIZOWT, ZONIATRAMTHS, b,
NRAAD Ve P(z) 2D bDED 5, ML ICERIZIEL W,

(2.1.37) DO HDEAXTIE Ve P(z) 2% 0 TZoOHEOHDONZEEX TR ETH
5 DREREZD, FRIDBLEAHA TZOHWEDOHDONFREVPTLAIRM LE V) DI Tl
Vi 23 Z0EKT 5 E 251 TZoMEORICE AR OAL (P Eb—A
13) w3, THY, TNEFFEXICEROELD Iz P(z) TH 5,

X 2.1 ofITH, F - BALYOEA (2.1.37) IR ZO T LT IR TN S,

ST, STETRZH s B N#EY) DfEL I WRILEZFZZTEL, LaL, bbb
DR E S5 TWBE% L DRMTIZ, BB ZETOEREEDETOERLE D, EREHO
(DFh, ARMETEY) HE2IE, 20 X) BRWTIE, (2.1.37) DBRE (7 & 2 IRk
ZffioT) mMT I LIFTER,

ZRTH, (2.1.37) BEBHLESHLOTHoE b5 LWL, ELWVEEZZDNHAARR,
ZZ7T, EB 2 DERBEDOEZEDSLSBIFHICH. BEFICOWTOR - BEILA Y DEE
(2.1.37) BIELWE LT, FIAHLTW L 2Tl &9*32, RN ABCEOFERTIF (2.1.37)
OFAIZC DIRLEES 2 LI DT, ZUDEEWITHETE TV I ENEZ L v,

mic, BILTDREAR > TOAHEICE - BAN Y OIEA (2.1.37) 29 & &9 k2%
HIZATE ), Ve Jy P(x,y) 1&. Vo {3y P(z,y)} Do 28 L IbDiE o7,
R BAA Y OBAEMES &I, 2o 200 ABEROHL, b THIc/id 5IHFEIC
ZRLTBIFIRew», 2D,

Ve Jy P(x,y) =Ve {Jy P(z,y)} = Jo= Jy P(x,y) = I Yy P(z,y) (2.1.38)

EWwo B A,
oL 2R BNCRZ TEAZ 22> TETH, 7 F yZ2H- TR, <y £k T
W3 L) amE Ve Jy o < y DEE

Ve Jyr<y=dzVyz >y (2.1.39)

Bl TZpEOhDONZLEEDRATEU ETH 3, OfEE TZOWMEOHDO NIZEERTE R Eoiw, &
FOTLEIE TZOWROPDOANFEEDPHFTTREMTH S L) (Fo7{ Bikok) BRICHHDT
LEI,

B2 ZNIFEWHD Z ETIERL . W%K%ﬁ®‘ﬁfﬁﬁﬁéﬁﬁ%0koﬁﬁ®@ﬁ@ﬁ$?u:hu%$%&
NEDO—DOTH5, bbAA, YH%E (2L T, THOEEL) ZRARITIZ, ZIH0IHfMlhw LA
BB T,
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%, Ta DHFEL, FEDy IOV T x>y TH5, L0IHIDELS, F{F2IE T
FwarzzENnT, EARyZb->oTETCh >y thkoTws ) LtwH) Il L, o,y
{1,2,3,4,5} OHiHDfEZ £ 2 L ZICR I OMEITER, THFv ) LLTRAKD2z=5%
B e,

B "EED) & "FETZ) ZEUHEDIHE 0 KA oW T O arEE FlIc, T
By L THET S, 2800EE &) Lo CGEHT 220 %2 BANICATEZ 9, NRIZY
DRIZERID, V, T vk TEE, KENZODFETH S, DT, o i3I %
BABET 5,

IOl e a?+de < -3 2E2 LX), e 2) T END 244 < -3 LR B,LE5T
W3, =5k EENEARERIIRO IS = -2 LTS 22 +40 = —4 < -3
BOTARERDBRKD D, PN =D THLAORoDT, ZATVEMENEL LI
7, "HETSI ZECHELETHDIIEZMATZICIR. orfce—DdTLWLWhSERSh
TWBZ EDSHEDID2FZEHDITFNIEVWNDT,

RICAE Ve 2?2 +4x > -5 2E 25, TEAZ 212200 Th 22 +4e > -5 &%) Lw
IDLIIEDPS, Ta=3DEERLEK), Te=—-4DEERLE) Lo BAEITEBDH % H,
TWADTIFAEHIC A 57203, ZoMBEIZELRDED, Z202RT70I2iE 2?2 + 42 > -5
D(x+22+1>0LFETHLILICHERT S, "EHD2FIZ0OM L) LwHEHLD
(422 +1>0ETRTD 2 OV TEDVZODT, FZ TV LMENER LIAHTE %,
MEED) ZEUCMENETH I I LZMRATIICIE. THOIRTOHEEZHN—-T3L5
BREISHO—REFDRBEL DT,

“OHELT, il Ve a2 +4r > -3 BEZL), TEAL 2 IZOWTH 22 + 40 > -3
D) EVHDEPS, HoIBEDLPD L, 2T WIEAIIKHIZ —>TH BoFnid
WWZ EQHAISOTWVEESLH, ZIZTIE, bo EARBNARMEICZ.BImD ) 2 & 24H%E LTl
I BEANIZ) £oTAHEI, ZOMBEIRBLEAH) ETFRLT, ZOREEZED, F-EL
Ay DIEA] (2.1.37) ) &

Ve a2 +4x > -3 & dr2z?+4x > -3 (2.1.40)

TH5*, LiL, a2 +4r > -3 13 22 +42 < -3 DT, HAOGEIZ—>HDH %
DHDILKD, koTa=-20%9 HllzAOFITETHZ I EBFHINE, DE VT
DB LI NI LTk D,

P> HIZ., PRL TV EEID, il “Tr 2?2 + 4 < =5 2, b Tchsr, Tz

*33 %5 A A, AHZIAD 2 EHCBAG 2 T T AR B DIZHETRED,
*34 = TR BN GEOEBN T I E VI ERT < 2ok
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AT, F - BALYOEH (2.1.37)12& > T

dr 2?2 +4x < -5 & Ve z?+4x < =5 (2.1.41)

LB UAADMED Vo 22 + 4o > =57 Iz 65w 2 LIERL T, LoiEHZ < Dk
XL, ZokHic, MEED) P "HFETS) ZECHENBRTHDI I L ZMHATIEE
I, R« BILAVDER (2.1.37) ZfF>T EBD) & "FEIT D1 20> DETOVE
EBDRNITTH 5,

WRFEICOWTOER — DEFMETIRG BT 2 Thold (BE) 1 IZowTAaL
I ZHEEFEED T LTEbd THEEAMETH 2,

T 2 EHEL, Px), Q) 2FEEOHKNARBRIEL T2, CTNETOHFEZTED L,
P(x) = Qx) 1&, FXD z IZOWTHNEDEEDIL—)b (2.1.18) Zi#H L TE-> 728 L wid
eV ZEII D, EIAD, (REZEL) HEOLAOHETIE, BT P(z) = Q) &
FHoLLE, HHIC EED 2 1220 T EWI)ESBEIN TV T, Hid Ve {P(z) = Q(x)}
DEWRZ LGNS 22 LI1Ch>Tw 55, ZHIBFETIEZMETH 5,

B 2 LD TL DRI,

P(z) = Q(x) 1 (BFETIZZH L) MEED 2 122V T, Plz) = Q(x)) &) amd

BDTHD, £, ZommEz "P(r) 27 $HEED 2 122WT, Q(z) BIRH LDy D LI
ICHRET 22 EHH 0,

29w (HHHICEZ S LRV —ILERD) FEIMEbNTL2HHIZ, P(r), Q) I
HARN 2582 AL TAHZ EMETE S, e 21E, P) = “o>4", Q(z) = “o? > 167
LS, Pla)= Q) ik Tz >4%451F22> 165 LI Xcks, bltbiui, ZOX%
PEICHTL & T >4 W) FEHEMNLINTVREE5IE, WOTh a2 >16 %% £
JBz, HAK MEED 2 122w Ty 2> THRIRL TLE 930 o &) OB LA
TWR3DT, ZZRIAPRAZINTHOLIETREERFNICEI 267595, EED x I
DV ZAWT HHEEFIE, 290 BRT, bbb DRI E > THRLRDZE L),
HilZ, P, Q BEMAEN2mEO L Z, E P = QBHENZ TP 261391 Lw)RE LI
PERLTLLHLAVIE2FERE L, 22 TRAZXI I, BEE2ELME P(z) = ()
X, BHOSHETD "P(r) 261X Q(x) I EDIELDTH 5,

*35 Z DFFICOVTHRNICHEEL TH 2ERIE B2y EALAIRTIE) HEH RV, HE2IE, 32 =YD
B %26 THEET - ZH TR L LS S IR0 28 AR (AR RS K3EEPH D, fixzhzit
A TR THHMEIC ERR L 72,

*36 1 > 4 DR D VR GIRIUZTICIEL R VWA, = OEHFZEVIEIE, 25513 (HBNICEICAR20T)
ST L7 T HRIER W,
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HARN 723855 P(x), Q(x) IV T P(x) = Qz) BELEL L), 2DEE P(x) & Qx)
D+52% M (sufficient condition) TH 2 EF, £, O(z) I P(r) DBEEM (necessary
condition) TH % L5 ™37, ZOMUHGIE, ZHUIEEBENTIEAR VLS T, EALLTL
INBTF-ZH)wD, Lipl, AHNdE b LT, BATDbo > Tokn L HEP Y
(2 LGz 2M) 29> Tol ETROICAHELZEE S, UTThlz4 50T (k<{b
PO TR WAIE) ZOKICRRZ 2 THEL TE 2 9,

2 HAREL,2,.. OFEHZE S 2% E LT, il

P(z) = “z 1312 DfE,  Qz) = “z 3B (2.1.42)

%25, CDLEP@)= Q) ThH2 (B, Q) = P(z) TlEAw) ZLikdLEIN
Eo027259, ZOPZfioT, BESMLE, TR LEVIPOHOBEREEZTAHAL ),
F9 O(x) D Tx ZMHBL LI DPERL L WHERZ L >THRSE, Z2LT, Plx)D Tz
X 12 D5EL E WIS INTWEELL), SHEFEIEZLTHMT ELEMT,
HEED Q(x) 3B Thi7- N5, 2D, Qx) LI HEDZO% S, P(x) D¥biud T
531 . ko TP(x) 1 Q(x) Dargett,

RIZ,P(x) DTx i3 12 0580 £\ ) TPER L2 WHEERZ LR > TR K, Plx) = Q(x)
L AfE R SHEGE Q(x) = Plx) &, Tz 3%y THhVASIE, (bRPOAEILETLR
) Tz i3 12 D58 Tk LHow s, 2F 0, "o 3B L) DIFHEERD DI
HHT MIE R SR, k5T Qx) 13 Pz) DREEME L VI bIFE,

M 2.1.3.b (HFHEANTIZZR WD) EFOH), B AIZANA, Xy F DL, VD40
HED i, 2L L, EPA) = “ARARZE? L Q(A) = “AZEWE 2525, 2
D% M, R EICEZ 208 DT BB &St TEICHE X,

RANCER L BB OREEOBE &2 RIEL TE 29,

HRW 285 P(x), Q) DEFBPIEED x KO0 T—HT 23L&, Zo0lbiEIRAE
B2 v, Plr) & Q) E#Hwk, LI257T, Pla) = Q) & Q) = Pla) BEH
5HHEAS, FED 122w T Pr), Q(z) DEMBIE—HT 3, 2Eh. Px) < Q) i,
(P(z) = Q(z))\(Q(z) = P(x)) L E-o 7K AL I t2XDLL TS, ZIT.Px) < Qx)
DETHZLE, Plx) 3 Qz) DREBEFTAFHETHZ. H50vi3, O(z) 1 Px) DREA|I7
FEThrELVHIDTH D,

BEIC, Plx) = Qx) LW I TBDMEZZEILT 270D — L Z2HTEI ),

BT TGP, QIZowT P = ONEDLEE, Pl QD05 QI POMBBEEMEL VS| LHWTHEA
W\, 7277, BIRNGGEICOWTZDE I REVH2T 52 ERFEBICIIAWER S, AETIE, HEEK
. et v i (AUEEZE D) BB A3,
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P(x), Qz) Z BARNZAFEE Lk ). 28 o ICHBENRME 20 ZRATHE, I 6 IFE
%mﬁfﬁpum Qxg) 122, ko T, BMEHNEGE P(xg) = Qzg) 2HEA 5 LT
%, firdd & AMEATE D FEME (2.1.26) 12X D, ZOmEOER I GE Q(z) = P(xg) DE
%a—ﬁ?%o_®mmiﬁ%@xouomfmbjo:am&%?%&\ﬁ%@ﬁ%%ﬁﬁ
B LT b oMl o [FfE M

{Px)=Q(x)} = {Q(z) = P(x)} (2.1.43)

ﬁ&bjo’kﬁb#
AR LT, ZBEREE (2.1.20) 205,

{(P(z) = Q(z)) A (Q(z) = R(z))} = (P(z)= R(x)) (2.1.44)
I 51T

{(731(3:) = Pa(z)) A (Pa(x) = Ps(z)) A+ A (Pr-1(x) = Pn(:zz))} = (Pi(x) = Pp(z))

(2.1.45)
BRO VDT EDFERTE S, ZNSDRERBEBROFEHT (IFEAEERIND Z Eixw
) HHEIN5,

214 S—LOBLAIFICOVWTOEE

INFEFTARTELYBNLHE, EQICRILTIZOWTO R - LA VDA (2.1.37) @
HEAWIGHE LT, A2v (V= (Reversi) £ b)) PAHMERD LI ICZAD LA
Y =R T 27— L DBBL AT ICOWTO— IR Z N L L9 38,

Z 2T,

1. ZAD 7L A Y= HICF2IEL Tl

2. MHFOAI—FBRABLVE IV TDS =0 ELEST) ADT LAY =137 — A
DRAEID T & ZGFERITHI > T B

3. =L (W—=FZTFTF¥ A7 D, ¥ faursholkh bvoik) ERNRER
FASTI W

4. HHHEBOEHREN 3dH > T, N%MTi?fu%Ltk:%@f—Awﬁﬁ——a
LoD, HBHVIIEE T — DMEHIC

B8 HE B0,

COfiEHETICRICEATH E o CHG B WY, BAHCHBHVEEZDOTI > THHZEL T
BLEXWEES,
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EVWIHWEE oL —o %I, F—LHEROSETIE, DKL) BT —LIFTAFER
e se W — o LN 539,
bNOLNDHI>TVBEDPENEL DT —LDRINEDEMZEMILTw5, EZE. Tk
0 HHWEARBUO DG 273 2 EXfEHICH 2 20, FicO>WTb&EE 125 3
TIREAWICHZ SN TS, TN FUTTHEMRE 21 &) & fF 4 3B 7R, 24 L
HBEDIFH O AR —LTlE 2N HER Y 7o*4L,

MABEBIRICEZNEEEEE DBIEDH 2072 0»IIGL T — 2O k5, =
ANDT VLAY —%HF BFEES, bEAA-FHEETOIETE,

HBET—LDEFRBTH S LI, BFICIFVIRLADDH- T, BFEVPEALTEZELL
ELTCOMTEENRBTEILEZ VI, 220, BTFOBTFRICIIIDOHFIRESL DT 25w
EICHEELEY, =L EZ5F2 T, BOFEZBLTHLWL, HEIZHIciES 2w
FI9% (BuANoEEzro() BELZFZHELTOLLDE,

B LT E V) Z Ik, BTICE>TD Tk bz tw) e, —FH%Z
ZDXIIHEL, BEVPFHEZIIBL KNI =FHEZI ), HHIBLTLIUET I - -
v T5EBEZR v =2 7))Ly Y (JFEEICIE) AAEL T, 2o b I IZihic s Tz L v
IZETHL, "RFPTFFICEINEBLTHECE7 =24, LwvoThow — HFEHHHACL
BRI Z ) RBERIN,

FERIC, 27 —LDEFRBEETH S LIE, BTFREALTFERHLALLLTH, BFITIE)
FOIELADDH-> T, BITBRTFIWHTEIEEZ VT,

Fr, T TS) EETIRV2ARLSTS TRLTAT RV, vy 2 EDNRIESINDY
HbdD, 22T, DT —LDERFRETH D LiE, BFI) TR LERH-> T, BEY
EALGRTFRELTOHOIRLTETRAT R (0F D, LBFEBO, 5lEaU0nicks) 2t
W9, RIS, H27—LDBFRBTH S EIF, BFREALTEZELTCH, BT
FWIRLADRH-> T, LTETFIZAT RV L2V,

HBHT—LDRFAMTHY, o, BFARTHZLE, 207 —LIEZBEDIDENE

*39 TEA, DM@ TEAhb,) LHbr k) 2H, YrIdEEL S Thub EESAFRIEFE»D Ltk
(EEWHHIEE 2019 F 4 HIcHEEMATHET),

40 FTHWRZ S N 2BOHOBREBIGERIE L w, Txricid T2 BH 2, AT TRAZT 2 LG
BTEVIL=NBDT, N ZBEOHDOBRED 64 D 2 5D 128 12 & > TRUE o7 (EBICIZ, 128 Fb
I B T — AT BD),

L g2 213, DA ERERERZTIBELICEA LT (E0 a2 bH S TI0) WA TW ISR IZAEICH < .
ZH)vol (Bdwik, botHMHE) b ohwith, 2827201 THEOHWZIZ5ELICF U RN
WHEC DIRINZSFEDT ) LI NL—DBFITENTWEZHE (ZDIL—ARTELDIF 1983 4, %
NETOFETIE EPOD LIFCHIR L2k >707T) FIHICIE b hudfE BZFEENTwET
LT B),

M2 KL A0, BFPUBDT—LTHoTH, BTN TIFVIELA 25023 NEBRTEMIHBO L H 2, Th
FOB EWIBEELFEY VEELLTHOL LHATIEVIT RV,



Fin

42 o=

=

B, A B B

VI ZEIZLEIB, CADTUA TP EC (Bokdic) _2 FERL T4 58
BN THIE DT L0677,

ELDBLE. BB — AN, BT, BTEOE. £, BABODRLLTHIUS
SADTUA X =D HICEC R PR T E LT — BEOFT AR % T 2 £ T
LA CRAIRESTVND LI T LR, ChTRBEDVENAIZ9ThHS,

Lo L, FEIZRDOZ EDIHTE 3,

T 24 WBTY—LOEXRTEE) [FoWODOEMZERT7 — 4%, eFTol. BF0E.
HB0IE, BEADODLZVDLOVBTNILTH S,

COEMEPRIICHHLZZDIZY 2 v xa*ch 2, Zruc ki, T bRy HE
b, PR E STV THHLS RV F—AEWw) T LIk 5,

FEE. 3x 3D AHICOE X ZRAICEZAALTE2WALIZ DL 2 =HIER (OX 7 —
LEDBWEND) AV OLRCT =077, AN LAY =L o0 £EZTFEEX
ERTHEFTICHEDE I LIE, L DREVH>T0EE5 9,

BEFouiHIEN (ZOfioREzSH) 13, OX7 =40 K0 $ > LMD, SaFuk
THLIEREL S GHEEOMITZED 3I2) MonTsh ., BARNZDBBEEE S b o
TWBZH 5 T X DEMEE D, A x4 DBETOLA e ZET O, 6x6 DETHOL
L I ZRBTFOBETHD . ZNZNDOMEBFRIED D> TWw5b, 727210, FkullownTolin
LOMIRERDICIF Ay E 2 —F —TORREGHEDBREL >, BHED 8§ X 8DETOL
DIIBADOD BV E FRINT WS Z I LD, 5D L ZAHHIER WL H 20, 3512, ¥
MUZIE 2 I BT, B 24 DZODEED ENUCEL T 200 PRI Z B> TRy,

43 TIREAMNON0) TEFE TBIEST) EMRI ENL VLI, B T8 E51F) EFWTLE) 4D
WRIOH &5 EIRELT 2N H B, I TR, TELLTREAZET 220 THAB LR, v
SRS Lic L,

*44 Frnst Friedrich Ferdinand Zermelo (1871-1953) FA Y O#E%., i, BEFREEERICWV 2D 0AR
BNREBEEL TS, WHICHDLS LI ATYH, =270 B2 TORHEIZOWTORILY 2 v DfFERIC
THREOB D & KEN B Z 2B L 7,

*45 BAKIN 77— D DR BEIE DZE L s 2 & 13RI F 5 72 C M5 v, Wikipedia 2 RTEHGTW B LRLE W
ITEEHEALTEL,

*46 9023 4E 10 HIZ T8 x 8 DI THOF v u g o\ Z ERIAH L7 & T 28I REINL, 1277,
INREFHEZTI TRV LYY FTHY, IEHPERICIEL R EI DR IN»oEEE I ik,

EATE  FMIZDIMLONEE o CHEL Tk, 77, 22 TOHHOERICHS (L) &
BT —=LIEDOVWT, IRTOMBD/INY—> (B2l "F'—LADK)) ZEKRT I EiBL. Fl. RROBE
ZMBEBHL, THED OBV, CEDERATEZIRRBSBND S5 &) fUFEM L, BEIEEL -
Voo F=0DAK) IZo0TIX, 2%, FrCK 2.2 22H,) DT, ZoOFBENZHESZIHEL X5 (EER
HE: Loni@Hmxxonyy 73U TIBRR2 DX D IZ20IcEHMETH 3),

8x 8 DETHAu (IR DRED) OFTIKENL (LrL, ELEI Db 5kw) 7iLay
ALDH-7E LEI), PTATY RLEEANRHEICH L THT—20F2E8EHTE 35, DT, Hfic
HbET, TILITYVRLE AL LTS,
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EH 24 DD —LDHHAL B> TLE) EFEVED, 2RI 7L A Y =214
BWERE L L TDEEE 572, RELRBELCOFvtupdotliz, EHBIZALEEED
L. bbb ABHICE > TR DICHBAVCDOTH B*47,

W=D ETEIE TR WT — LD RIBADDPR G vy ATEER R, koTh
DEHP ST Z 5,

%25 BIZDFOLBWHBTS—LDEERTEE) LoWODEKEL2THIE 5T DR\
=0, EFRED 2B FELBOVWTNLTH B,

BT —LDBMICOWT EH 2.4 13, UDDEME2M7- 37 — o0, T, BT 05,
RO ODPD BTN ELRFEL Twd, BERINZRr — 2N 2D =20 ENUTHHYST %
DPEEIRO THETHIEDWDE A 2 Fh, T S &IN5 LIS D 2\ 13 A
i3 £ 9 2o THRUZ WD) ?

F9. ALICETZ LA ZE 5, Al a<x2E0kES, BTOHIRMIEZT, WERT2 (FARICY
AZHITYH) TXRTHNET 2, ZOKLADBEIIH L TAIRZROF2 2D 2, ZHNIIHLT, BFIEE
T RTOARELETZ2INET S, 29 LT, BAELTRVITAWERHOKIZEAEAZ TV, L,
Al BT —DDOFEERDT, ZNTH, I DI BZETDTF—LDNNY =V ZFNET ZDITHRIUTEED
BUIHEBIIC A7 s (REHUSIZEARS S wicifiz), 2O X)L T, ¥—2o2 Bk oo L &,
TF=LDB|ERFICRDIBELEEFIBOBESUNELLED - ELES, Al BEN TR EWV) T L,
I, TOT—LIBEFRBETRBDBLEWVW LBMEICOLL S, k6, b LBTICHBEKED 2
%o BFIEFETORY—VERLLTVEDS) BT ZOIEL EIICEEFNTVT, ZOHAICIIET
P TEL SR, Lo TRRETY—LDHEATEE (42 R—YOEM 2.4) kb, ZOF—LIXEFDEI B
B OO BVNDHDONWTNOTHDZ LW RENS,

Rz, FLHEFOKHANZ ANFATCHL 2 LZ2BDVIRT, BFEIETOMBLEFLZIIZL, BFIZ ALY
(EfE%2FE->T) FLAT2, 2LT, F—L22REEFTCEDLLE, F—LDBERFICKRDBBALEEN
BOBAaUMMELLED & LES, T3L, LEFEILBY Yy 7T SERIDTF—LIREFREBIBEND
DEVWHDOVWTNHTH B Z LRI N3,

NS TOREDLEBE TZDF —LIFBan- by, ZEMNTHINS |

bLAA. TDEIRIFHEZETT2ICIE,. BT AL DY XA (AD BREE L, (BTHORY—v DLk
DD bDD) BREBD T =205 = 2ERTILENRH S5, 20TH, Z03) FL WIFIE, T2
DT =L AD O ZEDHTELZDTH S, bHAIL, TLIYRLERETHZSTH Iv (B
THIEFTOREI S EFFICH>TH VL, EO7ae 2 THRELZWE ) RBEIICEL TR DT K
FLTHWLW) ZEIZEEL LY,

T ZpFEmE 20 EEDZ L, TZHERBDZICTHEICEBEOLL S R VE AW — LK 5 55, KA
EoTUIBHINAEAL vy — 472, MR, [FLIZABEREDOMBORMBICIIHE A WY — L7205, o
EEVHAMEER b o LFRICE o TIREWALZHHAC BT —LA ERZZICE VRV EWwIHIFFicnh z 97,
bbHAA, ZHHOMES R, BEHBFROLTLLZIFEZ TR (B, B2k nw), ¥
BIZEDF —2icz 2, (TCHTIHTS) F—L0ROEEIE (B ETHIRTIEHZ2DED) EbdHT
BHEC e, Z2OICI3REL RIEDRAAR AT (LZICREZOHZ) A=) —DBEENBZ LIk,
CHUIZHWRDTF =L DRERIRKESCELEZEIAT, B2 REZIOMERZBEA L THENRMHE, b2
ERVTG, BBENRSEE 2 IZEDAMEIZE > TH INSHRER A b — ) —2SEEREC B2 2 Ak H 2
DTIEEDS ) D>,
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¥
L
2
=
5
o>
=
=
=

N

AN WA

X 22 ZHIER (OX7F—=24) OF—LDKRDO T EHIOHT, 1 FHIZ @D B 203,
WNFREEZZBETIUIZ DL HICIEY 2T E2EZ U0, 2 FHDO (WFREEERE L TAR
BICH 2 2) LA, 1 FHOZNZNDOEAICOWT, 58D, 58@), 2@ H .
2 FHEFCCTHEIC 12 @) ORHESEH 5, ZOKDT—LDHEET 5 TR ZHET T
WIHET =D DRDPGERT 5,

B 2 FAAINED Lo nt Ry —0M8 b FhuoRHe atig oy —
L — 2w TUE, A ESHEHNICIE, SR ZMEEZ, N FHE TOMNED Y —
VIFEIRAHARBREY 0L, ZN6 2 TRTEHEEHEL TPUXVw LR, BARRIZIE,
M 22DXk91c, 1 FHOWRELR Y —v2HEH L, Z2OHKLITOWT, 2 FHDOHRER S
y—rvrEBIHL EVIH IS, KL EETPNI ARV HE RN EE TRCINET S, 7—
LD F UL, BEH. AT, SIEDTEEZIAR, ZI0o0ENEETIhNIER 0,
29 LTESNBERDI (7 =2 DREMEIEND) 1ITIX, 207 —LTHEERSD 5 W 5%
JE ZDfERBPEIN TS, TORETEICK &> THRA ZIIEZIEK L TWITIE (I F
T EBRINICIE) 7 — ADRFUER DO, BFOHELE O, BEBODR Db 5 L,
[EIRF IS, DB DRI S RTINS 2 L2 %, 2006, YT T HEMERN 2=,
ZNETIFLOLTFRZLITTHENTL T LicTUE, Zud E o7 Y47 D ETOMNTT
HY . BUAITERORTEIE 29,

Lo L, EBBEE LT, WHOF —LIDO0TIE I D & d BB EINCE IR D 9
52 EI3BTESLEA Y, ZHIERD LS RHiffin 7y — LTI ZANHDFTT —2DKRD

ST — LD 50 E ) DAIS VS, T LA Y — 2 HAC HARE R 2515 T o T & 2> DB BGR I 72 77 15
TR ZERT LI =20 0B FIIERICHZ, 2D L5 RGELEM 2.4 13KLT 5,

#4922 — AT DD BT DD, A O VLD EE L. iR 2 BT 7 0 ORI
WEREZHR - BET 2 DI BEAZFETH D I Tw 5,
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2ERZH DI ) HEREER, BfEDa vy Ea—F—0DRITIE, 8x8DETHL®
DIESERITTE 2IRAE VL) TH S (E +46 2 LX), MHIZS 6 Il R 7 — 4
T, FARICHENZ AV E2—F—%2iE) L, DFEEOMBHZE L ) TOED RO X
AP0 2V =L DoWTIE, EH 24 1FHC FT TRICH OB IGBE R VDT
b5,

BEE 2.4 OFEA EHOGHIZEHLOTHIPETH 2, EANLGMEZ &6 A LEAMLTIUL
ZNTIEEAETEHIEED S Lo TH st

bo7—b%FBZ, BENEWRE (v1,22,...,on8) DEIICEDT, 2T, o T F
HOFEMRNICED LD D TH B2, { — 1 BZBHETTOF 21, 20,..., 7,21 DEZ 5N
EE, 2 BT — LDV — VX THINGHPFDAZ ELZ LITLTE I I, EEONE
IF N FETHI LS TORDZIFTRED, RilZ2fHHICT 270, oy FTEXRTEWV (B
AR DONEED 2, 32T T2 itk v), BB LAEEZIATKRDLEZLEIZT S X
9 N BB B, £, (v1,20,...,08) ZF LD T x EMEHLT 3,

Z 2T, hEE

Pﬁa%(lﬁ) = “ﬂ% r = (.CEl, T2y .. ,.’BN) VGCi%%ZIﬁ%E” (2146)
P (x) = “NE © = (z1,22,...,2n5) TERFBHEL” (2.1.47)

ZEZRL, EED 2 1220V T Pygs(x) A Pgs () 1ZBEREL KD (0F D, Ao THA
BRELEVIT L), BLDHEIXE x 1220V T Pygs(x) & Ps(x) BEBL S bR 51X
DN M5 &3, L) ek,

MDD R3EFol L o) ErMLIN 20 TH 2, HTFHHELIE HEFIC) £
WIELIDRH > T, BFEPEALFEZHEL LR TEFELH Ty LI T L >Th
o whlch IR Y DEEIL 252, HE Wy = 07— A RT O £ i,

Wiy = o VaoIdasVay - - - Jaxny_1Vay Pyp(x) (2.1.48)

EHIT D, DB NTEHEICOD» 213 TEDS, FEALDANIIALDZRTHE x> LT
5L, BHLEOCTHAFETHANLTAL), 34 X=Y THEELAL L) IC, BLT2H

SORMEIE T a v Ea—F =@ DD, 2R THMHBIIEZMEIH L Tw bl Tided (ABo#Et: &
CX9)i2) B4 22 HAaADETCFEE2EATHE LI L, XL, WEogFoHFErLEEcE (F—A4
DARD—EHFZEST) iy T XTI, avrEa—7—I1F A& D S EEIFICHR:,

UG Z D2 AR EAS AP SEAL, LHIBETEHONEZ S - LRNAL T4 — L DKRZHiT IEEEH
TELZEHEITINE, o LEHERIHR VR 2?2y EFELE A, HEIDW CYRFIZIRFERER o 72)
HOSANRZDOETEALT, BBEBKDoLEIATEATNEDE 5% (b b AARUGHNE ZhicE
WThH3EEITINL),

B2 FeuRTHUANLS x; 139 i PTAZBOAME (Hswid, T2 28€b7T,
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BAHLEEICIEDPS IDEINT VB LEEZD, EhSEICEA TRy, £7. AR
DINTIE

xli’ﬁfb {fj@xz IZ2OWT, 23 i)’ﬁft EE'@.QM DT, * CIN-1 ﬁ)ﬁ
L, fFED oy 2OV T, ZONREIZETFORKL

ERAD, ZnTROLILDIZ W, ZfFL 2 O THEEBICLTAS L,

IFEFVFE-F 2 BPHoT, BREVPEALRTE - F o, LTI EkH &, D FWE=F
23 BHO> T BFVREALENF 24 ZIELTIEIHIE s - - IFWVEN-1F oy
BHoT, BEVPEALFE N Fay 2L TCILHE, ZONRITEFOBEL !

EWIH T LIRS, FXICTHEREALRSLAZLEYE, 2H56IF=a 7 EDIZIFL
éfx).j‘ﬂ M‘?%T%J &:lll‘l)g.&o)zu\%iﬁi%}ﬁ‘ ﬁ“)fll)%o
FERIC, Wi = “2D7 —LZBFOBE &) Al

Wy = Va13dxoVegdr, - - Vey 13z ny Py (x) (2.1.49)

EEITS, HOTHHEEICEL T2 LT REERL D,
Ny = “TDOTF—LIFAETFAN BEIUONg = “2O7—LE3BFAKR Lv)mdEd,

Ny = o VaoTasVay - - oy 1 Vo Py (x) (2.1.50)
Nyg = Va1 3xoVasIey - - Vey_13eny P (x) (2.1.51)

LRBITE B,

ZIT, B Wy OBRERE) R 20E2ZEZTCHRLI, RO ® THET 2, 26
fEDBERL DS, BILTFIZOWTOF - BAA VO] (2.1.37) 221X X v, 2 D,
(2.1.38) THE L LI IZ, 2o IEBIN TR LZBOHL, A» o HFICAX 2
). EBIZPoTAHRB L,

Wy = JoqVaodasVay - - Jxn_1Ven Pyp(x)

=V, VaodwsVay - - - Joxy_1Voy Pug(x)
= Vri13xe Jx3Vay - Jrny_1Vey Pyp(x)

= VrydxoVegdey - - Vey_13zny Pop(x)
. (2.1.52)

*53 Z DA o T REEETIEC £, o (Voo s {Vaa{- - ey _1{Ven Pup(x)}} -1} %5, —
FLATEN - 1O -> 22 E LD THAL TV 2,
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Ewy, ENLRERPEONSE, T2 —2B3ETUHHBTIEIR W Ewy Lt Ty —
LMFBFAM, 0 ZERERICHLUAZDE, SbNTHAIUILZ DO L ) 25d T 508
(2L T, EOX D ICHHIZYS 2 DETIZ DY) HHEOFELITTEL TS EDVIRELL T
LEIHIANETZL DTS I D,

FoFERICLT L
Wi = N (2.1.53)

ELIHBRLREING, (2.1.52), (2.1.53) b ULIEHIFKb o L b A TH 2 (51 &5
DT =576 Nig = Wi 256 (2.1.52) 6% 25 DEBICWVZ 3),

FTD=“CO7—23BEANOLEY LLIMBEEATEI ), EHEPOL D= Ni A
Ng TH2, 22, (2.1.53), (2.1.52) % 2 ZNRAT UL,

D=Ng AWy, D=NghAWg (2.1.54)

BESNE, 2F0 . THRFEAKEDLDLBELIZVAZ W LWw) 2L TBRFIIARKEDNL
BEIZ V2w, ZEIREMTHD ., 20D TIHEEDR OB W, LWwH LD TH S,
ST, (2.1.11) DRIRZ 213,

Nig = N A W) V (Ng A W) = Wy VD (2.1.55)

Th5 (HHZBR Ng AW = Wi & (2.1.54) ZHV7z), (2.1.52) D Wy V Ng 13240
ICEZZDY, (2.1.55) ICHERETUE, I Wie VW VD B3DRICELE W) T Litkhd, &
24 DFRZDLDTH S,

BEFABMIIATESZRS HrEO X —LlcowvTld, (BEHICHEZ2BTT2 2 Lk
() —MGw72 T TEM 24 XD by HaFIdRL CAIT RV, L) fERNEEHTE 5, M
T, EiE BRI T 5720 TEFESI D0 n By 209,

n, L% n <L ZiidHAREE TS, 4 LOEHBROBIZS T (B) L£F (H)
PRAICHAZBEWTT L, SR ERG, AIREZIKEVTD LW, £40HICIE—2DHL
DETT, VoL ABEWIAIZEIL I e\, - B (45° D) RD VTN DTN n fEH L
Eofizdg L ClERIUIBE L TH L, n=L =3 £ LbDPZHIER (H20IFOXT—
L), n=5L=19 L LELDORALHLERTH 3,

T 2.6 (n BYERNRBEFERK) FEDO n, LIZOWT, n HENZETFOHTH 2 0 BBEan
OOV T NI TH S,

B THII NI NDBEZES>TRWIT ) Lok Fol L2 8T L w), BFE2RIF2ILETCETEET
BRBNLEHEIZL T -2 2EHAL LTV S,
5 (L ALEMRITNN—Y a VO ARER L. Z DAL E 2.6 13RI T 5,
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BB ZHIER (A O w), HEEXR (EToE) oflizdb b A2A 2 0EHRE
Wizl T3,
A TSR A W3O, U ahHE VRS LB,

Gt 2 SO — ADBBRTFUE ERGET 5, DE DERTHLSIMTE 2 LIFHIEEH 5,
RFRIE-F2T5 7201 (E21E, BobzDi2) H7, 2L T, 20HKIF, BRI
B (InE HEChH) LER) o Z LidEih, Bl (FEBRICRETFRDED) #Fx
HLTW228D)IC%> T, BTFOMBRIFICHESTT LA T 5, @hT, BRI TH<ThH) B
EOWTHEMEICAZES 2 LIk 56, 8’#%@%&5%&%%: S, xR
FETH) AR T (INFET ETH) ot fIRRBEOLICAET 2), 29 L CTRBEIRmS
WX o TIREDE & 2T A ETHEEIR, &OJ@.‘/ﬁ'ﬁ%’:@Einfl Hifg L CWATED., BFD
AIFFERWA TR, T 7 XE N HEThH DX—2ORTICH 508, 21U n R L
TWALHNZHET 22 i3, HE 0k, HTH) DI, BFOAIFDL - EHTDE
BT n fEDEE L CIEA Tz b Ltk by, m?ﬂ’&i\uvbf%iiwi%féﬁﬂ
BRI & DO ED S RT U E V) FIET 2356, (REDES T2 L3
b BT, FH 24 2HZE, EHOkHMEsNn S, |

COFHTIZ, T TR L HETH PATICE S TARICE S 0 b v ) HEDHE
K> Tw5, COWEHIZHUETEALRTS—LTHEM 2.6 IR ZODTH S,

KRz, W=D LT EF TN RL, 0 HEThHZLTOAMICR v, L WwHIWE%
ol =0k (RPN H T MO DEM2T L T0iud) SRR TOIEE W) 2 LI
BB, EZIR, N7 ALVIR— T =L B EIICIDHRECLI>ThRTUHETHB L
DEEICHI SN T0 S, 72720 (B30I WEEZERTIE) SRR XA S e Tn e
DT, TOEHE (D LAy 7 ATEIANICE > TIT) TEicHivkgl ZoTtdhs,

56 LD WAHE DL IP L TEHICERRE ), EALHEEAT LT, TLFEAL TR WESDREEMED,
1<k<N Zlil$HR L IZOVT, By = {z1,23,..., Tk}, Wg = {2, T4,...,2p_1} % %ﬂ%“ﬂ?ﬁ
FLETFPOZEOCEBEOHOES LT 2 (EARDOTEWAIEE L EOBHRIZA-> TR WI LICHERE),
0 (21,22, ...,zN) KBWTEFERHE7EWI ZEIF 1 <k< N Zii7THL2EHHE ITOWT, By
DFITIE n HOERE L 20 H Y, Wi, OFIZiZRnI e THs, BFMRWoL v ZE LMK EDE
na,

G BFED LIRSV A L T%, HBThH OHZ 2L L) (WO T =21 THH, 2D
1& IDBUIS U CEREEZ D), BFOMBEPEET 2L OIHIRKEDL S, % kBH->T, Bp\{2} OH

i n HOME L WS D, Wi, Ohicidiwy, ZoEE, W2 B, oHIcd n 0@ L 720758
%5@1 ;@ﬂ%fu%?ﬁ%OTw%

T M 2.1 IWHEIZBRTEZ ), Lo ("MBF028 ) TET) MET) Wy = Wy 2R L7k, —H.
Wi = leﬁ FEFD S HAH, Ny = Wy 2O, N = Wy &N = Wy BELLLE LRI
DT, Ny BEE VLS,
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215 HKHOEFK

BESERMAD £E (set) &3, BANLHNROEE DV Z2F ), LKL, THROBRKITAD
Dy DEFYD | AR FRELZDDIIT AL, ) 0IHINREED TE 0035
MENTV DS ESITDHR, BANLEIRTES LS,
EHEDO(2T0E =D —DDNRZER (element) ¥ 721ITT &5,
FOHZERT Lo L OEENL (LU, MELR) HEER, REDEREZIXNUIETL L

72, TDEEIF, BHEINE G,
S ={1,2,3,4} (2.1.56)

DEIWCELSIREDICHZS>TWVRE, ZNT, SEVIXLFTRINDIDIE, 1,2,3,4 L9
VUSDEEEDTERL VW) Z LIk D,
LETIX, BREZUXRSEFIZTE oMby, 2DFD,

{1,4,2,3}, {3,2,4,1} (2.1.57)
BEG. (2.1.56) D S LACHUEAEBET, T
{1,2,2,2,3,4,4} (2.1.58)

REDEIICHUEES T E L TOTH, R THATHLS 2 LIRAICLALT, (2.1.56)
DS EFALEELHS,
TH LT 5 ONEEA L 5, 72k 2

S ={1,2,...,16} (2.1.59)

DEIRBWLEEHZHCE L% 0, bb5A, T OFDTIEED DT O Z
Tl VI EKRT, TNIFES S = {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16} O Z
L7, ((%) HEHICEAS L, ECICOEETREENA L ETOTOLAELOEDS
{1,2,4,8,16} L& HIZA>Tw3Dhb Lk, H20viE, boEbFDbhs ke
DHTEDBIHATHZDE Lk, LaL, Wik, 290IHISZ30I ELIEFEDLT,
(2.1.59) DX D BEE S BT 6, BH—DOFTORATOLOEREVS Tho L bTAB%)
fERR%Z T2 2 LTk T W B*8,

FECRZEAZTCTNLBERZOEIEGIRTH 5, ~MICEEOREDIGROEAZBRESR
(finite set) LIPE, AREATRVEARLVIDIE, 2F ), BEOEDIERTII 2L, FH

*58 Hrat  TRTCEBEICHTIICRRZ DB S, TABEIL2WELS LA I Litkw, LaL.,
BerZ Lt W) DL ARBEEEBRN 2R bDETEAL AL T, 290 EUC TEHETIEZ WD, brod L
THEEZ LT, o b ThEBAREZTIUI LV E0IHIEZHORBIEFEH X,
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DEDBRY L VWHEATH S, 2D L) BEAZ - RICERES (infinite set) LS, ¢
CRICH TS 2BBOHEE Z PHRBOEAS N ZERESGOHITH 5,

BESORLVA ZTEEFIZELLD ., (HEHAREAHIIT) FIEL TR ) 32210 cHlicd
bl ZFITld, XFPERERFEICL>THEAGEZRTILLTE S, 28 v 2&50BEE P(x)
eieT, {o|P@)} el GRERCAKIE o 2RALTHENS) Gl (o) 250
BBEI % TRTOEEE 0 HIRICR 2, MEOILMNPEAOER 2 RET 25T, it
HeD DR O T R ELMTH B, 728 22,

S%zﬁﬂxu1gx§16%ﬁt?%ﬁ} (2.1.60)

iU, (2.159) 0 S ERIUEAICE D,

—fRICS 2HEELETELE, aVBEESODEFETHL L) FFHERZ e S LEH S, Iz,
fa X SIET %) EbZedbdd, bbAA, a,be SiF, a, bDEDIT S DEF LW
B, Flad SEad S DEETHELILEEKT S, BMRNICIX, 2,4 € {1,2,3,4},
8¢ {1,2,3,4) hEERZMN, bbAA, TARYEVEDLE ZITE, TAKRZEOTLR
WZdH D 37 e,

W OPD X HONZERICIE, ESLALTFIVOVTWE, T, 0={} FIHEE
bl WEAT, BES (empty set) EMEFN S, HoIXOEABRATHEZZWER-D
RAHIM, IhzERLTCELSE, WHTOBEOBFELZITEZEZTH) VA0S L Cff

M7, £7e.
Z ={0,+1,£2,43,...} (2.1.61)

T RTOEEDELGTHD .
N=1{1,2,3,...} (2.1.62)

ZTRTOARBDEATH 5700,

BRDES Z PHRBOES NIZIZW 5 THRELBDEGEEINTVDE, EALRKEREK
ZESLTH, PEOTZENRIDRERENZ E NOPFIZHAORZ E W) Z L6 Ly
L. oo (FEFRA*02) Lvsd T BZRPNIZEENTWE2bIFTRAEVI LIEEL LY,
ZRNITERYZBLL D (0F), EWRED) HEIDH 20T, £L40HEFIL, EAK
WKRKRELTH, B ETHRZDTH 5,

*59 s AL HIRELTH B,

O HARBOEARIC 0 280 5ELH 2, TEL ARG TT 2 LEINALIEDH LD, AUbkich, &
BALERLT, ~HLTEBELBYICHZIZVLLEITDI LR,

6L KXoHFIE,. VneNImeNm>n &% 35,

2 RXSIFICE) &, FARKE D b RER THy 2HERK EES,
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g:{ﬂxez1gx§1@ (2.1.63)

EESZEDLTED, DL IT, HEOAHMDOEEEE T, TRY N TwaEAIX, C
NoDEMEVBIRTEDIZDIEZERT S (DF) T 13 TA) THELEBRTZ), 5
Wik, HEED AN HIE#RE D 78T,

S:{xezﬁgxglﬁ (2.1.64)

EEVTH VWL EIZR> T3,
ZIHOVIHEEEZH WS &

P:{neNpmeeNﬁﬁEL\M:nﬁ+ﬁaa5} (2.1.65)
DEHh, Bt BB ERTZLLTE D,

Ml 2.1.5.a TCETERELLPIREIVIHIERD, BATAHAL, POEELZTXTIIET
52 EIETERVLD, NSRS WL OpBEERKDOTA L,

bL.nePLEOAEEODHRBEIZOWT, kne P %% (B¥E6. n2=m>+02 %5
2. (kn)? = (km)? + (k0)? £%505), XoT, Pl (BEATHEVILIZDNZDT)
REATH D,

FDDOVTICEHWTE S &, K hiBAVi#EZ, £E

zﬂ:{neNpmeeNﬁﬁEL\n%:m?+@a&o\7mm£@%ﬁ®%ﬁu1}
(2.1.66)

DREALE ) TH L (FEIE. EEFUMEIHEZZR0),

M 2.1.5.b P PERESTH S Z L2, MELMETIE RV, BREEOM#H T
FIIRT 2, v FANEL WAL Z & K63,

216 HH5OISEMR. . Kb, £ &

ZI2TIE, RIS S EARICOWTORBNZ I L6 LD 5, EHDERKI
AL, BIRTELZLCADHNRZE LB IDT, 52 FL03REDOHL DT, I6-2LEL,

*63 P! DERICEHND (n,m, ) DMIZFIRE Y 5 2B EMFIEN S, FHOIC, m=n—1 %2l T X ) 2B
RIFHE Y I 7 A2 I VT E L0,
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(2) St -S> (b) Si~-52 (c) St~ S2

23 HE S, Sy ZXVHTED L, KTIE. (a) MI%EA S1 U Sz, (b) Hdifor
S1N Say (c) 2 S1\S2 2. 2Nz, RHETRL 7%,

L INSOAFICOVLTAENLTEEPVIUL, BRDSEELALRE, HO TR LT
H oW,

DIFTIE, Sy, So Z2— DS ODEERLET 5,

F9. SO0EAGDOHREERTHTN S, S L S DEENERIC KL TS L E,
Sp= 8 EHL, S DEEDOTRTY, Sy DEETLHDLE, S 13 5 OBHES
(subset) TH D E W\, S C Sy EERT*, H L, S, C S THYH, £/ S, DHEFEDHIC
S| IKEENHVDBDON DO TLHELEE (DFD, S DN S LD HARBIZKELLE X),
S1 1 Sy DEABDES (proper subset) ThH 2 L\2la, S G Sy ERDT,

S L Sy DEFEEHOE -7 EA%E, 2o OFIESR (sum, union) L, S; U S,
EET (K23 (a), RNTHFITIZ,

Slung{a‘aeSl if:CiaeSQ} (2.1.67)

E 5,
Sy & Sy ICHBICHE TN EREZED UESLESZE, 2o DHBEERS (intersection) &
Y, S1N Sy &Y (K 2.3 (b)), ATEITIE

S1 NSy = {a’aesl 7b>')a682} (2.1.68)

&b,
S B9 % 05, So WZREITWEEOELS% Sl\SQ EFEC (X 2.3 (C))o Zx, 51 »
5 Sy DERZEESGIOIED DT, THEE) ITHY T2, ATHITIZ.

S\ Ss = {a‘ae S, i))’)agéSg} (2.1.69)

5,

64 ¢ IIELEDIFEERZRTIHE. C IF—HTOEAMUTIZEENTVE I ERRTIETHD ., 2132 Mot
RTHB, WETROEVHETIAhWDY) THEAZ2EOTEAEZES) LI LI R LI ITRERLTE I &N
»H 5D THHE,
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(1,3)

2 “4.2)

2.4 51 = {1,2,3,4} et SQ = {1,2,3} @lﬁ% S1 X 52 Q%Egtfﬁzﬁéﬂo @J: 3) Iz
Sy O¥LF % Ty 12, So O¥FEE Tt 1SWRIUE, KPR S x Se DEFHIC
T %, L ODRDBRAUS DOV TEED HFZZ R L7205, OBAICOVTEEZT
A&,

DLE. BRI Zpl 2257 Chwngd, ik 2 o, MENZZHE XA TR %2%E
A THATIZL W,

TV, “ODEADWMBERT 5, JHUE, BIKTIETTI Aho LI, R¥EL
NXOVTIREELREZLRDT, PLFHELIBERE), a€ S1,0€ 8 ELT, s ZHICIiR
7oRX7— (a,b) 2EZ 5, £HLIZEST, URZIHEFICHOE®RRH S LT 2,

WE, a,c€ 8, bde Sy ELT, ZoDXT7— (a,b) & (¢,d) 2EZ D, TNHXT7—IC
DWT (a,b) = (¢,d) EWVWIDIF, a=ctb=dPEDBITWHIVDIEREEHRL L), &
D& BT — (a,b) TRXTHELNLHEAGZ2 S & Sy DERE (Cartesian product) & W
O, S1 xSy XY, ThdbATHITIL

S ngz{(a,b)‘aGSh beSg} (2.1.70)

5,

BlzATEI I, S1=1{1,2,3,4}, S2 = {1,2,3} £ T4l

S1 x Se ={(1,1),(1,2),(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3), (4,1),(4,2), (4,3)}

(2.1.71)

DEHIC, ZODEEAPLTRCOMABEDLEEZLSOTELLOVHEMTH S, b LOES
S1, Sy DEROMHAS, Z0Zn, WO =oK%k, HEHEAS S x Sy DEHROMEI
4x3=1212%>Tw 5, BHOERIE, K 24 IR LX), KIBRICHEST 2 2 L25T
Ed, 2FD, S &S, 0EHER, TNEN, ~RILNICIENSZ &, 2R5DER S x Sy D
FHEIF RICICHA TR S EABEING, Ziud, WEECEEIC R > T BEREDE 2T %
DHEDIEE VST,

R &HICLT, nlHOES S1,S,...,S, DEMS; X Sy x -+ xS, bEHKTES, &5
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W2, WCEAES ZnldboTEUE- - ER%Z

St=8x8x---x8§ (2.1.72)
n7
DEIITHEL, AR, 2213, (3,-4), (—1234,9999) D X ) RBH DD =55
FELHTHD, R IZDDEE s, ¢, 2 ZARTES M (z,y,2) DEATHD, 2, £
S WHOHER L2 %) FRICAWERITORERTH %,

22 T

PIEPEICIGH SN 2B O FH B E I, SEIERBTHDL, T I TIIARK. B A
B, FEHL 2 LT BRI, EANREEEZ LD S, LI, BREETIEH F
DI I N TV, EREEEROARENZERICOWT, D LEEL R, T, (R
HOEDIMNTH 3) B L ZDMBRICOWTH, LA LB, i3, PHEICE S
TOHHELMEHDT, ZOERKITIEL CHITOFTIEL W,

221 BARBEEHW
FTTICRZXH I, HREDESZ
N=1{1,2,3,...} (2.2.1)

95, T, R REIRESTH B,

TODOARBnmr LD E, ZNEDHAn+m DBRFE S, HEDIT, EARARE n,m
WZOWThH, ZNo6DAIn+m bELARETH S, 12 TEALK (o) i
FrRMZIE, COFREIVn,meN[n+meN] £EFHIF20) 2ok hdidzr, THREK
DHEANIIIME (RLE) owT, FHLTw2, LRBT 2, NOhT, FEBFICRLHA
ZLTH, o LTHHIRUEHE 2 Z L3 wd s, TBHU T W3 Ew) bliFi,

ZAUTH LT BARBNIEE (B E5H) iIcowTE B Twzv, In,m € Nn—m ¢ N|
EVIbIFE (HFEBIZRLTAX), EE. n=2, m=10 £ TbTIUL. n—m = -8 1%
N OILTIE A&,

ZoBIPe b T CIcbr s L Hic, BHARBUIMNC, 0 PADELRZH 2T, lEIcD
WTHPHL ZEERB NS, 29 LTEL N2 DD, BEOES

Z ={0,41,+2,...} (2.2.2)

*65 RIIFEMDES., T OVTIE, 2.2.4 fiTEEL {2,
*66 BB x DDA F e W oM, 22 TRY IE n,m WA LD, OF). Vn,meN
DEZER TNOHFRLEATMENnEESTI L) L) LW,
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ThHb, HHWVIE, NIZO LADEEMNITIMZTESZE W) 2 EZ2mFAL 21T,
Z:Bm»m}u{—npzeN} (2.2.3)

EEVTH LW, BABOEAN Z (3 X/PEBIZ) IREEL T, MR W T HIEICD
WTHHL A XIS L DD EBDES LI LERLILEBRTE LD,

222 HE

BHOLEEGIITE (DUR) K20 TBLTws, ATHEFIX, Va,beZ[abe Z] 72, &
AWM, B a/bl3ed LHEEICIE RS 206 BEOESIIERE #HDR) cowTpir
Tz,

ZIT.BOEAELEL T, kDO RELRLDEEZ S, BEBECT (rational number) DEA%

Q:{%‘anbeN} (2.2.4)

LEET D, ABOTEHZ 0K AB WK I, bEARE» S L5 T B EIKLTHS, &
2T, AoV, EED n e NICH L GEFGDL—)L
na a
=7 (2.2.5)
DD LDZ EZIERITE L T b, D5, (2.24) DERTEEZINIFEL TV LE, &
LAIE 12 BB BIE, 2/4, 3/6 75 £ BREA BIHT (IERE]) OB L CHRASNRTV S,
(2.1.58) THIZ S TR 7= L H 12, BADERTIEZ, RLCEEBCDELELS L TH, —H
EIEHLEDOLAL LI IHoh) 2 EzBwlZzS,
AHBOES Q IF, ML, Wk, |HEICOWLTHLITWS, 72, 35080 T T,
BRIZIZCOWTHRAL T3, THOMAERZ T2 L 2E2 5L, QIEHHIcKRE W,
HEE, Q Ik, K FADENEEFN TS, BEICbhb M4 OHlE g TR % i
HERICIE, HIERSRIE TR THBRK O/ (x §ifh) TIN5, ARENTONUILEAAHE
BEO—HThb, 2 vEa—F—DOEBOBMEECHV 28 (72L& 21E, CEiED "M
By OEBO L D) T XTHEHE (0T —if) 7278, FHEEOEAQI AL W
HZZA) L, BAIEAH &, REICEEZED T 2 ENTEZ YIRS,

M 2.2.2.a (ZOMEIZ, bxoBRNZDT, R[S AL TR T NIV, -6
MR EICOWTOADBH > HRIWwTL i ),) I EoarvyEa—y—conThid

*67 rational &\ EEICIE TR, ABRY) & EDEWAH % DT rational number # THBH LR E
Bz, iz (F4%) Eilcd s, ZOHED rational 1& ratio (bh) ZEAFIC L7z boTHIC T
THEHITZH, 2ERL T2 EBIRT 2008 R7, THEY H20id THIEL & TIUEERINEL 72137,

¥68 1L, avEa—F—ItkoTE, HELL LRI REAEN BN EE THEA 28 7a—-FicLT
AIEZHITT20D0 526 L, MERK) 3AEMETEZVOT, Jiudpist,
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1

2.5 HEEZIFZREEZEZIZE, 20X REA EN=ZAMIBOMIOES (V2 DIk
FTHROED) BHEAELERWI EICR>oTLE I,

BIF,ECD T2V Ea—F—DhhrTHOVObNLEL TXNTHHEE (D) 7%, &
HoTwih, L2L, ZORBIFIEL AV EDiEfAH D, Lok )IcESUDL, b LD
A IF ED & 9 B RCAIERED, W O DBRDP5EZTH LK,

BEEH TRV EBEY) OFE L 250, FHiEZ2HffiHcidzy, HERWMCELTTH
%) RERTORD., HHEOEA QIXEENTLAEVLDE, ZORENLHIE V2 TH 2,

V2E0IDIF, IETBE2ICARZEIRED B, 2D, 22 =2 L) HEADIE
DIFTH 2, biibihii, ZO%E., V2 ~ 1.4142135623730950488 & o 7= B4, #FE
RKEECHETE 2, 4 M250k) LEA EI=AFOMLOEZIZ (¥
Z¥ODEIHS) V2 THRETIEES RV, 95, V2 EWIED THEET 2, 2 LIk
W Z 5,

L2AD, ROEHD K ST, V2 ZEHECIRR EAERICEIITE 207,

EE 2.7 (V2 BEBHTREBWV) LEOHAE 1, mI2oWw»T

<ﬁ>2¢2 (2.2.6)

m

THb, Lo TV2IFEHETIEZH HHR,

Gt BB n, m 5 2 DRBELSLSDEL. n=2Pk,m=290 £ES, p, ¢l 0L ED
BEL kLZEETDHE, THLE,

(-)2:4%ﬂ—- (2.2.7)

*69 63 X—Y DN 82 &KL X,

*70 Pythagoras of Samos (569 BC?7-475 BC??) ¥V ¥ Y KR AW D, HO Wi EDFE->T0 ARV
T, BOZRRBIFZEA LD > TR, BFELREDFEMEDLTOLLLEVERZ V> L xS IZLizk) %k
WEEBOAMOEEE 576 L, B LIEAME > DRHEPES 5, ¥ TI7ADEEPAY IS
7 ZAGDFR L IR DIE) DIFEP TGS LA, o DBEMETI CAISN T 2 LIFHHELZ
RS
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BOT, INUPEBUCE 0 (K202 3EFBEDOT). 4 DEBLHERD»TH 5, 2 13EFKT
L4 DB THRLDT (22.6) 0235, |

ZHOLT, AHEBOEAQD»LIE THRITTWwa, b2 2 ehibhrot, Hld, £IHE
Ao RD X REEHZ D59,

1. TR T2, Ed 203D LARGEWD, (WBADIcHZE AL ) MhEH
IZIR B 2 L35 5D ?

2. INFEFTHOLIHIC HRIFTw2E) HEMIMAT, KO RELREGEZELZLEICRDD
EAHIDB, ZRUIEHIRLDD?

ZHUZOWTEZLTDICiZ, (D L) AN EBEACE AR DER D 5, ZDTDIT,
RO TIE BT, EENICT EET0E) BHIIKE W ez E LA L e LT 5,
LorL, BE2REIXLICT 2O 0w T, TLEELAEZENTE I,

1. AR T Cld, —BICHEB2Y E kv, Ko T D ERTE R, MRECHT B E
TYE T DIk, FIUSAER, o F D FEHNITKRVICK S,

2. HHBOEASA QI TR T2 BEMNIIMATZDD, EROELERE, LrL, 1
FV2RV3AEMIMATHI S, Lokl TiE Ry, EHE L 2o T
T20E0) DIFHTHD, ZNi2kd 2L, HRBFOEYD HIFREE -
72D, W EERINIL, FEEOWR 2 HFET 2 0803 0 \0hs, 20k T4/
DHTOTFETHR VI LA TEVTVLWES Y, ZORTH, EROWLICIZHED
HEADET, D EDDREAT (a—> —FIDINK) 25222 LI1CT 5,

CHEYIFED 7= O DBCEDERIE L DT, 11220 T, I P LEBAAATHERLTE I,
Yt T, BIEOMEcoOlFE, Ml BEE (D7) ZEz, BITHIRIE 5 2 LT,
ERNZHERZEo Tw L, B2, AR 1 RITISEBIT 2 &\ ) BRI J12E D GE
5 oIE, Wil t ZIGEER A by 77 4 v 7T &4 OB TOVERDALE » Y72 L 7% & Tl
EL, Rzt OB E L COME o(t) D3ED 52 ) %NS, OB, RZPWROME
VEREIZEBUE % £ 2 LT 2 DHPEHEN 22 51572,

22T, PRI EARBICHE DD E V) BEEZFFOADPVL E-ES, L L6,
R IEEHE D2 b Ltk v, H 5 0id, KEICE (bbb iUci3E L sz v 5 0iwn)
BANDWAIDIH b | FIRE 2 RFEE 2 OBEASG 72T 2 00 b Lty — Lo 28R, DUT
TliE, 2D &I BNAEHHICEZ, Re¥bNbNDFEE GEICL o TFEER) k2
AEZEI»ZFHALTE I,

T3, HEOUE I e TRWHIEREND 2 2 L2 w7z ), KEOMEICE X, 7
EOWE IS X, EHPYWEL R EOBEOWEL S FE 2BERH D, 20k bIEMEZfE
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B, A B B

kD SNy, oo A (B2, s 20%E) 25ET 2D ik, #EEo7—%
LBz EFTERL, HlZIE, BIcH P 1 RIGTOEEOHIZ 51X, EEroHond
T3, ARMEDORANCE T 2/ NEDIEEETH D, Z DFEORZ b MEERE S (5E
i) BROKTBDONETHEZO6NS, TDXI) T =90 o1%, R U CEENEE LD
PEVSERIWITIZEZ X ) b w772

RIZ, avEa—F—%flioTHEDOMEZEL L) EHNBRNEZEZ AL, TT
Ifitize X912, av ¥ a—% —TOEEDOBMEGIE TIE, W OO ERKTO/NIZDWT
DR ZABRORIETTE LR T, 20X HitE2AICHOT, fIZIX, =a2—Fv
O EE A2 PIICE Z | MR OEE) 2Ok 5 2 L3 TE 5, oI iifliz 1%
DfEZ S, ZDXI %) T, EAMICERE MK TES (bowid, EBRoBRE2Y
STE2) MRkMEOoNLIERbroTwE, DF0D, ZDX) BNFDICHEE Z 5 R
D, BEEE Z A0, BEEHTBOARNEZFEZI) FEZEZNTHTEW) T LItk D,
PEOZOD@Em»S1E, N¥EED T DICER R ELE R VWEL I ICRZS, LaL,
MinzilEd b 2 e 2B 25 L, FEREMoEXMLIZERIIERN D, Ho0iE, ok
FEICOREGE 2 RBLITUL, Tzl etz TAR kol

bo L HHAEI L LT, 2(t) = apt?/2 L\ ) WY R TOENEEEB 2 & 2, 7721,
TRCOYBEIIEMELZELTA L), T5EMBEZRDTER ag 1FHBE, KL% £
TRt SEME, 2 LT, ZNO0 0 IN A0 () DEMEE V) T LITk->T, fil
BRGHWE)ICEZ S, LarLl, 22T (EHNICIZEL H 27D ME xg 2HE L
T, WP ZOMBIZR > T B0 tg 2 MDD v T3, BRI bB LAty = /220/a0
S, ZITEARBPHTETL ok, il vo Z#N 2 HEHITRR L \/220/a0 (358
FIEBIC > TLE ), ZRUEHBART, CORETIE z(t) DL LTHINLDIZ THH
Bt 2#fioTagt?/2 LHIT S, LI RGWEEZR > HHEZ o2, 3512,
7o & ZAIHHE vy 23 BT (FHED) GEOSENMEEES) ©(t) = agt?/2+ vt ZHE R
L, z(t) ELTEHINZDR, £XOWEZR > AL W) T LITk>TLE ),
COMED (H2EKRT TF0Rr0 ) ITEw) MESIZ, HIZELEFOHTHE, 2H %
b, Za— b HPEOHBE RS =2 — F rOEENFRRE o EMS TEX (2Hvok
R 5.5 fie ECHAT 2) Th D, HEAZE L ZOIIIMy OS2

LY B A A, MIERELZED-RE, i3, MEBEEZECEROBREE LISV EEboEw) T LD
ZTLIULFREANE, 7272, Z2H)0IIGARICHEEEM > B2 BEET 20 E I w5 H, ToMRE: «73
2R X,

T2 TR a— P IEOREEEZTOE, SHTIE, Z2— Y HEOHERICIETIEE VI EER
HH, BOTNESHAT =V TOYHBERIET Y 2HORTNTEBETERWI Ebbro TS, Ly
L. ZD L9 %I 70Bic onTOHRIZZ 2 TOFEMICITDNE R W LICHER, S 7ukMimrd s 9
EBhABIE (HDWVIE, BAITHAH) LERATHAH L) NFOEBOPWEIIIE T TROLIEERD % L \»
IRFBIE DD IE 0D 67,
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LC. BI% . ML o BN RBEN TR M) - oicid, FEEE Mo gt e
ILTHHBEICRSTL 2D7, rﬁ@%&f:“ Jzfiofc=a— VY BELWVH) bDEME
HRBIE- 7 L LTS, bitb i3z < > T 2 5HHE Lk e 7 o |l 2>
TMEICES>TLE W, o fluichohniisrd, ZARMmIZ, FUIIAfEE VI LD
b, TRER L0 ORWHEED (HowiE, PRty BD) IEEZEELRDTH 5,
bo LHEELDIZ, REZEFAUVEERLICEL>T. AUEYBZEDOERERZDC S
EDTE, Z2H5, BROUHREUBTEDILSBFENEITDZ L, EERELE L
’C{H'Jﬁg XU THROKEERHLZE, HH0IE, (2= HHRRCNT2ETF D X
12) WEEHL T2 HEmOEHICED S 7U&EU@%L%¥E mid 5 (b Litk\n)
Ui\ COMICELTiZ, AENTIER VWD TH B3,

(y

223 RFHEHOHTEER

BEINOUWER H4DHAE i e NICH LT, 0 EDDHHE a; € Q ZRIHI® 27T,
ik, a1,a9,as,... DX ), BHEDI 2O > THEBICHAZLZDIDEARL I ERTELD
T, B (sequence) & k&, FHELDE a; ZEINDHEE L5, BAlZOELEEDITL T,
(ai)ien ® 51 (a;)iz12,.. HDBVIE, i DHPAICOWTO TEBHIULZ N E AL T (a;)
DEHICHELT, HHNE, FEEEBN-> T, HFEEZ ANEZLD, BEETIEEZHLTL
FokDIETERN T EITHER,

BAOHNIE, W6 TbH DD, &z a; =i% & TR,

(y

1,4,9,16,25,36,49,64,81,100, 121, 144, . . . (2.2.8)
DEIIc, EAEAMATOBIIRE SN, 2 a; =1/i T,

Dl — ... (2.2.9)

TS BARIC BT A WER (EAE) n DR IZEINE, BHEOERRZETFRTT BT 5 2 LML RD
SNBEYUBNCHEL 72, ZORETRWELEVIDIE THASHIDM, L LPRBINTHLEVLDT, nidd
LAAMTRMEZEI S FEERE L Tikbhl, 20 204 T, IRXRTOWEHE RO B ET>TEsn
TWBZEPbhot, 297k L, FFTENE n ZFEEMETIERL, EADNS LM (7744 FaEHo
W) OFEEHE L»oMehnwEn) ZEickhs, Ll 2OL5 &I 7aPiiconTHi L WAIRDE
SNTH, BNFETCRYER n ZEEHE L THDLN TS, THERLTEETHEETL v, B
BB T, n 12X 2BIIFBEBOMT . n (LMMOREER) ISEEOIEDEEE I 5 A r — VAl £
SEICHVW NG, INSIFHA B LEEAETIR R, B0 MRRROARE 1D 2 BEAWERE
DTHB, 2D, n BFEEHEL T 2 L1F, BHEOHREIZAE L > TW3DY) B oMRERICE -
TRAENTHY, 2L T, THR R0k,

BB B A, FEa; € R 2GS UTFEBOBSN, EHFE a; € C 2SS HIUIEEROEI G605,
7L, FXER EEOEA) b C (HEROES) BEALTLRVLDOT, ELdHk-o>T, FHEHEOYITH%E
D 3,

*5 La;} EHLZEDBZVD, EALEMODLLVLODT, ZORTIELED X ITHL,



60 28 GmE, RO, B B

DEHT, EAEAH> TS BIBFEENS, bBAA, BIlE W) L EITIEFKLD a; P
EHLALEFSTLIATNREIVDT, N6 DFID K I I a; DMEHLKTET 20513
AR

WAFIWEAELERELS B DIONTEHINOHE a; 3D EIFE 7B a IR 2 CED
CEEL B (a;)ien 1FUERL (converge), ZDWBRRIZ o TH S, L), ZOHFHFEE,

lim a; = « (2.2.10)
11— 00

H5H0IL '
ai == « (2.2.11)

DEHIET, £ (2.2.9) DFITIE, HS2IZ, lim; ,eoa; =0 E> T2 LN,

bHEAA, TEAEARZSBZIZONRY 2 EDL ) L) EOF I, BENE D
DTL2%L . INTIERENZERIITE R, SbALEREED 2 -DICIF, ROE
Rz, ZoF D EEDTELRL TI RS R,

WAT i DERICKEL R2FE 2L TVBEDELS, Till oo ZIRALLEEIC e = &
%51 EVI)DOBNKHDOERL 2202590 — EEI LD Lk, LaL, 2.1.5 HioX
WIICHERE L2 X912, co L) DIRRARKTIERV, Z2LT, a; ¥ (FRD) BR% <
DVTDAREDLNTVEIDEDS, a BEEWVIEUTR\DTZ,

2FD, HLEFTHBO i ZHFICLDD, RO LS KRELS LS LEDLLZF0EOD
FRADMEND L, ZN% LD, XD, PUORLWMBDOELET, bbb Te-N ik TH
D, ZORDHFTH, o EBTMRWARFTEL LRI, L S0, BEEDZHIWHEI AL
HEGOTELDBEL RS T,

EFE 2.8 BIIOUEER) TEOTFEOEME IR L T, HI2EHREN BFHEL, i > N
Zi 72 B HARE i 1229\ T

la; —a] <€ (2.2.12)

DIRSET B & 2, B (a)sen IR LR @ %50 L9,

Bo o, IHIHRNAEEE 2L TEI), c€cQ, i, NeN W) TEDH LT,

(lim a; = a) & Ve>03N [Vi> N |a; — a| <¢]) (2.2.13)

1—>00

DIOR R D EETH 576,

*76 (2.2.13) TlE. PUAFEIKZ > T, 20PN DD ENICH>TWDE I E 2R LI, Mhcd
FEhblFTlmwd, XziAaPT b, 2 TEVE,
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ST, EF280 (FL T, (22.13)2) TAZRDIICASTL L0 NZABIRE A 9
226, A UKREZ T T, HEBICERL TA LY, T, MERDOIEOHIHE e It L Ty &
WD, ZZRAPLAFIbEZLNT, TEALRNIRIEOEEE c%2b->oTETH, ¢
b ). NIBRIEDE e &, RIZOVWTD TR, 2T 2003k\w, 29K TH5H
REBN DEEL) L) ETAIE, THHICREVARE N %9 £ GEATRIUL) L3t
ZL 7T, &Y, rzb)NL/{J:f”)tfo a; 13 (FEEOHPT) MIEBDO o ERLCEEZS, &
EoTWwabiT7,

ZDFHDIFNETAHIE, BE:Z2ROTLEDLT, TEALeTH) LEoT03EIA
2o DFD, D THEIZe=0017Ty 59 &L, TEvwiIEw, 2025 N =51Cli>T
BIHEWOTL &9, as,a6,a7,... FEASKHEE 0.0l Ta t—HLTwi26, EEZX S,
B, INETTEEBKDST, SFIF (AR TUs, BE:e=0001I1cL T, &
FoT2DT, Tk, ZNHo N=13 LAH ) £ZIT5, E6ic, "ELzo, BE
e =0.00001 o756 ERWL? ) TOIFTPRL, Z2NPo76, N=3500% !, £
HHEIT, BT AWEF D INEEDIEEELR -\ WIZ, ZNDIEL L DD LI bITE,

— ANHDBEAZITH L WHEEZERLTH (77 L., THE =0 LZRTZZEIFHFZ
nixwnl), “AHBZNWIEKE TS XI9% N ZEOFTIo6ns — L) OO EK
BDTH S, WHRPHIR E o7z TR, I brFH Rz EbA LT 22012, —fD
@& OHHFTIVAZHELLES2TO IV, IRLTHL2EBHRELRELLLIZEDLE
W, D ECHHE T UE, HAT, bDOEEZEZ AN ELDIERTDH %,

DI EoFiH BT, EHR 28T, BLDICeRED, RICN ZHS L WIHEFICE-
TVLIEREDLOTHERI LD ZIETE, (22.13) T, Ve >03IN LkhoTw3 L
A%, BHIZANVe >0 EELTLE) &, Fo{EoEKRIZAR->TLE) I L%,
2o LTIEL W,

BEBIIDOFEBR (a)iey ZEINET D, BAF i BEAEALERELS B DITONTHEINIDIE
a; IR 2 CREL B> TV EE BI (a;)ien FERKICHT 2 (diverge) &\, Z
hz,

lim a; = o0 (2.2.14)
11— 00

H 5L ‘
ai == o0 (2.2.15)

IICERT, FUDICHITHI] (2.2.8) 1&, WS ICERKICHKKT 2,

T Doy 13, JARSEIC Do Tw 3 2 3T, B L MEOERE H 2, AHEHSOEEIANS,
DEBERF >R HMBTELVEDIBERZVWEE W (7L, ACA&HEREE Y, SAHEDORHE
RTE-o7ANE, K{brsrtaxrtLTiindk), LROMBETL0ED, STHEETIE TwiFd, IZHE
WEBHET, bIDOIFoTR->ZZ L2 L TEBEL2 T LI BANIHLTibIS,
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=

B, A B B

BEAA, TIRNAELSKRELE>TVL ) 20w T ELHWEICERMUL 2 TEBEAIT I %
5%\, FOIKRDOERDLE O TwtuE, ZHUIEHEZ, 21k THF&WES ) 2968
DD, GHEEIE, MTokHic, —AHD THEBFLRRE R REES LT, ZAHIZ
ZRUTHLT T3l KE%) N DEZEA ST LIk D,

EE 2.9 (BREAADOESN) TEOLOFHE RICHLT, HL2HAE N BEHEL, i > N
7 TEEO AR 12OV Ta; > RPBOLT 2 & F, B (a;)ien FIERKICHERT 5
kl/)z)o

BOMBERICIT THED, £ LI ITERTE S,

o0l (2.2.8), (2.2.9) EHTWS &, BIlE I DIE, WET 20, 77 Ab<wA4 FAD
WRAKICICET 20 85 5050 EVIRICAEZLLANAE Y, LPL, bbAAZALS
LI,

A, 4= (—1) & LTESN3H

~1,1,-1,1,-1,1,-1,1,-1,1,—1,... (2.2.16)

WBAKEIZL E —1DHVEZITERT S, TURL WL, BRI A - RAERKICHELT
b THAEG, B0, q=i(-1) L LTHONS

~1,2,-3,4,-5,6,—7,8,—9,10, —11, . .. (2.2.17)
2. MHEZ B L 230 IEADH\ 72 2 IRE) L) 278,
BEF EBREDF RN B E LT, i e NIZDOWT,

‘L9

a; = 2 107

EEFRL XD, RN EZ M- 7203, BWRST CIcliinkw Al 1.3.3 fiz RiEZz

Jo (22.18) Ty i ld TS/ ZHTHY, j BRI I—EHTHL I LIERL LI, ¢, €Q
BDT, TNTHHEEOEI (a;)ieny DEHZESINS, bLDHA,

(2.2.18)

ay = 0.9
az = 0.99
a3z = 0.999

(2.2.19)

T8 nsDFD XSz, TINHL 2w L, MREA»~A FAMERICHEERT20TH V) BOIL THkT 2, &
VW) OPEREDTE S Ly (TEFER, B2z, ZOXI)ICEVTHB), T, HEHZH ) ELERWIZ
L%,
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LW ZEThB,

EIARTHIOBINOMBIZ 1 722, D70, T 28 1L >THEHLTE I I,
HEPIZ1—a; =107 TH B, LED e > 0nH526nks, 107N <e %iicT N
ZEELS, T T, e 28 (TEETERRLT) MEREDITIC M D 0 230587 5
N=M+1tTtudkw, ¥2&L, EEDi> NIZOWVT, |a; -1 =107 <107V <e &
0. (2.2.12) PO, INTlim; e a; = 1 B0 Z 7,

I, P SV LA TW R TH S H HR

1=0.99999999--- (9 23R 7 { i <) (2.2.20)

DEMTH D, (K OEELRZ L2 MHNAZEROTRDOTH S, web B EEZRTWS &
(2.2.20) DHERD %5 L TERVED THENTEP LV EPEoTWEAD, %57
EIMcnz 80 Lol (2.2.20) AHICHTL %0999+ £w) Dl (2.2.18) TkE 3
B (a;) DWR%Z £ TEWHLERDEDLS, BIRDOZ E2ASRBADBIDERE Tho k!
TERV) DIRBEDHIOFE LD (BHFEDO I LIZAIS RV, h¥d ) THRROB &
Z0FEF TRFELHNG 0kIHk THES ) Z2ZHZCLEST, Z20HLD7 r 0=k
EDRAELOTTEX e D72 E IS,
T, koflE LT,

by =1.4
by = 1.41
by = 1.414
by = 1.4142

bso = 1.414213562373095048801688724210

(2.2.21)

LI EEZ LI, bbAA. CNFFTCRESOERICIZ RS TORVLE, £oT0D
ZEIE, B ERT, V2 ERNBTERL, NBUSLL T 1HHD S i HiTH £ TREL - D28,
by ThH2, bbAA, EED i e NIZOWT b € Q TH B0 52 HEEDEI (b;)ien B

79 BB OO AR Z Mo Th VWL, FHETRL TS kv,

*80 H L X wB R THxHIZRE->TWw2, DALDL,

*811/3 =0.3333 .- ZEIICIBF SR TEBWL T, WiHd% 351 T (2.2.20) 2H7, Lw)$o,

2 LABGIZOVThH, by BEROGELTI RO EDTES, LA, by =141 ZAI>TWT, b3 %
kopZlurBEZLI, ZHMEPE I B 20HERNB D, (1.410)2, (1.411)2, (1.412)2 L v ) RIS =HTHZ
—OPOMP LA S SREEFHL TV, T5L, (1.414)2 = 1.999396, (1.415)2 = 2.002225 L% 25D
T, ZMfHIE 4 LN (S, BEALD), i BPREL LB EFBIIREICE ST %03, FHENIC
X, FoAUAETHETES,
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¥
L
2
=
5
o>
=
=
=

EFRIND,

ERD j >0 Il220WT, by &b ZHRTH LG, NBULLT THTHZ2 S « fiTH £ TIE, il
HEESLCFALT, BOPRHLDEZ0RETITHE, XoT, 0<b; —b; <107 DRD
VD, DEDABRESRNILDIIEE, Z2I05HTH IFIFEAERBL B RS, L
FTER, 2T B EL B (b)) DULKT 5 D137 W72 & Ebh s,

b LEFNDHIR lim, o0 b; ZFF2 %56, Z0UE V2 IZHE L BN RSB0, L2 A
D, TTICRALICV2EQTH S, LoT, WHCHBIRULEZESBEEHROET (b)) I,
BEBOPICINRT BEEFLBN, LI ENSATLESR ! BIIRINEZHERT 2
TeITid, HEEE V) DRAMELER LD TH 3,

224 ¥

WRHERHS LRI (b;) PEHBOTTINHL 2o B Z2EZATH L), HHE g
Z/INITEIRT 5 L, 39/25 =1.56 DX H I (HIDYINT) HGROHTED 5/N U % D>,
13/7 = 1. 857142 857142 - DX HITEHF L SFH L /8% — v (T TTIE, 857142 L\ 8
Z—AKEIZ DIRT) D MEEINBUC R B, DT TH B, V2 BWEEETR
WEWH T EIE, V2 ONEFRDIR L THEBVNEIC R S B WS EEREKL TV B,

Yo T, V2 IS T, ABRMIIC BIERVMNIIC b % 5 7w & 9 BRI, HEEC %
WIERDD B, 22T, FHEOES Q I, BRIMNIUCESTEWERNEZ I RTHIF
ZBILT FILKFROEAREZDL B LTS, bbb AA, T, R D WLOIHA
FHTHD, TOFMIT LDV TELALFERZMRT 5701213, 2k D ICHIE L7
W2 0SB 2 %, R, ZOARTZE ZEFTHARAATOIRBIFZITHICA Y,
ZTIE, 29> THEEDNE LA LFONILE LT, ZOMWHE (LT, & 2.13) 2R3
ZEITL k)8,

BHEZFZBUINT 2B ICHzicImAenz% (o) R\Q o) IFEEEBESO
(irrational number) & Wb 3, MHEIZ, EEIAETEESNZVETHY, V2014

83 HIC WA, COFEGIHHEZET 5, WA 2O T, [ICRHEEPoTAHE I,

B4 HECH N EE T IMERELBE O TBIETIUL., COHBEELE-L{TELE LS, 20 FHEMELOED
DIUL, HELIAHD TE 5,

*85 WerFnEoad: TN OBEBIEIZ, ZEALY. EROME» 5130 £5, BERMBICEED H 355X,
EN—MOBRYID T Z#HATHS & X\,

*86 55 R— L DIE *67 THR7 X 512, ratio 13D T £ DT, irrational number 13 E X2 THTET W
By oEW, MELREY ETbITnE ko tzd,
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Y. WBUCAET 587,
F9. EHOELELER EAHEOES Q DICiZ, ROBEFR1H %,

T 210 (ROBTD Q DWHE) EHEOEN o L EEOIEDIE « 1o LT, HHE g
BEAEL Ty |a—q| < e DIKD 2o,

DFD, FALFEHELSTH, ZOWRY L A ICHBEVBHELET L LEVW) 2 ETH S,
W THAIUE, BHEIEEBDO LI Tho L) &) HEFoTWwaDE, ik, GEEDE
BUNBUSKHI U, DSOS R T2 2 L 2B 213, HHAREEZ 29,

b AA, FEHROEAR X, INE, BIE, FTHECOWTEHUTE D, 0 TH S 2 WIR D ERik
IZOWTHEHL T3,

51T, BLADHARE i e NITHL T, 0E2DFEM a; € R 2GS ¥ T, FEES (a;)ien
2L B2ENTESL, 2OH7H) OMHGERLIEIE. BHBDEINTOWT 2.2.3 HiCTHHL
72bDEFSRKELTHS, £, PEROEK D, €% 2.8 &L Mk, XD THITA&W
By, TEHEL LI,

T 211 (EBGIOUER)  (a:)ien ZFHO, o ZFHET S, LEOEOFER < 1L T,
HBEBRBN DL, i > N 2z TS0 RN 12owT

la; —a] <€ (2.2.22)
DISLT B & E, BI (a;)ieny FPR UIBIR o = lim; 0 a; ZHD L0V,

BIffilc B L TUTERAZ Ao TR L IELELRVITNE) LICHINHR L Z 9 5
EWIHIEZR, ELALDEODHD TV L, RICELET 3 a—y —8Joarngons,

EE 2.12 (A—>-%) TEOILOFEE c I LT, HI2HARE N BEHEL, i > N,
Jj > N Ziiitz AERD HRB i, j 1220w T

|CLi — aj| S 3 (2223)

fﬁﬁiﬁ@'% EE, ﬁ?ﬂ (ai)ieN Za—r—%ch bt 113"))0

T HMEH MBS »ED LS EEET 2 (EALAROEBZIRD RO TOBTERI D2, L)L),
AWM, EHEOHTVEHELDD TFolH0) ZPbroTwd, »EDNELL0BDE)LELES
PO THIRT 200 L0 ) DIFMIAVEET, EEDREI 2RI 2 HRE) L )BEsEEIC R > TS
% (2, FEICH S TO2RE L EIAHWICERO L2 MRk o TR, 22T EEEss) 22
FTHEAD T 2RI,

*88 Augustin Louis Cauchy (1789-1857) 7 7 v AD ¥ ¢, EMIGHmYEIC L B KOS R LD, Moty
. BRI, W TR G S OAREN R EHRDY D B, BOEFEIET T v ZAHEAGDER |
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HOe>0% GEp23ESL7) THE, ZEMRL X9, (2.2.23) D&M, NEHE X D&
Tld a; 28 (WEOHFHT) Fo7 UL A B2 I LE2EHRLTVS, LI Tohic
HINKL 29, 72, B (2.2.19) % (2.2.21) 3N 22— —F]ThH 3,

RD Ta—y—FOIH,; OEBEIZ, EEHDOL > b RENZMEZRL T0b, FHEE,
Fa—s —FloIE ) Z2EHTIELRL, BEROAHD 2L LT (00, EEGHROIEAF
ELT) EHETAI LA VDR, 22 TR, (EROMELRBREZERL TR VD
T) EHOIEHIZIERZ N, S5, EROWEICH b 5 FEOGEHIZ, 1ZIFTRTIOEH
WA IETEEHL TWw 2 itk 5,

FE 2.13 (A—=Y—=FDIEK) TED 3 —> =5 (a;)ien FFEBOHHTIHT 2,

BEHNCIE, COEHIE TuIcbIPORL 2 9 28001, IORT 2 (b £7240)) w9
EZFE-oTWw5b, ¥ DHEID K ) 7208, REMICEE, Thick->T, (2.2.21) TEE %
(b;)sen PHIROEIES A X4, V2 = limy_ o0 by DFEITH 5 2 EDHMER I NS,
CORAEHE S L2, BIIDOIRIZOWTD, EbOTHEMZEREZRLTEI I,

O
.

T 2.14 (BREAFIOIR) I (a;)ieny EFEBEOD3H D, LED i 12DV T q; <
a1 CGEGAME) 8L Wa; <b (AR DROZOETE, TDEE, I (a;)ien &
N9 5,

H“HEOWTEZIL, EHONFITLDENCEZ 2, EREOEIWA THT, HLx LA
TOVE, BREPOMIIC D ZBZ 5 I EDRTERVDE, EIEZTH, —HAHIHd> T
HLTWL L, 2F0, DUROEAER 21313, 299 T4ALDE OZ LML %
AEBSIT 2 Z LR AL TR DR, B)FTHROESLID, a; > a1, a; > b &2 T
I (a;) DIKT 2 GEH : BI (—a;)ien ICEBE 2.14 Z3EH)

BB 2.14 OFE © HEZ W 589 OS2 72 TEI (a;)ien DIPUR L 220 & ARE
5, £oT(a;) lFa—v=4ITiEARv, T4hbt, H%ec>00FMEL, LED N ITHL

Wi > > NEZE L a; —a; >e &b, e >0 % L CHEEDMRGE S N7 fHIZ[H
. TN =188, Ricfilsniki,jz2Eh, IN6% i, j1 ETHESR (b3
iv> 71 > 1 Zhd), RiT, N=ip X, WET 54,5 2L ig, 50 LS (20151,
io > jo >0y B T), INELADBEIR i <ii<jo<in< - <jp<ipg<--- DEZE

*89 ZhF 29 R—Y DEHE 2.2 DIFABIC 5TV 3B, 30 R—T DM #21 2 Rk, O AWM. Qs HR
M. P 2 Cauchy TdH 2 LITHIET %,
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D, ISl a;, —aj, >ceZiircd, TNy, FEFEDS aj, —a;, >0 THB LI
FRT UL a;, —aj, = (ai, —aj,)+ (aj, —ai,) + (ai, —aj,) > (i, —aj,)+(a;, —aj, ) > 2e
Dbrd, AL E2L DB (a; —aj, 10T, HEIZP>TAHALY)), —MBROIEFEE
kiZ2WT, a;, > aj, +ke EOIAREFEADPRTONS, EIAHD, AldidE EEBITHHT

bRE< 0T, HRMEETE, |1

f-i‘f{ Iz, ﬁ?“@f@g&@:“)blfgﬁéﬁ/ﬂ& ZERFEDTEL, HEEA (ai)ieN, (bi)ieN BH b N
a =1lim; o a;, B =1m;_oo b; DD D ET S, c,d BIEREDERET DL E, HiL VL
A (cai + dbi)ieN 2D\,

lim (ca; +db;)) =ca+dp (2.2.24)
1— 00
NI WYASR TEDEI (G,Z' bi)iGN IZ2WThH,
lim (a; b;) = a8 (2.2.25)
1— 00
N AVRYASN b; 7é 0, 6 # 0 T‘%hl/i\*go\ D EH (ai/bi)iEN IZDOWTYH,
. a; «
Zlggob—z =3 (2.2.26)

DD 2D, BT I, BHIOMBEEROMIRIZ, 3 7% B ICHRBOIMMERICEL W EEZ T
Fwiwy e,

NS DBERIZERICH EOVTHARICHEHTE 2, ZIUIETHHW DD TIER WD, &N
B DEEN ST OWNIC DT, HGLITETHLTERVWEI AT, HIZO0TD
(2.2.25) ZAHILTH ), 29 W) EANICBALD & 25 E DD IS 9

(2.2.25) DFEH : FFHEED e > 0 2ES, I zflioT,

g 9
£, = min —,1>, e :min<—,1) 9.2.97
! (2|5|+1 2 2laf +1 ( )

LEFRT S, 772 L, min(a,b) I abDI)BLDNIVITH 5,

Bl (a;) D WK T 5226, HARAB N, BT, EED i > Ny IZ20n<T
la; —a| <ep E% B, FRIC, ARBE N, BENT, fFEED i > No IZOWT |h; — B <eg &
b, ZNZTNT, e DO NIT e L ey 2o ETANI VI,

Ny ENoDIBEREWHZ N EEFESCE, EHD i > N IZDWT,
b — B| < e AR B, LoT,

|a; b; — af| = [(a; — a)(b; — B) + (a; — a)B + a(bi — B)|
< lai — al[b; = Bl + |a; — af [B] + [af [b; — B
< ejeg + |8 er + | &g (2.2.28)

a; —a|l < e PO

*90 2 b; # 0 IBFHCHETIE R VA a; /by BDEBRTEL X IICHL TRV,
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Y5, 22T, ALETEED LTEMAER (2.247) & |ay| = |o|fy| &) BGEE
o7z, (61 —e2)2 >0 KD, 26160 < (61)2 +(62)2 <61 + 29 TH D (RfrlE, EEDD
0<e1<1,0<e<1THBILEMS%), DED. e160 < (61 +2)/2 BP0, TD
AER%E (2.2.28) DAAICHEH T 5 &,

la; b; — aff] < O@|+—%>51+-0a|+-%)525§5 (2.2.29)

DR 5, REORIE, B8 (222 6 Z2DFEFE TS, EWVIHLDL, 299 TRED
e THIZO6NE X IHIT ey, 0 BEEALDIE,

B DIRAL & > 0 1R LT N SS7FE L (2.2.29) 2R D 200 B (a5 by)ien 25 a8 12
INKT 5z Epmsns, 1

M 2.2.4.a LOGEHZMHEL 725813, (2.2.24) ZEEH L TA X,
MEBDONEFE o 2EEOELHEL, n Z2EEOIEDOEE LTS, TaDn P, LIENSHE

Bz
a:=ax---xa (2.2.30)

a = (2.2.31)

LEET D, oI, TRTODFER 12OV T, o =1 LEHEL LS, 2L, EZDO0
THRWIHEE a EEEDEL n, m IZOWT,

aa™ =a"""",  (a")™ =a"™ (2.2.32)

DR 3O EPHHEIRE NS,

DX BREBDORXFELIR (RE) PEHEEOGAICIEEL LX), DTFTR, o 22
DIEDFEEET 5,

nZIEDEBETEE V=0 L% 5L RIEOER b DL —DFET S, ZORFEIZH
BT\ 0WDT, RSB ADEDICTCTTIEHLE ), 2DEI9%b%E TaDn TR, &

L Utk -T00 =1 643, 2720, T BERLARV, LWITBOIMBEV, EIDH, a#0I
SnTDal =1¢:0v) EELDLEDS) HXTa -0 THIFT00 =1 2PEHAICRZBH, —HT, £ED
EOEKnI2o2WT O =0 2 W0IERXLS5IF 000 =0HRICHZZ5E, TELLRELVY] E0IHIBHDT
Bl BETHBUL) HHE X Ic—EHLAEEZAVIUL I Y, ZOARTO =1 T 2013, HIz—if
DX (72 & 213 (3.2.11) Dirfd) MEHRICHE T 205 TH 5,
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L, Vo dHB0idal/m £FEL, bBAA Ja lFFHREDT, 2 2L T Va £EHL, ol/”
EV)FHETFRIYLFITITAERICHS 20 LItz vwdd,

(@/™" =a, (@)Y =a (2.2.33)
VIR E (2.2.32) DO HOBIGRE RIEAIUE, DI - E b AR AL A LA
LB,

BRBICm 2EEOBELET S, EEDIEDE n 2OV T,
(al/™)™ = (a™)}/" (2.2.34)

EWVWH)ERZIRZ ), WAL BIEOEBZDLS, Wz nFLLDDOBEL LI LZF IV
W, D n FBIZEEDS a™ TH D, LD n FrFARBITIE, (2.2.32) DDHDBEFREH
5—ic (b™)r =™ = ()™ TH B EICHEET S, S b=a/" BOTELD n F b
a™ IZFHE L\,

(2.2.34) DERZHE AT, ZZICBbER o™/ EEHLZLITT 592 (LEOH K
qeQlEg=m/n tEFEIFTE26, INTEEDIEDFE K a LAEZDHEBEE g I2DWT af 23
ERINZ L%, ZoLH)IRERTIUL, LED p,g e QIZDWVT, (2.2.32) It
W9 2 BAR

a? a? = Pt (aP)? = qP9 (2.2.35)

BROVOZ EBREINS, Znd GEHIZEL { 2wy B0 Eicidhvwoc, —oH%
BOTEII), p=m/n,q=k/l LEFE, LD nl FrRD2 L

(am/n ak/ﬁ)né — (am/n)nﬂ (ak/Z)né — amﬁ akn — amE—ch (2.2.36)

Elh b, KoTEED)S
G gk (mt+kn)/(nd) (2.2.37)

EH., TR R 57,
f 2.2.4.b (2.2.35) D> HOBRZIHE X,

nFTRBPHFHET S LD 0 ZEEDIEDFIEK, n ZIEEDIEDEE LTI EE, " =a
Zile TREPEEL T—EBITHE I LE2RT,

02 THHIKE D £, ZITIEDEE L1220 T o™/ = om)/(En) 52 2 L 2 RTHENH 2, KD A
BRLTEI I,

*93 3.2.4 fiClE. WEEEE R > T ALEDIEDER o EEEOFEB D IZOVTORER P 2 EHT 5, 138 *—
PR,
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2.6 B, F8a < b<c<d ST 282 RT, Fid. K [o,b6] & BIX
B (e, d). BADAIEKENC & E4, IR E ORIEEIIC G ENAL,

9, 07,117,270, 37, BRL EROENS o LT D, k" I U DT a A
kExfioT, bp=k—1,EDS, DFD by 130 LLEDEET (by)" < a < (by+1)" Ziifi
7=,

KT, {bo+ (E/10)}" % k=10,1,2,... ICOWTHEL, RRIVBRYIC o ZAEZFDE
5T by = b+ ((k—1)/10) 52, KiE. {by + (k/10)}" IcOWTHEED T & 2f7%
WEWV) T ERLDBEL, Bl by, by, bo,... Z1ED, ZiUE, V2 ZEMT 2HT (2.2.21) &
4 AU EET o/ 20T 28I h>Tw 3, BRE»S LT, FED i< jItonT
0<b;—b <107" 7256, Zduza— =5, MR b :=lim;, o b PET %, V" =a D
D> Ed (BMEICE ) LHEHZET 22Y) HS D, ZODIEDEHIZOWT LAY 7%
50" £ (V) s, —EEbHS .

BEHDBAES B TOFAALI LRI D, FHOEAH R 2RICRVER (BIEkt)
AT 2L, WALAERELM L\, ZOEE, ERLEOKE LKL DEBDRIGL .
a<bZolXa BT EHIZICNIETZ2HDOEICHD ., MEDHEEX b —a IZFE L, A
B EDORISIGT 2L, ZORERTT ZEEDMEEEZEZ T X,

R O TEAITREIHELARLDBH 5D (LEZIE. N, Z, QlZwind R DHTE
A). EIT, BEBRO—EEZ Y D H->TE 2 LI R oHEAIT A WA LR THICILD
(K 2.6). a <blcOWTERINDTNES

[a,b] := {:1: €R ‘ a<x< b} (2.2.38)

ZBAXM (closed interval) & MEIZIL %, KBIOWMNHD a, b BEEFNTVE5D0T M) Lwvwb

ns, UKL T,
(a,b) := {x eR ‘ a<z< b} (2.2.39)

(i 2 & % 2 WHEIEE (open interval) TH %, (a,b) &) Edald, ~DDFEEK a, b Dl
(ZRICEMDER) LEEob L0, ZOEZHIFERRZDT, ZODEEH2,
ZOfic b 72m EPHE 7oz & D

[a,b) := {ZE eR ‘ a<z< b} (2.2.40)
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. FARICERT S (a, b Fo. —HaDIAEA U Tu o EfRER X[
la, 00) 1= {x €eR ‘ x> a} (2.2.41)

ZEBHDONDG, co EVIHIEFZRIRICIIFENZR VDT, [a,00] D) LIX[EIZH D e\

ZLICHE,

BER TR, RXE. RIME CUIHL2F5EOERT, FICH LV I LidRw /S,

SCREZEHDHFDEEGLE TS, FED 2 € SIZO0WT o <bDRYILDOEI) BFEEb %,
£AHS DLER (upper bound) £V, bL OB SDERLS W > bzl TEEDOFERY
b SDERTHZ, bLAALETOEAE S ITH L TERABEET 2T TER YV, [a,00) 2
ZDEHZ, WSHTHORELBZEL L) T EARZI ERZ 4w,

[k, EED z e SIZOVWT o >aPRDVDEI BFE L aZ2, £E S ODFR (lower
bound) EWES, TiF v, EFEIUFERED, TH61F v, L, L a2 S DOTRE
5ad <aZilIEEOELR S D SOINRTH S,

FLBEZ DD (L DA, RAD) E 12OV THHEH, 2FD . a<z < bW I
DLE a3z DTRATHY) bIZz D FERTHZ L), 72 213, 1.4142 < V2 < 1.4143
V) ARERIE, V2 OFHRY 14142 TERDY 14143 TH B Z L& BT,

BIEIC W THRILFHEEE S (B> TIE 242 BiCiHMT 2D TRE I N7 74 &~
DD, MNCHE L WEETIERWV), ZEALHHT2ETHLRWEASIN, DCR LV
#HFICERI N f() 2, EED 2z e DItowTa< fo) <bZhilT & E, a 2B
) DTHR b 2B f() D EREV),

HBOS CRAFEHOBIESLT S, DLSOLERIBSICEENLIHRS, bZ S ORK

(maximum) ¥ 7 IFRKE L 5\,
b =max S (2.2.42)

EEHC, HT5IZ, maxS 13 S DHEFEDOHTH o EHBRZVWDHDTH S, R EITEST,
BRAEIFEET UL —DICEE 5,

BLAHA, [a,00) RPZDEHIIT, WS THOREZHZEL L) LEDEAITRAIZ R,
E7. FKH (a,0) 13, WS THOREILEZEOD T TREBVD, BAMEZ bk, 5¥
%5, bix (a,b) DEREED, (a,b) DEFETIERV, —J7, (a,b) DERTHREIRNKRE R ¢
ZESDTERLELTH, ZNEDKRER (a,b) DEFE (I 21F (b+)/2) BDBTHET S,

"B x FEBOETES S LB L ZOBBDME f(r) DIRKE) Lo Bi3, Ih
D OBBICELT 5, (2.242) OEFE S TR, ZORKEIR max{f(x)|z € S} LERDbT I &
%50, MU DDE maxees f(x) DEIICRDLDT LD H 5,

4G = {x} L) O DHEEL IS R BWAELICTONT B ETERLEKTD) ERETRZELL
EEOTH L\,
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#
[\]
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RADZOWVWTHEFSLSFEAL, BDLSD TR aBSIZEENIRS, a% S DERIM

(minimum) ¥ 7z 3FR/IME L 5\,
b = min S (2.2.43)

EEL, BT AIZ, minS 13 S DEEDOHFTH L L/ (Frlliiwv e S BWRTIE A
. A FRAERKRIED) DTH S,

BEHICOWTOAREFER LIGEDETNIC, EHOHEOAERIZOWT, s iIcfli)
BfRz. fificE oty Iy, 7.

(a>b AN c>0)=ac>bc (2.2.44)
(@a>b N ec<0)=ac<bc (2.2.45)

EVIBERIZLCHIDOTVEEEH, £, EED a, bIZOWT, ZARER
la +b| < |a| + |b| (2.2.46)

B D ALD, ZHUE, a,b BETFFOEHE BRGS0 %2 7 TCE 2L, HH, 2zl
DIELES Z & T fEED nicOnT

n
>
i=1

<> aif (2.2.47)
=1

BREIN5,

225 HEFRH

BERBEZOEE EBOEARIZ (0 TH2 2 2B MARHEIC O W TEEICHT
TWwa L, RETIE TOPITOICEL 29 28U, 13HEFICINET 2, Pz T8 L, &
YETHICE L, FHROEAIZHNUIL, BEALTED XY ICBLN D,
FEBOMB AR 13, 22 +1 DX BLHAL N ERNESETE WL, S
VL ZUE, RITRER

2 +1=0 (2.2.48)
DRZF Wl L THD, 22T, BKTHEALELIIT,

i’ =-1 (2.2.49)

2723 TH LWy Tb 2 EEEENL (imaginary unit) @ i #EAT 296, 2 LT, FEa,b

*95 ggpx | HHEIEEAA I DL T, SHURIE L v, B ERE T RERCEER R #9 Z L1d% e, 2huE, H
CETEFENEBEIORE S, WA R A2 LD TIEER Y, LU, BEFPHZICEWTIZEEIZE - 7-¢
EYl BTHTRYHZOIRDZOICIE, 9 LTHOEZEEZHVALERH 2077, Znd. TERRE
BT BBEOARGH L EF oA (1.2 i), OELLXSHHTH 3,

*96 e G \IEBEA N A AR E LTHEHT 20T, TR ED LVESTRAVOED, EF RO LA
B\, BB, BRIYR O TCIE  BRERICH T, BEEANZ j LEDbT,
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2k > Ta+ib &HET BRI (complex number) ZEET 2D TH %, HEBDEAIZ
@:{a+ﬂﬁmbeR} (2.2.50)

EELIENTER) BBUAMIZH AT L7 7Ny b i TETDRSE D L WEE &I
BABVY, VDB ADOERTIE INDERZDT, ZHUfE) 2T s, Rz EBLA
ERRE, BEHALO i EAE L LTFERD i #IRELT A8, BEAEH DBV E
I,

COXICEEIET 2 LT, (2.248) D_RHBADMEEL o =i DX H kD3 2
EDTEDL, HHWIE, 22+ 20 +2=0D &I % (FEEOHMETEMELD) HEXD,
r=—-1+iDEHIETZ, ®TLL, ®TKLL., EWvIHIbiFE,

L L. SHIBEERZEAT AL DOERTII RS, A2l 2RE (&A1, %
B f@B e 32 KRR BRI 205 E0) ZETHLWETH2EEREE 2 b
D, ZNUCE o T, BAZREMELWMZTCLE ) 22BN RLTIEL », BAMICIZ,
HWEBEZGAL 22 =i DX I BHFLOHEAZEZ Z2HEEPTCTETCLEY, ik
DIZ, o THLOEY ZEALT: « - E92T05DTIE, GHCXFVBROLTIIR VD,

EXAD AW I H L WHRR 22 = i 132 EEROHEHTRE L ODE, o LITK
HMOFEE a, b2k D 2 =a+ib EFHOTHERIRAL TAR S, (a+ib)? = (a®>—b%)+2iab 72
PO N IICHEL VLI EREETEE 02— =0,2ab =1 &\ ) EEITO VT OHAN ST
K22, 0z (BHPEEE I HPHT) BTE. (a,0) = (1/v2,1/V2),(=1/V2,—1/V/?2)
TH2, oT, HER 22 =i DIz 2 = £(1 +40)/vV2, THEED THLWE, % EHb
B, HILOARADRITLE-7 !

Fix, Eoflx To6¥) Tk, Jiud, BEEDLOBEOLEREL I E) LRTHY
A ODRBEOEFREERD, o & bHfliAHl DR,

T EZH OO E VI TR, CIREAR? ((2.1.72) 22) LA TH S, HBE R UE, 518, HoEs
EIZOWBTHRNENED, CIERZ £ 257 RAL D ES>TE Y, LA L, CiIZIZMED»IFEOHAA
HD7-0IC, R?2 EEAREWICRE R 57, BoalEz2 b,

98 e L, TTREDERZ S, ZNE I L TR L ODEERE BRT 2EE RO L)y LE-
726, EEBOBE®RDRbhr o) ESoTVBEEIAN L, KM, ZNTEHELTEIZDEL I n?

ERZFIICAT 2 8 W) R DR S, RiF, ZNE2EMICETATTCERTICL, 2O+ - &»
FRBICEAEALHOTLE), ZDEHICEATHEDO TR, PFH) DEERZENS > 0T 52 L
okl TERVERS,

*99 Johann Carl Friedrich Gauss (1777-1855) U ER RO R I Kot , Bhm, &, e, b
FABCE e R 2 By P CEBEAEMEE R L ., BRSO ADBAITZ04EEL T3,
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FIE 2.15 (KBEOEXRTEE) HAEn>2%L %, cg,c1,00,...,0h_1 ZIEEDOHE
EREL, Bz 12o0WTD n XRDLIER,

F(z)=2"4cp_1 A R R R ) (2.2.51)
#2085, 5L, HEMar,00,...,0, BHFEL, F(x) 1d
Flx)=(r—a1)(x—ag) - (r — ay) (2.2.52)

LR TE B,

Supitud, n XA F(2) =01F, fal,...,a, cCZHD (ZNSMOFITIFERT
25D0H50H L), 2Fh, HEROHMTIX, EAR n XITRERXZD>ThH,
EEBOHPACREICREEZRD D ZENTELDE, TN ZH, EEHE V) TH LV
ZHATLRARD (BANL) BELOTH S, WK (2 L THIFLTOVWTOD LIEAZH
i) DB LA DT OIER 2.15 Z A OB 2 DU T T BUICEIH T 2, HdE O (25EH
ZHUMHEIZR VD, DX BREHEBDH L E W) T ERDITESAATELTIEZL Y,
HMDOFWHTL DiBEIX, BEROES C IHMNABERECEINOINFIZOWTHE TWwE 2
Ikl TFEBT R 0 R E O o TCZD@EZ INT, EwH T IOV TH, FAL
T3, ZH)WVIHIEKRT, ZNEFBFEDPLDIUCO o7 THLWEY ETIERL, b
HTHARIEGROFER E L THOWE I N, ORI Z b7 BDERZDTH B,

SEFRL 2.15 DIFHDOIRG © RO AR EHIC IR 4 AR S N TW»WBH, 22 Tlda—
o= 00 X W7 (2 L CHIE ) GEHOBIEZ B ), Ak, G2 RERIIcE <
720 (FREAL TRV ED) HEROMER (3.2.116) (153 R—) 2w 5, MR
ZASVEHIZZZIE FHEELTH) B2 oFATIZL WV,

EED M%7 T F(x) 126 LT, EEB o BEEL,

Fla)=(z—a)(@" "+ 2" 24+ x+cp) (2.2.53)

LB E D 2 ERIMT S (..., ¢, | EEMSAEER ., Ihddeziud, A5
HD n— 1 ROLGHXZH 7 F(z) L AR LTHUMEZE) — Lw) Tz DiREIE
EHDPRING,

co=07%56(2253) 1k (a=0&,L7T) AHIKKDIIODT, cg#0 T2, EBHR>0
ZEEL, FBO% 000 2n T TEME R L E F(ReY) BEFEFHTED & 9 ik % i

*100 65 R— DI *88 & R k.
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R=2 R=17 . .

K27 Fz)=2+2*+ix+2+2i L LT, V@D D RDEIZOVT, 0 %025 27
FCEID L7 & FIC F(Re™) DMl i 2 R L7, R SR E /2D TR IZ)R
MOELD % 3MEboTVEA, RINZO—FLOKTIHIRHIIF S ZIHA TR,
INsD@ETD R THIERAS & ) EREZMY 2 (KITIEZSDRWZR LD, b)) —
ORI 2RI H B, TS Z0D F(x) =0 DZDODMRITHIGT 3),

{D%%EZ %, R ZEFFHIOFE R OMME L2826, JOMEANER F(x) 12k -
TEDL I MBI EINEZD»EZEZEZTVE EES2oTHL,

F(Re™) = R"e™? + ( MukHitin® (E%) < R™ ™" LT 0% ) (2.2.54)

DT, RETFFICKRECHIUL, F(ReY) D55 F0idBE X2 Re™ 23 chk% 5,
EoT, 08025 2m TTELT B L &, F(Re") 13 R oI (1F1F) o THE%E
FHOFE RO Eb Y 2 KR nMEb 5,

—H. R=0DEZZODPELTH F(R) =F(0) =cy 01— ETH2, 2%,
bbb DE Z T B IE— 8 ¢ 1T THEA T V3,

ZIT, BLOTAICRE S R ZHFGININI S LTOIEDITS 225X 5.
F(Re™) offi { fiftiZ, RPKRE W E ZICIFEAZ n BICHIDRZ2, RPN TR ¢
AW TEREZAE 2\, ko T, E2h@Hb o R CHMDERZMY 5 2 &gy 57101,
X 2.7%R X, XoT, 2 LK a HFELT Fla) =002 5, REEH 10212k ->T
(2.2.53) pEH Sz, 1

BEZRBOBODWVWOERER r,ycREL, 2=a+iy LVIEEREEZLL, » 21EFE
B 2z DFREB (real part) &€ KT, 2 =Rez £HS, y 2 2z DERP (imaginary part) & X T,
y=Imz £FHL, BIETHRVY, ZOD0EFEH w,2 IOV Tw=2 tiFRez=Rew &
Imz=TImw BZEBIRKDZDEV) T ETHD, £/, Rez =0 2lili7z§ 0 THWERK
%z PEEH (pure imaginary number) & 'S5,

0L = 32 I TAIUDYS 2 D ENCE 2 225, BEEICS AITAHTARNE LS, 2 TRZIETOHRESIC
BIEOLLRWIEILT S (0T, THHOME, LEnk),

*102 TR(a) =07%561F(2.2.53) D& ) ICHBARTE 2 L) ODRBUEH, BB TIRIEREOLTHAD
BEEREARZEE YD, ERERBIC K > TORBEMOHIEEBRBE OB L F5 7 AL TH 5,



76 H2E B A, B BB
VA
Z=x+1y
,
X
w b .
7 =x—1ly

28 HFEBz=x+iyeCx ot yzEELETEVH EWEFH) LoRISHIGS ¢
5, HEEED 2* =z —dy &, bED 2z % iR L THMEE L 2 EICH D,

BEH x+iy 3, 2,y E0) ZODEHOMITHIGT2DT, KI28DkIHIT, o &y zHE
BRICH OV O RICHIEIE S 2 W TE S, 2D &) Pz ERFEHE (complex plane)
WS,

TTICEKRTHEANL I LD (LT, ETHALE->TL o572, HIELOHEE
Tl &b i 27 ROBD L) ICHE L TGHEAL, BEITET T = -1 OBFR2 #2112
K\, ik, WEEICOW TR, a,b,c,de R ELT

(a+1ib) £ (c+id) = (axc)+i(b+d) (2.2.55)
THH ., FEITOWTIE,
(a4 1ib)(c + id) = ac + iad + ibc + i*bd = (ac — bd) + i(ad + bc) (2.2.56)

55, oIz, HEBE) LORLE, 1R, 20RO RIIPEOEELIR S, D

F 0. BRI, E, FBHEICOWTHETWS, 0 TRVLEHEROUWEIZ, 2L
L a3,
1 a—1ib a—1b a b
_ — — — g 2.2.57
atib  (atib)(a—ib) @+ a2+b2 ' a+b? (2:2.57)

DEHiC oML 295 2L T, RPEDFEOEEROBICET Z L3 TESL, D
ZEn6, (#2520 CuiFiud) EELIIRIECOWCTOHU TR 2 b2
BFEE 2=+ iy 1T LT, ZDOERHE (complex conjugate) %,

*

2 i=x — iy (2.2.58)

LEET S, BEOXHETIE, EELEE 7 LELONEEET, A ZOEXHRMH 2
HDHDED, ZORTRIYBCERED * TH—7 %, BFEFmETE, M2.8IInLk)
2, 25 2 & o-flic R U CaRiR s L 72 AEICH B,
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z,weC ET 5L, MIOEEZBHLBEIZOWTD
(z+w) =z"+w" (2.2.59)

FEHBZED, BIZOW»To
(zw)" = z"w” (2.2.60)

1Z, (2.2.56) DX REMEZ L TP D 08B H 57259, (2.2.60) Z{ DIELHES 2 &T

EREDIEEEI n 12D\ T
(2")" = (z")" (2.2.61)

bREND, T, HEEMREHEAIE, ERE 2 OEIL LRz, 2T,

z+ 2" z—z*
= Im z = 2.2.62
Re z 5 Imz 5 (2.2.62)
ERTIENTE S,
EED 2 =2+iy € CITD0T,
Fr=(r—iy)(z+iy) =2 +y* >0 (2.2.63)
WD LD, £ T,
2| = V2" 2 = /a2 + 32 (2.2.64)

ISk D, BEE > ORIHE (absolute value) ZEFKT 5, IR TIE, |2] 13, 2z ITHIET
HREIFREDHVIZDOHREICE LV, 2| =0¢%25D32=0DLZICRENS LI
B, ¥, EEID, z,we Clto0T,

|zw| = |z| |w| (2.2.65)

BLW
Rez| < |z|, [Imz| < |z (2.2.66)

G, I 51T,

|z +w|* = (2% + w*)(z +w)
= 2)* + |w]* + 2*w + w*z
= |2|* + |w|® 4+ 2Re (z*w)
< 2 + [w]? + 2|2] |wl
= (|z] + |w|)? (2.2.67)

726 HEEIIOVLTH=ZAFRER

|z + w| < |z| + |w| (2.2.68)
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DALY %, L2 21X, EED 21, 29,...,2, € CIZOWT,

n

PRI (2.2.69)
j=1

j=1
BIRIND,

BERBOBINEH/E FL2OERB jITNLTOEODDEFER ¢; ZNIEIELI LT, #
RBDBAN (¢j)jen FON D, EREINDPCRIZ O VTR, FBSNDLEDESR 2.11 2%
DEEPESMEL T, KDL ITEET %,

EE 2.16 (ERBIIOIR) (¢))jen ZEELEIN, ~ 2HBERE T2, ERDOIEDEE ¢ I
LT, HLHRBN BIFEL, j > N 2l TEEOARE j I2o»T

le; =yl <e (2.2.70)
DIRALT B & & B (¢))jen BIRUIRIR v = lim; o ¢; ZHD LT,

51T, a—v—SIDEE 212 bFAMKICZOE FIRT 2 L, a— —FIOINKRZRFET 5 &
213 b, 20X EDWT, BT %, BIIOHBEOMMIERICOWTO (2.2.24), (2.2.25),
(2.2.26) BZDEFEWMVTH I LIFVI EFTHRVESL I,

226 RueaiFoEHOERL

BEBINCOWTOZDHEiZKZBHIC, 1.3.4 fiCiim L =Xtz o icowT, 4
LEZTEAAALTEZTEL, EDX ) IRTIUTHEMNDO D LIz BAN BTk Z 2 0%
HTBIIHEEY, 2L, 20X ) BERMEP L L W) 2 L2 MATBITE+H0%D
T, ZORDETIZZ 2 ORI T2HRNEMO R, LwIbirc, Zofid (4% 0
DI ELFOTLARELL) FHIRIC 2 2B UIHEITARIZ L Th E b2 o3,

TITIE, EANRILE LT, B, HE, RHEOBEA, XD IEMECIE, Rt (1.3.4 f
2Z2) zFio7cE (Howvid, PE) 25, 20T (Xo0) OXEZERDTIE
BN p,m € RICHIELT "Rouzfio7FEE, DEAR) ., ZERL T, HEPEEZED
k9, £9. B, HE., RO E LT, Z2nZit. m (A—FV), kg (Fu T 74), s
() ZHEBELTEL, L, S4X0RDOHENZD R LS —DHI>TWS 2 LTS

¥103 % Z H LY ERMATEZ 2 LI (ALK ZAR) P LEZNRED» 2D TOIbSARICH S BT 50 EE -
TWRDED, THAAE OBUIPIEE DB T I > T 02 21 CHEANICEE Tldk vy v (ke
Hot) AMERICT2ZEH DT EhHL LT,
BAARIT, (22.71) D) ICEFEZHHP O S KIERT DT, HEDWM L THRVEMEEZERL
TZIHM5 (22.71) 2EC L) (o) BRLEZ D228, HEAFIIZEA Aok T,
D X9 RO ERM L 7,
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BDT, ZNSDHEAMICKHENRER 22 L) L vy biFTidinwy, UFTIR, @HO%E
B (OF) ROFER) O L2BERITEL WL, THMOOWAREL %2 "Ruuxfio®) &
LS, ZiUdPBlZe ECIREFDEHTH %,

AN, T ERZERBOIET S, BAR) ,» BEIGE 2 e RICKST

x m* kg” ™ (2.2.71)

LIS EEDPSRDET S, BRI, 1kg € Roio, 20m/s € Ryg_5, 100N =
100kgm/s? € Ry ;2 LWV HATHZ, FHT Ry oo BHFHOFEHDOEAR ZDHDTH
5, 2 TRp 0 DEHRIIMIILETH %,

fERED a,b € Ry, BDHEAONTLEE, ZN6% 2,y e RICKS5Ta =2 m kghs™,
b=y m kghs™ ERBL., 1z (4% DETEDY)

a+b=2m keg"s” +ymike’s” = (v +y) m kg"s” € Ry, (2.2.72)

LEFRT D, HLET, B (RI0) BZ2E200BUCOWTOAMZER L EICHERL X
V. MZERT 72O, FEO N, W, 7" eRZ2ED, EEDceRy w2 2zeRICKST
c=zm" kg“/ sT ERBT 5, WMRED, B ac 1.

/

A Al / /
) = zz m*" kgt s™HT e N
(2.2.73)

LEFRT D, B 2T, (1.3.17) THR THE L B EBIEICEHRT 5 k200 TH B,
%I, fERD a =2 m kg's™ €Ry ., EFERED v e RIZDWVT,

ac = (z m kg s™) x (z m" kgt 7

54
a’ = (r m* kg s™)” = x¥ m" kg""s"" € Ryappvr (2.2.74)

EEFRT D, RO MWONERIE 324 fHiTERT OB ITRAERD LTLE- 7,
FRAMRORNEFEZEZATOROANE v 3B DH 203 1/2 2 ERAGHEEZ L B> T
WFFEHMIZIZ o TH 3,

ZILT, ARy, WWERSN, VHHIEREEXEFELEE >, 22T 134 fiB LY
COMOBRMNICHER LA LI, TRIG) S 2R TE THAL BHBIRERLTLWLE v
EREGET B, BRI, Ry DEHRITOWTIE,

Im=10>mm = 10 3km (2.2.75)

REDHEREM o THEICHNZMIBEZ T I VEW) 2R, HUzEZTH, £H5DFE
=, WHRHEE PR EFEDOEBRDPE OO RV LT CIRErONEEA Y,

COfiDEkY T, TRitERi-7-8) OB OVWTRTE I ), Z0ED 2.4 i, &5
SHEONEZEMD LTLEST0EEHOBPLHLDT, BB OWTHEATHrS T 25
AELTHE2THVWVES I,
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9. ERORITLZFOTEREDER ap € Ry pg,r 2 HREBUTT 2 —KEIEL
flz)=apx (2.2.76)

DYE. 2 DRILDIRAE S5 EAADREX (2.2.73) ICk > TERI NS, Lo T, ZO%K
fIFEED N\ u, 7 € RIZDOWT,

f:R)\,ll«ﬂ' - R)\+>\0,M+H0,T+T0 (2'2'77)

W) ERIR EEEE SO E RS Z L TE S BiE EHEICOWTIZ, 2.4.1 i, 2.4.2 i
24 &), FHIC g(z) = ag2® b Ryyr 25 Roxpag 2yt 2rm “OBBTHZ. 772, 2
DEIHIEE x DRITGZ HHEIGERZDIE, 1FEAEHRIELZ T TH S, Hlz2X (BUPii-
F%50) geRypg 2 vy ER g1 ZEKELT (bBAA, TNHIFHINMEEER

& LI OWIREL) . B

h@):-—gﬁ-+v0t (2.2.78)

272 X9 (bbAA, WETYEEZHRE LR S ICRT BT ZBEORL t TOEE), 22T,
FADORDS (2.2.72) 1> TERI N D 2 DITIE O DIHDRKIGHE L BB H 503, 2D
7-OIZlEt e RO,O,I TR TR RS R\, EWnI)biTT, 2O

h: R070,1 — Rl,O,O (2279)

EVI)ERIBEMEEEFFOZ L, DF ), KEORILZR> 7 BEZ AN TS LRI OXRILE
FolB2HNT2E 09 (e EA->TVE) TENEMLEINALI LTk D, WHTE
B9 5BBDIZEAETIE, ZDXHIC, ANEHHDORITHBZELALEE > T 5,

—H BIZE f(z) =20+ 322 DX 5% (B THEICHTL 2) BXITOFREE b O%IH
KOG, 2 BVRITZF->TL ) LAHURBERTER Y, 0 X9 Z2BI%ILE FIN D E
by ZILD %R (H20IE, AU LB Reo0) ET2 L%, AL LR (326 #iT
FEL KR D, SR - WHETL BEIRAD) ZABEKICOVWTLE LS, 2b%Fb, (K
Sk o TIEL S EFEL72) sing ® cosx DE x 1 (HE L IMDESI DR DT) Rt
WL, sinz & cosx d EABOLUD LD T) RXITETH S, LoT. ZAEKDOERE
WOHMEBORITLD RV R TH 5, Fid, TOHFEIT, FHMWICL 24 ) REX, YHOMER
T T, BIZIXRMOXR TG R > /it t € Rooq 23 sint O X 9 I ZABEICHHUISRA
INTVIUL, 2HVIHBZRALZT T, EZ»TitBEZ2MEZLZ EBb2 5, HlZIE, &
BweRyg_1 ZHZIENTWT, sin(wt) BIEEE 7L wv) BETH S, 3.2.2 HiCiam T
2R8I e®, 3.2.4 i TR 2 WNEEE logx IZOWTHRIL 2 & (¢ BETHERIL) 2384
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% *1040

2.3 R

Z DI CIHIERI S Z Hovx ) . MRAREUE, BINDOFN % r — 21T &S, CIC (2.2.18)
T—ODHZARTHLEDEY, YHTONHOREEIZEZ T, L{WKhlicEtvsZeicd
%, Fic, MR ORI EE T, & 2 MBI 2 720 D5 (& 2.18) 138
ICWLWNTELIRELS Y,

2.3.1 SEFRARER & ABXUUR

FEDHER i =0,1,2,... DLW L TOEDDFEL a; ZXIEIE. BII (ai)izo12....
#2505 ZhzlEic LT,

si=agt+ar+ayt--tai=)» a (2.3.1)
j=0

kﬁ‘ﬂci\ L\ (81)120’172,“ BRSNS, B (81)120,1,2.“ DINKHT 5 & =, %BE*&H
(infinite series) 377 a; BWORT 2 L9, 2 LT, MR s = lim; o0 5; 2 HERFE O &
X O,

Szzaj:a0+a1+a2+--' (232)

=0
EEL, ERIEDBINORH 2 GEICTE R0 6, BIDOMRIRDMIRFERRIZOWTD
(2.2.24), (2.2.25), (2.2.26) I3Z D E £ T 5,
FEFRAEL DA D VT DORDEH I, 72 A~NARIZITIO,

EE 2.17 (PRI Z|BHRE) %4 D a; % HWE |a;] ICHE Z 2 2 TE - 72 RS
Do lag| DNAT B 7% & MEBRE S g ay BWORT 2. F7ey [ D070 a5 < 3070 [ay 28
DRIASH

#1045 DPEMNER e €ERY 4, bER Y, &5, T05 DO ab ZEXILR G DT log(ab) FEHTE
%, 2T, NEDOHARNLGMEE %> T log(ab) =loga +logb £ T35 &, Xtk FioBOWNED (H<
FCODHEF LD TEALRY) L UAEROFIEE T2 Ltk s, EBE MEOGRICIE (A2
FNLDBDLEDT!) THI0I A TOREEPLIELIEEET207R (Z0EEHIZ, ZOHi TR~ FE
A TCIFEB LI NZR 0D, b A A, BAZMSTMZIUEERETE 2), Lo THEBEEIZ > LTI T
BB CH T 2 L I Z D5 BUIHTHRILER ) LI HIICEZILIDNPNES T,

LA, WIS OV T e = (e2)b L I HEREM o TLWL I LITTHUR, e DI TRITLE FF
DEZLIE T AL PENLIDIFLED, THIHIHEHIHEE) I EERWERS,

*105 & IR BINCHAE i 2> THEF2MITTELR, ZITREFICL D> THADERZHHY, b5

Ao 29 LTHORERITIZM S ED 5 220,
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AEHH 97224 iz ARL Ta—y—JoERKEZOEEAZECHELTEI I, 35 =
laol + lax] +- - +ail £F 5. BECED (8i)izop2.. FA—>—Fl, LB EED I > )
IZDWT, ZAAER (2.247) 12X D

‘Si —Sj‘ = |a¢+ai_1 +"'+ij_|_1’
<lag| 4+ lai—1| + -+ |ajy1]
— 5§ (2.3.3)

DY SEDD T, (8i)iz0,1,2,... A= —FTH 5, REOALFERTHRANCOVTUE=MA
%R (2.247) 2D b0, EEOARAIC OO TAERDIR D LoD T, MIRTHED 2o, |

TERGIAL D7 |ag| DUCRT 2 & &, SRS Y2 ay 13, (ROEIUC K HICRT 201
72h3) IR 5. v,

EToL 2% 8 = ag] + |ar| + - -+ Jai] 1Z0 IS 2T, HEAME 5 < 544 21D, Ko T,
HAHFIESNDIRIZOVTOEM 2.14 £ 0| & & 3HEFEDR S UIHEL (5:)i=0,1,2,... DI
RIFREESI NS, TNz Lok,

F218 HBHEBbDHHHEED n iZOWT Y (ay] < b 2SR S TE0 MR H
Dieo lag| BT 2, ko T, MERREL D07 ay AT 2,

232 $ERKREBDOB

WHEXTUNER 9 BRI TR T 2 IR OB %2 DA TEZ 5, Znsid, Hik 54l
EWIHPLRIZ, ISR EERKE 2 BT,
—2HIE, (2.2.19) o—#tTH 5, 8% |B] < 1 Zhi/ TEEDFEEK L THUL,
1
1+5+6%H¢+”':TTE (2.3.4)
THb, THUIEKTHLFEAL I EED., &07dic, BH2ATEI ),
¥ AED 12T, IO

; 1_Bi+1
1+5+...+ﬁ: 1_5 (2.3.5)
DEHICEHETE T k5T,
L1 8]+
Jj — 2.3.6
;05 15| 1-8 (236)

106 P EDAMAEDEFLDICLT Y2 |aj] <oo EHLTLEI ZEbF,
0T = Tw s Ald, (2.3.5) DI 1 — B 2T TH &,
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Lhb, bL|A <145 (23.6) DHEIZ i 2RELTIERL 5 THNE L 5D T, N
ROEFE 211128 D, 357206 =1/(1 - B) B R 2. ZOHEDPRIFHRIELTH 5.
18] > 1 TiE, B (a;)ien 1FIBERL 2200,

M 2.3.2.a EHEPEHT 1Bl ONEERZRKD L, brotHiHVBEZLTWS, C
WEUTO LX) ICHRTES, B <1 795, MEHEE (234) ZHT1/(1-0)?* %
St V) HREETEDYE (¢ BRDZREFLE), (b E)PoTwwhrbh
LR\ 5 3.2.3 BiORHOD eveV = Y DLt Z ST 2 L v, 2 TIREE 4k 2
T 0BT E,) ZORREZ MO TRYICKD /NRDTERHHTE 2 2 L2k, &E
1/81=1/92=10.01/(1—0.1)2 TH 3 Z & ITHE, 1/9801 IZD\W\T b HEZH L *108,

(2.3.4) FTRTOEETETCL ZIHIHIT, €o DEHEPROHEEN Ld o7, ROH
3 ZHUFE ES D ETTIE R,
FEEOREE 1oL T, MRS

2 oz xt
1+x+§+§+...+ﬁ+... (2.3.7)
25, bbAA
il=ii—-1)(—-2)---1 (2.3.8)

REARM OB RETH 21, Z0 kI, Bz DREFIO Ko TV MIRTSE |
&I, REHRE (power series) &I,

ERD ¢ ZEE L, MR (2.3.7) 2HERINK T2 2 L2 d, 0l=1EFRTH LIl
Toa;=2'/il (i=0,1,...) £ T 5, M>|z| ZW7THABEM 2L D . B=|z|/(M+1) <1
Y2, k> M %3 EKBICOWT,

k' =k(k—1)---(M+1) M! > (M + 1)*=M p! (2.3.9)
k— M
DO D, koT
MITRD S MU (M + )M T A .

Thb, £oT,

- e R [ R OV L L

PO Dl v s v Dl vt wa (2.3.11)

k=M k=M j=0

*108 /\BFR DEMIE 72 & 213 WolframAlpha® %l 2 (FfEHICTE 5, 1.3.5 {iz S,

OO ZSHFTHRVERID, 11=1,21=2,31=3x2=6,41=4x3x2=24Th5,

U0 gm e SRR Tz D, Tz 0=, LI LED =% TRE, LIEXDT, 2" 2L T Tz DR ZE
Py L), Lal, WElE Tz dn fy LIERI ERS0,
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#15., AlORE c LEH AR D = Y oy BB AAHRTSH S, £oT,
b=c+d&BTIE, MROEDEE nIco0nT, 0 ([o)| <bPRENLI LIChD,
ILT, R218MEZ BT Lickh ), ROBHEEFFEWRING (—ODHNGHEZ b
2, HEDICEERZOT, EHIZLTEL),

EE 219 (EHEHZERT SHMBMBOEMIR) EEOELK » 1Ko T, MRHEK
(2.3.7) IZHENIER S 5,

#%12 3.2.2 filiC. Z DMEREZE VT,

2 IS :Ei

X
em@%zl+x+§7+57+~~%ﬁ+~~ (2.3.12)

D X I IIEEBAEL (exponential function) exp(z) (AL b D% e® L bFHL) 2ERT LI L
2% %,

WERBBUICOVWTOER b UGS Y 2 a; ORI 1R, 2% 57 lim; o0 a; = 0
%, COHRBERERELE>TWIHE, fEHICIIHATE 3,
LaL, NEIIEZSS) T limeea; = 072005 & o TS > ) a; 2R 2
EIXBRS 2o\, BRI 2 SOBiIE . SERRAREL
1+%+%+i+m+%+~- (2.3.13)
TH2, IR INBEHIFIEAEANS S TR DED, TXHBTAHALLIIC, Ok
BUIRRICHBT 2 2 L2 HICOL B,
FiF, COMBHEIE TEDED ) BT 256 THL I ENHMOoNT VS, s ZIEDFEHK
S PR QNI 13155 85
PR S S S S (2.314)
25 35 48 is
#EZE9, s=1,T2LED(2313)ZDbDHEDT, bLAAFKM, s<1i%6, D
BEDE A DIHIZOWT i~ > i L 206, bBEAAMD s=1DHA&XLDREV, ZogE
b MERRAEL (2.3.14) 3FHHKT 2, —H., LED s > 11200 TR (2.3.14) 200ET %
TEWREND (167 =YD (3.3.40) #H k),
5> 1122V T, MEREIK (2.3.14) 2R L HIF K5 %

C@%z. % (2.3.15)

LHE. E—TBH (zeta function) WS, AETHEAAL I LITTERWVA, ¥— B
IR E 2 R 7 BIET, BETRORSMESN T I2WRO—DTH S, &2,
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fliiZ & 2ATH, ((2) =7%/6 L) P2 BEHNRFRBA SN TS (BREERE, Jhu
AR RAR D 72\,
b AT, FEELT 2 MR (2.3.13) D—D B X DIEIZ A T A % D) - MRS

1 1 1 1 1

1— 42 -2 4 ... ... 2.3.1
2+3 4+ +2i—1 24 (2:3.16)

FIR LT log2 105 LT & 2 (3.3.32) TR, ZAUAIOHIER L 22 W BRI S o
b5,

WEPRIREL (2.3.13) DFRENT D EWSEEA MRS (2.3.13) 2MEIRAKRICHT 2 2 L 2B
BIZRZ D,

HEARER D74 74 7IEfH2Z, Zofszr (RIMEFREZTIC) ROXHICFLdR
BT,

e AL 1 U 1
2 3 4 5 8 9 16 17 32
(2.3.17)
CICHEAEIL -} TEEDATAROTNRG 12 ETHB I LIEEL LY, HE —
HOWMFEIMIHED1/2 Z20bD 06, JHUFHH, Z2HIE, 1/3131/4METHE L
BT U, 1/4 M Lo 2 >ofEh s, 1/2 Mk, 512, Z2HIE 1/8 M o%id >
DA, PU2HIZ 1/16 L OB 8O LR L, WU I LR BLFITSNDT, 2D
WU 1/2 2T o LR LRI YIS RELI EDBDD S, 2F ), BEKICHKT 2,
Hon DT, (LI L2BAZlE>TOIPLEEICATEI ), £7. N Z2IEOEH
LT, MERRAREL (2.3.13) ICRET 2 AR S(N) %
al 11 1

1
SN =S Z 144 =—d.iqd — 2.3.18
(N) ;;j +o Tttty ( )

EEZELL), T5L, (2317) D TEEDJ7 ITHMIBL T, fEEDIEDORE L I2D0»T,

k 2¢
;:_Z; % (2.3.19)

LET 2, PRI LeRED, —OHOMD L ZHNEIC 1,2, 3 LR LA25, ~DOH
DR DO %2 BARNICTHRTAZ DRV WES S, 22T, ~OHDANZOWT,

1 1 1 1
- > —={of ot _ — = 2.3.2
j - Z 2¢ { }QE 2 ( 3 0)

LD T s 720 TR L vy EE-5 T30 TR, MR LZawvy, 25T 3,
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=
0
5
=
=
>
=
£
=

L) REXDR D LD, I (2.3.19) ICREIE,

k
1 k
S@ﬂzl+§:§:1+§ (2.3.21)
/=1

&b,

N TIBREBOFBI G Z 5, BEICIERD L) ITTUE 0w (62 R—YDER 2.9 %
2), Rz (RE%) LEDIEDFEKLE TS, COLE EOBHE %2 1+ (k/2) > RE%HD
KHIESR, T2&,(2321)ICkoT N > 2F 2 THEED N IZ2WTS(N) > R
A%, ZHUt TS(N) DL 5 THRES LD I L) DELRRITH Y, MRS (2.3.13)
WHET 5 2 EDR I NI,

nE. TAT—EBHEZMM L EEAERICED . S(V) > log(N +1) £v9 vkl
RERTIEDLTES (166 R—2 D (3.3.37) TINZERT), ZI6 b, ZOMBHED
WK I N5,

f2.3.2b 0<r<1Zi7IEREEHRLUN 5D ALED i > NIZOWT |ajp1] < rlag
DIEAET 275 6 MEBRARE D0 ) ap BHOINRT 2, COFEZGEHE K,

233 HERUOERKEE

§=0,1,2,... DELIH L TOEDDERE ¢; 2GS, MRRE

ZC]' = Cp +Cl —|—02 4+ .- (2322)
7=0
BEZDLIEWTES, 2T, HLDc; % ZDHIME |c;| THEED»Z TR LN EEDOM
RS I&
> el = leol + lex| + lea| + -+ (2.3.23)
j=0
DR T 5 EAREL &9 o FEEOMBAEDMATIPERIZ OV TOER 2.17 Ifib iz D,
2= —SIDICRZREE S 2 E P 2.13 & =MAER (2.247) 27 o7, EREEIZOWTYH
F U ZAAR%EN (2.2.69) IRAZT 2006, 8 2171k, 2D F FHEEKOEINOWTHHL
ST B, DED,

% 220 FEHDOBEIGREL 377 [cj| BWCRT U, SHET 2 ERBO MR 77 c; BN
%j‘%o :O)&_g\ ﬁﬁﬁ%&ﬁz;ioc] L;’(f‘f@ﬂﬂYFﬁﬁ‘% klﬂ’))o if:\ |Z;100j| SZ;.;O|CJ|
D3R LD,
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AR $ % R D MR D EHEE 2 B1Z, (2.3.7) DI« ZEROERL 2 1B E D0

ZTHE- 72 .
2 23 zJ

z
Ibedgrbgte ot (2.3.24)
Thb, TIT, , .
J J
2\l (2.3.25)
J! J!

WCHEE TR, 2 O5EDEE O MIRME ZJ —0 |c]] %, DT (2.3.7) Tz T |z|] ZfUAL
P b DI S v, Ziud, TTICRA LI W%T%@T\ﬁ@ﬁﬂ@sﬂgﬁ%ﬂﬂﬁ
T5ZEBLMPD, THUTXoT, 327 HiTHS X9z, EEH » %
22 23 2J
exp()—1+z+§+§+ +ﬁ—l—--- (2.3.26)

ICEBRTHILENTES,

2.4 BE¥EERYE

Zofiitid, BREBEBOBEE —RIVICHT 5, 2 LT, EEEOFEMEBEBIZOW»
T, BB CTH S L VW) HELEZ ZEAT 5,

241 TE&

9. MRNEED» S, BROMEZ SEHRICE LD TE L,

Si, Sy - MROELELETE, £EH S, DB/LADEF a € 5 ITRHLT, £H Sy DS D
HH fla) € S ZNIESE2 (HEvIE, BF) MGER f 2, —RIZ, S1 226 Sy ~DE
& (mapping) &M, K4 DUEFE ) Lo TR a5, S| DEFEDTRTUIOWVT, BEIN
BEE > TR TIRAES R, S 95 S ~OEHRTHLZEE. f: 5 — S
Howix, §; L5 S EVIEETEL (K29 (a). T aWEE fa) IKESNZ L%
a—r fla) ERTEZ, 7, ZhoZ20EFLDITLT,

S LS,

w W (2.4.1)

a +— f(a)
Dk T LRI RHD-HThro TRBLA K (a e Sy, fla) € Sy &I IR
b, BEILICA->T, AoTWw3), BROME fla) LH LS, RASHTVS a 21K
(argument) EMESZ ED3DH B,

112 4y f(a) 1 boESHFEOMEI RO LS T, WHORTIRSE D Hav, L LHEZ%KE — &
s RO B LIRS TR,
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2.9 44 81, S OEEZEHTHEL, (a) MOGE, (b) 24, (c) Wit (d) 4%
Bl 72,

B f Lk, B£E S DHEEZANTLE, MO DIRESHFHREIITL 72> T, Sy DE
FEMAL T BRI % TR S5 TEENT ) 2 LD 0dtew, BEoEHIEL 7~
ELWHDEZANL TR RTNUIEBENE LA LEL VL H T, BRICHEYZEEZ A
NT 208N H 5D,

BHREVIDIZ, ETHWNEF VAT, S S BPROEAOLEEIE, BRoO»bDY
ICBAE (function) € B9 2 &%\, $7, 51 & S VEL D TH WS DOEZ D -
1RGO E., BBRO»H D ICEM (transformation) £ 59 2 EdbH 5, I 51T, S BB
BOEED TS PWROELATH S L) BRI ZVWHICEY T35, Zo0k) kg6, BRI
B L s b o 3,

e

f@ﬁ:{ﬂ@pesﬁch (2.4.2)

X, S1 DD Sy D) DEIN TR HDEATH D, {BEK (range). H 5\ IEEH f
Ik Sy OBREMIEND, ZHUTRIBI T, S DI L EEHEE (domain) & MFES,

DIN, BHRICOWTORARNLZMSZEHRICELOTES, SLbk-oTE, M29%2E 5
Lk T o ERZES A TECRETHWES ),

F(S1) = S UKD D E X, DE DA Sy ZDOLDTHD L X, R [+ 5 — 5y XL
5 (surjection) TH 2 &) (¥ 2.9 (b)), fTHEZEN S, 2E2EEI 67K, F7iE
BObe f(S) LT, b= f(a) ZWi7cT LI % a e Sy B—2Lhnt &, B
f:S1 — So IZBEY (injection) TH 2 &9 (X 2.9 (c)).

B f S = S 3RITHY, »OYGTH S L E, £HiEY (bijection) TH B L), &
i, ZO0EGOERTRTE, BRIt s (K29 (d), 27T, 2H4
f:81 = Sy le2wTE, f7Hf(a) =alc kb, BEEH, (inverse mapping) f~1: Sy — 5
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REDDLZENTESL, bbAA, WEHR - bEHHICk D,

S1, 8o, S3 ZEHEL, [:5] = 52,9:58 = S325{ETE, COLEE, ac S ITRL
T, g(f(a) € S3 ZXWIEIELILET, S1 26 S3 \DEREZEXRT LI LITES, 2Dk
V) REBE f L g DAEREM/ (composite) EFFNN, go f: 5] — S3 LWI)EIFTET,

242 B

EH S, SoVBEBDIMEDDODBDEATHDLE, MEDDHVEZDOER f:5 — S, #H
¥ (function) EMES, LT, FEZIISZ DIV EEIE, TS LD Sy HOREK, Lw
Vo Fl, BIEE 241 DXIICHRETEEE, 0 ZEBETS,

bo &L QAW LEEZ, bEAA. FEBLEOFEBEMETH 5, O &k & DM TH
HEES

(2.4.3)

72, 22T, o 3 BOEBENRET 255 HDT, f(n) ® £(2.0050416) D X I I HMAEM 2%
BERALTOE WL, HOHRSTa e RDOEIICEMEZELEZLDEZRALT, f(o) £
WTH Ky,

B Z Db DZRIELZZVWEZICIE, TR R ED fFLEFSZEDITLED, BIFIZER
252 LWL, BEDXIIC-XFRELEBERALT2EZNDRDH L, L HDHDIF, zZ2—
IR E ESAT f(r) EESCIET, BBZOLDZERT 5 &) Kk, 77, C
DHEZHEE, x EVIRFEOFEEZ fIRAL DO LIRELYBAL % WRgtE2 H 5, i
TN EE, fO)DEIHIIC TP EZRAT2EBH 2 L) L) EzidsL
RV TRTIERE, TORTIE, HATOOHMECHrES T, IRPUIGL T, Y CHEED
BOERBRHZHoTHI ) LRI,

BIETLHRWES I, BBUC f. BBIC 2 DXFERMI L wIHIREDDVH 2D TlER
v, FEEE RO E2EE) T 2R OMEZ R TSI, B2 ¢ EEREE ¢ &F
(2 EIZHEbET

R - R
w W (2.4.4)
t — xz(t)

D&Yz, BEBAHIC 2V 00EHE, Glisz RCHITT 20Tk, VBN ZHREL 2

LA LRI REBDT,

WEEOB BB OBNIIEEIZH 205, L OB LFlZ A TE Z 9,
¥, a,bk ZEEOERE L E,

fi(x) =az®+bx, folz)=asin(kz)+ b cos(kz) (2.4.5)
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90 o=

=

B, A B B

D &9z, LA AR EORENZBEBOMAG DY TEHIT % X ) BB EZL SN
5, &5,

co0pL % ar—b z<0DEZ
ax x
fs(x) = : - fa(z) =<0 r=00Dkt% (2.4.6)
asinfkz) z>0DEZ
ar+b z>0DEE

DX IT, EROMEITEL THANIRH> T, BEbs XI5 b0 Th kv, F5a 1ok
ELT (o) BE D & A TSRO ERDD 555

_JO0 zeQoanLE
ﬁ@“‘L s eR\QODE X (2.4.7)

EV) X RERLLOTH, B0 R (BHEEOLE O, SOt E12LS, L)
ZE), LD £5(1/2) =0, £5(V2) =1 EwI BAI, LA LiERkE-oTwEbIFE
B, TABBEBIZZ 7 7TIEERL L) bR,

5, 2HI027EN0RATHoI D EFITRVLEI ) REKE VI DL, VOIS IC
F7 S IABGT 5, B E TORACYICIE, HiffikTRI N 5 BN E HFI
TEZED% oI, L L, RETORBNAREECYIITIE, 3LAEDEA, £
EIEEO O > TR WA LT 2DZ, BB b L EFKER bR wE L, Z
DWEZEFANILD, 2210 (MOPRIHED) BENREEZMATH L CEBEE- 72D T
5 8IS,

B 2.4.2.a fi(2), fo(2), f3(2), falx) DT 77 OBIEZ T, EBORFS 7% E1XHT Ty
GRS, £, EREZERICEVED T2 L BEDPR LB 2DT, XL RORILZH
CEIILda2L,

WMERBEH () 238 L. D2 0IE3FEROTTEE LOFBERIE L T2, 21 < xp ZiiiT:
TIEED (f() DEBBRED) 21, 29 1I22VT, flz) < faz) %2 EE, f(-) 2B
hNB8%L (monotone increasing function) TH 2 &9, HI 212, x ZHPEIL f(z) MR
HEV) T ER, FRIC, 21 <ap ZHATEED 21, 22 12T, f(z1) > f(22) E% D
%6, f() IFERABAEE (monotone decreasing function) & MEEN S, SHEE, » ZHiP
R fx) 13D &) T &7, BIBDHFIEND 5 WV IZHFRD TH 2 2 L2 HFTH S &
VI,

INEDSDPLHOREDT E LT, 21 < 2 ZHTTLED 21, 20 IDVT, f(21) <
flzo) &7 5 f(-) % BERFERDBIEL, f(21) > fxo) £% 5 f(-) = HTHIFEMBIM & > 5 115,

113 IR, BFIERINE . Z N ZAUAERIN, TR LIPS L H 5, £, 2 OUWEERRNT 254,
bR, WP PRI, WD LR LD H B,
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2.43 BEHDIRRR
2 TOER EOFEEHEBI f(2) EHOD v, BIROBRE VI EZHEATED I,

BERDERNLEE TEOEH g ZEBATHET T2, 2 2N WIS 2o 1TV
Twokb | flr) BEHISEIL %6, ZO—Eftiz
lim f(x) (2.4.8)

xzTxo
EEE, f(z) D xo ITBTZ2EMBRETS, FERIC, 2 ZKZVHIDS 29 ITEDT TV 7
LE, f(z) B —EEIGEO 6, ZO—Efli%

lim f(z) (2.4.9)

xlxo

LHE f(2) Do B ZEMREESTS, 2H 28, SEMIGESh R D KL i
JERRIRRAIRDEE L 20, B9,
b UZEMR & A & B ICAEL T, Lo bIiEs 5T hus, 2 oftiz

lim f(z) (2.4.10)

Tr—rTo

EEZE, f(z) D ao BT ZHBR (limit) £,

BMIBROBBLRESRE Lok ) ICHR2EBNICEREL TH, WHOL L THERED 3 1T
X, RELRZEIZ R, LarLl, ALTU =2t (&2, BRIEEOMT) 2F U
DIHmL L) B E, 2DEI% TEE) TE, €9 LTOATaE, DU TlE, MR
BEBANCEIERT 202 AT DT, GEEDHEEIC)IEL THA TV E L0,

BB OMIRY . BHIOIEDERE 2.8 (60 R—) LIZIFRICFHEED HIFE&WiEF ) <,
EFT D, TOF TR A2 UhE %) BEe>0 283 T2WPRAERLZ, 22L&
B, BT, NSRS > 0 EVLIREERD I LA D, 2005 6 M FOMEEET
EDFIE, BBE (KEOHIPT) MRIc—%T 22 — LwIiIblr,

N — Dkotd2E, EILTHWEZERHZBHNL VD — H47% Te-d (A4
Tvay - FNY) ik Thb, O T, RETHROPEHICAS & AL, Brosk
Blickd47vay s FTUYEERFSORLIEL ELEH#HEREDPDY . 2% DEEICEHST
ANFr—avrblholbEbNTwS, ZOED TOH  ICHARIZOWLTWL (B
SEV) EDVBIRD) HEEZ ) THROEEDHEICX vy TWEEN, 4 7y
FUF L L0 DIRRODH S A EEEORAFIC X 2 5T,

14 BN E FEAATHLIVINE, Vot ABAR L ZNDOBIELE LI R VEVS I L,
IS o4 2o Db hiIC e > 20— 0. zlxg DLOICz — 29+ 0 EELiELH 3,
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LoL, A 7vuay - Fuyimh oREIZ, THIavEY NEeighzobss ) 4%
LT, BABOmBIRNZ L2 F0EEMRICEE) £V ZEICTER, R THERICHEL W,
EZTIE RV, HonEZ6, INLHAEZFRTUHNIC, E% 2.8 LZ20HHEHARL, H
FCEMROAEZEREZ D > THLZDOBEFE VI Tl Do Al 2L »ik
Briczes LB,

V) bIF T, R (2.4.8) DEE R EREZEH .

EE 221 (RELOERBERBOEBIR) f(-) 2 FB EORBMERIE. ©0, o ZFEET 2.
FERDOFEH e > 01 LT, IEOFEES > 0 FEL., FED v € [19 — 6, 10) 1T DWW
1f(z) —a| <e BRVITO L E, BB F() 1Z 20 ICBWTAMIR o 2 52 &,

a = lim f(z) (2.4.11)

xzTxo

EE<

FRIRBOEZED FoKFELELS, DIDLILK DRI BV, ZNor20EFEDITL T,
BIOMRDOEREZTH L. RD X IH IR B,

ER 2.22 (R LOEHEREABDIER) (1) 2 EEB LOFEEMEBIEL. zo, o Z2FHLT
5, fTEEDEL > 01 L T, IEDFEEOI >0 DVHFEL. FED © € [xg — d,20) U
(2o, 20 + 0] IZDWT |f(z) —a] <e DD DL E, BB f() 1& 2o 1BV THRIR o

(R RCRATITN
a= lim f(z) (2.4.12)

Tr—rxo

k%(o

FMICL T, 2 ZIRD 2 CRELTHLEIDOMPHELLTE I ),

EE 2.23 (R LOEHEREED ©» — o BR) f(-) 2 FEB LOFEBAERIEL. ©o, o 2
FEET D, ERDFEL e > 0ITHL T, FHERPFEL, FEED z € [R,00) IZDW
Tf(x) —a| <ePRHZDEE, BB f() 32— oo IZBWTHIR a 2 H D & v,

a= lim f(x) (2.4.13)

Tr—r 00

EE<

*6 XM DEF I (2.2.40) Z R X, z0 — § DMOIEAHL T 2 DIFEROME T, 2 21k, FlLmTd kv,
xo DRDBH TV 2 DIZHAZH,
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r — —oo DR S F o7 { FRICERTE %,

BINTOWTD (2.2.24), (2.2.25), (2.2.26) LFRAEEHS, bEAA, RKHVZD, “DD
BAEL f(4), g(-) 3B D | limg_yu, f(2) = a, limy s, g(x) =B T 5, TITT, zo IFFEEHV
Lt too £ T2, a,b ZIERDOERETHLE, HTLVEK o f(z) +bg(x) ITDWT,

lim {a f(z) +bg(z)} =aa+bp (2.4.14)

Tr—rTo

DR SLD, BDBAEL f(x) g(x) IV TH,

ILm f@)g(z)=ap (2.4.15)
WY D, 7. g(z) #£0, B £ 0 Thiud, OB f(z)/g(z) 1220 TH,
lim 28 _ @ (2.4.16)

o0 g(z) B
DIRY LD, T o DRIR O ERD S HICEEYITE %, %E'ﬂﬂo)?iézliﬁ’ﬂ&ﬁﬁjri 67 X—
DEINDOEDIIRIZ DWW TD (2.2.26) DFFHEIZ LA EFUE, BIKEDH %505 1%, H Tk
HTIEL Y,

2.4.4 BABOIRR &EREHE

e\ T ) KB EDORBMERAEL f(x) 2 H oo\, Bt 2HEm L & 9,

HB o llBLT,
f(zo) = lim f(z) (2.4.17)

Tr—rxTo

DR LDE E, BB f(2) 13 2o ISV TEH (continuous) TH 5 &>, BIE f(x) 23
SOHIPH (72 & ZIZXM) NOTRTO z it TElz s, f() 1E2 OHicHiiith 2
v, i BEe (20 %A £ EEEREIE (continuous function) & MRS, 72 & 2L,
FTORTIHNT 2L 912 (2LT, AEHL TR THYULDENCEZ 572294, fEEOH
KRB n IOV T, RZIFORE f(x) = 2™ BEBEAETHBITD 5, BIE f(x) 28 2o THE
ThwEE, f(r) 1d ’:FSD"C*E% (discontinuous) TH % &>,

EEINC VG 2, BIBDSERE L W) DT T 7B 2 A LD BRoTwRE E W) 2ETH
D\K@%&wo@i(%®ﬁ6)777 RO, b B L) T e, X210 ZH K,

2.4.2 fiOBNZET 7-BI%L (2.4.5), (2.4.6), (2.4.7) "2 &, fi(z), f2(z), f3(z) 1&. TXRT
MBS, Lo L.y fa(z) 1220 TR limgro fa(x) = —b, limg o fa(x) = b 7258 f4,(0) =0
THD, b=0THVPED, COMEIZ0ICEVTANERTH S, S50, BRLEETH
% fs(x) IV o TR, EAR 20 IZBWVTD limgpy, f5(x) b limg),, f5(z) DFEEL W,
COBBUE. VWbt A TRER DT,



(@) fl)A () A

/

2.10  (a) fifiv> 7o #iPH T 2 BI%L f(x) D77 7. (b) zo TAMEIC 4 % BI%K
f@) D777, BAORIZZ 7 71cE&FN, AKEDORIZT 7 7ICEENH0, BT 512,
AEHEE VI DIE, 777712 TR 2B 5 L0 2 EREESTOLY,

BEGEOBBLRER LOMIR (2.4.17) % o 728tk ORI &, MR O B % B
22T, BB ERICES>TWS, 2L, UToko%k, WEEWwWIZL2Hob
ICEDLLBEWVERD TP AVALERTITREL 23X W,

EE 224 (R LOEHERBOERM) f() 2FEB EOFEEMEEE. v Z2FEBLT
5, fEREDOFEH e > 01 LT, IEOEKS > 0BHFEL, fFED x € [0 — §, 70 + ]
IZOWT

[f(z) = f(xo)| <€ (2.4.18)

AR o & E . B () 1 2o K BLTOEGETH S LT,

I Ted) DEFEZZHOTMMNLRERTH S, BITAVIETOVSIT)I e L) (U
SWVDIED) BEEETZE, I —HIEZI>0 L WIHHPHEZEZ S, ZDEE, 2905 6 DA
WNOFIPHD x 72 513 f(x) & flzg) DEF e MNICE STV B EWI DL, BV ERRLA
R Z T TR ESLTES L EE),

¥o DT, INHmMELE THHTEL L,

(f() 1& 2o THfE ) < (Ve>05l(5>OV:C [xe[xo—é,xo+(5] = ]f(:v)—f(l’o)!§€])
(2.4.19)
Lip 38

TR X 91T, B f(z) M0 6 2 DfiH (7 & ZIEXH) NOTRTD z icBW»T
M 5. f(0) 132 OHEPHTHEBETDH 5 L9,

T = pARTIRH O b D, &) —ROES EOBBICHTEEOE S 2 IET 2Bk &,
*118 251D YV 1ZBWE L TH LWL — LN EZD DB NTE W,
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BEGEHOME 3. MEOARK n ItV T, B f(2) = 2" DEBEETHERETH
52 ERAALTEI ), LIt TIER WY, -6 kD MBFI R > T\ 5,

AEH RO ER zo ZEIEL., 2o IKBWVT f(z) = 2" PR TH S I L2 T, EED
a>0%ZEN |[zo+al tlzg—al DILDOREVTZ b EELS, 25T, zo+a<bh»D
To—a> —bBRYILD, TIH5 o] <bIIDB

AEH D 72 2 DR DOIREIFETH %,

f(@) = flwo) = 2" = (20)" = (& — wo){z" ™" + 2" wo + -+ x (w0)" " + (w0)" '}

(2.4.20)
ST, 0 HEIC LB oT, EBD e >0% L%, THUCHLT,
. g
5::nnn{a,ﬁZE:T} (2.4.21)

kD I>0%2kD5, IT, 2%, x € [rg— 0,10+ 0] 2l THERMDOEKLEL LI, §<a
Ehrbrg—a<x<zo+aTHO, RERMXRT|z|<blbhr b, (2.4.20) DffxHEZ &
D =AAERX (2.2.47) 2V, |z — 20| <6, 2| < Db, |20] < D ITHEETIUR

(@) = f(zo)| < |z — wol{[a|" ™" + || "? o] + - + |2] |zo|"™* + [0~}
<dsnb"l<e (2.4.22)

L b DS (2.4.18) R E NI, TIThH, (24.21) DEAICe BNTE LI, I F
(O RRDILZEWINEE259, 1

BI%L f(x), g(x) DX g ICBWTHHETH S T %, a,b ZIEEDFERET L EZE, af(x)+
bg(z), f(z)g(x) 1F zo ICBWTHBTH 5, £7 g(xo) #0 %5 f(z)/g(x) b xp IZBWT
MWt Th b, InoDFFEL, HFEOER> o, HRICEHTE S, 22 TH, JEHOHEAR
M7 gtE, 67 =Y DOEFIDOEOMRIZOVWTD (2.2.26) DFEHE IZEAEF LU,

CORFEZCDRELMRIE, n HOEEOER BB fi(x),..., folz) EEEDOEE

al,...,0n C\_’)b)‘(\
f@) = a1 fi(@) + -+ an fulo Zaz filx (2.4.23)
. BT H B EDD B, LIS, FEE I OWT 2" 0T, EEOLIERK

p(z) =ap+az+a2® +- a2 =Y a;a’ (2.4.24)
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fib)

fol 7

aj/ C
/- fa)

Y

211 HHEEOEHRDANE. f(a) & f(b) DHVIEDBEF LRI fo 2 LU, Zhd,
%563 ce (a,b) IT&>T fle) LHEIT 3,

FEERETHERTH D, L, ZofEIE n BDERO L ZFICL2ED e w I EITER
Li9I, n—oo& LIRS (ZOBGIEREHE) CERINLBHE. FEkticik s
lEbdbs,

RN EBPIBOREN R E 2 £ T " OOBEELEH 2R LTI ), N6 DFEHIEP
PRI 7% D CREAD E et MR O A E 3 72003, B ONFIFIHIC AN TE W THE
TR\ 5 9,

—OHOHEEZEMHIE, PEAEDER (intermediate value theorem) TH %,

EE 225 (PRAMEDEE) f() VXM [a,b] ETHEBETHD ., £7% fla) < f(b) LT 5,
ZDOLE, fla) < fo< f(b) ZWilzTHEED fo LT, f(c) = fo 27T c € (a,b) D3
19 %,

bEAHA fla) > f(b) DEEL Eo K HRTH S, HT 21T, 228 [a,b] ZE & &, f(2)
X f(a) £ f(b) DEOTRCOMHEEIS LS L2 (B 2A, fa) & f(b) DREDFHEI
MZT, Z2RPADMEZI->TH W), K211 2R &, Zrud, NEEEEED 77 7135k
WoTWw5) TEP6T2E, 2bOHTH-LEH L LLHTRE,

72720, EfEEDOERR 2.24 1ITH LW THHEMEOER 2.25 ZFEHL L9 &9 & Gk Z
IEHTIE R, ERTIE, 25— zg DHEFMEE VI BT AREHRZ T 2EICLTw 3
DED, V772783035 T 05 LwI)Dld, BAEZE SR E L THE EEDORIBRINZ TS
729 R AL T 5 2 01T iE, ERORIINAERE O EH b T, KW aERE
RS 72 TR W iT R,

E 2.25 DFFH : TEMONENR D L7zl eET3E, 797 320N H ) Elciz s

ORI &) DD DN B E T2 E BB EVHIVETH D KN E v ) DD D2 2 Mt %
HBHY. BEPWETHY KMo EBIZ, bAaAIc, KT, R local, KIKiIx global T
b5,
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D5, HREEE PG Alcwe TR, 2 L7 20710, 20TlE) £ 0dkvn, FEEE
TERRD FARHIR ) L7223 VIRPLE V) DIIEBIC H 2D T, ZN2ITXRTIIET L Ll
TERhVeho, bob, —MITRICGGENT 2 081D 5,

FH y € [a,b] ITDOVTD

Ply) = (fEED z € [a,y] IZ2WT f(x) < fo IR ZD) (2.4.25)

EVI)TEZEZ L), BI5DIT, Pla) 1ZET, PO) B TH2, £/, b L Ply) ¥ ELR
5, a<y <yZiiTEED Yy IZOOTPWY) IFETHE, LkoT, Ply) PEIZKS L)
7%y OFEPHIZ, H2 cIlZOWTOKM [a,c] 2 IE [a,c) TR TEES R (Hidhks
T la,c] THEIEVBDNZDEN, 5ZN 2R THhEIZE), Tl Tcelda<ce<bZsk
TILEWbhroTwE, TOLE, EHiL fle) = follr>Tw3, ZNERTIEEHD FIREH
W25 (DWVTIZe>a tbdd),

ET. fle) > fo EIRELTHIEZVE . e = (f(c)— f0)/2 >0 EFEBAT f(-) el
THFHTHS I zfli) b, 224 XD, 2 I PFHEL T, fEED z € [c—d,c+ 0] ITH
LT |f(x) - flo)| <e 5B, £oT f(@) > f(c)—e = fo+e> fo BIRD DB, T4
r€lc—08,c+ IOV TP(x) WMaThr I L2BH®T 2, LIAWxidck/hEltn
BOEHG, TIEFIE. Ko, f(o) < fo EIRET 5. SFE, Ply) HEIC % % RlHAS ¢ %
B2ZTLEIZLEEZFRIRVDITE, e = fo— flc) >0 &L CHfMEEZMEI &, H2 62
FIELT, BED z€lc—0,c+ 0] ITRLT|f(z) = flo)| <e. 2FD f(x) < fle)+e=fo
DY LD, D e XD DBREFV 2 ICOVTERZ0EDS, Rk FE. |

FlESETIC, PREMEOEBDOIGH & LT (ZIUIEEETIZ A2\ BB BRI T
BZRDEHZIRRTE L, ZOEHIZWEE G (120 R—2 OEH 3.3) ZaFT 35
I IRYAOR

THE 226 (ERGEGIIEATSES) BIXE (o,b) LoMEREE £() 13, HARIMEILLS
ANESE N e S

Gt ta <2 <xp <b EBRBEED 2, x0 2L D, (o) BHHELDS f(z1) < f(x2) P
F(@1) > fas) DOVTNDTH S, HHEL L THELED S,

CDEE 29 <a3<bEBRDLED 231220T, f(12) < flas) DIRY DI LERZ I,
flx) > flxs) ERET 5, XM (22, x3] IO W THREEDERD S f(z2) > fo > f(x3) %
Wi 7e TERD fo IS LT, fly) = fo £% D y€E (x2,x3) D3D %, FRIC, K [21,22] 12D
WTHRIEDEI D 5. f(11) < fo < flas) ZMTEED fo KH LT, fy) = fo &%
By € (x1,22) BB B, “ODHED fo BEEICHN LD, ZOEFE fly) = f(y) B
FO) DM TH L Z L EFET S,



|

LA UHET. a <z < 2 272 TERED 20 1220T f(x) < f(z1) BRI NG, T
I LT AER f(ry) < fog) ZHFRIC, XA EAERZEAIC T TE22 L%bho
7eo (fxe) < fxz) ZIFERICL T, a <2} <z EBRBERED 2| 1I2OWT f(2)) < f(xz)
ZRTIEDTED,) ITNZMEPSDBRLTEIZET, a<z<y<blB2EED x,
y IR LT f(z) < fly)s 2F0 f() 75§$§ﬂiﬁﬁﬂﬂ’6‘%%§ ZEDBOZ B,

bbAA, BN f(z1) > flog) ERokBAE, f() BHEERED LiHTE 2, 1

“OHOEE L ER O O & LT, EH) ZIK EI’J?ZC%@%_%: WRTE L, ZokiE
i3, T CROEM 2.31 THED MBI L Z F 2 BEIC NRYASR

A 227 (AR LORBINCEIRT SFATBBS)  (11)im12... = (01,02,...) £
[ [a,b] il & 2 BEREGI L ¥ 2, BRBGIOT0 s IEEZELTIC, WAL EER K
S U CTHES 207 L IR ()50, 2 ERHFIE L 50120, B [a,b] EOEE DR
B (2:)icr0. W LTI, B2 5 € [a, 0] IHT 28550 (7)1 0. DBTHEET 5,

........

GEH : PHIXH [a, b] 2 ~ D> DX [a, (a + b) /2], [(a + b)/2,b] 1Z53E#T 5, BI (2)iz12,...
ICIZIERE D EE DN H 5706, o “DDOXE DA% S &b —HITIFMREOEERENE Eh
Twb, 2O X)) ZXEZENY (866 MREDOEREZEZATVRRS, (EL5THVRWLD
208) EMZEDY) [ar,b] EMFOET, 21y € [a1,b1) £ 2% i(1 )%iﬁv_iéo:afv T1 = zi()
&9 5,

KIZPHXI [a1,b1]) % [a1, (a1 +b1)/2) & [(a1 +b1)/2,01] 12T B, RIED (2;)iz12.. D
HREDEREZ EZA TV % [ag,by] M, xy9) € [ag, bo] BL W i(2) > i(1) 27T
i(2) ZWIED ([ag, by] DHICIZMERMEDER DD 2 DT, THUTDRITHAE) | T 1= 29
E9 5,

COFHEZRAZ Ll U, ¥Nd 28850 i(1),4(2),4(3),... & ZIUTHIET 285575
G (Z;)iz1,0,. BREOENDE, fED B LT >n %6 % € lap, by THS, by —a, =
27(b—a) o, fERED i,j >n k20T |3 — 3| <27"(b—a) PR 2, K> THI
(Zi)iz12,. A= —FITHH, 2 T INKT 5, T € [a,b] THS I LzRndDIHEH,
i

“OHOEEZERE, PAXH Lo BB A TRAME L RAMEZ DO 2 L2,
BIBUCB D 2 & £ I LAt ORICIIOIEE TH 5,

20 T IEfEICE 2R, i =1,2,. . ISR L T1 < (i) <j(i+ 1) 273 (EOED 5 IEORHA~D) F£ED
BIfj(i) &0, & i=xj4) £T D,

2L K2 D i 1220 T x; € [a,b] £ ) BAHIIZAOHKI S v, EDX I ICHML CbrEbawl, MUEEK
BLDBELH T EbR,
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EIE 2.28 (XA LOEREBORKMEE RIME) PAXH [a, 0] EOFEEOEGRIE f(+) 1%,
la,b] DR TRRMEERAMEZ £ 5, DFED | Tnin, Tmax € [a,0] BIEL, EED z € [a, D]
IZ2WT f(min) < f(2) < f(@max) DD LD,

22T, KX TH 2 2 EEARENTH S, L Z2IE, XHE[0,1) 252 &k H*122,
flz)=(1—2) " 132 OXE Lz 28, w6 ThbREAEE L2, H2VIE, flz) =1
FH L LA T, FERED 2 [0,1) IC2WTO0< for) <1Z2MMdh f(z)=1E%2%&
Iz e[0,1) IF%\,

Fio. ZOEMHEPRHEEOER 2.25 G, f() 1< X 2HKXM [a,b] DR ((2.4.2)
= 2 )

fat) = {f(@) |o € a.8]} (2.4.26)
HEXETH Y [f (@min), f(@max)] KHELWI EHVR B,

GEHE 2.28 DFFH  KMEIC OV T OAIEAT 5, b6 A2ARMEDEEIND (—f(z) %
flz) EARBEERZOLETEOT) £CEU,

G f([a, b)) K ERDH B L RRT, D0, #Y% M %LU, EED z € [a,b]
IZOWT flz) <M ERBZIERZVH) (M DER), ERDPZCEREL LI, A> f(a)
EWETHED (PABICKER) AIKo0wTh f(o) = A i3k % it (D5<
b)) FETHEVI LR, 2IT, A — 0o ER BRI (A)iz10.. (EL.
A; > fla) Z2ED. f(z;) = A; Zii7ed o ZUARTHBI (2;)i210,. 21F5, i@ 2.27
&Y (@)iz1,2,.. DI (Z:)iz12,.. DWENT, lim 00T =T € [a,b] TH B, —77, fE
DTTED lim; oo f(Z) =00 THB, ETAHD, T f(1) DEBBITAS>TR 205 f(Z) &
MEDLDELETHY, BLAHA f(Z) <o THD, THUT T ITEBWT f(-) PVEF TRV &
ZEWET 5, 29 LTHEREI N,

Fa, b)) 12 ERDH 2 2 EdSbirot, BR M OBMEE foa EH< o fmax € f(a,b])
DWEANTRAMEDOFEEDIHNE NS, 22T, fuax € f([a,b]) ERET 2. € [a,b] 12
WL frax — f(2) 20225, g(3) = {Fmax — f(@)}L 1 [a,b] LOEEBSETHZ, L
Lo fmax — f(2) B0 B THNAILTELZDT, g(o) I BRI RV, —J5, ZOIFHOHE
TRLAZ & f() ICRS T, MEROMERPBUIPAXHECIE ERZ2 D) Lw) 2 ETH S,
I g(x) ICHAT B EFEEL 3, 1

B—ERE - 23, BEodEREtEoM a0 HARRER TH 2 —E Ik ic 2w TR
%, $%IC 4.1.2 i CEGEEB OB IC OV TOHEAREMR (EH 4.3) ZIHEHT 2 BRI —RoEE
PEDERE L RE 2R T, S LH->TUTEIT L THRIEIZ 2,

*122110,1) 13 0 <y < 1 Zii TEE y DA,



Fin

100 28 GmE, RO, B B

FPERZ2EI Y, BHEREKOEE 2.24 LHEE L 230K L TIEL W,

EE 2.29 (R LORBERERBO—tRERNY) f() 21 CR LOEBMEBESE T2 (I 13
XCH Xt EHEETD L), EEOFEH e > 01 LT, IEDFEEK S > 0 BHEE
L, BB |z —y| <6 27 THEED o,y € [ ITDWVT

[f(z) = fy)l <e (2.4.27)
BRDOE X, B () R—REEETH B S,
A TE T L,

(f() Li*ﬂ%f@iﬁ)@(Va>0§l§>0‘v’x,y€] [\m—y|§5 = |f(w)_f(y)|§€})
(2.4.28)

Elr s,

HHEEDES 2.24 TlE—R 2o DE D Y TOEfFMEZFEIC L T 72Dl LT, 22T
X[ T 4fk% TR > TV 3 DR E RENTE,

EDFELL ALY, T, THIAVIESF ) 2972 P e>0 L wIHiNSLBEESTS
EZ AR, WM 2 oBEa b —REHROSAOE U722, KRiZ, b9 —AD TNl 6 0iEld
TUTAKLR) E0) 6> 0 L VIHIFZFTVIRTOITEN, 2 IITEVWYH 5, Hk 2D
L, flc OSIS zo JEi1C THUAVIEF ) 225 T023DT, § BB 2 ITKFEL T
L Ebgv, —H., —RSEMEE VW IGEEITIE, KESEICOWT I >0 Ev) =DM
WE SR TUTWITRVDE, ZUIHR2EEEEL D DEL VWEFETH 2,

95 R—=Y TIREHEED LOBIE f(x) = 2" (n 1ZARE) W (OFDEED 20 € R
ICBWTCHfE) THEILEARL, T Tn=1%,L7% fz)=x 3 —RERkTLH 2, k¥
Ko, e NEASNTS EEHIT = &TIUT (2.4.27) B IN DB D57,

—Hn=2°%tL7% flz) =2 F-BRERETII RV, U, 2 PKRELS KDL f(z) = 22
DITZ77TDOMEEPCL 5 THOREL LR IEDSDEERNICHS AN, BDDELA
ERFHLTE I 9, F7. (2.4.28) DEED

(f() B—Bedifeciw ) < (Ela >0Ve>03m,yel |lr—yl <o A |f(z)— fy)| > 8]

(2.4.29)
ThHIEIHERETE (22726 =Y 0] 2.1.2.h DFREH ), HLDOThE%FEIRT
DI COFIBIER 29, f(z) = 2 B—BEE TR EZRTICE, e =2 £ THED,
TEDI>0NEGANES, 2 =0+ " BLWy=0"" LEATRIUTE, [z —y|=0
THH, 51 f(r)— fly) =2+62>2E25, (24.29) OEUAUPEEDLD 5,

B 2.4.4.a BIXE (0,1) OB f(z) = 1/ 33572 25— Bl ClE 2\ & & 277,
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EAX [ Lo BIEz D W Tid, it H B — B2 B T2 2 £ 6 N Tw 5,
DOEHIIZITND,

FIE 230 (HXMLOBGEKIE—EETHS) KM 0,0 OB f() 2% 513
A Y Y

AEMH B A REEII YD 208, i EarE TRAXI [a,b] RoBIE f(-) M-k
W HEHETIZ R BAEHL X 9. (2.4.29) OFAPEEL XD, BT, £ 132 2 CHFFE
DHIEE N e > 02T, § FBEBLEDOT, i =1,2,... KWL TI=1/i EWMAH, 2
DEE, (24.29) THEPIMRGEI NS x,y & x5,y EFLS (| f(x) — fyi)] >e THB), C
NS &2 ED THRI (2)i—10... & Wi)ic10.. Z1ED. M 2.27 12 XU, (2)i1.2,... DI
T DI (24(5))j=1,2,... (FEL G +1) >i()) PeEND, 7 =limjezi(j) & L&
o WEL i) — vl L 1/i(G) 6 limj e yi) BFEL T ZIZFELV, & BB,
f (i) — Fyi))| > € BDEDRS, f() 13 T IcBWTEETIE R,

BEZEROEREH 2 C. LEBOEREBICE W TERM 2.28 ICHW)Ed 2 @M ZFEH L
TEL, ZHUIHS PIEARE 5582 DT, WBEOZH T EIXL TF L w24,
dZIEDBEKLE L, dEBOBEBER . ZHE = (v1,...,19) EEHLS, LD i =
1,2,...,d 1220w T, 2 I3FEBHTH 2, TITIE, SHICHBD a; <b; ZED, x; ZHIX
[ [a;, b)) iz L 228123, o TEB xIE A= [a,b1] x - X [ag,bg] C R? £ 29
EHDOLEZEHZLICRS (d=3%6 AFESE),

iAo R%ZANDEEZEBCETRE T 5, L5 BEMcE L3 1id, f(z) &
#H<,

SEBBIE f() PHEFETH D L \0H) T LR, ERE 2.24 ZREICHIRL T, LT LI ICE
295, DLz e ANTBWT f() DYEFETH S L 1E, fEED e > 0ITR LTI > 02HFEL,
lx — x| <6 2N TIPLEED ' ¢ AT |f(x) — f(2)| <eDPHDIDI ETHD,
o, BTO xz e AITBOTHEREZBI f(1) 2 A Lo E VI,

EE 231 (ZEHOEHGRBORKEERIVE) A LOEEOHBEIE f(-) 13 A O TR
ﬁ{ﬁk%d\{ﬁ% k %O Oi b\ Lminy Lmax S A ﬁiﬁ‘_ﬁ‘:bx EE%Z‘:@ T < A 6:’)14)“( f(mrnin) S
f(®) < f(@max) DIRD LD,

*123 SO FIFBIREAIRICHE W72 D T, K2 ANE e & § 2o TTHEICEZSELTARAZ EVWVLES T,
*124 = iRy R FEICIE, AR LD 6.2.4 HiD d RICZEM D EEIC O W T OARRDSHIETH 2, ZOEHIE, §-o
LRIT 501 R— Y OHiE 7.54 % 507 R—Y DEM 7.57 % (B ISV E 2 A FT) HRT 2SI
%BHDT, ZOMETRICE S SR> THDIZVLWLES I,

x=(r1,...,2q9) DEE |z| =/(x1)2+ - (x4)2 £T 3,

*125
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BB 2.28 LFERIC, TZTH, B f() 2R TH B T L& BROH)  HFHEAXH D
BMATHEIEDRELLLARENTH S, EiZ. A2 L) BMOGHRHAES (ZORWTIF
VR MEAE VLS TH W) CESHEZTHERIILD LoD, AETIE, Z2IH0v-o
& ZEMH ) E 2AEFTRBRAAT R, IEEREZ A, a7 MEKIZOWTO— %
JEFA L 7212 9 23EBOFEHIZE L { 2 D703, 22T, ~ZAROEGADHRRICH &£ D \ni
(FHRR) EHEHNTE I I,

GEH BB DBUC OB TDIFINEZ M) . d ZEBIBIC O W TIREHD FREL W ERGEL
T, d+ 1 ZEBEBICOWTOERPIRD IO E2RT, d=1 DEBAIIEM 2.28 TREN
TWVW5DT, TNTEHIPRING, ZITHORKEDIZ) T Z2iEimd %,

f() %2 d+1 BRI OO E T2, d+1 FHDOZER 2411 € [agr1,bar1] Zy &F
E.f() DEBZE (x,y) £EZ). bEAA x = (11,...,24) € Ag:=[a1,b1] X -+ X [aq, bd]
FRWID dHDER 2 W7 DTH 5,

T, el 2 (EEOMEIC) FEL GRinziED 2,

BRDy € laget,bar1] 82T, f() & (z,y) KBV THEHETH S, LoT, EED
>0 LTHy) >0BFELT, |z — 2| <(y) ZWi7THEED ' € Ag 122V T
|f(x,y) — f(2',y)] < e DR LD,

Z 2T, O(y) REEYNTENRIR, (2 ITIHKET 2D y IKHKELERW) 6 > 083H-> T, £
Dy € [agsr, bar] EOVTH(y) > 6 LTE2, CHERTRDIC, 20X %6 > 0 DI
BOERELELI, 2FD FEED UNER)a>0ICW LT 6(y) <a tBWsLdrrvEIk
yﬁ(9&<&%—o)ﬁf?%&m5:aﬁo:@ii&y*omfu\a<m—mﬂ<my
27z L, 220 |f(x,y) — f(@,y)] > e (FMERDOBSITHER) L4259 % o BB IR
TZIELIERLEY BLZ2OEI R B—2b 2L, 6(y) =2a EENLTLEI),
CITlimiseoa; =0 ERDEERI (0)im12,. LD, ZLT HXD a=a; ITHLT
FokdicikEsy o 22 Zhy & x LS (Yi)ic1o,. F [ads1, bar1] DHOME
BRI 6, Ml 2.27 K0 BT (§:)iz10,.. 3D DL lim; 00 ;=7 € [ad41,ba+1] TH
%o (Yi)iz12,... PSEBTIN (9:)iz1.2,... ’Eﬂi%ﬂjbf_@knbﬁﬁo)%f%ﬂi?fﬂ? LT,
(i)iz1,2,... DEBII (G)iz1,,. & () iz12,.. DEBAIN (Z;)iz1,0,. ZIEZ2T, o ZiF
EEUEDS ., | — 2| <20; THB, bbAAlIM oo, =07056, i 500 TlE o >
THB, THThy Lo BEALEMEDS LT, [f(@.§i) — f(@ )] > e LB ETES
Too ETAD, 01— oo THEADZODBBUL (f() DY S) wITNG f(x,y) IR T
5, 29 LTFEPORTI,

126 2 Tl y DELEZEZTCORVLOT, T ITHEFTLLEMZ. (z,y) KBTS () OuifEtE X D I35y
(ZHh o, bLAAELW),

127 PRI 203, §; = Y (i) &3 5(0) VT, & = Qi (5) Bl z, =

R
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P ECHBI ZEEREE D 27D T, IFHEOHFLOHTICASL I, ¢ € Ag ZEET S L,
f(x,y) 13y € [agr1, bar1] DHEHEABTH 5, L->T, EH 2.28 225

g(x) = max f(z,y) (2.4.30)

EVIBIBRE LA LERTE S (GUTRy 280 L TRAfEZ L %),

A BSHIIE g(x) 25 @ 1 BTl TH 2 2 LR LB T, £ > 0 ZEEOEKET 5. Lo
BEDG, (yItkBRL) 6> 0BENT, o —a| <6 2METHED 2/ € Ag lcDVT
(@, y) — f(@,y)| <eBs (RTDyIlconT) BT,

(2.4.30) TRAMEEIT 5 y % g LHC . LORAELTIEED o 1290,
F(® Ymax) > f(@, Ymax) — € TH D, WAMEIERFNO y DEEZRALZDDID/AI (%R
WS, g(@') > f(@ Ymax) > (T, Ymax) — € = g(T) — € DX %,

Fo&tziilzsHEEO ' 2L f(@,y) BRARIZT Sy % yl . EFL (@, Yhax) <
(@, Yhax) € DRV LD £o T g(@') = f(& Ymax) < F(@, Yinax) +€ < g(T) + £ D0
25,

ZoDAERZAEDENE, |g(x) —g(x')| <e TH D, e >0 BEEL2S. 24 g(-)
D llBWTHERTHL I E2ERT S, z ZEEL 706, g(v) 13 Ay LCHifE, ik
DIEDP S, g() 1F Ag ETRAMZ L2, Z1Ud f() DKMtz s 2w, |
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BI3E

B & M7

Wy o g, HREEOFRTH, o R DMNGEETH S, WHIZE W
THEDLOTRITIDZ LEIFE ) T THR, ROV TOWNEN Z2EHZ2ES N2
3 EBNLEER, Za— b U H SO0 AERED EFTLE b ED s,
PIPRAAIZ & > T DY ODICHATEHEHERBEE» DD % LB,

AR DEE TR, BRI ARBIEE M T2 (BREEZRD2) bPL—=v7iEniD
BATERLEE), L, R¥EOYHZEL (D ZDIIE, EAREL OISR
VDM O M RN H DD BENDH 3, 290 HEERL TEATY
29,

31T, MIDTATATEIIRDES DL, ~BMOBEBDOWy 2 ER L., FHAN
BN—N%HDb, N6, 3.2 fiT, NP, FFEBIL. WEEIE. =AML ED
Wit L KR 2 2 LIt 5, LT, WP TER L - HEEIB oM E 2 % < I
DTIF3 Z L, HBERORBBIED o ZABBMERINL I L2 A X I, 3.3 fHiTIE,
FENTADIGHIZB W T E O TN T4 7—BEIZOWTH, WENL L A0 5
T 5, IWVIIT, 9.1 fiiT, WETICOWT I fHRICHT 5,

o R¥ERHM LORBUEREH (ICD2VWTOXKEIEMGA X—Y),
o FIHDIRIR & EHMY (ICDOWTOREMGRAT A—Y),
o SIRTERICDIT. BENZEBZEMS I 5 Hiil.

“L Sir Isaac Newton (1643-1727) #ARE 5 5, YIEQIERD HHOEAD A, YD EFEOTI%EUS
2. BHEMTIC D> T DIZE A S,
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3.1 WoE
3.1.1 HaNDEA

TTCIEKRTOWMOEZFZN, Ll oflicELTCEREES, 25, 22TH ) —E, HAWN
NIRRT DEZ T2 LTEI ), LI, 226 IEERDODLLS B n—iD
BB DOM o % HIEICH O ) NI %, T DT7A T4 7% Lo h LREL T 650k
WD 9,

B—REAHDOB 3 a, b Z2FERELT, XK f(z)=ax+b2EZ D, B Rd
DMl 20 226 Ax 2T TNT 29+ Az o7 L &, f(z) DEREUI EET 2 012FEH
92572, BB A0, BITRATHE, 21,

fzo 4+ Az) — f(xo) = {a(xo + Az) + b} — (axp + b) = a Ax (3.1.1)

Ekdponsd, Ztaldx D "3, Az ICHHIL T 2 EICEHL KXY, ZOHBIFRE
BB DZNDI T OHEICEZ RO BRI EEZ OGNS (b AA, MRE f/(x0) ZD
bOLEDED), 2T, (3.1.1) & a lTOWTHITIZ,

_ f(zo+ Az) — f(=0)
a=1"2 i 0 (3.1.2)

L3, ZETOEBDEDER. TTh) Az TEINIE, BICER2EE « B TTL %0
COHWHZEZE S =y b ot L BT, ZOXRICEELRENED 9,

B RBEBDOB a,b,c ZHRERE LT, KB f(z) =az? + bz +cllO0THLU I L%
B2 B, WO hae b6 Av POEMLEE 20 f(z) OE(LEM~ S, ERL. L%
j‘% &\

f(zo + Az) — f(zo) = {a(zo + Ax)? + b (20 + Az) + ¢} — {a(x)? + bxo + ¢}
= (2awg + b) Az + a(Ax)? (3.1.3)

L% (RoTHEIH)., SR, BanZ Lo, BBEOZEMIZ (2ax0 + b) Az + a(Ax)? &\
IRRILWVWIE (Ax D -RXK) IKh>oTLEo/K, E9d, o0 Lw, LarL, 2
T Ty Az DIEBITNIWEAEZEZEZTALI, bEdDE A DN DERLS, 2O

-
—

22T A EEVED, IR TADLT S o) EWIHIBERTEAVL (dr DXH i) KloEkz b -3
THHV, Az TOEREEN T, WHO—DODERZEL TS, 55 h ENMUOLFETH b,
Arx EELZET B 2P0 LEZ L)) LI EEPREAING E W) FEICKR>TWD,
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Fe (Ax)2 1 Z 51/ S v (Az =0.001 & 5

Az)? = 0.000001 72), 225, (3.1.3) T, B
DA% Ax (ICHBIT 28855 & 2 0 bsbTs

(
o3 C
f(zo + Az) — f(wo) = (2axo + b) Az + ((Ax)® I HMIF 2 H57) (3.1.4)

EESZERCE®RDYH D, ZORTTTL % (2axg + b)Ax &) DD, BIEDZELD FEEH
DD EE>Tww, Z2 L THEOZLO#EZICE 2 DI%, IR 2000 + b 72 EEZ S
nz, B, COMPIREEIROET I L2055 T, (3.1.2) EHLXEZDL>TARS L,

(3.1.3) &b
f(zo + Az) — f(x0)
Ax

7%, 262 TOTARE 2ax0 + b DAHIZ a Ax £\ RTZEDPTTETCLEH D, I
MEWRAL, bbbl Ty Az DN IVBE2EZ LX) ETTICRODTVEDENS,

HbbHTTIZ, ZHUTHIEL T Az — 0 LW IHERZ & U,
f(xo + Az) — f(wo)

2ax9 + b= Alalsg() A (3.1.6)

= 2azxg+ b+ aAx (3.1.5)

DX HT, T BB 2ax0 + b ZRISDENDETIENTES, 20D, ) FTTHLROLD,
ZDGEDWIREL [ (x0) 720

BCZETDEREY BLirollolwinE, 22FETE2FELEDLI, WHOHFRICER S
DIF, BEAEDVLT S L7 L EOMBBDEA f(xo + Az) — f(zo) 72, T, BIRBE|EHE
ICHER O, MBI ERE (DLET) BRIDIE, HMIZ(LZDOLDEAT VLD
TE% L, Th Az ZIhES<LTWo et E, BROELDOHNS Az I[CHBITIHSEIRE
HUTETWS, L W) RTH S,

Moy 3?2y Eflbin, BARSKEBICEZ LI E-I L, T2 20 123D, &
WoIBERZ LTLEIAIZS G, L L, SRR —FIOEET, MooRE2 -7
(IBEATORY, ZNl60hks THEHEZL X2 LR UBSLLDD) L T3 ImnE
TAHATOIERE) &, ZIVIHIEZST 2 LB T oL 0nE-),

M 3.1.1.a =XK f(x) =ax® + b2 +cx +dIZOVT, LEFEUEZEE K,

M 3.1.1.b HURBEBEBD 77 7DMHEER—HTE I LIEFEKRTE - A9, Eo—XkK
ERADHNZONWT, 2D % (BRELREMDRZAWT) HoTEHRL TAL,

3.1.2 —RROBEEDOMR

EHFRBEZOEKE f(v) ZEBE EOFBUERIEE T2, 2Tk, HIfiD X ) I BAERNZ
BB zROTLE ) DTS, BOBEBD X LiEZ2ED L),
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HIffi CATEZ 2 AL L T, BREZRD L5 ICELT 5,

EE 31 (—EHREBOWMD) B f(x) 2Pz ICEWTHMAARETH 5 &%, MR

lim f(zo + Az) — f(z0)
Az—0 Ax
DEETHIETH S, WIR (3.1.7) % 29 BT S f(x) DMERE (differential coeffi-
cient) EFEON, f/(zg) EF <,

(3.1.7)

HHHRTOWREZ ROz, BB f(r) Z "WHT5) LEFH)TEVHB, BB, f/ I
2 T2 7% v a(dash); & "7 77424 (prime)y D DDMEQFHH 1 EFEDSLHRT D
MBS NTVRE 29723, RO TIRIZEAL T7I7 44 EWHFRSTLAHICL
ZODTHIESSIES T7°54 L) EFATVS,

DT, MfR (3.1.7) TR E 2BUREL f/(x) DEIRIZDOWTHEZTWI ),

MRER (3.1.7) DMEFAET 2 L VW) DIE, Az 2 EAEANS S TR, MROF OB —EE
Flao) IGEDC L9 L, 22T, Ar BETHATOEBST, 2k ) A5 IE20

f@o + AA«OCQ)C — fzo) _ (o) (3.1.8)

LEZI, o b Olk, TIISIEESELVE LY ZERERT S REEEHE Db
V) BRIAREIER, 2L, SRS EEICE. 9 LIRITE D v EE LRI
HELLDODEESE ) SETEPATNEES AV, SRELMbIE-E) ST TR LD
5. ThDB (3.1.8) DENE L A LERLD,

FP o BB LAL LI ICHOPAS E LT, (3.1.8) AT 2 L,

f(zo + Az) — f(zo) =~ f'(w0) Ax (3.1.9)

EVIHIERINZAZERABGE NS, bBEAA, ~THEI26ITIE, BAGHLD TEDN ) H 5
ZTHDT, ZNrdHro I FICHEH L, (3.1.9) 1F,

f(zo + Az) — f(z0) = f'(w0) Az + R(xg, Az) (3.1.10)

E7% %, R(xg, Az) 1Z, X< b5k 82D 7203, L0 29 & Az DWiFICK 572
23 m6. I, (3.1.10) DIEE (3.1.7) IfA LRIBRAS f/(x0) 128 LW & %
RN

lim R(zg, Az)

= d.11
Azx—0 Az 0 (3 )

*3 YEold (TAHSEBAITIRRR L 7= FiPHTI3) @3 prime EIMFEN TV 223, IS dash DSARDFA T
Rorktwidibd s, dash LI FEIF (ZOXLETHH>T0EY) fHARZETH) T—) )iy
— HAETRBY vy adbs0idy— LR — 2EToicdbffibnz,
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ThHDZEDVOIDL, TUE, Az BRDGESEOIGEDI EE. R(zg, Ax) EVWSEIR Az
EHRZERSICEBRTED (EntALLTI) ZEEZBRLTWS, 2OXH % X
i) &, o(Az) LWIHFETOE FEDITHOTL £ LEMZ, 5 o(Ax) 1. BE%E
FFEE T, I Ax EHRBZIEBRATEDNIRBEL LI ZLEZRLALVEZIMMY) (2D
slEIc oV, T TY I~ EE LD D), ANHIFEEF> TRV EI LN, TAE—L
F—%— Azxy ESZI3WEL 3,

29 LT, (3.1.9), (3.1.10) %,

f(xo + Az) — f(zo) = f'(m0) Az + o( Ax) (3.1.12)

EELCIENTES, ZHUE, HIEiTAHALI L2, ol A THOITRE 2w, BKD
ZAU f(xo + Ax) — fxo) 2. Az ITHHIT 2355 £ Z U R TG TE 2871270 7,
Z LT, Ax \ZHBIS 2 57 D HIHRBDSEREL f/(x0) L9 T &7,

L2 B0, HifliTat KBSV TO (3.1.3) £ TED D R(zo, Az) 2 &AE (3.1.10)
ERWET 2L, 2O%A R(xy, Az) = a(Ax)? THE I Lo 5, 72, M 3.1.1.a TH
7o ZRBBCTIE. R(xo, Az) 1& (Az)? IHflT 2885 L. 20k Db I SIT/MI WOl
%> TWw5, TOXI%LEZE, R(xg, Ax) 1F, (3.1.11) £ D HiEw

. R(xg, Ax
Jim
EVIHBREM T, CDETE, Az BRDAKEOIED K & E, R(z, Az) & (Ax)?
i (IFIF) KBILo2EOIIADLK, 2oLk )BME2b->7EE (BP0 LWIGHLE
D). O((Ax)?) LW IHFEFTOLEFLEDICHEL, SEIE, KXFD 0 2ffio7, "4 —%—
(Az)?) EHits,
R(zg, Ax) 2 O((Ax)?) TH 2 L &, (3.1.9) X

= (FEH) (3.1.13)

fzo + Az) — f(zo) = f/(x0) Az + O((Ax)?) (3.1.14)

EFHLZENTE S,

o(Az) THAZE VT (3.1.12) 13 f(z) 7Y xo DITLTHITAHER 5 DRI D L OBfRT
b5, 2T LT, O((Ax)?) D Aoz (3.1.14) 1F, f(z) DI WEZ O L ETLZTHK
DAi> (FTOR 3.1.2.a 22M), 72720, WL NS T 2BICOWTIEZ, AL

4 f(z) ¥ wo DIELT M THER & =,
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WOTYH (3.1.14) B D V2D L HE 2 THEEV IR,

M 312a z2>0:LTCfx)=a+brt+c®? 3%, f/0)ZRDE, 20 =0D L F,
(3.1.12) 13 D 320D (3.1.14) IZE D i e w2 L 2R L, HEEX R TRVLEES o 12
DT 2 DERED ar®™! THZ L ((3.2.10) TRT) EfioTXw,

BSYYIDESIOVWT LICBH LK o(Az) 2 O(Az) DI L%, T2 ¥ 75 DElE LT
B, 7VFOFEIIRRE E Z ZBICEN O CEOBE T K Hw e, RiElT %
EHHLOT, TITCHHEICEEDTEI ),
ZUFIDEFEMBIBICIE, HEIEVPEALEAERITE TV ) I EDHTHRIC
2%, ECRERIOEDSEE Ax L LD, 22 TiReEriciEoL EL &I,

n LR E L, H58 f(e) 8

(Y

tim £ (3.1.15)

e—=0 gnh
7T ET B, DFD, e BMERITEIC EE, f(e) 1F " IR THELICEHTES (¥
DEARLTEY) LI ETHE, 2OL)RWEZLD fe) Rz L, L
b UhSWwEWw) T EDN) B f(e) DIFRVBIBER VGRS f(e) & o(e™) EHEH R TL
FoTkw, Wiz, Koz o(e) BINIUE, BARNRIGRLMEIZ D05 0D, bl
M ICHIRTREAICMEHTE 2B L V) T LD 5,
FkRIC, H2B%g(e) . e > 0ETHLE

g9(e)

on
i3T5, 220, AUOERIZER TR EbARV, DED, e alcgol k
Z.gle) ke LAMEDOREITH LD, e IKHRTEHATE 22000 TNhE V) L
2o 20X gle) BHIC O(e") EHESMATLE-> T, T, O@E") LI DlF, &
ME 7D 6 s, e LRBE»ZNLD/NIVEZEL TV 5,

B2 B2 A X=BDTEA9, 722X,

< (E%) (3.1.16)

(14&)* =14 4e + 6% + 4% + &* (3.1.17)

Thd, L2L, RIZCe D—REFTOBECTHEHEDEZEZ-WES, Iz

(1+¢e)* =144+ o(e) (3.1.18)

*5 Edmund Georg Hermann (Yehezkel) Landau (1877-1938) ¥Gan 8D F A v 0B EH., A4 kHmY
S O S ARV NS

CHEENPRESBDHEGETD LB H B, AETEHVEL,

*7(3.1.13) Ti3 Az — 0 DWRBEET 256 % K- 7205, —HHCIiE, (3.1.16) DIEUDMRFEAET 2 2513
o, 72 ZR, |sin(1/e)| < 17556 esin(l/e) = O(e) TH 5,
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EEVTLES TV, 662 443 + 2 BHS I e ITHRNITHEHTELZDT, BT
oe) £ L7, bbAHA, MOKETEZ LI LIZL T,

(14+e)*=140(1), (1+e)* =144+ 6e* + o(c?) (3.1.19)

BELEHECILEDLTES, o(l) I3 o(e") Tn=0%,L7bDED, HI2Ile—0TERIC
EOLCHED I ETH D,
[ UBIEc D w»T, (3.1.18) &S e D—R & T& IEMEICHR >,

(1+e)t =1+4e+0(?) (3.1.20)

EHOTH LV, TOHEIIE, 662 +4e3 + et Wi e? LABEOREZIDREDTO(E?) &
L7, 2BHIZDVBTYH,

(1+e)*=14+0(), (1+e)*=1+4c+624+0(?) (3.1.21)

Ewno A B IEL W,

BERH MRS, H 2 R COBBOWEZREO T 2 o708, Tz d L IEBEH
EVIHIFLVEEEDOL 2 ENTES,

ETaxg EF DD ZHIZx EFL, %X).T?ﬂ”t&f\ xo DERDFER 2R TELIZ 57D
oo, TEELRZ LTIy, B ) P e icBLTHEOTEER S, 317Kk, %
RE S (2) DEE D, 512, f() VD LHPAFDOHDTRTD 2 ITB W T AREL L L X
Do ZOHPHNDTRTD 2 IZBWTHIREL f/(z) DDRE 206, N6 2EHLLDIE,
DR E AL ZEDTE S,

EE 3.2 (B FEOHZ2HPHNOTRTD z 12T flz) BMITEER S, 2O
FHC f(x) (XM ATEE (differentiable) TH 5 L9, f/'(z) & 2 OHPFHD x DEIELE A% L,
f(z) DERIE (derivative) L\ 9,

HHEBOHESE RO S L. 2OMEE THMOT 2, L5970, £, B flx) B
SYATRE 7 & MBI f/(x) IFHHEIC A D 2 9 AT B H, EHERITIFR L D 2 12T f/(x) D
FIEL T f/(x) BAEBRIBIC 2 HIA S5 T 2710, 7272 L, IEICYHEEZ P 5> T
(BT, 290 IHflzRIcT 2 BBIZIEEA LR,

UM A FEOLTEERVL 2055, HEHICLo BTN TR0 (b k- LBt
B bHNGZ0D) EDXHI V) 2firFENiEsr9, TOHERLE, b L OB ZZEE

*8 BRI I, B (a,b). HEBR &k, %L,
O WIRBE KD 2L TS, Eot, BY LI, TOSOHIIENENRE L D7,
*10 SZH D H ZEPHT [/ (x) DEFEL DD f/(x) PSR 2 L&, f(x) FHEGHIA TR E VI,
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ZROER SIS f(1) EFE, NMIBT 28Kz f/() LFEL L TE S, HEB () 1. a,

a, y, 3.4, ax + by s E2 WAL ZAERIZ, 20z, f/(z), f'(a), f'(y), [(3.4), f'(azx +by)

DEIICEHIT B, RS, BEOBIO & 5 ICEAFX TIRATETL &9 DIEFERIZ
F<CHven 3 EREBOEDL LT E LT,

df (x) d

ot df (x)/dz, (tvf(x) (3.1.22)
REDEZIHBPHY, TORTHHEIH ) Z Lickd, 1277, TH0IHIESHLELE, R
BERE BB GREBOERE LA LRI THRWE W) BEND 5, 72 & 2 ITEBEEK

d{; ?) e x=2Z2fRALLVERES>7EE, 2 2T XRXRT2TEHENPAT d];( ) E¥5Z L34

<\ dg)®i7 Zo ZOHMD ¢ R ZBEENAZDBEMIES 9, ZHE #()a%m
78 E, o 20D o FEBDIET, 5TRED v (ZFHIRIV L2572 &b)')ﬁﬁ)i‘%: L“CIAZ)_

EWCHYT 5, HUET {Z(x) ETBb0Es, ERMENPRLZD, il ar+by %
df (azx + by)

RALT EHOTLES b (y bEUEHE D) E b R EERANEN D) fil

DR DD ST o TLE S, Wo S x (. COHEEE > TRENIC b0 L &3
g W() CHND o b bR AEEAR LB LIs LT, o lofilh (7 &
Z13 a) %ﬁ]\L X9 LS EEIX, D mEEds,

df (z)
- (3.1.23)

ELIBEHETIONE 0, FTHRNELE 2 OB TH S f(x) % o THI L. ZOfE
EBBbolHET, 2l aZRALE) — EWVWIR =) —2IDEEXHE, ZOKT
. () ZEED . 29 TRITUE, (3.1.23) @ (HIffI7ZZ058 O RMD ) HEHZMH
ZEILT B, B, WECIE, BRIOBE F() OBEEE f) EEOT LV BEED 5.
SRR ZDOTIORTH X VS

REEE A% B2 ﬁ%ﬁ%dg@(%%mu\ﬁuzkﬁﬁﬁuyw)k%mk&
%\:n%r“ﬁﬁdxﬁﬁ%ﬁwx)%%ﬁj&&ﬁtfmmwﬂ\&mi%%@ﬁﬁﬁ%
5, ZHUZOWTHIPRIZEZEZTEI ),

T (RRDEED) MRASAZECTLE AL, df(z)/de BAKTEAG, 2528
DEZZBOHEIE, (3.1.14) LW IHMBTERIN MR Z —F LDITLT f/(x) 5
Wi df (1) /dz)pmgy EVIRLFTRDO LD o7, 22 TAf(z) ¥ dr &9 b D2IEIC
ERINTVLEDITTIERY, df(x)/de 3D T—FLED TERZRE>TVREHD%D
TH>T df(x) #5 dey TERVWEWV) ZLIZH S, AL, BEITY [def(z) (B2
Wi [ f(z)dz) EVIEREVH T 20, 22 TDde b HLMEOMRZIET 5 7DD
REEZDRER (41 izl k),
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PR EECEIICIE L WS 228, 4T df (x)/de 12 T8 iE0, & A0 %0 b HE
2o B Af = f(zo+ Ax) — fme) EHL 2 LTI, BURMKOERE (3.1.14) 13

f'(zo) = Alirgoﬁ—i (3.1.24)

L%, WBOTEHD Af/Az 135 A AMBOERTOREL, 06, Ar — 0 DHEIE%
ot &, AvDidr L) THR/NOE, I, Af df &9 TER/ o= 12btiF 50
72EARRL, dffde Z—>0D TEIR/NORE) ODHERADDIEE- L) REZL, ZhziE
Z7C, (3.1.24) DB AR %2 df = flde L WIHJRICHERDLT I LD H 5, df P dr ZFEOR
TlEHEWInE, Znoolid ff v iFaEoR (B 1Kk EwHIFERL, TIEEY
IC D IR FH E T, SEBBIBOMS 2RO TEENL TETH 20280 («ZoRICH
WETRIEEL TE) Thibhs, £, Z0LIARRAIF. EAR, TCED 313 fiT
HEHRBEBOWTICOWTOEBHREZEZ 5 L &, 3.1.4 fi CHBEMOEMEEEZEZ S L EITH
R %,

Fix, MR E I D UEALEEAZRGS & de S df AN ECAI IS 20 Bk %
52525 TE%, Led, ZoEMMEEM) LW df /de 1285 2 de WD [ f(x)de
BT 2 de bELCDDE V) Z LIR30, WXz GE L, & 2 3l ih
Do 722D Lo 2R LS ERMETE S22 TR L, 10 TR X7 FOVEDT
DEFEZEOLOTHENICHED L 2L HTE S, ZORTIIEZLRY S MDA £ THAIA
LARMIT T\,

3.1.3 WA OWTOERNRIL—IL

— Iz, W O OB TR LB Z HAGDE TH L Wz O > 7 L &, ZDERHK
BEIBRDEIPIZOVTOHREARNZL—LEZLEDTE I, DU, f(), () 2 —BOMo ]
REZBIB L § %,

a, BEEERET 2, ZODBIBEEBE L0 DERLTOL o7 LB o f(z) +
B g(z) 3WIralae T, 2 OEREIZ,

2 {0 f@) +Bg()} = a f(@) + 8y (@) (3.1.25)

ThHbH, OFhH . WMOEBEEEETH L, Zonr—LEZL hRLHVIUE, n 2 —BDH
REL 1), f2()s ooy fr(0) &2 n OB ATRER B, a1, a0,...,a, Z nHDOFEEKET S

TR R LEOM I, BEOBSOR L, BIROEREOME. BBOMSOEBE. ) 0k ic, B
LRRE RS & REICSHAT 2 L) RB(FIBIETH D L),
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=28
% {Zai fi(x)} = aifi(@) (3.1.26)
i=1 i=1

DREND, T THIEH S ETHRM TR TR S 3w 2 EITHER,
BB DM f(x) g(x) b AIHET, Z DEEAEUZ,

@ g@)} = @) g@) + @) g (2) (3.1.27)

TH b5, BIEDRE f(x)/g(x) 1 g(x) # 0 Z AT o T AR T, ER%UL.

(@Y _ @ d@) P - @)@
dw<g<x>) o) T (9@ (3.1.28)
s, ZORMRESE LT, BEEOMEDEREIZ.

41\ S

d (f(w)> @)y (3-1.29)

ThH 5,
CODBBERRIZE T Z LT, GBI f(g(x)) 21ED 2 ETE S, ZNHMITHHE
T, % DEBERI,

2 o)) = (@) (o) (31,30

ERbOING, (3.1.30) DEIR % EEE (chain rule) LS, (3.1.30) AT, f/(1) £
IEBBOFEZHOMBMBHEEIN TS, Ik, df(x)/de DX RFEEHTERT L,

d d dg(x
ORI
DI DAB AL S, BB f() DFICAZZERZ v LE L DITFITIFV2 W
DT, FILOWEK y ZHBEL DI, (3.1.30) £ (3.1.31) BE- K HUAREZERL TS
CERTARD EDLDPDLEIICH>TIZL W,
T2 AHT, 3.1.2 HiDxE T L 2R Z TR b D) EARLTEZIT T,
(3.1.31) OBfRIZE LD THARL, BB g(x) DR D ITBEE y(x) 2> T (3.1.31) 2 &
SEES

(3.1.31)

d _ df(y) dy(z)
@f(y(a:)) = Tdy I

(3.1.32)

y=y(x)
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E7%% (22 Ty d3MZZH, y(x) 13z DBETH 2 2 LITHER) ., 2B 5 8%z Al
LCHEHITE, RAL & df d
Yy

g _YY 1.

dx dy dx (3.1.33)
LW ARFIC RS, ROEETZEAUL, o000 Tdy % TH0) Ll itk
TWw3, b5 AATIUIEEZIEHTIEZR WD, T OIEIGEL &5 X ) ICHE 2R %2 3 <
ZEHTES,

WEH D EoBFRIE, AR, ERICEFICLAPZETEHTETCLE ), MUT, fiiH
ICEHEATHI I,

RS OWTD (3.1.25) 1Zfl#H, o f(x) + Bg(x) Z—2DRAEE A% LT, & (3.1.7) 1AV
AL, ®EFTHEBIIEE TR,

d . Aaf(x+ Az) + Bglx+ Ax)} — {a f(z) + Bg(x)}
E{af(x) +Phg(x)} = lim A

o flx+ Az) = f(z) | gle+ Az) — g(x)
N Alglggo {a Az +5 Ax }

L fla+ Az) — f(x)  gle+ Az) — g(2)

=a fim Au +48 fim Az

— af'(z) + B (x) (3.1.34)

E 5,

BICDWTD (3.1.27) D & ) %BIHRZ R T & Zld, o(Ax) DilF 27 (3.1.12) 20\ 3
EAER, 72 & 2R, flo+ Az) = f(x) + f/(2) Az + o(Ax) Lo BTSN D, o Ax)
o EHEBICEN 2 BRL GO TR TE I ), EHIC (3.1.12) ZRAL T, THBIE
b - 5 L

d . flz+ Azx)g(x + Az) — f(z) g()

S (@) gla)} = Jim =

{f(z) + f'(z) Az + o(Az) Hg(z) + ¢'(x) Az + o(Az)} — f(2) g(z)
Az—0 Azx

f'(z) g(x) Az + f(x) g'(z) Az + o( Ax)

Az—0 Az

E7b, TIT, o(Ax) T f(x) 2ED Ax T2 &P T b DI, 13D o(Az) I B 2 L
ZHWE, ZONL—)D7=dIic, ADBEFEICEHEICRZ > TWA Z EICIERH LW, H .
Az - 0D L & {o(Ax)/ Az} — 0 TH 5 I Lz,

= f'(@)g(x) + f(2) g'(x) (3.1.35)

L%,
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Péﬁa:ouxf@(?,lzs) FS @/\77&73&?‘?@“’ ENTELD, Eon kDT, LEFL X
IZ o(Azx) Z2f) XY LTTETHRLTE I ), EXIC (3.1.12) 2ZRAT S &
i(@)_ lim { (x + Ax) f(:v)}
dr \ g(x) ar50 Az | g(x + Az)  g(2)
— lim { (z) + f'(x)Az 4+ o(Az)  f(2) }
az50 Az | g(z) + ¢'(x) Az + o(Az) — g(x)

L, BRICRHMA LT, AR 6 DB AT L 723> Tl L Tl R 2D 2
o) etk

1 f'(z)g(x) Az — f(x) g'(x) Az + o(Ax)

A Az {g(2) + g () Az + o(Ax) ()
_ f'(x) g(x) — f(x) g'(x) + {o(Ax)/ Az}
Az 50 {9(z) + ¢'(z)Azx + o( Azx) }g(x)
_ 160l ~ ) g @) 6)

{g(2)}
&b,
BB DT OHEIE (3.1.30) BRI X ) ITRT, gz + Az) =g(z) + Ag £EHIZ I,
bLAHA, Ag=4g'(z)Ax+ o(Ax) TH B, T5¢&

flg(z + Azx)) = f(g(x) + Ag) = flg(x)) + f'(9(x))Ag + o(Ayg) (3.1.37)
Thd, 22T, AgohHERAL, 72 0(Ag) = 0o(Az) TH 5 Z LITHERETHIL,
flg(z + Azx)) = f(g(x)) + f'(g(x))g () Az 4 o(Ax) (3.1.38)

LRDDT, BIEERIC L hS 4 DM (3.1.30) 2513,

f 3.1.3.a —ROBKDMAGHLEDOMITZHIHN2MHE 2 L THI ), P LIMRNLMER
D, b6l oTELS, Tf(r) =sinz o756, L) IcEZ T, ERFHRICEN
TV RGO BRI EREIE W ER S, f(0), g(), h(:) 2RO ATHE 2 BI%K
4%, LNoBBOERE%Z. f(-), (), h(), F/(), ¢ (), W () B EZH>Th 2 fijH

2R,
{f@)}" f@)g(@)h(z), [flg(h(z))), f(z") (3.1.39)

ZBE.neNTHY, 2" ODEEEE na" ! THZ I EE2MHoT I,

3.1.4 HEAEZFDOERH

— G DRI . TR LD FEEAEBIB D WBIE & Z DEBIBIC OV TH LD TE )
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y = f(x)
ey
L
x4+ , S
z=f"'(y)

X 3.1 BI% f() L2 0MBI% () OBk, f() D2y IETARS, () By % 2 5T,

WERAE & (D Wi & 13, BB ERDZ L ThH D, TTIC2.4.1 HiTHALER %
DED, BALLPT VDT, TITEHEZPQTAHLIFELLATEL ZLILT S,
£9. TICREWEHFHLS (K 3.1), z,y £\ ZODEEHBEEK f(1) 12k -
T
y = f(x) (3.1.40)

DEHFEEFNTVB EL LI, HiHlIE (3.1.40) % Tz ZH -7 L iy 2HBH%, LR
DED, B fC) D) FOEE (TCTTRIBEELLHIWE) 2b-oT0wab EFITE, I
Z Ty Z o7 LBl 2RISR, ERTHVW, 290 )5HFFT (3.1.40) ORfR2FHEZE

L <.
= f(y) (3.1.41)

LIRS R TV, T IOEK () 28 £() OMEETH B,
Blaeak s, o« PIRAEICHE L2 E L, KK

f(z)=ax+b (3.1.42)

2EZb, bEAA a, blFFER,
(3.1.40) WY T 2BARIE y = ax + b KXW, Tk Ty ZH->T o 2H %) WICEE UL
r=yla—>bla %, DF\HEFHEZ

1 b

i) =—y—- (3.1.43)

L%, bbAA BROAHNIIMTTH Lwn s, (3.1.43) b hic

,Fwwzlx—é (3.1.44)

a a
EFOTH X, M DHiEe, W f(x) & TBIBOMEL (f(x) " I OBIR S &
Vo S0l S, (f(z) ' =1/(ax +b) £ 5T EE BUIH S D,

12 ERR L WSS (24.2 fizSH) 2fioTw3,
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Y X

32 y=flx)nr77 () La=fty)Drs7 (H), ~oDJ 7 7FHIC x il
Eylliz ANBEZALLZT DT, o=y DEM (KPR L TRELZFICKS
T2, (20,y0) BT ZRTDI 7 7DMHEZ2HEA 5 &, WBEDOMIr DA (3.1.53)
DMEHUCHIFETE B,

><V

R WEBDO 77 7B EIRIET 2R TEI ), AL I T, y = f(z) &
r=fly ld. 2 &y EOWNERERE LTI EF oK HUME o, o 2 EE Z G
BtRE RO LI-ODBIE f(1) TH Y., y 2B LEZZ T NGERERD L 0d%BI% £~1(1)
ThH b,

B f(x) DT 77 L0 Dk, y= f(x) ZWi7-TR (z,y) Z x-y P77y FL7bD
ol tzBuwilizy, EodinzsEz0ud, L7773, o= f"1(y) 2WTH07
Uy beFEZLIEHLTES, oT, K320kH1, fO)DITI7E L) DT T 71,
HEARWIZIEFRILC DT, iz &y DREDPANGE O 72TDbDED7, KELE LT,
M 3RO 45° DEM (z = y) T2V TORIETHEIFN TV S,

TR SR ORI ERE S L, [() 2FROESES D LR
PR E T 2798, D iE. FHR AR [0,b] % &, RIUIEL THhRo 2, BISF() Off
il

R=f(D):={f(x) ‘ e D} (3.1.45)

Thb, Tk, DD f() THEINE, (24.2) 25,

S MERBD v,y e DIZOWT, f(x) # fly) BWRDZDEL LI, ZOWEHZ, f(-) »3HE
ThHsHEVH (24.1 i), "Rk fdEATRESLFAICEINS ) LI WEELS, C
x, IR D Zob T Tk,

22T, R EOEBMERE g(-) Z.

TEDz e DIZOVT g(f(x) =2 (3.1.46)

k> T, BET %, o D 2F28< L E, f(z) 3 REFEZEHIHLSL, INTIXTO
Yy € RIZOWVWT g(y) WERIND I LILhd, COLIICERL g(1) 2. f() DEEAK

13 TD LOJBAEIEG LIk, z e D #I f(o) KETMBOC L, D % f() OEREEE VS,
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(inverse function) &\>9), fEED 2 S HFEL 72 b DD f(x) ! L:?éf?ﬂ Z 2z g(r) 21EH
SRR %kwx R0, 1T (RE-21I0) Hik i%®%®;ﬁofm
%, —MiC, WRB () & () EHL, CoHEHEMERL, (3.1.46) =

fLED e DIcowT fHf(z) == (3.1.47)

EET 5,
7. (3.1.46) D g(f(z)) =z 226, f(g(f(x))) = f(z) EVHIRERIEEENS, 22T
y=f(z) £HL I EIXTB L,

EEDye RIZOVWT flgly) =y (3.1.48)

THHT LD, DFD, g(-) DM g7 I() X, B ED F() IKHFEL W, NSRS DR
Bizb Lofch s, 2L, idETETIZ.

(OO =10 (3.1.49)
ThBH I LBbhot,

BmEl LD LFEARATEI ),

TR f(r) =2 2EZ LI, INDBFEREERTERI NI, f(z) = f(—x) &

S AT f() IBHEHETIE R, 22T, EEEEZ D = [0,00) DX I ITPIEADIEE
ICE R F() BHBICR S, TOLE, fERD R=[0,00) 7, Bffy =2 2HIELIL
=y kD05 (ZITa>0%2fo7%) WK f1(y) =y THD, bLEALAEE
Zx LT fHx) =y EFEVTH0L,

ZoBlE—RILLTEI 9, n 2EEOIEORELE L, B f(z) = 2" 252 %, E&RE
D =[0,00) LT3 &, ftilkH R=1[0,00) TH5, WKL, FHR%E ML L 7 n Tl
2% (224 i 3MH), EDFEa D n FlRl% ol/m L= &, WEBIE f1(y) =y/™ T
b5,

b9 —o, SEIREEE D = (0,00) £ LT BI¥ f(x) = 1/22 2E 2 &, flilkiz®
IFY R=(0,00) TH 2%, Fly=1/2? 2EHFSHWANnF =1/ /y 5. f~(y) =1/Vy
£ 5,

b B TES, n ZEEOLEOEKE L, 8K D = (0,00) DB f(z) = 1/2"
REZNE, ZOWBEEIER f N (y) = 1y TH B, AL EED, flz) =2z " B
fly) =y eELETHEN T2,

e THEZD 2 ol EVIDIE, TEALR e SHFLTH ) LWIEKRE > E2B0IEZ Y (2.1.2 i),
2% 0. g(f(3)) = 3, g(f(—1234.5678)) = —1234.5678, g(f(7)) =T DL I T, x € D & oflz AT
HICIRSE &) 2 &,

5550 2> 02T TRTD z 5 7k 2H6,

6 5% D) 2> 0RWETITRTD z 56 % 2 HiPH,
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WA OERYE Fl2 B -CREBIBuCEN . L 2 AT, MBI FELE & IS D W T DB
% (ZFLTRICED) ERE2RTE I,

() ZBHX (a,b) MR RHEHN E T2, 97 X—YOEM 2.26 12X D f() IFHFREM
DD D EL S50 TH B, aHZHICT 2 ORICHFEME LL ), f() PITER
o (BE fo BdH-> T, fEED 2 € (a,b) IZ2WT f(z) > fo £ 2 &) KEDLHTD
JEMR o = lim, |, f(2) DFET 257, f() P TICHERTRVEEICEa=—00 EL LI,
[FAERIC, B 2GR limy,ey, f(x) $7id oo £F 5, f(-) PHFRADD & ZI12F ED 0o & —o00
ZANEA S,

EIE 3.3 (ERHERM) () 2FAXE (a,b) LOEEOMERLHH E L, o, 82 LD X
IICRD S, f() DHEBIE fI() 1E (o, ) LOMERBIETH D BN A A H T
b5,

bW« f() IFHEFNEM & U CEE ¥ 2, HFRD OGE~OEF S ITHW,

) DEEE (D0 f() DfER) 28 (o, B) THBZERTRT, LED yo € (o, )
ZEb, a, BOEEDIS, f(r1) <yo < f(z2) L85 21,29 € (a,b) DD 5, f(-) DYk
DT, FRHMEDER (96 R—Y DEM 2.25) XD, f(zo) =yo L% % zg € (x1,22) C (a,b)
DIFEDRAES NS (bBAA, 2D a0 D fHyo) TH D). DF D yo & f(-) DfEERIC A-
TWwa5,

fO) BEFAEMTH 2 206 Toy <z %5613 f(ae) < f(z1)) THD, Mz LN
W Tf(z1) < foo) o WE 21 < 200 £ DD, y1 = f(x1), Y2 = fxe) ETHUE, ThiF
"y <y % oUE f7Hyr) < fM(y)a DL TN DHFFEME DB,

BB, EED yo € (o, B) IKEBWT fIH) 8 TH D I EE2RT, 29 = fyo) &
T2, f(-) BHFPRMTHEBE DS, D e > 01 LT, § >0z tmic/hs Lt
flro—¢e)<yo— 0 BEI WP y+6 < flxog+e) DD D, ko T AEED 2 € [yo— 6, y0 + ]
IENLT, flzo—¢e) <z< flzo+e) THD, f1() DVHFRMZ D 6. OAREREAKIC
RO S E 2 Eiag—e < 71 (z) <zpt+e PBoN2, Ttz |fH2)—fHw) <e
EHEETIE, FXIOEEOER (94 Y OER 2.24) KAH-oTw3, 1

WYREABOMS ZnTld, KETH WO I OVTHETW I ), WKW IZE
BOBRERRZ L B2 DTHTRADRL LD, FAR L 2 2 BRI1F 2l E2niE & Bl
THHP DT,

f() ZBIXMHE (a,b) LoudfieE gt 32518 L@ 3.312kh, f71() I3 (o, 8) Lol

*17 Fe PR DR 12 G SRS DINHIZ D\ T D 66 R—C DEM 2.14 S5 REN 5,
*18 97 R—T DEM 2.26 26 f(-) LT HITH 3,
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BB TH %, o € (a,b) IZBWT f(-) DA ABETDD f/(19) #0 EIREL. yo = f(0)
LB D f1() DWMIREDBE I B2 2WRE I, yo+ Ay € (o, B) 5B Ay ED,
Ax %

Az = f yo + Ay) —xo = f(yo + Ay) — f (o) (3.1.50)

EEHET S, TIT, flro+ Ax) =yo+ Ay &£ D,

Ay = f(zo + Az) — f(w0) (3.1.51)
LHF L LIS T S L
" yo + Ay) — f~Hyo) Az Ax
=== 3.1.52
Ay Ay~ Flao + Ax) — f(a0) (3.1.52)

Lo EnuiABERASs N, A4 f() OMaREkEED s8R, RAUE f(1) D
WA RBEED 2 ROMBIZHR>TVwE, WE, 1) OifEtEr»6, Ay - 0&T 5L
Az =0 E%2 2 E0brd, koT, (3.1.52) 205 f1() & f(-) DEIREZHES

df‘;;yo) _ (df;f;o) ) o

(3.1.53)

EWIH)BIRRBIE SIS,
EH 3.3 06, xo 2% (a,b) LERENFIENIGT % yo 2% (o, B) L2 FHKEL 2 LD o
TWw3, ko>7T, UTOEHMPIHI N9,

IR 3.4 (EREMOEREE) () Z2BXM (a,b) EOMEEOMI A AYE L L, £ED
z € (a,b) 122V T fl(x) #0 T3, £/, a, B 2EH 3.3 LAKICEDSZ, ZoLE, W
BEEL f1(0) IZEEIR (o, B) LT TRETH D, M REUL (3.1.53) TH A B Z %,

(3.1.53) w0 T2 Did, Hd 5, NERHOMS) & T6 & DBEBOMBDEH &\
)2, K322, (3.1.53) UL DHIOBRZ Lot TEB LA, RKokw
df ~Y(yo)/dy V34 DWBIELD 75 7 DR (yo, 7o) TOMETH H | IS TTEL df(20)/dx
ZEDBED 77 7 DR (2, y0) TOMHETHZ, £ IHD, ZDOD7 T 7I1FH VI 45° DA
FICOW TR DS, HEDHEOMEICZRZ L) T LR,

*19 1013 (3.1.53) EHE I 5 ) EHOLAY, Ik (6§ ZflioT) BB AAHICE EE T 0 I3 L A B0
METH 2, CEAISE: 727 L. ZOIFPBEHISHED S 2Di3, FH 3.3 (& 97 R—Y DEH 2.26) T
F7Y0) OB LHRIEDPRIE SN TV 2056 TH 5, Elid, ZORDLUHION—Y a v Tlk, TOREZZ#HL
TE6T, EH 3.3 ICHYTIHEZAAETICEM 3.4 ITHRYT 2R EZBRT VR, 20T R -
TwuRWnI e, ZLT, EDXS T ndrz (BWEZEHOHHLEDT!) BEEEIAICHZ
T nwiz,)
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HHWIE, RDEHIICEZTHV L, B#z (f(r) Db i) ylz) EEHE, WK%

(F~1(y) DBb D I2) a(y) LB 5. 5. PO EE WL T dfl;y) % fl—z L. dil(;”)

% Z—i LWL X5, T3 L. (3.153) 14

d dz\ "
E%:(@) (3.1.54)
EEFTCLEY, ROBERZBO & YLETO (XHICRA2) BRE ! 5254,
312 fiDRBTHIER LA X I T, dy/dx & Tdy F 5 doy TIERODED THE-I1FE ) 23
ZHvH EIAILHEEMT O, R, BIRA (3.1.52) 27z (3.1.53) DS Ty
Bz O DiRT) L) 7L T4 TIZHDIOTWi,

(3.1.53) Txp, yo ZHIC z, y EFEL T LIZTUE, ek

1
i~ ) _ T RELy = f() B THLD ¢ & y SHERAS  (3.155)

BEoNG, 7272, TORAEZD T LT TIER2ELERE DDA DT, B4
TFZEP L CGGIRLTARLZDNRNES I,

bo L HHEANREIE LT, fz)=2? (L z>0) OB f(y) =y 2E2L&
I, b EDOBEEMYTIUL f(2) =22 2026, ZOHEELE ST

d 1

Ly 3.1.56
VY= o ( )

Y%, L, COFFEFTREAD 2 TELINTREDT, y=2* (DFh o=y %

fioT& 2% y TROEIL,
d 1

2 = 3.1.57

V= 2y ( )
BRSNS, bEAHA, ZROATNIIMITTH VW26, Moo E LT,

d 1

%Vg_iﬁ? (3.1.58)

EEZFELTBWAIZ) DRERZIDZD VWIS,

*20 HBwiE, 312 HiTHALAEE S Tdy = flde L LT, 20k doe = (f) " ldy EEBLTH0,
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32 WRRBEHEWD

—HRDBIR DT IZDONT, ABZRE I EIFATE L, Tr s, BAENZEROMD 2
XTI, &I, BEEISe ., MIRRBIC X > TERL, FEL KNS, £/, HEH
DIRBEIE 22 LT, =AlKEZERT S, 3610, HEEEE b Lo, N LBl
Bz e L. ZNoDMWEZ AL, A LBEBOMITZ 156 R—YDRICE LD,

3.2.1 z™ OEREEK

FIROIZ, o L LHARDBEETH 2 2 DRNEFE 2 OEPAKZFHRL ), ZOWITOR
B ZRERIE, aYEHED L &, (3.2.10) BRD DL W) T LT,

F9. n BHAKE LT, B% 2" 12onT,

nZHRBET S L E, (a+D)" &) ADEFHIZOWT, XD ZIRERE (binomial theorem)
N AVRYASN

@iy =3 (oo

_n n n—1 n n—212 n n—1 n n
=a +<1)a b+<2)a b” + +(n_1)ab +(n)b (3.2.1)

7e72 L, ZIARE (binomial coefficient) %

(?) B (n—n—;)'y' (3.2.2)

EL7T, ZUE, ERBUETE,Cp B WREED, T oEZ T IRIENOSUIRTIIEE TR
WOT, (3.2.2) S,

il

M 3.2.1.a HUEM (3.2.1) ZiFHE Xk, n iZOWTORMNIEZEE ) & X,

CIAER (3.2.1) 2o T, 525 S XITAET S &,

(x+A@n—xn:(f%w1Ax+(g)fl%A@2+~-+(ZyA@n (3.2.3)
B (z + Az)" — 2"

: _ n n—1 __ n—1
Alglcgo s = (1>x =nx (3.2.4)

L%, (3.2.3) DAHAT, (Az)? 6 (Ax)" FCOEIMIREZ & 5722 &L THAKL, £oT,

i(ac”) =na" ! (3.2.5)
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oD,

(3.2.5) ’ARE n I T%L . EROBEE n ICHBILT 2L E2A L), T . n=01
waﬁ\ﬂzlkﬁﬁﬁézémﬁh@\@JQMégmzokwﬁﬁﬁtﬁKﬁ%o%
ST nZzZlDBHLEL, 2 A0 XDV TOEK " 2525, bEAA m=—n ZHRE,
WD ERIHUZ DV T DBR (3.1.29) T f(z) = 2™ & T,

d, , d 1 max™ ! e n—

Lh. (3.25) EHEUHICRS 7,

RKIZ, p% 0 THRVIEBE LT, >0 OFFAT, B /P (REFIZHOVTIZ 2.24 iz
ZH) OB E RO 2L, (3.1.56) T /o = /2 OERSE R 720 &R, WD
WoENHTS, flx)=aP £T2E, [l y) =y/P THBZ LITHERL T, WK DER
BzowTORRK (3.1.55) & f/(z) =paP~t (Z3UF (3.2.5), (3.2.6)) ZH VUL,

d 1 1 1
_(yl/p) _ - = _y(l/p)_l (3.2.7)

dy Copaptl o p(ylep-l o p

b, DS, BEE o IZEEIR,

d 1y _ L am-1

= S 3.2.8
o (@7) o (3.2.8)
%D, (325)Tn=1/p & LEFITE>TWVS,

%I, 0 THRVWER p g ICDWVT f(y) =y, g(o) = 21/P L LT, AHEBKOERISIC

WTD (3.1.30) 29 &, x> 0 DHFIPHT,

i(xq/p) — dif(g(x)) = q(z/P)a1 lx(l/p)—l _ 9 (a/p)—1 (3.2.9)
x

dx P P

L%,
DLEDFERZTRTE LD, EROFHE a l22W» T,

—(z*) =az*! (3.2.10)

DRO DT ENbo*22, PRENBZEL 29D, (3.2.10) 1F a PMEEDOEETHIL
T B, JiUd, AL JaIcHEBIE BRI T, (3.2.71) TR,

2Ly <c0bT2L, 2V/P Z—ICEERICK>TLEIDT, 2OHAREIR G, $7p=0%,T2L 1/p
DMERRA 7 D CRISL /P 3 ERE 5 & 2,
*22 ¢ OEIPIZ, o BHAERS z € R, a BADEELS 2 £ 0. a BWERTEVES 2> 0ThH5,
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322 B

BIEBEBOERLEFNLGHEE 8o 1co0 T, BEBE (exponential function) exp(z)
% MR X D

x? " = "
@@@%:1+x+~5+-~+z7+~-:EZZT (3.2.11)
! Ll

LEET S, B, T0OBE, IHEICEZ CHEPIESRVDT, ZOARTIZO =1
ERIRT 22 EICT 3, 29958, LX) RN ENVICHT S,

BB exp(z) FEBEYATOE LR U AOBBEY, I CREKREIZDLERLR S ER
5727 (BRCHOWIERIZ (3.2.23), £/, BTRLZ LI ICFAUMEE e* LHLZ LD
b5,

84 R—Y DEM 2.19 TH L H 12, LOBBRFEIIMEED x € RITOWTHIRNINK T 2,
LoT, (3.211) 1c kD, exp(:) FEB EOEHKMERE L LT, BRICEDSNS,

BI% exp(z) DWE E LT, FTMEFEEZEIZATE I,

B 3.5 (EHEAHBOERYE) FHEEF TR exp(r) 13EHTH 5,

EF (3.2.11) DMERAE e O, IR L TL L DETTCIE R, 2L, ZOREHEZ TR
TOREDPRICTI20HEH W ERS DT, GEHIZROHEIICE ED X I,
REEBDO b > L b EELWEZROEMELTELEDTEL,

EIE 3.6 (IEHEMOEXNLGHEE) T£ED x,y e RIZDOWVT,

exp(z + y) = exp(z) exp(y) (3.2.12)

NP A RVAON

COEMEM S L, HEEBOEARNZ S F0E ISR T I ENTES (137 2=
YOM 3.4 () IHEBIBD 75 71835 %),

% 3.7 (BBEHDIZEWN) TEOr c RIZOWTexp(z) > 0 THb, exp(-) (FHH
BB CcH 2 (0FH, ED v < ylZ OV Texp(z) < exp(y) DR H D), 2L T,
exp(0) =1THY, x — 00 Texp(z) »00 &% D, £ — —oc0 Texp(z) >0 &% 5,

*23 0 = 0 DA LHEUTO 2013 1 LT 2, 68 R—J DBIE x91 & H &,
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GE texp(0) = LIEFRLDEY], 2 >0 892, exp(x) >1TH5 I &, exp(-) HSHFHEIMN
BIfiTch b2 L, 2 — o0 Texp(r) v 00 &% T 1, EFE (3.211) KBS, 2 <01
DT, (3.2.12) Ty = |z| = —2 L{EIT I exp(z) = {exp(|z)} " RSN 6, 2 >0
IV D exp(r) DWEZ M ZIE, TXTOEEPIVZ22, 1

T 3.6 DIFHIZXEICEDL T, BELILADOT, @HD Toh ) IRTEE- WV, &
£ (3.2.11) IR, (3.2.12) X,

(z+y)?  (z+y)° x? a2’ T
1 o= 101 o4 o4 1 g 4 4.
S Thu tot gt ty+ G gt
(3.2.13)

BRDIVDEVOTWEZ LIRS, ~RL7EZA, BrotHDIZEZI) TR, T
BAfR7Z,
L2L, HESDT, 2Ry DRBDBENE AP RTVI ), T, ~REFTTIEDT

% ERT % &
(1+2)(1+y)=1+ (z+vy)+ay (3.2.14)
————’

Z O IZ—3L
D, zy £V ZROHD Z LEREUR, (3.2.13) EUDO—REFTE -, [k kL
T, “RETESTHUL K ICEHET S L.

2 2 2 2 2 2,,2
+ +
O+x+%)<1+y+%>:1+m+y%%@2w S B CEAE)

:@ﬁ@u~ﬂ
D, INFLATELICERETIIALE —-ET 5, ks, ZOHFHFTHRILL THIF
. (3.2.13) IRD LD T EDVREZ D, HHOKY BROEICEHL T, T2 TR @6z
FlsiHED k9,

[ 3.2.2.a (3.2.15) DElEZMEID L, ZXRETELTHALUEEZ L TAL,

BRICPE LK) IT] exp(a) (Ze” EBFDPND, BEBETOE LU ADREEL, 7272,
(3.211) DEHICER LT T, exp(z) 2 Te LI EBD z Fey LwIHIEKREZ DLW
IR, FoK WL TR, (exp(0) =1 2T IEFERZ AIUEbH»2,) Zhns,
DREZZTNIH (224 i "HEONEFE) OoEREZHBVHLTEI)),

ER RS

oo

1 1 1
er=exp(l) =1+1+ 5+ 5+ =) — ~ 2.7182818284590452354 (3.2.16)

n=0
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CEDEEEH e ZEHELTEL, TOBBUTIZ A ET7*2EE ) ARTDD LT B 05,
AT DPRDEHTHIC e (4 —) EMPRZENRIFEALER, Efe . BI% e® DMy
DRI L VI (b5 BA d( )= et E109 ZERFRE) EH0 LI T, (A
BT IEALE S DTIEE L) !P“f'BIJtc BROH HER RO, (3.2.16) 2 HIUIHEKETE S
B ID, e M TH B,

BB DO IR 2 ME (3.2.12) 219 &, REDOHARE n IOV T,

exp(n) =exp(l) exp(n—1) =eexp(n —1) =--- =¢" (3.2.17)

ED (- DETAHTHPICEENIRINEZ P> T 5) ., MEPICHRBBIE exp(n)
. EBeDnFTLOIBKREDHZ, 510, ACCHAE n 20w T, (3.212) &b
exp(—n) exp(n) = exp(0) = 1 75,

_ 1 _ i _(,—I\n _ _—n
exp(—n) = o) e (e )" =e (3.2.18)
E%%, DF0D, EEOEE mIZOWT, exp(m) IZIF Te D m Fy LI BEHEPDH S, 2
N7, HL L exp(m) =™ LFHIT 5,
BEPTE o, KITAHE 22 fiizHwiiZz)), n ZHAREL T, HADBR
(3.2.12) 26, fEEDEEK z 12DV T

exp(nz) = exp(x + (n — 1)z) = exp(x) exp((n — 1)) = - - - = {exp(z)}" (3.2.19)
WD LD, koT, MDD n PRz LD, ne =y &EITIE,
n ¥
{exp(y)} exp <n> (3.2.20)
BREoND, 2T, y2BEm I, exp(m) =e™ EFITHDT,
ﬂ — (om\1/n _ m/n
exp ( - ) (e™) e (3.2.21)

E% b, ABEIE m/n EHFITE2DITEILG, 29 LT EEOHEE ¢ I22W» T, exp(q) = e
ThDIENRINT,

CIETRNUL, DEH (DXIBERNTB), EEDOFEHK x 1220 T, (3.2.11) TEHE
SNdexp(zx) B "RAETH ez s FLILbD) L) ERZDDI LZRERIEINL YV,

*24 John Napier (1550-1617) 22 v + 7 v FOBH, H¥H, EDOL 5 TRAETHY L) PO 2
LT AN3Za 4wty b, ZhzeE olcifiri,

*25 Leonhard Euler (1707-1783) +/\HflohLAaEe#z o— AT, Mz 68 b o UL CHIT%
COEMERER L7, WEZEATH>TY, BITNETDOF A 7 —DOMy R, WENEDF A4 7 — itk
BE, WBWAREIAILEDANTE A D,
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EI)YROTURZEID — LIMADDFEZTHADE, 2HZ2H, —DOEH z 1IcOWT, i)
DEH T2 BATOIFHEZIFL SR> T30, L) LIk D, 2L ZIE,
V2 L 3T BATWIEHBEICIEHA 2T Eb L, ZALRLDEEIELTLLL LA
57w, THEMOEHETR, 52 EvI) bORALICERSNTOAEVLDE, 25, exp(r)
MIFALETH eZ 2 B/LAEZDD) IZHES>TOVENEIDEVIBIWIZIZ, ZHZHEKRI%Z
Do l-DI2,

CIT. HE5DTHoNT20b0Ic, WEE>TRICEDZ LIZT 2, o Z2ERHOME
B35, B 210 TR K I IC, EARFEETH-TH, FE S ECHEE TR
TE5%, 220, EPORBEZEALEAH T TN 2T, HHED S TELEI (¢)iz10,..
Tlm; oo s =2 ERD2DBDZINE I ENTE S,

B g 1220 TT exp(q) 2 Te D g Ty ICHELVIERFIEF->ZD LTS, £/, &
B 3.5 D exp(r) Dt & D lim; o exp(q;) = exp(z) THBE I ELdbbLr->TWVE, TIN5
TOOHFFEF, BMHE 22OV TH, Te D F) Zexp(z) ITHFELVHDEERLTLEID
DHARLEV) ZEZMAR LTS, ZOXIHIIKERL LI,

ZHLT, EEDOFER x IcD»T

exp(z) = e* (3.2.22)

EELSIENTES, I 6ETIE, 2 eRIZOVT, exp(r) L e 2o IWXHIT S Z
L {ffioTWnI ),

BIEHEBDES—DODEE HRKROEFATIE, LT OMIR (3.2.23) 1T & > THBEISZ &%
T5ODEHENT, THEOLDERICOVAVELEL OWEDH > TR DEH, PR~
DIGHDOBETIE (3.211) DX I 72 0 DREWC L ZEBRENL k5B w ) TTL %, MR
BEIEND L » )BT, ZOARTIE (3.2.11) DEEZFRAL 72,

bEAHA, UTOEHIVRT L) I, ZDoDERIFTERITEAMN 72,

EIE 3.8 (lERRIC & 2IEHBEHDERIL) N PWEARBOHPHZEI L&, TED e RICD
W,
N
@ = mn<1+—J (3.2.23)

N—o0

N A RYAON

FEHT BETIC, CODERD L ZIHI LRI EERIDIFICRTE ),
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E9. CHUEM (3.2.1) 22X, AEED N IZOWT

N . N o
(1+%) =X s (%) :gﬁm (3.2:24)

TH 5, BRBEDOHNEE L 748505,

n fid
N! N(N—=1)--(N—n+1)
T e (3.2.25)

EHEEEL2DT, n ZBELTN - oo &L, T TITYORT 2, DD, (3.2.24)
DEAGAT, MDD ER%Z co & L, MIDFKET N — oo & T1UL, FHEBBOER (3.2.11) »°
oz twn) L, bbAA, TDF FTRBROP DI O Z O TRHEHICIZ %2 > T
WL,

FoOREE DAL THEML THOL LD EY, FROBERTIIRDOGEDHVIGFER, %
BEL N ZREC LTV ZEEELDE, #F(3.2.11) kD /N =1+ (2/N)+O(1/N?)
Thb, T, BHEEABOEANLME (3.2.12) X b,

e = (M) = {1+ =+ 0(%) }N = (1+ %)N + 0(%) (3.2.26)

L%, mEDESTIE, N 2 “IHEM R LMEMNZ §RTE Lok (FCNISHE
%N iE#EL), N = oo & 31U (3.2.23) o3,

B 3.8 DFF: O HDmEZEFEML L5, ROz e RZFET S, ®HEIIN -
L30T, N> |z #IKET 3,
% (3.2.11) XD

@B -EAG-GIERGT e

n= n=

L%, koT, |z/N|<1E81 R=YOEH 217 (DALEXREFEUHER) L0,

N (14 %)’ < (%)2 i % = (%)2 (e —2) (3.2.28)

BWZ5b, 22T, EEDFE L a, bITHL T, |a| <c, b <cziiitedFE cz2 s, KB
ﬁZIJ:aN—bN: (a—b)(aN_l+aN_2b+aN_3b2+---+bN_1) X p)\

™ =N < NVt a — b (3.2.29)

*26 GEHO R O HHRIC I B NI BFHDIR S S,
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WEALD, /N <ell/N B [14 (x/N)| < elP/NIgiEE L, (3.2.28) 2412,

(3

1
< (e —2)z% el N (3.2.30)

(ex/N)N _ (1 4 %)N‘ < N eWN-Dlel/N (%)2 (e —2)

BRSNS, N — oo & UL, (3.223) nahnz, I

WiEHEHROMD FHEBRZ TR T 2 MRWE (3.2.11) OFHZMO T 2 &, B -HHIXH

Z. _JHHBEDREEIZ ) )
d [x" nx™ "
— | — | = = 3.2.31

dx (n') n! (n—1)! ( )

E7%, L., WREHDOBHEZHLZIHI L TIDR6,

d d 2 3 ™
dx n!

dx 2! 3!
12 xn—l
=04+14+2+—+ -+ + -
2! (n—1)!
=e” (3.2.32)

ED, BEBABIIMAO L THIBZEZ W LIk b, ELWLRERRE,
bbAHA, ZOEHIIEETIXR WD, RETCTRT X I, ZORERIZEEICIEL WL,

EHE 3.9 (FEHBEHBDMS)
—e¥ =¢€” (3.2.33)

N A RVASN

M 3.2.2.b a,b,c ZFEK. f(-) Z— OO AIRELRBEE L T2 & &, LT OB DOERE
R X, ;
et Ttl  pawtbade exp(f(z)), f(e") (3.2.34)

3.2.3 IEHEBICOWTOEEDEEHRA

B CHERZ IR L EHOHHICAA ), 727 L, 529 DRFIIRVD TBREN—
Yav) W) EIARTROIE T ER S, I oMIE, ARG A Uil T A
72 E W) FRED - DITFH LT,
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“ol1]2]3 Mol1]2]3
0 0K
1 1
2 2
3 3

3.3 nmidEDLI)LE (D IoIHVLLD) DFTRTO N9, ITOWTRT,
RIMEFRZTRL, AL n+m D31, 2,3 EHA T LHIT, BT LXNTE S,

Mc® eV = 7Y IR (BR/FN—Y3Y) EELIEHICE 2N, BYIDERTH S 2 &
PIHD Z 2RI L TYEBENEEH2) 2 A2 CTE ), MEEHEEIC X 2 E& (3.2.11)
ZDF Efiv,

> " > ym 0 xnym
T,y _ hadll ) =
©c _<Z n')( _Om!)_ Z n!m!

n=0 n,m=0

9%, B, 22T (BEIICIEDLLT) nm DAZVEFEDICEH LD, ZODEH
FHSZICT R TOIADERICOVTRL ST S, T 2T, Hifiio (3.2.15) M 3.2.2.a DfE
BarwurLT, ~LRTS, FILOEEEEZ E=0,1,2,... LEPCLERS6, F£LXDEIZOW
Tn+m=kZH7zTE2TDn,mDOMAELEEZRLHITS (K3.3), 2NTH, FLTH

pEE LA LEIE v, 29 LT, Rl

Wb, mEBEo5T2bDBRkE—nlllko-Z ., n DNMOHEHPANRERICZ -7 2 LITE
TLHRBOER (3.2.2) & HEH (3.2.1) ZEWEHIE, ZOMIFMHICRD,

_ OOO (Zk: (l;) a yk n) iki (e 4 y)* (3.2.35)

k= n=0

(\—4
<~
H\)v
(«E&

L. RDBFERBTFON S,

BUTOIERRICDWTDFERE 2260 Tl, BEREFEHEZ RS, H2TN—Fi

Betm Al E W) GEEAT DT, (HL FTHLERTZERL-ODL) SFTLhixd
LB AR B HIChs L8, B ETFRZ2TTHELL TEL W,
DTO=2DEMOFEHDGEIE, ENDBEFLTIEEOOTARAY VY —FbDTH S,

2T 2wk, BeEE i TR B X5
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Fix, BEBEBICOWTOEMAZ AT 2B, BBEIEL & TR S E 2 i<
AAZRICTSEZEHTES, LpL, 22T, BATZEI W) ToL Ay FAREE) 1%
Y, REEBOHEARWLMWE LT 2o B RIETHZENT 5, WHZERPEIALD
(DHFOBCAICHIRZ R > TV B A%D) 1, RNAEYYOEICELTUIL w26 TH S,
TR, -0 iTEDARMUDEIE, TIVOLFEHIZU > D T2 LT, BLHTRIET
L0 LRI,

HEBIRL 7 & IR ORI BT 72 7200, DUF OREIZEE 4 0 IO 5 2 b ol >
W3, INSRIFADD LIEET UL, 13212 MEREECTE £ 2 BB W T
HEPHAHTE 207, TORTIEZ I Lol LICIKEAAT R LICT 50, LT OFE
HEEH A LHERL 2ii#id, BEHR b2 EMOGIHE TALD LHETE 21X
37,

-

Me® eV = TV DEEER (BBIN—Y 3Y) AZ2fHIcT 5720,

N n o n
i x
En(z) := g o Rn(z) := g ) (3.2.36)
n=0 n=N+1

L (MUERZUTOHHTOHV 2, Zud, ZOFIICHELZEHZETH D), TE
DrxyZEEL, A=|z|+ |yl LT 5,

EED e > 0% L 2, WRMHKE (3.2.11) BHNDEET 20T (B AA, 2.3.2 fHizZH),
THICREN ZLIUL, Ry(A) <e BEDIZDEHICTES, 22T, boL bEELIF
fifild (3.2.35) DEIHEZEHRANDOWTPRHEL 7,

mn ,,m N

Soany (z +y)* Y gy
EN(m)EN(y):n%::O g :Z:% T n%; g

(n+m>N)

ThHb, MIBERICES>TTdIc, BODBHTETL $o7%, ¥ 3.3 DHDKTRAID D
nTwiw "ol B2 ) DY 5, HUE—IHIE Ex(z+y) 205,

m

(3.2.37)

N

Ex(x)En(y) — En(z+y)= > Z!zﬁ

n,m

(3.2.38)
n,m=1

(n+m>N)

TH D, WHOMRHEZ & D ZAAER (2.2.47) 262130

|En(z) En(y) — Ex(z +y)| < Z 21" Jy™ < Ry(z|+1y)) <e (3.2.39)

n!m!

n,m=1
(n+m>N)
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LIHIiTE %28, H L, BT, |Ry(z)| < Ry(A) <e, |Ex(z)] <el®l <ed mEicii

ER(IER
le” ¥ — En(2) En(y)| = [(En(2) + By (2)) (En(y) + By (y)) — En(z) En(y)]
< |En(z)By(y)| + [En(y) By (z)| + |y (z) Ry (y)
< 2ee? 4 &2 (3.2.40)
BLW
" — Ex(z+y)| = |Ry(z+y)| < Ry(A) <e (3.2.41)

MBE5ND, koT, (3.2.39), (3.2.40), (3.241) 2T RTHZIL,

6% eV — " t¥| = |e® ¥ — En(2) En(y) + En(2) En(y) — En(z +y) + En(z +y) — ™|
< le®e¥ — En(z) En(y)| + |Ex(z) En(y) — Ex(z +y)| + |[En(z +y) — eV
< 2e(1 +et) + &2 (3.2.42)

ECHRERBBOND, LA, &> 0 HEEL LS, CORFREFHL VLD

NEN
e’ eV =" (3.2.43)

TR TR RS BW 2 ZTER 3.6 EEHZ L7,
MIEXERMOESY  H O AR 72 DX X DHHE,

iR 3.10 (IEBEBOERBEBO—FIER) o > b2l IMTEDFEE o, b 2B NETET 3,
EEOIEDFEE c I LT, HL2HAREN DHFEL, i > N 27z TEEDOHRE i 1I2oW0»W T

le® — Ei(z)| < e (3.2.44)
PMEED x € [a,b] IZD2WTHILT 5,

PORDER (2.24 fiOER 2.11) EHRMERZ E, EED z € [a,b] IZDWTy LwHEZH
BH LW, 2F0H ., COHFPHD z TRTICOWT, [ e & N THEIZOWLTO THITLEW
B BESZLTLE)—LW0) DR —RIED R A » 72 (100 X—2 O —kRiftk o &
% 2.29 #2H), ZOBROEREDHEE S,

*28 f1% Ry (|z| + |y|) TBE AL EZAZHAMTIE R, Ry(|z| + |y|) ZEFIL. (3.2.35) 2iickz5 L9
BEtHEZ TIUE, ANCEG T 2HNTRTENS 2 L2 AIUT XV,

*29 % L (3.2.43) DD el T 5 L (3.2.42) DIRIHAIZ 0 KD RKEVEK a2k D, LA, e BNEL
TUL (3.2.42) OmAAIE a K DNSSTE S, THUTHAE,
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AEH 2 al, [b] D) BREWSTZ ¢ EMES, x € [a,b] IZ20TE 2| <cP6H, i > N %5

N o0 o0 C Cn
e = Bi@)| = Ri(a) < 30 |5 Z ¢ < 3 i (3.2.45)
n=ti+1 = ’ n=N+1

THb, 232 i TAHALEIITHELIZFIRELNIZOVWT e kh/hslTtE3, |

EED xg e R ZEE L., 2o BT S e® OHEifElEZ (EF 2.24 12 L72D357T) IRZ ), &6
BEEDS . ¥, EEOEDERK e 2L 2, Fh, TEDa>0%E>T, 29 ZATHKX
M [xg —a,z0 +a] ZHEZ 5,

PAX I [20 — a, 20 +a] I22WT, Lo HRUCKOWEZ, ¢ % ¢/3 ICEEHA T, 930,
DFED, HD NDBFEL, fEED x € [v9 — a,x9 + a] T2V T,

le” — En(x)] < (3.2.46)

Wl ™

ThHb, £ITAHT, Exn(x) = quj:o "/l 3R 3 LA DT, i, KoT, $%0>0
D3 O3 EED x € [29 — §, 20 + ] ITDWVT,

|En(z) — Ex(z0)] < = (3.2.47)

w

LTE L, (3.2.46) & (3.2.47) iz HbE B &, LHED x € [xg — 6,20 + 0] IEDWT,

le” — e™| = |e” — En(z) + En(z) — En(z0) + En(z0) — €|

<|e* — En(z)| + |En(z) — En(20)| + [En(20) — €™°|
& n 13 n g
3 3 3
E

IN

(3.2.48)

BEOND, BEHETREDNE AT, EiEMEOER L LRI, e 25 2o 1B\ T
MCTH DI EWBRINTIEDBDD D, xo JMEREL -7 o EH 3.5 DEH I N,

FR LoiHEARZ L, Ex(z) &0 BEMEED N iIcow Tk ch s 2 L& ffio
T, ZN%Z N w00 ELTHRONEHE ® DHEfHETHELILZRL TS, 26 E 0o
T, EHEREE v () ORRER f(2) = limy oo f(x) PO THHEHEIC K 2 O TlEE W,

RN 72 K BE, 2 € [0,1] D#EIFATORIE fyv(z) = 2N 22, 4D 2 € [0,1] IE2WwT,
In(z) = 2N OMRIZELEL .

0 z€l0,1)

3.2.49
1 z=1 ( )

fw) = Jim fy(z) = {

BOKEE e LLTRBMEESL b Dok, &, BMIGHODOAD e EVLIHEEZES LADOED, 22T T
FOAD (AFDOHEAIR) ¢/3 EWIHIKEEZESL T3, k¥ e/3 kDM, kA dLbh 2,

WBleg<aqltdz, bLI>a tB2bDREATLESLEA, § NI VIEEANELIFENS, § =a T
DEHIX L,
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L%, f(x) Yo =1 CAEHZDIZHS 2,

xe[0,1] Z—2MlELLEZE, B (fnv(x))ven 13 N — oo THIR LRI f(z) 2 d D,
ZDEI %I A TONREZZRICEE VW), ZOHA, ¢ &€ N O THUIFEW) X, BEI L
DD IOV TDHRTHON TS Z LR, fli# 3.10 I8 I N7 —BRIDCK & g X
— RIS 2 BIBGI3 27 6 /R T 223, HiE2 7% 63 LS ETIER W,

MEHBEHOMS LEFEUXH [z —a,z0+a]l ZED. ¢ |zg—al, |zo+a] DI BEDKR
EVHET D, x KB ZEBEEIOWTD

e’ — e®o

lim = "0 (3.2.50)

r—xo T — ,CEO

ZRT, DFED, EEDe>0ICNLTI>0 (EEFUBEETI<a L TES) ENT,
EED x € [xg — 0,9 + 0] IZDWT

T _ ,Xo
€ € o0

<e (3.2.51)

r — Xo

ETEBLZ LV,
EEDe>0%2 L VEET S, £7 Ry(c) <e/3 tR2EHC, TFICREVWNeN%Z L

%O %)‘g%/\/\

€™ — En(0)] = |Ry(z0)| < By(c) < (3.2.52)

Wl M

NI ARYASN EN_|_1(I) = ZnN:—’—Ol x”/n' X (B0 6) s RE T, %EN+1(‘$) = EN({L‘)
ThHb, 2T, H2I>0DBENT, fEED x € [xg — d, 9 + 0] ITDWVT

E —F
‘ N1(@) = Enial@o) gl < € (3.2.53)
T — o 3
ETE 5, mkIT,
et — e"o 1 = [z o)™ E r)—F x 2" — (x)"
_ Z(_;_(O;)): N+1(2) = Eni(@o) | 3 (0)'
T — To T —xo L= \ n! n! T — To el (z — xo)n!
(3.2.54)
WCHERET 5, A IR, ZHAOEI ) HaFETL T
f: " — (x0)" < i |zt 4+ 2" 2mg + -+ 2(20)" 2 4 (w0)"
(x — xo)n! n!
n=N+2 n=N+2
= npend €
< > = :RM@Sg (3.2.55)
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Dk HICFHIT 5, (3.2.54) £ HbET,

e? — e%o B Eni1(z) — Ens1(zo) <

€
— 2.
T — To T — To 3 (3.2.56)

D0z T, T9 LT, (3.2.52), (3.2.53), (3.2.56) & HbHE UL,

e — e"o e’ —e”™  Enii(z) — Ensa(zo)
Tr — X9 T — X

Enii1(z) — Ensi(2o)
Tr — X

_ Enyi(z) — Enga(®o)
r — X Tr — X

Eni1(x) — Enga(2o)
r — Xo

Zo

T — X

— En(20) + En(20) — €™

— En(z0)| + [En(z0) — €™

(3.2.57)

£, KCHRZ EHEL 5% (3.251) BRI NT w5, xo BEEL > EH 3.9 W5k
Iz,

3.2.4 WEEIE

BHEROEREHMD HHE exp() 3. FHEETERINTE ) HFHEMBEL )
CHHTH S, 3.14 HiDXHITL T, WPHEAZERT 5 LB TE 5,
TEEBEEL exp(-) DIFEBIEZ FHEBIE (logarithmic function) & FE, log(-) & &£ T2, T
BDzxeRIZODWTexp(z) > 07056, log(-) BIEDOFEH OB TS 5,
INEFTHFIPLHNLE VD, ZODIZL DI KFHOTEITE, b LEH 2,y 28

r=e’ (3.2.58)

THIENTWDE %5,
y =logx (3.2.59)

DD NED L) B, Lo T, Ths 2 DiRLERAIE,

z=e%%  y=logeY (3.2.60)

B2 LB E VI B AR, HEVHCE, a LW BENBEBIBICRATEEEE, Tadn %L 3]
EWVIBEVHET R, £, WEEREETHL L EITE logr DX I ICEIRZEIKT 5 2 &%\,
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a) b)

1 2 3 4
-2
-4

]

[ S ST I« S

-&

_/_//—J’ 10

-2 -1 1 2

3.4 (a) fEEEI# e” & (b) WNEBIS logx DFF 7, logz 13 x>0 DATEREI N,
TN\ 0 T —co lCHMT B, V7 7%HiCBIZ, =1 1logl =0 ICHEET B L,

EVI)ERPELNS, Lo—HOXTEyeR, 2>0ThHhs I EITHER,
ol o, ZOBBRENARTENTEI ), FOEBOELE

R+:{xeRp>o} (3.2.61)
EFHR, EBEIEE BRI, 2nEn,
R 28 R, R, & R
w W W W (3.2.62)
r —> €F r +— logx

EWV ) BARIZ 5,

(3.2.12) THI Kk H 1, IHEBIBOHEADMNE L e e = e (a,b €R) TH D, I T,
r=c¢% y=cl L LTLOBROMAOR /%L >oTR5 L, log(zy) =a+b b, Zh
X, fFEED 2,y > 0120V T,

log(zy) = logz + logy (3.2.63)

DD VDT ERFEL T %, MEEIBUIRZ RIS ER T 2 0 72%33,

ST, (125 R=Y DR 3T THALEI) " =1THBI ¢,y —>00Te¥ 200 k3
E.y— —00Te¥ N0&ERDZEZMHZIE, T logl=0THD, 2 — oo Tlogax — 00
%D, 2N\ 0Tloge — —c0 &% B I LM, ZNZFh, bbb, K341Te” & logx DY
7 7%mLT,

X BBAE logx BRI Z KD 212, HREBOMITIZOWTD (3.1.55) T f(x) = €,
fHy)=logy & LTRUE L\, f/(z) =e® ZH T I E T LRI TIUL,

d1 11
S (3.2.64)

dy ex Y

BIREL LT, Y =eTe¥ B TIRMEBERIMZRICERT 5, L3O I LB TE S,
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E%, NAELTEMT 20 HE2HF S TEITIE,

d 1
—1 = — 2.
. ogx . (3.2.65)

ThH2, e, GEREABDMITICTOTOMEEHE (3.1.30) 2619 &, EREOMI THE & BIAk
f() LT,

d _ f'(=)
- log f(x) = ) (3.2.66)

BERTIEDTESL (o THALI), ZORERIE. Fo 2 HBRITNID,

B—RONEFE NEEEEMHE) L, EEOIEDFEH a LEBEOEKLIZOVT, a® £
REREERTHIENTES,

9 (3.260) kD a =¢85 tHZH, 2oh%E BAWIK) b EL TR, o =
(elogayt = elloga)b L 70 2 IRAT NI RIS D6, (EBD a >0 L bERIZODVTEBLA

LEHEINTWDS, 2T,
ab ;= elloga)® (3.2.67)

ICEoT, A ZERLTRDHILICTE, 29T3L, al =aPIRYZOL, LD b,ceR
12DV

b c _ 6(log a)b 6(log a)c (log a) b+(loga) ¢

. _ (lloga)(be) _ gbte (3.2.68)

= e

B0z B, IhEHzE b PEECHEROEAE., (3.2.67) TERLK a® 25, 2.2.4 i
THEINCERBLAREFEZOHDLLE V) T 5E, £/, (3.2.67) & (3.2.60) X 1.
loga® =logeloe®b = ploga B b wA b, KEZBEFGLEDT, FLHTEI I,

loga® =bloga (3.2.69)

MBI N E R 2 I RICEH T 25, ZOBRZIEZIR, EEDIEDEE a EEREDIED,

c 22\
b
(ab)c _ e(loga e e(log a)be _ abc (3270)

CHBHILLREND,
COEIENREFREFE L LIS AEOEER o IKOWTHK v (¢ > 0) 282
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52 ENTE S, HEEIZ.

%(xo‘) = % exp((logx)a) = a% exp((logz)a) = az*! (3.2.71)
L) GHEOHMZES>TA L), T2 F £< (3.2.10) HEEDOFEH a IZOWVTHRILT 5
EDbhrol,

T, EED a> 0122w Ta® EWI)BBZEZEZS LB TES, ZDEARKIL,

d
%a‘r = (loga)a® (3.2.72)

&b,
R 3.2.4.a (3.2.72) i,

325 ANZEFE., B, WHOKRNMNDLLE

a>1,a>0%2FEKETE, a2 EAEAKREL LTV E, a® b 2z® bloge b, R
D RELHD, 2DEE, TNHDBEDORESLDEEIIOWTE, 5. WARLNEFIC

a® >z >logxr XL, a>1,a>0 (3.2.73)

EVIFRIDNDH S, TDX)BRNNEARZAHBL TE I L, YWHEADIGHTH ZHOHTH
G

(3.2.73) Tk > Zflio eV ilEAaEE fE2 L0 T, T, EbAL LEHEFREH
WTEI), FIEEDa>1, a>0I120T,

x

roonkE Lo (3.2.74)
xa

%5, a1 EDIFADHLTHORETIUL, aDBEARITRENLAI L, a® 1F (x ZKRE
{LTWIHE, REIICIE) 2o i o) o,

(3.2.74) DFEHIZ VA WA R IFIETTE 2D, ZORTOHRBEIBDERD A% H 9 Fi ik
HEHOTEI ). n% a XD BRIOEEOARME T2, HEEEO RS HEERIC X
5EF (3.2.11) Tn /OEL T ZEL TEV ZIETE L, y>01220T,

eV > (3.2.75)

EVIAFELDHD 2o (HZETTAFAIC R >0k, BEAOKEIELZ»S), Iz
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3.5 AMEOHDNTT, “OoDOMTIEIEFNLNMORS a LFEFEriIck>T, 220D
MITDETA%Z 0 =a/r LED D,

filf 213,
a_z _ e(logaa)ﬂc . (log'a)Zx” _ (log'a)” gn—a (3.2.76)
T T n!x n!
BRoND, ZORAAIE s — 00 TR A KRELS RS,
(3274) Ca=1¢L.a=¢e* tHE 2D0bYICy ZEZIE, y — 00 T (e*Y/y) — 00

Pz b, 2ZTy=logz £ETIUX, fFEED a > 0122V T

xOé

Tz =00 DEZX

3.2.77
log e ( )

BZb, 2FD, a>00MATHAI &, o DBPKRES KD E, loga lF a2 TAIT S, D72,

Ml 3.25.a N\ 0DELEZE, logr - -0 THb, COLE, MEED a > 0I1ZD2VT,
¥ logx — 0 TH DI EERE,

3.2.6 =AR

ZIT, 2D7wIz, ZAKEY (trigonometric function) DERICOWTEELTE Z 9,
FEEOBED L WHE IS > EHZET 2T TRD 3.2.7 fiCHEATL 5o Th b,

WIEE FI3MEOMD 56,

X 3.5 DEIICHiRELET 220D HD, TN6DHVEDOAELIRD I, ZD
7eolil, (FEHEZHTHROYIC) ZODMTDEb 5 HZ2HMC LR r M 2R,
ZLT, DEROHBYZLERDDIZ) HEADI B, ZoofsicikEnszifs (0Fh,
FHil) ORI a2M2, FEEHTORIDH

a
0= — 2.
" (3.2.78)

OO DORTHEE TS, ZOXIICAEEID S GEZIBEZERE S, ISR
Micdh - LB HARZ GTEWNICHE—D) AEOHIN Thh ., KU EOE A CHEZHEmT
LI 1E D7 & TINEEZ W S,
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Kt r OMOME DR XL 27r DT HENZMAEOW D 5TD 360° (0 h, 3
DE—THME) ITNIET 52MIE 2r &5, FHikic, MR AEONEEFRZFH TS
29,

180° < 1, 90° ¢ g, 45° %, 120° < %;, 60° ¢ g, 30° & % (3.2.79)
IS DMEDINEETOMIZI  HARICHHICA> TS k)it L7cwb iz,

AETIEOA LA REOHL (RIG) O Z EIFRICLIT RN EIZLTWEDRED (1.3.4 i
#2M), S THLETAEDOHMICOWTERLTEI ), (3.2.78) THRE 2MAE 0 1%,
TODORIDOWEDIS (HEROHNMEEBLAEEZ IR ELTY) Hiizfilhwe, OF
DEERITLETH 5, MNEETH S 7AEELRTDIC, rad (7T V) EwH THN, #H
WBIERDH LD, TNEFRELZE T 20O HRIGHE T, AYOHILTIZE LT EICHE
BML L5, FEBE. b L rad 28 (KPD) HALZE T, & r ~ 1.00 m DM ORI
mr?2 ~ 314 mPrad ) T EILKDB, 2HFETHE, m? 2R ETAEEOmE (&
ZUE, IEATROm) HOEEZHE L) R LAbELD LTdwiThnl tick>TL
9!

M 3.2.6.a 7742y xy A4 “Surely you're joking, Mr. Feynman!” (Norton,

1997) DD “Who Stole the Door?” &£\ 9 v A D—# %2 5IHT 5,

I was never any good in sports. I was always terrified if a tennis ball would come
over the fence and land near me, because I never could get it over the fence — it

usually went about a radian off of where it was supposed to go. (p. 33)

FHCRED XD =27 v A% ) ¥ e & 9 BEe X957,

B vy kb, DA T OEETH B,

*35 HEOHKEBS Crad ZHALE LTI BIEDH 2 EHIZ L7, U 0@ N Tldk{, a2z
Th 5,

*36 Richard Phillips Feynman (1918-1988) 7 X V) /4 OHGRYH A, =11 F ORI IC X 2 @XM F
B, BORTWMICBIZ 774 ver ¥ A 77700 E0OKLR . HRHEORERICEG 24 DX
b5, BFERNFENOEHBNT, 8K, a1 =L EHI2 1965 i) —~ LY rEE2ZEH, Mk
DY EDAY AN E HHFR AL ETPCHS THONEANRETOH S5, FHEDLDDHDHBEEARICL
7z The Feynman Lectures on Physics 1345 H O P OEEICTTOOND T2 Y Dwe, 7 TH D5 (K
2, 1%L 3%8% T T2, HAREREZE I BRIZZ V), ZOBREESTEMUTOAY 7 4 V=7 TRAY%
DY A FT (ZOBFOHBRELHEL &9 12) BB TehInTw3,
https://www.feynmanlectures.caltech.edu/

WU TZIEETLE ), 774 v e v Ay (REBTFR AEBRCUR) ClREofisid TFiRZ 5 b s
B, HRZEZ 2 EIADEATHOLROVHRICEATVLSTLEIDSE, ) ¢ho2T0T (b AA,
XEFELIHRSNTWEY) 774 vy THRARY ) b I hMHINTWS, £, AEEIZ
BIRARwInE, IFEZ ) ICHEMETE, & T - E2250 - ) LLokFHIXTEHRIN TV
W2 EELIHLIFL T3 TBHif BE D HEIZOL,
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/sin 6

0 n
{cosb
X 3.6 HEA=ZMAFEOFAE ODOUDLEL EICLETA Y EaT AL VDER, bbAH

A, THELDEEDHRICH O I A ERE, HIRNAERE 2T L X2, M3.7TDH
MHZFHLZEZRZZHE) 12236 TH 3,

y y

e D,
NN

4
3.7 FERUZ=MABEBOER, MM Lo, x @iz 6 ERIDICHll> T 0 DMED R %
(cos,sinf) £ 522 LT, sinf & cosl ZERT 5,
LARUZAEOM Y FIZOWTOHR, x MziEEIC L TENY ZIEERNHET 0T, LR
. Tr/4 l —n /A BRICAERZET I LIRS,

B=ARBOER Lo LbHEUEL=MPENTHIY A v Eat A v 2EERL L),

e XX 3.6 DX ) ICEAZAOADE WAL v E a4 VOERIEN T WS I
T, bLAA, RETOBELYIHTYS 2D &) R=AMBORBEMN T IZEE RO T, 20D
b Lonh LTHICANTERER, L, HRN2EZOBICIZ, DITD X9 22 HA7H
S EZEDIE ) BHR T, EFTH 3,

X 3.7 DLEKD X H i, ZXIGHHIC x &y OEREEZID , FHEzhc L1 o
FRAZRC, XRic, B8z s LC, xfilto o ZEM D Icill> CTHEED 0 it 2 i<, 2D
M LA N E LD, 2D x FEIE% cosf, y BEEZ sinf L EHET 5*38,

O I3AEZDOT, WloHIE 0D E2r R (DF D 0° LAE 360° Kiii) Dz &3 EE25D
JED, CoOHPHE S - LINTTEL LEFTH D, SFTIE xS AR D ICAHEZH-T
WEDT, WIS x I SARIDICEDSL EE, MEIRVA TARLEEZZ2DOHRE, b5
Ao SNTHLVWAEIRON2DITTIERC, ACAEZNOZ VT TEESL L) 1Tk
2R, EzIE 37RO X ic, HARIDIZT/4 (DFD 45°) £ BT L L LM

*38 sin b cos bR D S, BIEE D> TITANT sin(0), cos(f) D& I ICHL OPBERTH B, L7, HEN
IZsinf, cos@ £FHL T LIRS TV DT, RELORH 20 E ZiiEZdUciEd .,
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£ .

(3.8 HE¥ZEFTHRVAEAID, sinf (£) & coshd (H) D777, EL5HFM 2
DB TH 2, MHPEFADOBBE T, YA v L aVY A VDL EF0EHENT 2 EF57L
A OV T T R 25 2 ekl ko, AR EE LIS, 2077 72 KOR
FIRFHRAIC (22o%2D) H0T, BHLADSEZZED L EXw (BME, 5 TH, #
ITHEEDDH D),

DicTn/4 (DFED 315°) £H2ILRELFALTHD, £06, —n/4 & Tr/4 1XF L A
EARLT, HHwiE, BuHD EZ R EEFboThH, RERIELES EIADVBRALAZS®P
FORUCAEE AR, E2IE, Tr/4l2r ZR L7 16m/4 b, ERFEUCAEZRL TV
%, Dbz —tdiul, DI e R EEHn e ZIZONWT, 0 & 0+ 2nr ZFELCAEE
T ELwz 3,

AEOIZOWTIDEIIHET 2 L, ZABEsing & cosf X, FEHOc R OEAKTH
b, F 27 OFMEISTH % £ A2 DDHRE, FPBEETH 3 Z L2 &It TEY
X, EEOEH n 2O T

sin(f + 2nm) =sinf, cos(6 + 2nmw) = cosd (3.2.80)
E%, R38RV A ELar A vDrs7Thb,

(cosO,sin @) FHAME Eo iz, ZOREER (0,0) L DMHHEEE £ 9 E 1 TH 5,
Lo TEY 7 2DEHIZED

(sin#)? + (cos0)* = 1 (3.2.81)
PEED 0 12DOWTHE Y 1H*39,
sinf & cosf MEZRIN-DT., o =M%=

sin 6 cos 6 1 1
, cotf:= ——, cosech:=——, secl:=
cos @ sin sin 0 cos @

tanf := (3.2.82)

*39 ZHRIE I B, (sin6)?, (cos0)? %, sin? 0, cos? 0 EEHL OPEH L BT IR ->Tw5, — OB f()
IZDWT f2(z) EFTIE, THIFARBEK f(f(x)) DEWKE L ALTOPEELZDOT, “AKO FOHE
FERRE . FaE. WO DED 5% cos? 0 DEFIICHCICZE>TLE27%2DT, oI5 (cosh)? L)
({ZzFLowk) HEh2LEIEEI, LaL, cos? i3fys, WHEYECREAIEEL LTfibhTns
DT, Z2OD2HHTHTIEL W,
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tal

2m i m 2 1

1
taly

-1

3.9 sinz D277 (k) &ZOMBI% sin™! (x) = arcsin(z) P27 7, arcsin(x) 1&
1<z <1 DD z ITOWTDOARERINS T IR,

LEFET LM, 2, ¥z b (tangent), 3 ¥ ¥ =¥ b (cotangent), Tk
I (cosecant), &7~ bk (secant) & Fits,

B 3.2.6.b tan#, cosecl, secl, cotd D77 7 D% T,

B=AEBOFEEE &% ABRBOWBIRICOWTHLFELLATE ), WM OHEAR
IZoWTIE 314 filiz &, DIFTIE, 3.14 HilcdbE TEAMKDIIEZ 0 TlE% 2 &
<o

YA VB sing ZTXRTOFEH 2 SOV TEERI N T S0, 39DED T T 7
DX, 2r 2R E T 2 ABIEEKT, Mot HE TR AV, 22T, RICEREZ
D=[-7n/2,7/2] L) XHICRZ Z &g 5L, HAHIIR S, fHEIE R=[-1,1] TH S,
Z2 20, Wil sin T (z) 1, z € [~ 1] IKDWTERSI N, K3.9DHDT 77D X% %
Bz s, 2B, sin~H(z) IR A AHTH > T arcsin(z) & FHE, P—IH AV (arcsine,
inverse sine) & FE&*L,

2 A VBB cosz DHBIETH 57— A% A > (arccosine, inverse cosine) cos™!(z) &
%3 arccos(z) AL L) ICERTE 2, IR, ad A VOEREZ 213 [0,7] & &
LE2REDDH D, HTT 7 7 %2fieTHaL),

y vy v P tane = sina/cosz DHREBUL, FPLRFDED ), tana &,
X 310 DED T 77D LI, z=2n+1)7/2 (n IFBEH) &I HTHRBT 285 TH %,
ZIT, EFEE LA D = (—n/2,7/2) EWIBHXEICE 3742, T3 & flE R IFEK
2RI 5, WBIEIE =99 Y TV N (arctangent, inverse tangent) TH D tan~1(x) &
%\t arctan(z) EFH <, M 310 DD T 77D L) IC, FEHEERETERIN, 2 — +oo T

*40 FLDOMRICE D, ZOARTIE, (1FEAL) sin, cos,tan D=2 L2\, cosec 13 csc ERALTHI ED
%\,

*4Larc &1 ) DFEWR, sing DER o FEMHOME EOIMOES (20B73P 7 v Eok) 06, 204
f"fﬁﬂi{)ﬁ & %)71?_:\0

A2 BIXRE (—7/2,7/2) Eld. —7/2 < & < w/2 2T x DEA,



3.2 BEA BEBLE 145

L
~

A
1
"
'
b3 (=15
S

3.10 tanx D277 (k) & ZDMBIHK tan™ ! (z) = arctan(x) D27 7, arctan(x)
IFTRTOER 2 IZOVLTEHEINS,

+m /2 IZINH T B8 TH 5,

327 HBEREHOEHEBE=ARBYK

BERBOEHEH 3.2.11) CHEBEBZER L LEEF B2 T E2EZI T, ¥o7
CEILAZMH - T, EEOEEK 2 12O T

22 2" 2 2"
a¢@%=1+z+§~%~+ﬁﬁ+~-:§%gf (3.2.83)
n—

X DIEEEI B exp(2) ZEEL L9, 2.33 HiDRBICA X I IZ, T OMBHFEIIMEEDOHE
FH 2 IO OTHONINR T 5, —fRIC exp(2) IFEFEBZ DT, ZHUT k> TEHER LOBESR
BEBIBEE S 2 LI 5,

BHEAHED G > E SEBELWEHL S 7EM 3.6 1X, o074 ZDFE FDFTHIERDLAIC
bIELT B,

EIE 311 (BHEAROBXANLGHEE) F£ED z,we CltonT,
exp(z +w) = exp(z) exp(w) (3.2.84)

NI AIRYACN

SERHIE (OWLIIFAN—Y a YA EIENN—Y a v ) EROBESLIZEA LR 20T, ik
S\, o, HERZICOWLTIZ (2.2.61) OWEDH 206,

{exp(z)}* = exp(z”) (3.2.85)

N A RYAON
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(3.2.84) DWEIZ, wrlcd TeD 2 ) 2-b¥ L, 22T, —MBOEFEK 2 12OV TH,
exp(z) Z e LW IHTBICEL T LIZT %, bbbk, 3.2.2 fiT, FEH z IOV Texp(r) %
e’ EFHVTIwrtw) ez, Uo5< D) EFMZ2IT TR L7, 2D, » BWEHEEDY
AT, SNEBBROEFES T THL I Lzl T, —ROER x I oW TdERiEZ#Ic L T2
DE)BEZTZIEYLL 7, ZIUTHRZ & EHHEBE 2 IZOWTexp(z) Z e EFHS I L
1. E ISR CAREWNBIERICZ > T0b 2 EITHERL X9,

LI eY2 LI DESECIHE LI LD o kBE o1, Z20Th !, eld,
el Al el Ald ol AlI2 L \as 2 HZ E B A L ERZ L TR T, ZNSDOMMRE LT eV? 24
BT2L0IHIDRTHEEBRFMLE 5%, INEHRZ L, & LWIHIEZEEIELRT DA
MEVHIDIE, MDPEEZLEO0ITIZDDORVEI) BJEILZE VWS, Z22FThhrs
BV SIE, VWoZDI L (3.2.83) &) Hiffi e R EFRBTER I 1S IHEEIE exp(2) DY e?
BORERSTLEIDN, OEODOARGEAGTE EBbILS,

R L OETBAERIE e OMEEZFHL SRS DI, HELFELH, ZOFEICIIE
FREGRZ HOPH) 2?2 2WTU oD EMDHTZEICTL L), T TR —DDEFEHD
T a ERER v 2o Te” LH T 2EB LOEHEBHEHBICOVTATEEL W, RE
AR IC X 2 E 7% (3.2.83) Z2fli 21X,

2.2 a®

oo
az a*x x" B a"
e =1+az+ 5 +-- o +---—E " (3.2.86)

L%, (3.2.31) TRo kI, T OMIREE (3.2.86) DFEEMYT D &L H—EIEM

Z. B IEDIRERIE . L
d [a"z" a "
— =q— 3.2.87

dx ( n! ) ¢ (n—1)! ( )

E %, £oT, (3.2.86) 2 (BaUyic) HHI &ITHor U,

d " "
%e“m =ae® (alFEFER. v 3EELE) (3.2.88)

25,

B=ARYOBRR FEBEBOIIBPMELRIC %2562 THE), UM TREEDOHE
Bz & 288 % ¢ T3%C 0 LHE, MERD 0 2HREBEBERD5BET 2, 250, HEL
BO DB 2EZ L) VI LR,
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—MRICHER R 6, FEE LB IcH T T
e =: ¢(0) +1is(h) (3.2.89)

EHOWTHALI, c(f), s(0) 1F, £5 0 bHEMEOFERAERE BT Lizhnwirsr),
NoFavA v EF AV THEZEDTICHDSE), e0=e0 =115,

c(0)=1, s(0)=0 (3.2.90)

TH 5,
T T (3.2.88) k0 PBI%K e ERI%LIE

d e . g
g —le (3.2.91)
TH 5, (3.2.80) AT,
o(0) +i-Ls(0) = i{e(6) +i5(0)) = —s(6) +ic(0) (3.2.92)
d@ Zdes = 1747C ) —S 1cC .
Elb, bbAA, HHIFELEBTZFNFIUTOWBTHINTRE LD T,
Do) = —s(0), Ls(8) = c(6) (3.2.93)
1pcl0) = —s0), —s(0) =c 2.

V) BRR s NS,

(3.2.90) & (3.2.93) %7 TEIEL c(0), s(0) 1FMID %R X H*43,
7. (3.2.93) LEOEREKDOAR (3.1.27) 25

% (c(0))* + (5(0))*} = 2c(€)ic(0) +25(0)—s(0) = 2¢(0)s(0) — 2s(0)c(6) =0

(3.2.94)

E7D . (c(0)? + (s(0)? 1F 0 IKEL ZWEBEDHP» D, (3.2.90) Kb, ZOEHIL 12D

5. fFED O IzOnWT
(c(9))* + (s(0))* =1 (3.2.95)

DD D, 2 RIGOMEREZTLD | x JEEDY ¢(0) Ty FEEEDY 5(0) & 72 % 55 (c(0),5(0)) 25 2
L9, (3.2.95) &b, ZoRIFHEMHEEICH S,

X512, (3.2.90) & (3.2.93) 225, JH (c(0), s(0)) HHALME LD EDREIZH 500 bh
5, FICEZZFESCE, K311 DXk H Iz, xiih o (1,0) 226 FICH > THER D I HHE
O 22VEATE 2 AT (c(0),5(0) BHBDE, TORFEERZS (L, UTOHHIZ
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311 5 (c(6),s(0)) (RiclzBuh) &, MEME Lo, (1,0) 26 FHE I - 75
BEDS 0 DRI 2.

O

312 ROz L1 DM EICH A, B2 E 5, A Zil5MN~OES OB
DR EZDDHZ C LT 5, £ ASEMK OC IZkEA LEHEE AD £ 75,

PRILWVEICSEELIZIEZARVDT, TTRRIIL CZohoflifHizinonvnrd L
2\0),

AEH B x o & LR L D CHEfl R T2, X312 2R K, 5O ZHiic LR
1oMZ#E, A LR A BZlA, MAZBELMOBMREZEE, 2008 0B ZIiEE L 72
EHfEZDBMEECETS, £/, AD5 OCICHITTH,A LTEMRE AD £ T35,

AC= A0 £72 (AC 3 A, C DR, k- T=MA OAC DHifil: A0/2 TH %,
Y 37 ADEMHH S OC = /14 (A0)2 THH . =¥ OAC & =¥ ODA ZHEIE 5,
= ODA DIif&lx A0/[2{1 + (4A0)*}] TH 3.,

Ml AB RS % Aa £FHK, Ho 22, (=M OAD oliitE) < (FF OAB DOlfif) <
(=T OAC D) 23R Y 32>, HfE2 AU,

A Aa = A0

_ < — < 2.
21+ (A02) = 2 = 32 (3.2.96)
5%, {1+ (A0)2) > 1 — (A0)2 IHERE T4,
Al — (A6)? < Aa < A (3.2.97)

3G LAY Oy EAo TR (ZLT, WO GBERADOMO—EM (8.1 #i) W IHIEZMZIR).
COZKRHENTH B, EL, TOERTIR, FEIA v Ead A4 voMaIZERL TuiwE v ) 78T
D 5,



3.2 BEA BEBLE 149

K 3.13 1 oM EME LS (c(0),s(0)) 2382 HM, Hohb kb (c0),s(0)) %

TG SHRAT IFER & IEZH 6, RIOZMBIEEH, Lo T, BROMEEED (3.2.101) THI

NI EBbrsd, TITE, ¢(0) >0, s50) >0 DEEEHICD, KBHORRICH S
WD ARRICERTE %,

THBEZEBbLDSE, DFED, A BWNES Aa & A ZIFIFHELVDOTH S, T,
(A0)?
2
WCHEELTE LM, BBlc, Rz o0, A A DS MBI > THEEE A9 721

ERDICGEALZHE EoEZ B ¢35, B lZ. BXoyAdLEFRkICHS, 2T,

BC =1+ (40)2-1< (3.2.98)

2
C < (31 BB ©£ &) + BO = (A6 — Aa) + BC < (40)* + A0

= 0(Af) (3.2.99)

DT OZ EICHERLEI, Tk ZOmTHI,
BT onTO (3.2.93) & BUNEILDOE ST (3.1.12) Z2flio T,

(c(0+ A0),s(0 + A0)) = (c(0),s(0)) + A0 (—s(0),c(0)) + o(A0) (3.2.100)

ERDOT, X7 FVONDBZED LTlioTL o720, ZNERERVWEASS, 5. 0
ZE L TERBDNNT XY —t 28T L F,

(c(0),s(0)) +t(—s(0),c(0)) (3.2.101)

D3, 1 (c(0),5(0) ZEAMOERERHEHT 2 L ZEKRTCHEARIBR» L2 2 IETE (F
BEAAIBRICARE TR W2, 728 21E, K313 DX ) ZffX%Z L TEZ 2 D03F->H
DEWERNT 5, ISV HERH -7 6HZTLEI W),

(c(0),s(0)) ZHRIZEDHA ELKI, TBEL (c(0),5(0) + A0 (—5(0),c(0)) 1Exi C 1K
5T %, £oT, (3.2.99) & (3.2.100) 25,

A (/14 (40)2 — 1) < (V14 (A0)24+1)(/1+ (46)2 —1) = (A0)? ETHhIF X\,
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5 (c(0), 5(0)) B 5 IS > TER D IS A0 MEAZ A (ZHIFHB) &
5 (c(0 + A0), (0 + AB)) DEIEDS 0o(A0) TH

LESITES, THIMEED QIZOWTRD DI EDS, IFLWHEENTE™, $960=0
D EEIF (3.2.90) 12X D (¢(0),5(0) = (1,0) TH 3, (1,0) 25 MEICH > TR D Bk 0
AT, B (c(0),s(0) ZHB L, 220, EOEMNZED, A):=0/N E
T2, ZLTO0 DR A0 TODMERE N IcaEl LT, &4 DOmic, LoFHiZ Hwv» %
T2L, ZEZ TV 20 mOMHREEEZ, KELSTH o(A) x N =0(0/N) x N &£bd 3D,
ZHUIFN s ooz S, |

HO(L0) 2o M- TERI D ISR 0 720 #EA D (¢(0),s(0) ZEbbhot
(E&H)326wfﬁgbﬁnﬁ4/kﬁ4/®%ﬁ%ummﬁ@(H&ﬂ\iéK\
c(0) = cosb, s(f) =sinf TH 5 LhBbh 5

BRI DL BBz AT 6, =ZMAEESHTER |

BAALS—DARX 9 LT, c(f), s(0) 5. ZNnZFH cosh, sinf EFATHRHDTHS Z
EDMEEL72DT, TNpbld, ZOMOTG2ME) 2L L), (3.289) 28 ) —HFH T
FIE, AEEDEE O 12T,

e = cosf + i sinf (3.2.102)

Thb, HHiE, DO ZABKOER TV ARBNT, ZORDEHELITL>THA v &
AYA VEERTIDREEEST 2D (AICH RYEDEFES L CT) GFRFbL00,
(3.2.102) DERIE, A4 F—"0DA (Euler formula) L WEiEN 5, (3.2.85) kD ()" =
e” 0 LBl LICHERL, EEBOFTEBIBIZOWTO (2.2.62) ZBwHEiF, ZAREK
Z BB TR T BIR

il 4 =it ,  ef — e

cos = Ree' = — sinf =Ime" = 57 (3.2.103)
i

BEEND,
ﬁ%?—@@ﬁ@ﬂlm)%ﬂoftioté\%M%E%%ﬁ®m®ﬁﬁ%ﬁﬁwﬁﬁ&
FENTLE> T EbRY, BEMBOIERDOBR (3.2.84) 2l 21X, EEDOFEHO,

LOwT\eéwzémwﬁWMéoEﬂkE@%ﬂ?hKﬁ%?—@@ﬁ@lm%%ﬁ

45 PR ORI E VLI ITED L IR TH B, EHBRIIE, THEEOTERROBO—EE, &) WE LI
52 EICHEDT, Lok LEIIHE»RYELS 2%, X IEMICIE, 8.1 fHiTl~ 2 Gz M 213 kv,
*46 197 R—T DI %25 2 H X,
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UNERQUER
(cosf + i sinf)(cos ¢ + i sin ) = cos(f + ) + i sin(0 + @) (3.2.104)
L%, AL, MADRFEBHBZNETNEL W L2H2IE, BRLADAA
(i 2)
cos(0 4+ ¢) = cos @ cosp —sinf sinp, sin(f + ¢) =sinf cosp + cosf sinp (3.2.105)
BESN5,
EIAHT, cosm=—1,sinmr=07Z>7%h6, 147 —DRA(3.2.102) TO=rn &TL,
e =1 (3.2.106)
EVI)ELVEFRRONS, —1Litwv) (gL EKTHR>7) o0 T4
BEL. ZLT e L WIHIBFOIERER (TNSIE, NAREREK?) 5. TO L) BH

Win—oDRTH IOV TV 2 DIRERZ, #7271 kiU, (3.2.106) DBIENIE > &4
7DEI7Z EBZ WA —ROBEE ITIZ R D ERWLZ ) 72448

B=ARKOEREMEE|BHRE "= ABIKO T R IS BRI Z2BIR (3.2.93), (3.2.95)
% (BkD) FILOAITHERELTEI ),

d : d .
=0 cosf = —sinb, 20 sin@ = cos 6 (3.2.107)
(cos0)? + (sinf)? =1 (3.2.108)

A vEay A vOEBBICO VT (3.2.107) LREOERB DA (3.1.28) Z 21X,
(3.2.82) THEELAF Yz v b, a¥ Yy, akA v, AV FOEBEEKD

p7] tand = (cos0)? ~ (sech)=, 7 cot @ = —(cosec ),
4 6 = —cotf 6 4 6 = secf tand (3.2.109)
g cosecd = —cotf cosecl, —psecd =secl ta 2.

DEIITKRDEND,
TEFRANAEUC & 2 TRBBIBDER (3.2.83) T2z =140 & THUL,

B N (1) LR/ RN /L B A L
e_Z:m.4+w—§ﬂ§+I+%vm- (3.2.110)

n=0

AT 73 R=P O %99 2 R X,

8 FAICE 5T, bHAA (3.2.106) 1Z5EREIC BHILADBUE T, ™ JITFEBIC —11CRAZ, Lo, H
THED, RYOBRTZIOMBROBEZRSZ THELTWS ) EWLIHIRIBILAEVLDT, 7 ADHERLE) S
iU, TAMIRESRICAAIKT,
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EV ) ERBEMG SN, CneIBEEHICTIT T, T4 7 —Dn3(3.2.102) & HHA~
U,

02 94 6 0 (_1)j92j
6059:1_3+Z_E+'":ZW (3.2.111)
BiO
0> 65 0 — (—1)7g%+!
g2 Y N0 2.112
s TR T j;% 2j + 1) (3:2.112)

E ) ZABEBORRIREIC L 2R ABFoNE, Thold, bbHA, MMINKT 2, 24
ICLTH, =A% E ) 21 DI Z b ORI, TXTD 0 12Dw»T (3.2.111) & (3.2.112)
DEI)RIBIZRBTELDIE, BAREZ LT,

M 3.2.7.a (3.2.109) ZEiF,

B=ARMOFEBOBRE 3.2.6 fioRBICER L X =MABAKOHBEBOMST 2 RKkdDTE
29, bbAA, 3.1.4 Hilcd WD DM (3.1.55) 29 72T D 7Ens, AL
TEIZATE ),

3.1.4 fioFEEHITHbE T, f(x) =sinz, f 1 (y) = arcsin(y) & L &I, EHEOH  HipH
dxe|[-n/2,7/2,y € [-1,1] TH 2, BEEUIZ f'(z) = cosz DT, A (3.1.55) ZHKH
i fil 20

d arcsi 1 1
arcsin(y) _ - (3.2.113)

dy f'(z)  cos(z)
b, 2Ty =sin(z) £T2HLFED, COFFEFRALEZ vy OBKICEZ ) & T
% & 1/cos(arcsin(y)) €% >TLE->T, ENLVTIERY, LaL, ZARKDOEED?S
(sin(z))2+(cos(z))? = 1 25 cos(z) = £+/1 — (sin(x))2 TH 3., S5z € [-7/2,7/2]
Eofai3 79 2% LhUEvw, cos(z) = /1 —y2 Ev») T EITh D, (3.2.113) DAl
BENCL y DRBUCR 2, VOB DX ) ICEEZ ¢ IR L TREIN AR IE 2 FH 1T 13,

d 1
. arcsin(z) = Nipr (3.2.114)

L%,

B 3.2.7.b arccos(z), arctan(x) DEBZ KD L, b & DRI cosz, tan x DERIBIIE
952,
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BERBOBRET HIELOMMEDEE (2.2.64) Z A WHEIX, A4 7—DAK (3.2.102)
X0, EEDFE O IZOWT

€| = \/(cosB)2 + (sinh)2 = 1 (3.2.115)

DD LD, DF D e 1HEE 1 OEFEHTH 3,
COFERMH &, HEBOBREX (polar form) &\ I FRARENF NG, FEOE
FHz=x+iy 2. RA (complex argument) & MFIEN2FEEK O 1T LD

z=|z| e (3.2.116)

EELDTH B, MHIHES 1 D e DFITIE, HHEE 2 OHIME (phase) LWEEN 5,
BEAA |z| = a2 +y2 D6, 013,

cos) = ——, sinf = —— 3.2.117
/1'2 +y2 /$2_|_y2 ( )
il LD B LIRS, TN,
_ Yy
tanf = = (3.2.118)
X

EFRCZETH B,
TODEER 2w ZWIERT 2 =re?, w=se¥ EEFBOTEIFIE., N5 DRI,

cw=rsete) 2 _ T i0-y) (3.2.119)
w S

b, FAEOEE nIZOWT,

2" =retn? (3.2.120)
Th b,

B 3.2.7.c EHUAL i 2B TR, 20T, /2 % o+ Bi DIBICRE,

3.2.8 WWHh#RBIEL

HEEEIEIC & 2 =ABKOED (3.2.103) 2L 2236 #H7z ICWEEREE (hyperbolic
function) ZE&K L £ 9, WHFRBIEIE, YO I £ I E 25 ICEEZ I THERELEKTH 5,
YA rPat A VBHOMWE LD L TERSI N ko, BUlEREISE (i, 20 %
AERED) BHHROMWEEICHIE I ETERTLIILHTES, LoL, ZDXIREREEAT
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in

3.14 coshz, €”/2, sinhx ® 77 7 ZBHLTHIV 7z (HAHD /2 13212 0D,
EEP OS2I, coshr > e”/2 > sinhz LW I) RNERDRD 2, = 3D HFHREM LK E
WEIZATIREZD2DY I 7135%EICELZ>TLES>TW3, coshx 1F coshz > cosh0 =1
Zhi7z 9,

3.15 tanhx D777, FazHEE 1 EEL, x — +oo TE1IZHHLT %,

bELE

b, WHADIGHICE D 72 TTHRZODITTH R VDT, TITIRARTHICEREEOCTLE
. AYA v, AV, F Py MRS 2 BHREI B

coshz = M, sinhx = ﬂ, tanhz = sinh _ o= e:m (3.2.121)
2 2 coshz e*+e®
THH., ZNZFIANANRY v 7« a¥ 4~ (hyperbolic cosine), NA/SHY v 7« YA
(hyperbolic sine), N4 SRV v 7 « ¥ Y = v} (hyperbolic tangent) & @ide*?, =B
BUZOWTD (3.2.103) & RLEA~IUE, MERIRIE—HIEARZS 9, coshz 13 2 12DV TDH
Bi%(CdH D, sinhx & tanhz IZFBIETH 5,

YA YA D (3.2.108) ITHEL T,

(coshz)? — (sinhz)? = 1 (3.2.122)

E ) BRI D 32D, ZAUR R ED R (coshz, sinh x) 29 FE LD R TH 5 2 L 2 HIE
LTw3, £/, BRI VLTI, EEroEBIC

1
. coshz = sinh z, % sinh z = cosh z, % tanhx = (coshz)? (3.2.123)

*49 cosh IcoWTIE, HAEE Tavsa) 3B I EHH 3, sinh, tanh 137 D F £ TIIFEHEAEE,
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DOR S, ZARBOEAEL LR S TIA FTARTTIRLDTHARTV,
D TICHRTIEFICREVEE (INZ,. 2> 1 £FHL) TlEe® > e 2DT,
coshx ~ sinhx ~ €*/2 TH Y, tanhz ~1 TH %, x VWEADUMTREL LKL LEDS L ZE
Wiz, BEEOMBEE»SEE S, DF D, cosha DV 7 713 y il DWW TN TH D .
sinhz & tanhz ®27°F 7 3 FSICOWTHENTRICR 5 (¥ 3.14, 3.15),
y=tanhx £ L X9, (3.2121) kD y=(e** -1)/(e* +1) TH 2, INZEFIT L
€2 =(1+y)/(1—y) 2% 0. 2= (1/2)log[(1+y)/(1 —y)] BESNZ, DFH, NAR
Vw7 -5y zy OB E, Wz flioT
1 1+

h™'(z) = -1
tanh™ " (z) 5log T—

(3.2.124)

EV)HZIBICEDE S W) T LT,

329 EBREBDXED

BOER DO, TNFEFTHTELLDOZED T, RENLEBICOWTEREZF DT
FIZLTE L, WHFRBIBOWBIEIE F o - ki L o oD T, MEMEE B> THZ T
EZTHEI,
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BIE f () x DHPH EEIE f (x)

2" (n € N) nz" !
™™ (n € N) x#0 —nx~"t
z® (o € R) x>0 az® !
sin x cosx
cosx —sinx
tanx !
(cos x)?

aICSin e -1 << |

( ) = =~ /—IQ
arccos\xr -1<z<1 —

( ) Vv 1 _:1;2

arctan(x) 152
e’ (a € C) ae®”
a® (a € R) (log a) a®
1
log x x>0 —
£z
sinh(x) cosh(z)
cosh(x) sinh(x)
1
tanh - -
anh(z) (cosh(x))?
1
sinh™! ()
3:21+ 1
cosh™!(x) x>1
le— 1
tanh ™" ~l<z<1
anh™ " () x .2

3.3 =ROZRMETA5—EM

BB ZERL., TN2HWT, 74 7—EH (t~7n—) VERH) Z2ER7T 5,

IE',I
T4 7 =BT ACETH 2 MR TFHEO—DOT, WHOH S Q3 FHE b
%, 2ZTCIE, v r7u—Y U EBEBOELLEN E V) B SEAT B, BeAN s B
MZEIZBET TR, BFORBEIRIS LAEE2ZL > TEBL 2 EbEESS,

331 ¥7A-YUYVRBETA T—kE
MEEOBRES [(o) EROTRAIB LOTRANKE T 5. [(o) OBIAE [/(2) bF7
B 6, S oI TELrL Ltk f/(x) OEBIRE [ (z) b2\ dj()ai

2
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Z. f(x) DZPEDERIE (second derivative) EMES, WU L)1, f(z) 2 nlHl< VIR LT
Lo aB8E f)(2) d 250 nf( ) EHEZ. f(z) D nEDERIEL (n-th derivative)
&@ﬁo%ﬁ®@%ﬁﬁ?\n@@%%ﬁfw()ﬁﬁf?%&%\ﬂ@@%®ﬁﬂ?nﬁ
M5 BIEE (n-times differentiable) TH % &9,

BY70-UVIBBOEBA 7. BANAEESBERE T, v7u—) VERZKI I
ICHNTA LD,

fC) ZMETOHITE LT 5,

WE, 2 3TN OHIPAITENT 5 E LT, f(z) DIELMEZ RO THZ, FT,
DIZB DL DX, 2 DN ZVDELS 2% 0 & LT,

f(z) =~ £(0) (3.3.1)

DEHIT fr) ZBBUCLTLEI L)l EE LBHaick->TE, Indb e Tl
25 Rz EBbns,

LoL, e DET2LEE f(z) BT TS, 2O LD Anaalz L7
TBOWiEr9, 22T, MaOHEADK (3.1.12) Tazg 2 0 LB E, fUNE Ax 2 2 £ B

ZET,
fz) = f(0) + f(0)x (3.3.2)

Lo —RKRUCK BEME D B, (3.1.12) X, ZORDMEE o(z) (FEBEE O(22)) 25>
5. x VNI THUE, THUEIH D iRz,

EH(3.3.1) 6. —KA (3.3.2) ~EiEflE N, LT, Toic, XA =X
R ELHRDIEE LT 506, KD K0EREFESoTWL 2R TEZRTE, 22T &

LIz
f(x) ~ag+arz+ayz® +azz® +aga* +asz® + - - (3.3.3)

DEIH T (REWEBDIED) BV H 5 EIREL LI, ag,ar,as,... ZMSPDEETH S,
2T, AUEERPIER2 E o b7 Z L 1E, S LHoTEARVWI EIZLELY),
f?ﬁ;zﬁlao,al,ag,...%&“)’?’O“Cﬂ%&)ﬁ BFowhrzHEZ L), £7. 333)Tr=0%LB0
TR, FIFIZEAEHATLEST, f(0)=ap tH5, DFH, TNTag BRE 2B,
Rz, (3.3.3) DMiA% x T L.

f(x) ~ay + 2a2 x + 3az 2% 4+ day 2® + Sas x* + - - - (3.3.4)

L. 2B e =0 LBEOTARD, T4, BOETIELALIZT, F/(0) = ay B335
N5, 29 LT, ag, ap 13— (3.3.2) E—FT B L) IThFEo7,
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CDEZRFEZS, FT.ALEOERE m £ nitonT,

d’fb

Ton (m —n)! - (3.3.5)

0 n>m

THHIERERLTEZY) (L0 =1%&L7%), 2k, (3.25) 2< hiELAVIUR %
HionE s, &I, j—x =nlThHsb, Z2I7T, (3.33) D% = Tn WD T
n—1%HECTOEIMHA T,

(n+2)!
2!

Y, E510, 22Tz =0T SEEIn+1FHLY S EOEMIHAT, f(0) =
nla, £%%, D% 0. TR (3.3.3) DR a, 13

Anto @2 + - (3.3.6)

F (@) ~nlan + (n+ 1) anyr z +

(n)
a =1 n!(()) (3.3.7)
ILEoTRELDTH 2,
(3.3.7) % (3.3.3) ILARAT UL,
7 (3) (4) (n)
f(z) =f(0) + f'(0)z + 710 2(0) 2?41 3,(0) 4] 4,(0) TR il O n'(o) A
' ' ’ (3.3.8)

=

L%, JOMRPEDFEITE ) VIERZLOPEMEL T, 2=0I1C8F 2 f(z) D
PEDERIBZREIC L T, f(z) 2R THABR 6N, (3.3.8) DRI Z f(2) DI IA—
) 50 RE (Maclaurin series) & MRS, F/o, Bz ~rn—) vifficRT L%, ¥
O—"J B (Maclaurin expansion) &9,

BY 70— UBBOF ~ru—V) VEHOEKEZ DA, ZOEN (LR 2RHEKT
270, Hle—2ATEI ), AITRoTHVWLA, 7 Z2IF, tanz ZfHioTH LI, T
X, tanz OEBEOEEEZ RO L TE R, 2, OATHEETI LR E
BI2b LNewudy™®l tanay OO OMWEZM 5 EREFRMNICEIETE %, tanz OERHKI
(3.2.109) THZMD 223, ZiUE (tanz) = 1+ (tanz)? EHEEY 5, HEREEHEZIL, —
D n=0,1,2,... Ic2VT,

%(tan z)" = n(tanz) (tanz)"' = n{(tanz)" "' 4 (tanz)" "'} (3.3.9)

*50 Colin Maclaurin (1698-1746) 22 v + 7 ¥ FOBFEET, —a— oL iolk,
*BLEFFAG Z ) Mo TIDORDYMDON—Y 3 Y CIRHIZa Y E 2 —F —CRIEICHE L 245812 T LT,
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Rohrd, 2FD. tanz ORXFIFEDWO I tanz ORFELITITEL L L) 2L, Lw
J T EE, (3.3.9) L DR LM 21T, tanx DEEOERIHNIRK L LEETE S, L X
XL s wETRkD S L,

d
—t =1+ (¢ 2
I tane + (tan )

2

) tanz = 2tanz + 2(tan x)
3

d 2 4
s tanz = 2 + 8(tanz)” + 6(tan z)

4

d

e tanz = 16 tanx + 40(tan )* + 24(tan z)°
x

5

d
s tanz = 16 + 136(tanz)? + 240(tan x)* + 120(tan z)°
T

6

d

g tana = 272 tanx + 1232(tan x)® + 1680(tan x)® + 720(tan z)”
i

7

d
S tana =272 4 3968 (tan z)% 4+ 12096 (tan z)* + 13440(tan x)® + 5040(tan z)® (3.3.10)
X

L%, BERMIT 0L ITEST, WL 50 F Tk 6 FRHE O BLICRE 552,

v r7u—Y VB (3.38) 0L BIKiF, 22k =0%2RATEDIFED, tanx = 0
o, tanx ZEERVELEDOBDOIT I TNES, FITHEHBED n 1220w Tk, §XT
o o | S0TBBL 0D S WO MM L < T ko 70
TiE — %l tlbhvnl)ic, LoBOERRBEZA L7012, L) A, TORDOERK
DRI D53 FHEBEICOWT, LB FELEZ CHETho R EZHF OV TE L L,

3

¢ 1 1 & ¢ 1 1 & ; 2 1 d7 ¢ 17
— tanz =1, — —tanx =—, — ——tanz =—, — ——=tanz = —
dx w0 3! dad oo 37 5! dab oo 167 7! da” _, 315

(3.3.11)

Lh%, ChoabEIL, v 7a—Y VK (3.3.8) 2T E T OIS 2 ERILIER

n(z) ==
L 3
3(x) =z + 3%
— 1 3 2 5
75(x) = = + 3% + 52
1 2 17
() =x+ -2+ —a® + —af (3.3.12)

B2 Z2IokFarEa =y —EHvELL,
*53 Li3wvoTh, AR d tanx/da” =0 ZAID 20T %25, dS tanx/dxb 13 tan o I HHIT BIEZ T AI-
TSR DN,
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m

b fd
g 4

3.16 tanz &. 70— VRECTIE o ZOEBIBIE 11 (2), 13(x), T5(2), T7(2) 2\
0 <z <n/4 0BT, ERTHVE, (3.3.12)26bbn2XdIc, 1,3,5, 7 LXEH
ED2Z ERIBDOMEIFRELS LD, b2 LB RZVDD tanz 72, A 1ZFD D HIFELH
DPNTOVLDED, EDOHTEIRTELES>TARZ S, 777 DENAIT>Th, 59U
Tri(z) & ma(x) BTHEL TL 2002 27210 T iz (MREOHiIB T, 131%) EHA -
TWw3,

Zad A
4 2

3.17 3.16 LML L2 D% tan x, 1 (), 13(x), 75(x), T7(2) 2. GHEIF 0 <z <
/2 OHEPT, HRTHiV, 2 S 7/2 Ttane > 00 %22 E6bbR2 L), o
D2 1TED K &L ERIR RIS 2 5,

ZEBRL L), —KADEMRSFL - T, =R, AL BRA LIRS Nk, LT
WEDBDONDEIES D,
K IHBEZ I TH S, tan(0.1) = 0.100334672085 - - - 12X L T, LOZFHA TR 7%
EREIZ, 20 Zh,

71(0.1) = 0.1, 75(0.1) ~ 0.100333, 75(0.1) ~ 0.10033466, 77(0.1) ~ 0.100334672063
(3.3.13)

TH 2, BBIZIBUEDLT M E %L Tw3, G0 DEL, BEECE27259, AL
Z Lk, oD tanx, 11 (), 13(2), T5(2), T7(T) DY T 7 HERTHIVAK 3.16 225 b
Rz,

LA L.z BSKREL Ao T & GERIE EA EARIERIC A>T, & 213 tan(3/2) ~
14112/ L T, BEOERZHE->TH 77(3/2) 2 4.56 TH D, ZNTEEECES RV, &
ZTCHIE, x /' 7/2 T, tanz — oo %2 DIT, (3.3.12) DIEMSLIHAIZ TR THRIC
%D, z=7/2 DL TERPBECDIZSBALDTH S (K 3.17),
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BT 7—%E ~7u—) BETIE, 2=0% (GERD) HFEHRICL T, 2 DXEFEDOM
DIEFREEL (3.3.8) T f(x) ZE LT, a ZEREDOFHEL T, z=a ZHFEFRICL AL I &
ZLEDOD, 45— Th 5, REWICIEFw 70— VI EED 2 LT AR,
B f() DaDEDLHNTDLZEF R EL7-DIC, ELE y 220> Tygly) = fla+y)
LEHT 2, g(y) IKowTera—Y VK (3.3.8) ZEL L,

g"(0) 5, g®(0) g™ )

9() = 9(0) +9' () y+ ==y + =5y o+ Ty (3.3.14)

%, Sl Ta+yZza LRI EICTIUR, y=(x—a) D56, (3.3.14) &,

"(a B)(a
1) ~p) + @) (@ =)+ T (@m0 T oy
£

n!

T (x—a)" +--- (3.3.15)

EVWIHTBICEZPZAONS, TN f(z) Da DEDLH TOTA F—HBRE (Taylor series)
Ths, BBETA TR T I L2 TAF—EBM (Taylor expansion) £\29, 53
hos FA TR (3.3.15) Ta =0 LFHuTvra—) VK (3.3.8) 18T 2,

f331la f)=V2D1DELYDTA I =T, ~KRHB2VIFRETEHTL
ERSER%Z >, 22 AA LT, #2132 V150 23F8E¢ X, (v b /150 =
124/150/144 = 12,/1 + (6/144) £ ZH L T LETHOOEMSERZHE 2, —JOEE 7 & €
DRADKED HEDFRLZ T THKTTE S (b PoTHL) L, MRIFECIEELL,)
A05 EMBDOHIHFAL TAH LI,

332 HERBHBELTDOT15—RE

BT 5—DFE [iffi CIEBCANREE S IEERE T, B TEflz2< 59 Lv ) L8
T, w7 u =Y Uik (3.3.8) 74 7 —#k# (3.3.15) ZE /e, TI TR, 05 DB
BBIZ ED XA ICEERD T oNEDDEARTHI I, BB REEAICHIED Wik b . ZEBHDL
NDEZAIZIFHZBEL TEWA D00,

DIFTid, R2fRICT o770 —) yRBET2ERT 5. bEAHA. TN6DHE
X, (3.3.14), (3.3.15) D kH iz, ZEUTERZ R L TT o TR TT A 7 —BDRERITHIER

*54 Brook Taylor (1685-1731) A ¥V A DA,
BEwFhicE k, v7u =Y VBEL T A 7B, ToLUEC, Aay IV FOBEHRE L I —
(James Gregory, 1638—1675) HICHIH N T Wiz L\,
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TZ 5,

2= VBT A 7B E R BERE S5 Z U TOERE, 52974 7—D
FERE XS, UL, EBICTA 7 =208 L DIRRERBBICOWTOMEL 297, BT
DEIH% (FELD X)) BROFICOVTORIEIZ, HELLBICa—y =005 75
YarvzkoTHEonT,

EE 312 (FA5—DFE) a<0<biT2, f(-) ZBKXME (a,b) T n B THE
HBBET S, COLEALED 0 TR z € (a,b) IZDWT,

7(0) FrD)
TR o s R

EEZY, ZDEE, 0L 2DHOIEBDFIEEE DHFLEL.

(n)
RGO

n!

f(x) = f(0) + f(0)z +

+ Ru(z)  (3.3.16)

(3.3.17)

NI AIRYACN

AEFlEIRI LI LT, 9. EBoBEREIGHZR X9,

(3.3.16) 13 (ESZMEL TEH VL) v 70— Vi (3.3.8) LIZIFFALIEZ L T\w3,
L, BREETTIEEF->TWw3 e, 2L T, BEOEHZTIZ R, (z) &N TS T
EMESTWS, TIT, (3.3.16) ZEHKODH PR E V) K DIE, LA R, (z) DEXETDH
52 EICERL LI, Ry(z) ZRIRIE & W5,

EHOREN 72 FRIZFRED (3.3.17) DL H I n OB THITL L W) LR,
DIGIE~7 v —" VEHO—BIHE BTV 2H, HEEEDGIED 2 TlEHR cLtw) (0L
DIIZH 5 Z LD FISRWETH D L ZADEST0E, FRHEOEN (3.3.17) 234
Z2 Y 1DFRE (Lagrange remainder) &9, 4 HOEM 4.7 (195 R—2) TiX, FRE
DR DE (4.1.78) 2 A 5,

FIED AN, 74 7 —OEHE o> T, (3.1.14) THBEBOMNELOBIfRIC (#% 7%2)
HEWMITZTLTEI ), g() 2 Mo mlae % e LT, (33.16) Zn=2 ¢t L TH®

*56 65 R—P DIFE *88 # W X,

*57 Joseph-Louis Lagrange (1736-1813) A4 # ) 72, 7 7 v AT L B ECEE, Himrssd,
Eorih, W iR, BEnk SISO ERED D 5, BITHERZATOITIE, HoER LI STy T VL
VIR E ST 5 Licn b, HIZHE TR KRB —2b R0 EE2ENICE- Tt v, ¥
Il Ko EEI AR LIC, TRTBRD) DL WIRITINAFECED 51 T L2 EHFL TV Db ),
L L., B RRHEIHRTE 2 5EICb, KiEZH o203 00n EFAZE S 23,

B >0%6de>E>0, 2<0h5r<E<SOEN)TE,
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g(x) = g(0) + ¢'(0) z + O(z?) (3.3.18)

VoL, bbAA, O@@?) 1 FREZEWL THCLDT) T2 LRABED, 22 XD
NS, BUheE) OBKTH S (110 R=Y %2 R X)), XIT f(-) % B o e 2B s L
T,z Z2MEL g(Az) = f(r+ Az) £EFHIH, 2T T Az TR 2EHALTHD, T5LE,

(3.3.18) I3,
f(z+ Az) = f(x) + f'(z) Az + O((Ax)?) (3.3.19)

L%, CHUE. (3.1.14) THEMMOBNEL L MEHOBIRZ 0 b OTH 5, MHH I

BOTTHER: 513 THUNE B D ) © O((Ax)?) 1 (3.3.17) DFIRTE Ro(Az) TEIF 2 ) =
L7,

RERGHELTOIIO—Y VBB P05 R M7 TR f() & o i2ovT,

lim R, (z) =0 (3.3.20)

n—oo

DD SEDEL K, TDEZITF (3.3.16) DEIAT R — oo & T BMBRBENZ DT, <7
0 —Y vk

n=0

f(x) = f(0) + f'(0)

(3.3.21)

DRI & L OB I Bk A R0, CIUET A 7 — OB R L BE AR TH 2, bb 2
Aor (3.3.20) BIKD LB E S hrid. FARIDBIS F() LMD 2 1OWTHED D% S TEES
o,

BV OHDFI BRI E L Co~r v — VO MBNLREZ B OhARTEI I,
F9. b EEELLLEE @ IEKEFELTHVL) EBBRH-T, 0L z DEDEED

ELEEDN=1,2,...Ic20T, [fMNE|<BMPRHVZDELLI (bBBA, TARER

FXIEEWHEDO LV f() TLPHKD i w), T2 &, FIRE (3.3.17) DOffoutfE ik

)

n!

Blal"

$n
n!

<

o) = |

(3.3.22)

LFHEICE %2, B L a BEARMEENS>TH n— oo THAIFXRIZIURT 2 (2.3.2 fiz K
£)o 2ED. TOHAITIE (3.3.20) BIRZ L, MRFE L L<To~vru—Y % (3.3.21)
DIE4LE NG 2 LI 5759,

*59 558 A, BIzow T, [f(M(€)] < BA™ PR IOBAIC S, R VEED x 122 T (3.3.20) AR D 70,
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COGiEDH T E MM LB f(z) = e® THD, fEED n = 1,2,... IZ20VT
fM(z)=e" o, LOERBIE. 2>04%56B=¢"t.2<0%56 B=1E I,
DF e —Y VHREBEED 1 ico W TR E LTS ICERE R0, f(0) =1
ICHE T U, (3.3.21) 13

2 3 > n

X i X
e =1+a+ —+ o +- Z——

45 (3.3.23)

5%,
bEAA, T, HLOEERTIERS, bbb e” DES (3.2.11) ZDH D, EHE
DOMFEL, WITITOVCTOWEZHR, 74 7 —EADOH@mZHEEIE, (528> T,
ERICR->TEebliFe, 22T, ¥ (3.3.23) 2HL DIZfio7Did %e =e*tel=1
DEDDRRIE T -7 EICHEET 5 L, ROFHEPBIZ-EN T 5,

} 3.13 (EHEROFHOF) HBEETHMIAET. f(x) = f(z) BLO f(0) =1 21
7o B f () 13, fEEBAE e 7210 TH B,

RIZ, f(x) = cos(x) H B VI f(x) =sin(z) ELE ) FFED n = 1,2,... IZD2WT
fM)(z) = £sin(z) £721F £cos(z) 25, EOERIZHIC B =1 LENP 0V, [LED
DEDLYTDTA 7 —itRBHBNKS 2 2 LB3bhsd, 7EAF

dr ()2 cosz| _, = (—1)"/* n 23E%
e _ v= 3.24
dom T { (OO s =0 n A (3.3.24)
D& HICHEBE AR L T, (3.3.21) IKfRATIUL, v 7=V UIRE
(1) p20
cosx = Z Ve (3.3.25)

— (2))
BRSNS, ZHUd, TTICHI- T MRHEE (3.2.111) & —3¥ %, FKIC sine D=7
o= URBUE (3.2.112) IK4 5, HEWVIE, RICEHICAR S L W) DI TIERVE, 7/4T
DER# =

—1)"/?

g (—1)n/? Cosm|gc:7r/4 = (T n MEE
x=m/4 (_1)(n+1)/2 sinxlm:ﬂ_/4 = —\/§ n i)S\%‘ﬁ
LEHiid IR, m/4ADFEDYTO AN A DT A T —JEH
_ 1 ro @-%? @-%° @-7)°
“ﬁx—-;§{1—<m"z>— R TR _'”}

ﬂ')’)’L

(3.3.27)

%I
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<
1 =012, #ffioCn=4j%7124i+3
{ J=U%50% fioTn =45 % I+ (3.3.28)

-1 j=0,1,2,... 2o CTn=4j+1 %1345 +2
L7,

ST, b)Y LYLYEICHHIE LT, B f(x) =log(l +2) D7 v —1 V¥
Z2EZE), BMBloge D1 DEDLYDTA T —HEMEFT>TORILI LR, n=1,2,...1C

DWW
(1) (n— 1)1

(n) () —
S () R (3.3.29)
BT, 777 Y 2 DORKRE (3.3.17) 1%,
_1\nt+1 1\ _1\n+1
_Rn(x)—-]'( D" (=D DT (3.3.30)

Tl (aror U T allter
THb, n—00TRy(z) > 0,RIDEIDIX, ZOWERLEZTTIE, T IRIEDLYLS
AR

FF. 2 >008A%ELL), TOLFR0<E<z DS, 14+E6>1ThYH, FIRHEEZ

z" z"

- <= 3.3.31
n(l+&™ — n ( )

EFHiTE S, 0 < 2 <1 THhIUE, RALADTED n 8 2™ IKHEHO>DT,. n — oo T

Ro(x) = 0 &3 2 EDREND, (3.3.29) Tax=0 TP fV0) = (—1)"(n—1) 7%

DT, (3.3.21) £V, log(l+z) D=7 v —Y VL,

| R ()]

x2 3 O (—1)ntl g
10g(1+x):x___|_____|____:Z( )

3.32
5 3 1 (3.3.32)

n
n=1

%5, 2D, 0<x<1OHEHTHAEICKD IO EBbhrot, Flcr =1 &3k,
(2.3.16) THMN L 72 (KR IOR L 2 SR § 2) MERGEIC 2%, —H., 2 > 1 Tld 2"/n
En & EBICEAEARES D00, MRS (3.3.32) IZRL TPCRL v, ZNTH, £
AD log(1+z) x> 1 THELALERIN TS, T4 7 —BEIZRL THETIEZ W
EWnH e,

% log(1+ ) 13 2 > —1 DHEPATERINLE DT, RIZ —1 <2 <0 DHAHAEFARTHL
Vo GEEFz<ES0BDT, 1+E>1+2THH, FIRHEDFHM X

= Ly fz| \m
|R“@M_M1+@"§rx1+x> (3.3.33)

L%, 22T, —1/2<z<0ThHhtUR {|z|/(1+2)} <1 THB*0, koT, ZoHAIK
iIn— 00 TRy(x) >0 %2 EIWRIN, v7u—Y V¥ (3.3.32) 3 E4{kan s,

0 1 <x<—1/2%5 {|lz|/1+2)} >1 EH>TLE). 2=-09 ZRALTHLI,
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LLl, 20 —1/2<z <0 L) HIPIMPERED 2D 95 ?  (3.3.32) DLHLD
TERRAREDS 2| < 1 26 FUCRT 2 2 L, [ 2.3.2.b OfEHEL S § CICHEHTE 2, Z22h
SHH#EHE NG kI, Eix, Blog(l+2) Der7u—Y U#¥(3.332) 13 -1 <z <1
DD T XTD 2 ITBWTIEL WD THS, ZIT, —1<z<—1/20D580HNTSE
o DIFHICS 75 v 2 2 DRI (3.3.17) 23 (€ BSbh bR\ E v ) EKRT) HHRAL
Eolehroll, —1<z<-1/2D5EICbn—00 TR,(x) > 0&4R2Z LI, 414 HiD
Bt TREM 4.7 (195 R—2) TORIERHED I DORAZ > CEEVIT 2,

i 3.3.2.a £ 3.131C%56-5T, cosz & sine ZWOoOWE MO L2EZ L, —
DDA EEEDTHOD ) DBRA Vb,

B 7—DEBEFRERX 74 7—DEH (3.3.16) 2 H TR D W T ORI 2 A%
O BIENTEDL, ZOoDHl%AZT, 2.3.2 i CIEEIC % > T B D F & PURDFE
AL &9,

T4 7 —DEM (3.3.16) T f(z) =log(l +x) LEPn=2,T5L,

.1,‘2

2(1+¢)?
EVHFEAPMEOND, 2L, £130 L x DBDFEE L VI LT TIEMREIZOD S R\,
ZIT x> -1 ERET S, £> -1 £25, (3.3.34) OAEHE I (HEH2 6 k0D
GROBADETH S, Lo T, fFED 2> -1 1TV THE R AER

log(l+z) =2 — (3.3.34)

log(l4+2z) <z (3.3.35)

DR E 761
COARERZMH £, 84 =Y DEEREL (2.3.13) IFHET 5 2 L ZflHICRT Z £ T
E5%, (3.3.35) KOEEDOn=1,2,... 12T

log(n + 1) —logn = log (1—1—%) g% (3.3.36)
Thb, ZOMAEn=126n=NFTRLHITS L.
iy}
S(N Z;ﬁ 2;{bgnmk —logn} =log(N +1) (3.3.37)

EWv) ., BBOETETOMIIOWTOTRBZE NS, AIOKRED (B L &EZRVT)
ALMLAYIZE, log0=1ThaZ a2 liot, HUIIN EEBITWLETHREL RS
DT, ERIEL L+ (1/2) + (1/3) + -+ - DIHWMT % Z LW ISR I Nk,

*6L A2 ¢ (3.3.35) b, KIC/ART (3.3.38) b, BAK M il 2 IZFHHICRT 2 LW TE B,
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MVWT, s > 1 D& FIC (23.14) OMBRBLRINRT 2 L2RZE), ZDdDIT,
a; ‘= 22:1 n=* TERINDIBI (a;)iz12,. DPA——FTHHIE2ZRT, a=s—1>0
BLUOn>2LL7T, flz)=n+a) ™ L)z EAL) (@3 o> —n 2
T2), BEIARODREZDZDIETZ2HATOUL EbD 2, fl(z) = —a(n + x)~ (@t
() = ala+1) (n+z)~ @2 226 74 7—DFEH (3.3.16) Tn =2 (2D n i3 (3.3.16)
ICEET 5 n T, 22ThOn &FH) £T5L

—(a+2)
(TL + x)—a —n~%— an—(a—l—l) T+ Oé(Oé + 1) (n2+ 5) 2 > n=% — an—(a—H) T
(3.3.38)
EVWIHIRERXPEHOND, 2= -1 EBVLTEHETS L
(et ¢ (M= D70 =0T (3.3.39)
(6%
b, Ik n=i+126n=7 FTRELOIFUE (XL 0<i<y),
J Z'—a _ o«
Yot TS (3.3.40)
(6%

n=1+1

) ERBEONDG, TORERDLUIE aj —a; ZDDDT, AHLIFHS ST 7 Ja UF
AN

0<a;—a; < — (3.3.41)
(0]

DIRENT, i ZRELTIUILABIZ L 5THNI K BZDT, B (a;)ieny 32— 7
THHIENODD, LoT, MR lim; .o a; MFEET S (D F D, HERHEL (2.3.14) 1FIH
bg_é)o

Bl 3.3.2.b LDEZZEDT, EED 2> 0I1D0T,

x? 2 28

log(l+2x) >z — e log(l+2x) <z — o) + 3 (3.3.42)

DL BRERPRY IO LRFE, JITyKowTHAUEREE L,

Br1S—DEBRDIE EHENLBRICL 28> T4 7 —DFH 3.12 2T 2, FEHR
DN ERE ) &, GAEIHIZE 2 EWENTHIRTS B,

TR 312 EFRRICa <0< b 272 T B a, b Z[EET 2, HEHZRIZT L7720, >0
DEHICOWTERZIEHT 2, 2 <02V THAEHIZ > FHL,

F ROV CLDEME RS,

*62 Michel Rolle (1652-1719) 7 7 ¥ 2 D,
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T 3.14 (QLOEE) F(o) ZBIKE (a,0) EOBOTRET F0) = 0 27 TR E T
5, 5% ce(0,b) IZDWT, F(e) =02 VD%, € (0,¢) WEELTF(E)=0¢
%%,

G S LEEO 2 € [0,d IKoVwT Flz) =046, bb2A Fl(z) = 0 THEEIE VA
2, Z2ZTCF(@)1d T™ORIZOICHELY) 2EEZVWETE, $oL0THRVRS, i
AR D AR 22 EE (98 R—Y DEM 2.28) 12Xk D, F(x) ¥ (0,¢) DE I TRAfER
WLIRRNMEZ &5, RICE € (0,c) TIRARfEZ E2ELED, 2D, EED 2 € [0,
ILOWT F(z) < FE)o T2, 2 < D0 TE {F(z) - FY(x—¢& >0%DT
lim, e {F(z) = F(&)}/(z =€) >0 TH H*B 2> 1conTE {F(z) - FE)}/(x—€) <0
DT limp e {F(z) — F(&)}/(x — &) <0 THZ, WAAREE VS T LIFFEMER & AHRERAS
—HT2DEDS, F/(€) = lim, e {F(z) — F()}/(x— &) =0Th 5, MIDHES -
7 kg,

RICa—y —DEMZIRT,

EE 315 (A—>—DFEE) g(x), h(z) Z2HIXH (a,b) LTI ATRET g(0) = R(0) =0 %
7z TR E T 2, 5 ce (0,b) BHY, ALED z € (0,¢) IZO2WT ¢g'(x) #0 LT 5,
€€ (0,¢c) BFAAEL T

Me) _ W) (3.3.43)

N AV RVAON

Gt F(z) = g(x) h(c) —gle) h(z) EBC &, BEHOEMAELD F(0) = F(e) = 07956,
OLVDEHED £ € (0,c) BH>TEF(E) =g () h(c) —gle)h (&) =0 %%, RELD
g #0%»s (3.3.43) 21582, 1

PLED#E 2 LT, 74 7 —DEMZINT 5,

" (n—1)
R(z) = f(z) — {f(O) + f(0)z+ / 2(!0) a? 4t %1()0!) :c”_l} (3.3.44)

5%, Rx)dn—1RETDOTA 7 =B X 208D T80 ) (FRE) Ths, HS
212, R(0) =0, R™(0) =0 (m =1,2,...,n—1) BXK® R™(z) = f")(z) B Y 37D,

03— 2 < EITBWVT g(x) > go &\ I AFRHELY TR, ZEBBRICOWTS limy, ¢ g(x) > go DI
SO, U, EEDSEHICR I NS, ABELEBRICOWTHRRE, £, AERoMELEL LT X
W, (L, 2 <€D Tg(x) > go BRDIZ-72E LTH limg ne g(x) > go 13E AR\ T EICHERE,
CDEAEDS limg e g(x) > go LB AR,)
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hz) = R(z), gz) = 2™ &, 23— —DEMOZEMZ2MELTWE, 2 23— —DEMD ¢
i, e (0,2) BHoT
R(z)  R'(¢)

xn nCn—l

(3.3.45)

L%, 22T, h(z)=R(x), g(z) =na" 1t c=( L BL EHT - —DEMDOEMAD
7= IN50 6, ne(0,0) C(0,z)23dH->T,
R _ R _ R 510

zn nln-l n(n — 1)pn—2

ThHb, Rlx) DFEMHE»E, TNELERILILZEWTn RIS DPATIENTET, ToE &
C €€ (0,z) D3> T,

R@) _ _ R™@E _ [

(3.3.47)

" n! n!

LB ENbDD, ChED R(z) ZRoOML, (3.3.16) BRSNS,






171

B4 E

—RHEB DR

ZOETIIRETERD, Wy E L ICYHLE R DIIZBADEED T2 E1E) T
b5,

BT TR E RO, b ABBEb Litky, LrL, 20
ZIE (—ZBBIBICOWTZIEL WD) BEaDEERL LTELIbLIBWVLL, %
BB ORIz GBI LRV, MaoLd T5 &8, Zoko L k5, By
DOF TRLE) 2072, 3IIDPLFELIEAE., T2 a0 TR LIS, GHEE
ZFEDTDOVBETDOUERTH D,

ZOFETIF, F9 4.1 BT -EEBEEOR Sy OFEBEN MR T TSI 22 b
L. A2 i BN AR OFEIC O W THBI M 2 WL TEEL L dRB,

o RYERM LDRHERH (KOVWTDOXREIBAX—V),
o BA¥ DM,
o SRTHICDI . EFNLGERZEES T 2EM (—TENIE),

41 BHOERE

OIS OREAN L ERCEH, 2 LT, BEAMEEZZ LD S, oLk, kicH
Wik iz, TS TR LTS, BfEfchr 2tz Lonh EHEELZZET, X512,
R T oW, W) EZDRILT DL EATIEL L,

4.1.1 i CYPRIN 72 3% TR D IR 27 2 7 2 B R 75, 4.1.2 B CEBCHINIC R 72 i
BT %, Fric, HEHEEES T TH 2 L) EELEH (179 R—=YOEM 4.3) %
AT 5, 4.1.3 i TR IO OML 2 HE I 4.2 fiTo BN ZRHE ORI D, RED

1 Z pBEORR & EMIZ OV THEARF LI AICE L DI EREI TR W,
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4.1.5 fiCld, MOORMAZEEA T, T4 7 v 7DTNVIHEEZMENT %,

411 BREEh

o oW L GEE 2 OMEZ ) . 1 RGO MR Z BT B URORL
THMGH 0 2 SRH ¢ DHIITHBE T 28 2(¢) IOV TEA LB SETZEAL L),

B—EDREREDHE U hEioH» oD%, KFOMEIE—ETORICu IKHELWwET
%, v9 IFATHDEOLRVBHHOLOSBEDERE LX), FEl 0254t > 0DdH\w»

PSR TH58) < BEBE 2(t) 135 B 5 A
a(t) = vot (4.1.1)

THb, MNERURELR L AO THHEE =# X x K, tv) Taky #2238, 2L A
FEOEHREEZDRELL S, B, B 0 KBS« = 01202 & T, o(t) 138
Nt 2B BRI T OIEEETH 5™,

RIZH LTS DETCRuf] & LT, MENEHORL AR E D 255 %% 2 TH
9, t>03RBOKRLZEDLTDIH>TREH5, Yansils L2 T HRoD
B s LB, 2 LT s TORTOMES v(s) &L, 2 2HIEIE,

U(S):{UO OSSStl@&.% (412)

v 1 <sDEZE

Thsb, 2T Vg, U1, 11 X IEDEHTH 5, O% *)H%%J#O "o tq i‘(@%b)fi*ﬁ?@ﬁg
vy THH (t; THEDPHRITHENED D) Kl ty K DB TIEEEIZ v L) T &7

ZDEAICH THEE = #H S x Fff]) 2 TENTS, t 23t KD REVLD/NIOPITHER
EEUER

| 0<t<t DL
mt:{m =t=n (4.1.3)

U0t1—|—1}1(t—t1) t1<t@k?

L5, BT D_OHTIZ, ZNENOHEEICZ DHETHEINTWL R REZ 2T w5 2
ENTHER,

E7. (4.1.1), (4.1.3) OFLHFRAEL, WFE 2 A, 2 & > L SHE 2 ERDT S
7 7 LI S F NABEOMIEICHIEL TWw5, K41 2/ X,

*2 Wk B 2 ERIVICEIRT 2 HHED Z L, 6.4 fii (361 R—) Rk,

*3 po DL S x WDADH IR TMEI L 21T, baiic, BEOWHo ¢, ffiHlorzo, TAE2E%
bRVHACHELZEHRICT 2720, LI EKRT MO, HS I EWH S, TORBUIETED “for
simplicity” & IZIETERICHIGL TV 5,

RO Z J71F 6.1.1 HiTREL CHLD BB A, T LT THRIEIZRWES T,
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(a) (b)
U(S)A U(S)A
Vo Vo
U1

0 t s 0 t t s

X 4.1 KToOBBEEME 77 70 6% % 2 HBOBK, B kR, BilhcoREz Lo
7o (a) R vo TR t DH\VISET) L 72 & X OB 2(¢) 12K OO RSO HiR
I LW, (b) BEDNEHTEDL BHITt > t1 % S BEIHREE z(¢) (F =2 DRATBOHIEIC
NS L v,

BEEHREZELRTZIES XKIGEEIME (FRIZ) 2T 284682 %> Th0R0LDl
2, AEE LB EEDL S\, S0 ERITHEA T, RO v(s) 2% s DRISE »
VGG, I EEBEBOETD "Ry 72,

BB I I R D 412 fiicEb L, 22 TRRe»ICHERZED X5, IT Tk, #E
v(s) 1 s DHEFEEIB EARET 5. %HO#%%UtiT@%wf@M?@@Eﬁ%ﬂ) % 3K
DI, i) DFIEARICIT THHEE = X < B & v UNERBISED) BRI 72,

SEEIGEEDR 4 Z %2 EELLCLE)DTLRP VDS, I KEREAREN 2-7T.0
26t ETOWMZE N %935, E L1200k EZ 6 =t/N £ L.i=0,1,...,N
IKRLTt,=i6 LEDD, bbAHA, tg=0DWHRZIT, ty = N6 =t DERBEDKHIL,

ST, ELDDORH tg TORTDMER v(tg) TH S, RICKIT2IZ D F F DML CH#E) %
W27 e, (KDY 6 2o 7) Wil tg + 6 =t T TOHVEOBEIEHEL v(ty)d &
AT LIRS, RiT, Kl t, TORF OB v(ty) 72, O, W22 OMEED F IR 6
DHWIEENT 2700 v(ty)d DEEBEZ UBEIT 2 2 LItk %, RiFEDORBEEREIR, KA
0 6RZl ty FTDHVIIC v(tg)d+v(ty)d DHHZBEIT2 L W) T Eickd, AL
ZORT 5L )RR, KZ 0 22504 ¢ =t FTOBBIEEE

N—
z(t) Ev(te) 5 +o(t) 0+ +olty_1)d =Y vt (4.1.4)
1=0
ERBbOoN S, 7L, —MRICHEE o(s) 1ER 2 X4 LZ28(0T 55256 (4.1.4) DREBED b IFIE
fECiEZzw, MEZENLS 5w Ty 23H D 5 2072,
Kl to 225t £ CORHRIEZE 2 %, ZOMIGHEEIR EBHIEE ) R 20005 R0D)
v(te) 26 v(ty) BT 2, BEIEEEZ v(to)d LIZRR 2D EL A9, 22T, K

)—‘
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DS ZEAEAMNILSTEIEREZD, v(s) IE s IZOWTHERADT, 29 TIULKR 6
DD v(s) DEMZEALEAMNE S o THE, KT v(ty) &) FlcHI < & L7ER
iaA&AE% BoTWL A, BEEEED § ([ZHBIT 2 FEET I o(te) d 127D

S ICHRTNIVRICR 2 EHIffE NS, 787 D05 o(6) (110 R=Y %2 %) %

@zci‘:
(B0 tg 55 £, DRIOBEIRME) = v(to) 8 + o(0) (4.1.5)

EVH)IETHD, bARAIC, L v(s) DS s ITDOWTHITAMRE & ARE § UL, K 6 DI
DIHREDZAIE O0) DT, (4.1.5) DAAIZ v(tg) § +O(5?) L TEZ (ZDIFH D Ty
Z & D/ EBES 2V EH)

DRSO WTHHRL 2 L0 206, F-o & x CKHI0 26 t ¥ TOBBIEEE
I, (4.1.5) IcH[RER "9y 2R ma <,

x(t) = Z_ {v(ti)d+0(d)} = (Z_ v(t;) (5) + @ (4.1.6)

i=0
LEIT B, mEIZ N =1t/0 2flio7,
lims_p0(8)/0 = 0 2% 0(§) DEEE > T L2 HHHEIE, (416) TN = 00 (D% D
6 —0) DHRIRZ &L,

N-1
z(t) = lim v(t;) o (4.1.7)

N—oo 4
1=0

LVWIAERRNESNS, T, HEL LT, MER2H-> CRBIEHL kD 2R ThH
%, BOFHTPHELALLEBD TIPS AU TRLD TS, GHHEICE>Tw 3,

B OEGERIE v(s) 1R L TR (4.1.7) DFAET 2 2 & 2 4.3 (179 =) T, £7-,
z(t) % t DRI E BT TIUSTEIC R - 78 o(t) BN 2 E — DF D a(t) = v(t)
bl — HEM 46 (187 R—) TiHT 3%,

BiES. EREOREFR (4.1.7) LTS L TS TRL LiF5, stE20LE LD
2L T,

t
/0 dsv(s) = ]\}gnoo Z du(t (4.1.8)

LV lETED T, AdMJ VIZBIE v(s) D05 t ETOEES. H50iF, HUCERL
WX 2 (B R ERE 4.1.2 fiicidR3),

S YBADIGHEEZ 750 o7 (HEHO L WETH 5,
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4.2 ROHEEDRL s TOHE v(s) DV 7 7 ThH 5, Ml (4.1.4) BIKEDOFITE DK
WOREOMA LR TES, TITIEIN=T L LT,

A0 KR ZRTE ), 9 [ 28 T B0 b0z2RdZ, Ew)ES, &5
I [y Dk ETICHEZIEET 22T B2 005 t ETHPLADSRT, L) T
EDREIND, £, dsld Ts L) BHZENT) L)EHETHD, TIiTdsvu(s) &F
(2 ET Ts o3t (D 6 1TRIE) & v(s) (FHED v(t) ICWin) oz L B
51 LVI)EKRICE STV,

WM DR df /dx 23 Tdf #5 de LI TlEReo LFE (112 =Y z2&/),
ZTH ds DS D DERTORNR E Vo7 T EIFH 20, fg dsv(s) &\ Glaaikds
(4.1.8) DAHADH EMRZRILL T2 EEZ LD 0ES9, #E, (BKTIEILLH
FEEH) HUETZ f(fv(s) ds DE )T ds ZREBEICECTRDOTILLH S, ZOMHFIX
EL5HToEbR0AHT, LHEMS (9 %) PHOROMSS (10 ) %4 & CiEMhEL I
FHLSPEGELRDT, TORTIHFEAE LTds ZoaicHERED .

BHrs BEOEBENR) 135 —2% (133 #Hi#RE) THEIEICHERELEIY, ZhiZ
oo (BENL) E5% (4.1.8) DFUIC s EVRIEENEL LBV Er S bHSNES T,
0705 ¢t FTHETUTSRHEZKIC s &) AHTTHEA T, v(s) (HUNEIRROIEZ 221772
D) ZRL EFTw20TH S, 06, BALBICIZEALANTZOTTH KL<,

mo:[;mmgzéﬁm@gzéhwgpan (4.1.9)

EFE R I HICEEZIONS, —T, EOoO#IHZ D TS ¢ 1R T-2558EE) L T 2 IRFE]
RIEET 2 THE, BEcdh s, BB LADONE x(t) & t OBSICE> T3, t ZBF
WCABDZENCEHEESHZ 5 2 EIFTE R,

*6 3.1.2 fliOE%E THIRARLD, WA E VLI BFEMZ L ds ZDLDICEHRE R L HTED,
T rizwz, BBy f; de{f(z)g(z)} % f; f(z)dzg(z) £FEC T L iFFMA N,
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0 13 § 0 t S

4.3 (a) K42 EEURICHESEE N = 14 1282 L7z, (b) 5%z LA LA
L T\ o Rl A M O HRE OFRFNE X D JK Do DIEEICIR T 5,

D v(s) DEZDH 77 706 F LM EBIFRL T3,

FPMRZMAAOM (4.1.4) 2R & 5. HMEZEE, RilHZ2BEIC L TROT &, KXl ¢,
COMEL ot;) & WG 5 OB o(t) 6 1. B 42 10H B k5 %, BINKORE @EOES
W) DWEREICAR2, XoTH (4.1.4) 132D & 9 ZEMOHEBEORANCE L v,

SEBN #KELT2E0H 2 Eik, M43 (a) DX ic, HitoBEMe LIRER LT
W ZEITHIET 5, ko TR N — oo 2 &1L, EiltomEOBANZ, X 4.3 (b) 12K
TR L — 203, o(s) D77 7, R, s = 0 DER. s =t DEMTH £ 2 HikH
ThHb — DHEICPNRTEEEZ NS,

CZETHE o(s) EORICIEE LTERD, b5 2A, u(s) BIELADEE & 254 bk
W E o FUE, IEDOME L ZWIRDBEEOMEAE Z 2 il 2 L Thh, ADME
LI EIES 2 ETH D, B ZEDEE (4.1.8) Tk o TERTE 3,

—ORTRL LD, HEICX2@RTH 5, BEIAD L ZITIE, 777@%&iéﬁﬁ
79 ATH, B «@#5i74%x B, DFED, BEL (—RICIE, BT LW BIE

7)) IELBDOMEEIS & Fi2i, By ki777#6&i%ﬁﬁﬁ%@ﬁﬁ n5DTH B,
X 4.4 72 H X,

412 BAOEZBGEDHZVL

B DB D P ITHED 9, RREAINICES 25208, 20Th (WHEADEHIZE -
T) ALETICEAAE RN & THE OB ADEFRE X D IET > & JRAMILTITE > T
21337 (EB-oTH, bbAA, HEIIIR-TwREWL), BLIKE->TO—DDHEZ
HER B TH D Z L2 RTEM 4.3 (179 =) 2, Z20dIC "THITE S,

EVIDIFEI V) TEDPERATHIEDPLIRDELI,

WESTREY FEHMEZ L2 -ZBEK f(r) & a < b ZHRTER a,b ITOWTEBED
f;dxf(x) ZEEICERL X9, o DR, f(z) 25 L IZRS Bvwoc, BEEEE WO R
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Md4.4 BB f(x) D77 706 EF 5 KEDFHROFF S M S (KD O [
5 WO RO FEROTIR 2 5\ 25t 23T [0 de f(z) TH 3,

AT IETE RV, K 44DXH1C, f(x) DT T 7., xHill, z=a DEKR. x=>b DEMICHH
FNHERD RSN EOME, 2RkOMELLEEZLILICLE), THEHES v
DiF, M 441TR L&)z, f(o) BIEDE (GRCIKEOMHE) OHEIZZ0E £, ADfE
L2 (BOKEOHR) OEIcii~A FRA22F2E0I T LETHS,

72720, f(z) DM (8dEz & 2) BIBoLG. 77 700 E £ 2880 T, 2
FHEICEI VI BDRDODPBELERINTORWI EISERL XY, UFclEszEMbT
5L 2 EIFRNEKIEO T 2EEICERTHIETHLH LD,

HIOH & FH U & 91X [a,b] 208 L CHEtomEZ R L B2 &wvw) HitTilEd 5, 7%
720 (4.1.4) T, KEZZE2ICEHFECEL, £, SO 2k 2 DIaHE L 72X
D—FLETHHM L 7B DM (D F D v(t;)) Zfio7-bIF D, FEXTHIUE, ThiEdr kD
RENESERTH D, DEIZEREIC L 20> 0, FEltOES 27 &£ 23BN o d
TOBBDMEICE 576 E) 22D b5k D, ZUTHREVIELDL->TLEI &I Tk T/
S EMEE FEETER N,

20D, TITIEbo LN EMEEZS, FTXM [a,b] 2 N HOXEICHET 5,
N+ 1D xg,21,...,28 Z 2o <z (=1,2,...,N) Zii7zz3 LIt 3, Mmoo
Wlldzg=a,ay=0%,T%, INO6DRZFELDTx = (21,22,...,0n) EFEDHE LW
9. ¥, i=1,2,..., NIZOWTKM [2;_1,2;] DRIlE%E 6; = 2, — 2 EFL, 61
01,02, ..., 08 DFTRRDD D% dpax(x) £ET 5, RICELADi=1,2,..., N IZDOWTIX[H
(i1, 2] DFPSRERE € (151, 7;] ZERIGEATL 5, & 2o CHEMOREI 2D
20CHS5, NHORERZZTLDTE = (£1,8&,...,En) EFHL,

gl EREREEZBAL S, ZUTHIGT 2/ (V=< fEMIENS) %

N
See =Y 0 (&) (4.1.10)
=1

B TLnWTE) Edilr, TR E TREER Lo E,
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54 Ty 55 s E

£6ﬁ6

O] 2oy &2y €3 23
||

4.5 %%’IJ T = (320, Tly..- ,.’L’ﬁ) kfﬁi@)ﬁ E = (61, e ,{6) 6:5@‘[13?%%[1 Sm,g ﬂi%ﬁﬂﬂ@
it SmEORMTH 5, HoKEODOHMOMEL 7 7 A, WK EADEMOmEE X< A
TAET D,

LEHT B, i HHOMOWD 6; TS A f(&) L) Zer, M45 2L,
InsiEMtofMomE% X 4.4 ORKEDOFERD (FF54 %) WL %1k, Mito

iH. D0 FHLZKMOEI 2N TuT kv, Z0UE dpax(e) = 0 2T 5095 2k

72, ZOMPRTH Sy ¢ D3 —EEICHURT 2 7% GBI f(x) OBEDWERTE LI LI D,

EE 41 (BOFIREEERD) a<bi7T%, §>0I1XRHL T, dpax(x) =0 272 T2T
DR#E e EZNTHIETE2ITXRTOREREZEZLS (DX L EI3MEBUICHS), 0
EERIGEDTEE, INO6RTD x, EIXDWT, Ml Spe Y (z, E ITRELBV) —E
EICINR S 2 7% 5, BEEL f(-) 13X [a, b] THEATAEE (integrable) » 2 WIZAIBRTH 5 & \»
Vo Fl, ZOMmEE

b
/ dx f(x) = }ii% Se.¢ (4.1.11)

LHEL () DX [a,b] TOEMS (definite integral), & %\ 1%, HICHES (integral) &
5,

EHOY [Pde f(2) 0BV, a 2 ML b & B o 2RIOERL () ZHERBIK L IR,

BEICHEBE L L) ITBEOERIZY I — BB DT (—E L) MOBBLICESHAL TS kv,
EER A1 TlEa<bDHEERE T2 72D, 2N UHNOBEDEE DT IEUTD X ) ITEERT
%,

0 TaHs b EFTORIT LEHIIELH,
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EEK 42 (EBOPOERDOHR) a>bTHYH., f() P’ [b,a] TRAAEER & ZITIX

/ab dz f(z) = —/ba dz f(z) (4.1.12)

EERT D, $72, a=b7%5 .
/ dx f(z) =0 (4.1.13)

£9 %,

a=>b7%5IXEIXMDERELR D5 (4.1.13) Fbo b5 L, (4.1.12) DL—)L
DIFHFZIUEEHS D2 TIERWES S, 21U, W 220K (&2 3oL —
(4.1.35)) D3 UCHNIT 2 kY IcTRE N THBRHHL LE5ATVRRERT,

ED XD BB IR L WRTEE D, WHADIGHEEZ RS, ROEH%Z
Mo TwiuRizE+o7ch 3,

EE 4.3 (FARXE LOEFGREMISTEAFEE) o < b &9 5, PAXH [a,b] TR
Bf() BREIHRETH B,

N SEM 4.3 % “BEICOCEEHT %, Lz A CHEIEEHZ L IX LT 182 =Y
O TTESTHEEICOWTORE ) IOEATHLVWE LS, -, GFiHZ%REE4 (kb EHE
7)) HIEOMRRORERZ 721 25iA T (XD M) BEEFEIELTHunhy Litky,

MEROBR £ 41 Tl 55020 2 & ZHUTNET 2 REHOEDS € DLTE
EAHI LI TVD, Lo LoEOL S oRFEOEOH IE T I D, £To
WIEEE2 2% ELEbNS LENY 5252, AHONETE, &b < 4l e R
& BARINCED T, B (O DB DEET 2 ERRZ T,

F¥Hon %2k s, KB [a,b % 2" 9T 270, i=0,1,...,2" SKHLT

znai:cr+5“”i (4.1.14)

:L'Z(-n) =a-+

LEHET 2, 60 = (b— )2 BAELABMANKEOE TS 5, i 2 = a BEO
2 =b tBoTws, ThEHLT

2" —1

Su=3 80 fi™) (4.1.15)

1=0

EWVWIHFZEET S, K42 EHLYA 70 THEMomEBEDOH, Th 5,

HE 44 f() D [a,b] ETHEEZR SHIR S = lim, 00 Sy DEET 3,
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EM 43 DIHE VI BEILS X, T LR IMETH S, L L, BFAWITENE Z A
WZZELLRCDERS, i 4.4 12 %> TEBEOMGERBEBOHXE L TOBINEE 2 2 &
RINTEHS>TH OV, Z2H) VLI EKRT, ZOMEIIAEWICERETH S,

W 4.4 DFE 2 B (S,)pe10, DA =2 =5 (65 R—YDEE 2.12) TH D L %M
T2, 28, EB 21310k D, fTCHES 2H5ATH, S, 28n — oo DMRZ LD &
DRENS, Zna—r —SoanE7,

TEED e >0 LT (FFICKER) NDBEEL, n,n' > N 2/ 3EED n,n' 125
VTS, — Sp| e BIRD IO ERTT,

FAX [ E oo B% I —RodEfi cb H 2 £ vy B8 230 2wz 9, ofbh, FED
€ >0 LT >0DFEL, |z —a'| <& %B5IEBT |f(x) — fla')| <& DR L+,
ZOREEEHCTEEAZED 5

BZoNTEED e >0ICHLT, & =¢/{20b—a)} ELED, 2D ITHLT, f()D
KR S, H2 0 > 0MRES, ZILES, 27V <§/(b—a) BliRTRADIEE
BNZED, LTI NIZZOMEICEHEINT VS,

n>N& 3%, B¥i=0,1,...,2" —1%i=2"Nj+k (=L, j=0,1,...,2N -1,
k=0,1,...,2" N 1) £EbT LT, (4.1.15) OHl*%

o2N_1 2n=N_1 "
Sp =0 )" j{: F@glniir) (4.1.16)
7=0
LHERXEZH, 0N = 2N 5 o iE UL,

oN_1 on=N_3 2N 1

n n n)on— N

R D VYRR WE
j=0

2”12”1\’

_ﬁM)Z: E:‘{ gh@%) ﬂ%mﬁ (4.1.17)
Jj=
}:‘Mfi“@? %o Z uf%é’éﬁ (4 1. 14) c}: D x;Z)_Nj—i—k _ng) — {(b—a)/?”}k 71«:\‘7\))%\ k O)E(

WIS |25 — 2 < (b—a)27N <0 ThH B, Rk D

Flal ) = feM) <o =

2n=Njtk J

=2 (4.1.18)

Welg bofioTLE272DTe EWIFHLLERMI>7, BT I4 L2012 LENRENRZESHIT T
7’;“)0
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BORS, koT, (4.1.17) OSHfEZ L h . SARER (2.2.47) XD

2N _1 on=N_1

5, —sN|<6<n>Z Z) 2 ) — F@)
Jj=

2" —1

(4.1.19)

PRIN5,
EED n,n' > N IZOWT,

1S, — Sp| < 1Sn — Sn| + [Snr — Sn| < ¢ (4.1.20)

BDT (Sp)neto,.. Ba—>—dlThHs tnnsnr, |

H—#RD57E (FIE 4.3 OFEA) —BopdEl x L RERDEOTT & 2o, EH 4.3 ZFEH
Lk, BECHIME 4.4 12 X DREER S = lim, 0o SO ODFEDRIN T 5O THEHIZ (%
ZLwiny) L IERw, ko b 25@E U ME EIXL T VL EES,

UNCE, fEED e > 01N L T, 6 > 0DHFEL., dpax(x) <6 272 TRTD ¢, €122
VT [Spe — S| <e YO ERFWT 2, hid, THTWLY) T§28IEd 7k
. Omax(x) =0 2T TRTD , £ ITDWT, Ml Sg e DI—EMIEDL ;) 2 LD KD EE
BRITH 5,

Db f() O—REEEEE VB, e > 00RO NAEEE, & =c/(b—a) KR LT
§>0DFEL, |z —2/| <5513 |flx) - f(@')| <&’ BRVIOEVI T L, ZITE
W7z 6 > 0 IFEEH L 2 Wi TD § Ik %,

Omax(x) < 8 ZWite THEEODH . ZHUSHIET 2EEONRES £, 2 LTEED (KE
%) IEBEn &L, 2z TG T,

I = {j e{0,1,....2" =1} |2l € [xi_l,xi)} (4.1.21)

45 (@ i (4114) TEFELE), 2nT{0,1,...,2" -1} = UL, L ok
(0,1,...,2" — 1} BEAD AHMSNF (2 RMHARERS 22580 &£ L),
INESEAL TR (41.10) & (41.15) BHAIE

{00060 = Y32 0™ £}

i=1 JEI;

= i{ (5¢ = 5(”)) HOED IR (f(&) - f(a:ﬁ-”h)} (4.1.22)

=1 J€I; Jjel;

Pﬂz

Sm,£ - gn =
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EEIFB, 22T, EEPSHL DI
‘@—ZW)
JEI;
THO ., TR () XM ETRAME FAMEZ RO Z & (98 R—Y DEH 2.28)
Do, HBEEE frmax 1IZ20T

< 6™ (4.1.23)

| (&) < finax (4.1.24)

BOZB, ol jel 5ol o e lrir,2) THBI L, &€ fri1, 2] THHI LD
5. 16 — '] <6 < Omax(®) <O THB, ko THRMBEED 5
(&) = )] <& = /(b —a) (4.1.25)

B0z 5, (4.1.23), (4.1.24), (4.1.25) % (4.1.22) IZfRA L TEHE T UL,

N
|S.e — S| < Z{’ai ~ 36
i=1 jeI;

2" —1

< N6 frax + > 6" = N6 ooy + & (4.1.26)

j=1

F&) — f@™)

&)+ 6
JEL;

BRSNS, TIT (2, ERZDEEICLT) n— oo T, HERE 57 [Spe — S| <e
PDRIN5, EH 4.3 EEHI N,

BESTHEEICDODWTOEE L LAA2TOBED (FE 4.1 DEKT) BovfEE VI b
FClE v, BOARE IR WAL E LT

N K
waZ{)xﬁﬁﬂﬂwk% (127

1 xMEHED L =

EWIHBEEDD B, o DEMBPEBEDTNI NS L0 L1 DEZITERT D, R DIEN
BB, b b A AR TR Ry, ZOBBOSA. X [a,b) DEEDHE 2 12k L
TOREREG 2T XRTHHEBIOERIL Sp e =0 %2 L, TRTHHEBUTERNIE Spe =1 ¢
%, EARNS IR M E D080 EEEN TR E056, WL SE %
L TT->TH ZORIIZED S R DTH %,

72720, ZHUR EWRN BB~ DIGHIC (HARWKR) S5HT5 2 LI3IEIERY,

HHETIZ R WOSET AR B E LT, 12 E A EM D HTED, — A2 CAERLIC 7% %
Bz A TEI ),
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a<b<cZiifTeTER a, b c2lD, g(-) % [a,b] LTHFEZRBEE. h(-) Z [b,c] Tl
7B E T %, [a,c] LOBIEL f() %

g(z) a<z<bDtZE
fl@x) =< fo r=bDLE (4.1.28)
h(z) b<zx<cDEZE

KD EDD, DREHTH S v =b TOHBDIE fo 1d g(b) Tb h(b) THRLSFDOHRD
EBTOLEDbRY, ZOLE (1) Id]a,c LTHEAAEETH D,

Zfdmj(x)ZLAbdmg@j+lécdxwa (4.1.29)

N A RYASN

AEBH C M DENCH A 7259 L, FEBRICUZ DETR DD, KOO ERITMIEICHEHL T
B9, Xl [a,c] DIEEDIE ¢ ERIGT 2RER E2MET 2, 78l 2 bRlGE b X
DREOHFICTT L), COLEDYUNHZ I ET%, 2FD, a=a0<11 < 731 <
b<mzi<--<azy_1<zy=clWwH)T LM ZDELE x = (20,...,75_1,b) IF [a,b] D
Sl 2o = (b4, ..., xn) 1F[b,c] DAENCZZ, € DEIRICDEL (—2LITRDZVED
HIMEBDOEFZZMAT) REM &, & 2E5, MEVTDPE LT, Spe & Spe, + Saoe, 13
"WInH, oI REoTws, WINnH, 206 OF5 %2 KE DICHHE T UL,

’S;,,,g - (Sml,ﬁl + S$2,£2)| S 25ifmax (4130)

BOZ D, 727U foax W [9(@)] < fumax, M) < frmaxs [fol < fmax &7 2EH 7 %Ml
BTIUL, Spye, = [2deg(a), Sppe, — [ drh(z) /YD, 726, - 0 RDT, Hirkh
warsnsz, |

Ik Fo7 CFABRIC, HRMEDA i BE 7z S 7 T - 7B b I WRE T
b5,

ML 23 EOBIBORO T E VI S L b H 5, WL OBEIE 2T &AL TEE
R E AL TE T,

BB £ () DSIEMD B CH 2 L id, (LD 1 <y IowT f(2) < fly) A3 ERVT,
IR BIEIT I3 AT IR KRN TR A O Rl % b0 & 9 AN G b &2 h 5, ZhT
b, DTOEHNS 2,

g, oFIcb 2 ) EbILAZBDRAVEREL, BLIEDDEENTLE EEEFL - LfifiRDTELT
ELw,
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THE 45 BIXE [0, LOMEEOIHRIBI F() 3RS THETSH .

DUNDEEIE R ICEIR D H 2585 721D IT VA9 (L L. B VIR T
H3), PPEHRBICEL D THO TRZHE DO HATIEL WL,

FEH  EEOZE @ (ISX LT oA

N N
=) 0ifw), Sg = dif(zio1) (4.1.31)
1=1 i=1

ZEET S, V—< UM (4.1.10) TTXRTORERZXBO4LH DHRIC E4UX SF I, D
S EAUR S, 18 %, f() BIEHAED S ALEOREN EICOVT, Sy < Spe < ST H
bhrsb, 61T,

N
e =D 0{fwi) = fin)}

< Omax(@) Y _{F(@1) = f(2i-1)} = Omax(@) { f(b) — f(a)} (4.1.32)

1=1
WOZ D, &oT dmax(@) NS HAUB, ST, S5 BEW Spe BWHWVICEIOTIT
KiT, n=1,2,...I22VT, (4.1.15) L US> T,

2" —1

s+—25<"> F@™), S Z 50 (™) (4.1.33)

92 (S 13 (4.1.15) @ S, LU ZBSMIEREN VISR A 3352 fio7), (Eitoikz
ST Clcb» 22y S > S LI HBEERH Y. £, WoIc SF > (b—a)f(a)
Thsd, AREHFINIPOET 2 L) B (66 R—L OEH 2.14) k. S = lim, o S
DEET S, — 4. 0< ST — S =6M{f(b) — f(a)} ZDT, S =lim, 0 S, THH 2,

o2z, S <SHBXOSH>S, b, n—oo ETHUES, <S<SF k3,
(4.1.32) £ 0| Spax(®) = 0 ETHUE, S, S & ST T 2, £oT Spe b S ICHERT
%, 1

R 41 TEZAMTIE. KDFHLCRY = 2y LN S, I 2 CoRy AR
b =2 VESTOER OO TR TH S,

— 7. fﬁﬁﬁ’ﬂt@&%f CHEREWIOBRRITEHL 2 _X— 7 BESoM &2 w20
D7, BHEOMHAEBOEIZEZ20ED ) —v VSOV R—=7o b H U SR

12 4 R=Y DA *13 & WL X,
*13 Henri Leon Lebesgue (1875-1941) 7 7 ¥ A D4,
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ZHITDOED, ED XD LEABBIES AL L VI I OADEIZE L B, BRIV R— TR
DIEIHBERITH Y . 72 & A2, 7% (4.1.27) ORIB LR — 7 F5 O Bk CIE R TR 72
DTHB*H,
ZIVIH)HEELHLDT, ED LI HRED (EE 4.1 OFW®KT) EaWErLZERT LD
XZ NI EFED BN ETlE e, o, BRI L 722 & 720, Pz B, PR
EOHERREIEDE A TRE L W) EH 43 Ao TR EAE R LS,

WERRIES & ZEMOERS 2 RIS () ORI 2 E R, MR, 8
FHAEE L 2 (RO ED) B o() bRARICHA 2. BIZE o) = f() +ig(-) DX
FNCII LIRSS . SO DIEMEIIR F() & g() ZEANUZOLDR, () & g() B
TR K [a, 0] TR S o() b [0,b] THATHETH2 & L, 20ERS %

b

ledchm:zulbdxftw—%i/ndxg@ﬁ (4.1.34)

LERTUIOV, ZUIe HHZDT, I, FIRnBEDrH 2896 (K 4.2.5 fiT
DHIE) DIHIEBAERE T2 E A %,

413 BHOHE

R ALK DEAAEEOME L EBTOEEN I EN LT, T 6BaDIExR
WEZRTWI I, Fric, 8o LMo oRENZRBEGREHS 22T 2 M2 O HA E
(EHE 4.6) ZEFETH 2, FEM/TEVIEZZEAL, BT OBMARNLEHEICH RO
Moy L DAL (EitEsy) OBIRADHES,

BEANGHE 9. (FLEALYLDETIOZ LD B F() PXM [o, 5] TROTHER
5. [o, B] IKEENBEEDOXE [a,b] T f(-) B TH 2 Z LICHELTH L,
B f () DX [or, 5] THRETHIRE & § 5, EED a,b, ¢ € [, 5] IZDWT, FDL—)L

/acd:vf(:v):Lbdxf(x)+/bcdxf(x) (4.1.35)

DD, GEHIFIZEA EYS DR, £7, a<b<cll &I, P LTI 7 TOMHK
DEIRD S, X 4.6 2 HiuF, Ao —)L (4.1.35) 2D D2 LIEHE 7259, BHHliHIC
LT RERD X I ICT 2, [0, OHFELTOHHEE L LS X I B LDETEH-
T %, AR S 2D X ) BaED 6 EADOEESVIEL (GHETE %, LI5D, Z

4 f(2) % (4.1.27) OB ET 2, LR=FHATREED a < bIZOWVT f;’ de f(xr) =b—a %%, It
i [a, b)) DHOFEED THEEINEE BEBETH S L) FEZRL ZF5RICE>Tw 5,

15 G ¢ f(2) 2 [a,b] TR AWEEL T 5, EEICKD [a,b] O0# & RFEHOI D T HEHERTY —< VA
(4.1.10) DMERA 22 K HICTE S, 2206 f() B2KH [a, 8] THARTRELE & D, FHE,
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4.6 a<b<cDEE, FDNL—) (4.1.35) DR Y SEOME, AHIZHEO KOOI
DI ERWIKEDHZOHBEOMTH b . IEUIFKEDEH T TR TOHEETH 5,

DFHDY —=< UM (4.1.10) 1&. [a,b] EDV =< HIE [bc] LDV —< DR LEE D
5. (4.1.35) DD LD T EDIRIND, a <b < cDHDOHHLADONL—) (4.1.12) (b5
VB S (4.1.13)) ZEYNCHEZIE EEFUICR S, FIZIF b<c<a®DEEITE

(4.1.35) & AREIC
/b dmf(x):/b dmf(az)+/c dx f(z) (4.1.36)

RS, (4.1.12) ZEZE, 2

—/abdmf(:z;):/bcda:f(x)—/:da:f(a:) (4.1.37)

LD, EYNCBEHT UL (4.1.35) 2D b DI 5,
BI% f(-) & g(-) 23X [a,b] THEDAIBEE T2, EEDER ¢, € RIZOWT, cf(:) +
 g(+) 1% [a,b] THEAFBETH D, ZDEMDD

/ab d {c f(x) + ¢ g(x)} = C/ab dz f(z) + ¢ /ab dz g(z) (4.1.38)

L5l LIFERICEIUIHS 259, BEFIEIEEZF>Twa Lw) 2 &7, FUESE
TRBDOM f(x) g(x) DEAVEETH S 2 L HIEHTE 5, £/, FUSKMET, S SIERED
z € [a,b] IZBWT f(z) < g(z) 5. EMTITOWTHAER

/ab dz f(x) < /ab dz g(z) (4.1.39)

)EED_LO 77 L\ Q@Tf}—ﬁ%ﬁfj EZlWllTac< bi)”ld‘/ﬁf%% \ae

B ERPZOELXTEE B4 f() DX/ (o, 8] THEIAREL T 5, ¢ € [a, 8] ZEYS ICEE
L. x € la,p]lTownT,

F@0=i/xdyf@) (4.1.40)
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ELEY, INF T 3REOEEELTHi-oTELD, 22Tl MEEEH, L LTlioT
Wb, BOZRIEy L) AN L7 (BAERIZY S —EBEDOTEARLATITO2Eb R
W2 ERBOHEZY), 8 aid[o,p] EZEBOTHLLDT, 29 LT, BAZFE>THUL
WBBHDERSINLI LR 2 (TBTHERZ LI, ZOBBEAEREDT LS, I
T DEDOKDLE VS THVLVEELRZEZ TH D,

ST, CICfEEDre (a,B) b a+Axea, Bl %D L% UNS%) Avzl b, M
DIV—)V (4.1.35) 29 &,

x+Azx T rz+Azx
Fatdo)= [ dysw= [ dysw+ [ i)

C €T

r+Ax
—F@)+ [ i) (4.1.41)

E% b, 22T, Ax Baihs il f;JrAx dy f(y) ~ Az f(x) LIEPTE LS9 (B
Tho EHHEICHERT2). T5HE, (4.1.41) 13 F(z + Az) ~ F(z) + Az f(x) &b, HEH

ERLIES
F(zx + Azx) — F(z)

Ax
%%, AT Ax — 0 DIRIRZ BEUIMD DEFE (108 R—Y DERE 3.1) Z2OH DD
5, ZIh5

~ f(z) (4.1.42)

F'(z) = f(x) (4.1.43)

PROoND, TIT, Az VNS 0IEE EOEPUIIERMEIC A 23906, ~ % = IKAKS
i, 20D, B¥ f(z) ZBAULTES I F(2) ZHA TSI E. TTD f(2) KRB DTH %,
INZHMABEAZOEFRTEE (fundamental theorem of calculus) &9, 5 & IEMITD
Wiy &) DI ZTTE (—ERDBTIC O TR D D) ZOEHICEI»Tw 5,
INFEFCHAEIZEHRETIGERL CELDT, EMELTELEDIHBLTEI I,

B 4.6 (MABAFOEFRTEE) FEMBIE f(-) XM [o, f] LTEKi% S, EED
c€ o, f] LAEED z € (o, B) IZDWT,

% I@ﬂwzﬂ@ HovIE Fl(z) = f(z) (4.1.44)

DD LD, 7L, F(x) 13 (4.1.40) TERL 72,

Az € (o,8) ZEEL. f() P r kB THEiETH 2 I EE VS, Mtk E#
(94 R=YDER 2.24) kH, FEED (UIS%) e > 0L T (+7FI/ME%) 5(e) >0
MHY . |z —y| <) ZWRTHEED y TN LT |f(z) — f(y)] <eBRYILD, I,
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0< Az <d(e) (BBWIE, 0> Ax > —i(e) kb Ar 2#ESL, v <y<z+ Az (b3
Wik, x4+ Az <y <z) 2T yIZOWT

flx)—e < fly) < f(z) +e¢ (4.1.45)

DD LD, TOAFERDKAE v & v+ Ax DTy 20 TR L, (4.1.39) ICHERT
g

x+Ax

Ax{f(z) - e} < / dy f(y) < Ac{f(z) + £} (4.1.46)

PRoNns (LA HICEBDOEDTTHS I EICTHER), Az >0ELEEE 2O
FRIIRAHTYHLDHTZZAH, Ae <0 ELLEE, fF5OL—) (4.1.12) 2flioTEL
AEEZIUL, RIFD (4.1.46) PIEL W I L3005, (4.1.41) 2> CTHEHETIUL,

—ng@+ég_F®)—ﬂ@§e (4.1.47)

5%, el 5 THNILTEBZDT (7L, 20, Az B L T/ T 3)

. F(x+ Az) — F(x)
Alglggo A = f(z) (4.1.48)

wranr, |

BEBEE (o, 0] LodEGREE f() BPEAoNnkEE, TXTD 2z € (o,8) ITBWT
G(x)=f(z) L2 LI BBEBG) B¥holt LEk), TOXI LK G(x) % f(z) DR
PREAB L T, G(x) ICEEDER C 2R L7 G(x) = G(z) + C bHSHICFAL f(x) DI
BBBCTH D 2 EICERL LI, B, flx) =2 251E, G(z) = (22/2) + C DIREI%L
ThH s,

Z DX ICFIRBBIC BB DER Z R AEWEDH 505, T DAEES 2R IZIRE IR BI%
Z—EDICRELIEDBUTDL) IR S, —DD f(x) IZX L TODFEIKRBE G (x),
Gao(z) DBXB->7 T 5, Gi(z) = flx) BEVGh(z) = f(z) 206, ZXKD#EZ LT,

%{Gl(ffﬁ) —Ga(2)} =0 (4.1.49)

DFTRTCD g IZ2WTHD D, M Rz il 2B ERLZTED» S, Gi(x) =
Gao(x) + (EE) DD 32D,

BREED (4.1.40) TIE (o, 8] LOEGERIE f(1) Z ¢ & o DRITHET T2 2 L TH L WE
BF(x) #fEo7, OB F(x) DT &% f(-) DRERES LTS3,
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(4.1.40) ThUic 2D b € [a, f] ICEET 2 &, DL —)L (4.1.35) ICX D, BTIE

/b Cdy fly) = / Cdy fy) + / “dyf(y) = Fla) + C (4.1.50)

c b

L%, S2TC = [ldyfly) £ Lk, 20, REMTERD 2 (4.1.40) T FHOMHE L
ZTCHHIC 2 ISR VEBBRINDG LT TH S, 22T, AEMATZEZBIIE, T
DIEIFS L THEHETEARWEALL, cl3RATHIVEEZZFEICR>TWE, 2975
ERETOMIZ B ITIERE S R0, EBERTAENEND 5 2 2R TOIUIRNCE %
ZLinv, EROHAETOERDONEREZ LD TEECH C 2WElT 20035 @7, 2D
E)BAREE (DFED. MESRVER) D205, FEMT L VI HAHIBDOVBTHEDT
(&),

Z T, NEWEDTERDT (4.1.40) I3,

F@ﬂ=i/xdyf@) (4.1.51)

EEL DD, THiEEPRWI E T, ThiERATHO LWL L THRDEXRGT 2T DOARE
MWDH 2 ERRBEINLDREM0, L, EE&ads, ZOoHETIEE BT,
FEHEDHE Z 713,

F(x) = /dw f(x) (4.1.52)

BDE, ZOFHEHIFZ DB ELARFDINFETOEZICIHR>TEZLRY) FidtdE->Tw
2 EFEVEEG, LoD EMZ2EKLTLE>Tw3DbEL VL, ¥ —EHTH
LRENERIC (MEEREE) 2R0T) 2 Z2oTLES> TV EDHEUDE Y, EiFvz,
(4.1.52) OEEF M REIER DT H O THS T E1cL X9, HBE, (4.1.52) 03B o
—OLBEL L 20 TlnENRS EEMLD b HER,

(4.1.40), (4.1.51) TRERD D Lz 21292 2 L CAEBDEZER L 7o, WISAER DY
POEMTERDL LD TES, a,b€[a,f]DEE, HIDNL—) (4.1.35) LFFDIL—I
(4.1.12) X b

[ast0) = [[asstors [t sio) - [Cavs0- [ s = r0)- ri@
(4.1.53)

ERBIEDOD L, AERED F(z) ICREROERE R TAEEDRH-7-bIF 2D, I
X F(b) & Fa) DEPBNIDT, AEMDOHEIZL 22 I LIERL L),

16 Z pEE Ik, TLIRFE TR o5 LIGHs (A4 22 24 1246 o7,
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BARER? ERREH. ERPOEFNGROA 3T, ZIFTHZPLOLI LS LCHED
TERD, bbb AA, FHRBEBEANEETITIFFECBERRH S, L) kD, Znsl3ZFELD
D,
22TH f(r) 2KM [o,8] LToEHBEKEL L), $5&. (4.1.40) TEFL 7 f()
DAERT F(x) 3BT EORAEH (EB 4.6) ICXD, EED 2 € (o, B) ITBWT
F'(z) = f(z) ZWi7e$, 2F 0, F(x) 3 f(-) DB LD TH 5, HNERTICSHIHE
IO EBEZR LB ET AR TOAEERH -7 2 BOHTE, ZnoBESEHLULDR
VW) TEBbRL, EZE f(z) =z DFERBEBO—20322/2 LbhroTHEDT, A
ERIT I, ,
/sz%ww7 (4.1.54)

%%, 2ITOCBAERERD THEREER,

RERD EFRBABDE LW L2 VS & EMTZRD 57D DHERN L TTEIRS
ns, 5 f(-) 122V T (BASLDNIET) ZDFKEAKBbr> LT, 20z
F(z) £EEI 9, Fla) BREBETTOH 05, (4.1.53) Ik fEED a,b € [a, 8] 12D
VT,

b
/ﬁdxf@):lNM—aFM) (4.1.55)

ICE o TEBTRO 5N (BAEFNIZT CIC4.21 fiithas),
[F(2)]" = F(b) - F(a) (4.1.56)

FOIEEEBAL, IS bTo I Lt Lk, (4.1.55) 1,

b

b
/ dzr f(z) = [F(w)}a (4.1.57)

V) ENVLRIBICET 5,

BRIZ, f() 28 (o, B) T—RLEREEr WRE (— oy TR CERSmER) &5, HE
B () E (o, 8) THFETH D, T/, f(z)+C X f/(-) DEHBBEBICZ>Tw5, Lo T,
(4.1.55) 2. f(-) 2 f'(-) KEHESHZ THAIE, LED a,b € (o, ) IZ2WT,

1T 2 ARTRAERTICEENIEEERZIZILALEDVLOTYH C L#EL, koT (D LEETIERWY) #
BOXNTOCBHETRLEEZIENODFELVERFEZ RV EIZT S,
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b
/ d f'(x) = f(b) - f(a) = [f(x)]" (4.1.58)

EVIHBRIMG NS, LT oBMa T2 LIIKES ) L85> TwabiFEn»s, &
Nz BTy T EMT oM, v DIk (—ERDBIEIC @ﬂf)%#’ﬁbmoﬂl%)
X CEHD S LTHSDID) BB EOREAREH (EB 4.6) OFWHZ ITEE 22003, M4
% & T AHTHITIED,

MEHWS I OERS [Pdo f(z) 2 E R DBECIEBT o < o < b ORI f(z) IR
RELTRE, Lol BOEBO T a 52003 L b © f(z) HRTR < TH5ERmS
SHLALERIND DD S, \.ODJZO&ﬁ%ﬁJ\%f"%Fﬁ&HT—S?

SN BREOIEAD T, SCHEEMERTEC I, 0<a<b b LT, EHis

Lim%:{—qbzl—% (4.1.59)
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