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L1 jiAe=s i) e SCRIBFE N A

B 5lA

L1 R AR e UM SE N 27

Az (rheology) WFFEMBTHITEAS 55N

AR5, BT &M% . T2 3585 (kinematics ). 3l 7% (dynamics)
M (statics) =AEB5>. B3 E RmIIAY AN A7 B AR RIS R, B 12
TSR AT A SRS AR B B R, 5 2 ) v 2 B A 1y 1 i - 1

e S EdFd, S % R (frame of reference), B ARBR R
(coordinates ) , fif FJ {3z 1] - A FRos B I 2SI 5 SCHGH BERIN
o L] sk Aop. 422 (TR :

r=r (t) =ri€; + re€y + r3es, trdes
dr d’r

= —. a = —
dt’ dt? &

.(?>

2

HEEEETIAT N7 WA, fEvikiEgs sy B LLL BUdis e
B, RV TRERER (B, AR ANSHEE
(=5 ). A0S S HE AAEE B B . (ENFS IEh 12, TEE & T,

dv
F-m%
o

Hm @RRia, 2N (SRR MR,
XA AR A TEZAZ RN s ik, iR iz sh fsh i 2 A . AR 2
PR 1Y 27

o ELZAF I (continuum mechanics) @ 48 7P AR A AT TERR A ISR . )
FHAEEMA Bz EE (BRER) Bk, ErvikEsh SRR~ KR,

o HiitJi% (statistical mechanics): 25 [EZH A B OWA iz s, B T4 1%
PBRBHE D YRR AR K FR . = TR, WBEGETH th A S ARG A B AR
SRR e e R T B R R

IR Z MY AT A ARG S SEZN R % Gl e Redt—2 a8 huis A, &
L FRL A T 0047 TH A R SR B 22 e & ok Rk . BRI, 7R 220 ) Bl 2 %
J1%

AN K ZR /IR (constitutive relation/equation) &AMy X 837 14 Jih o6 ww B 1 5E & 9
F: A8 S (v, 1) — MBPRFERREL G (Ax, At) — PEHRMN. R (x, 1) B, r @2 ifE—frE, x

:‘F

i

2
e

2
=
4l

N
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L1 JiAE=A i SCRIBIFE N4

AT IORINERRIEAL B . G (Ax, At) @B S MR, FROAYIEREL (material function).,
HATEHER, S M R AR REL. YRR LU X PRI R i 18] 7025 18] 7] B Y R AR, FERe:
T b2 s S 0T 192,

S — T
/0 €1

&

B T1.1.2: fil1.1

Bl 11.1. 93 aisladip E(rt) = E = Fe;, HH4 AL BIALE y(Ax,At) (4o
B 112075 ) . 2 FEERMWE M v = const. HAagoR B R BB EZE P (x,1), &
TR x ABAER R BIAIRE, BP P (x,t)dV &7 x &Rk dV a9 wARILIR AL,
eSS IR JE ¥ P d

P (x,t) = xeoE (r = x, 1)
HEd o RATOUER . BAH T

P (x,t) = xeo 56
X G A BARIL R 7 A2

Bl 1.1.2. 41352 —AM Y, B4R Edy T (r,t) = krie,, VT (r,t) = k&, #4-agim 4 &3k
RAEH A B, Pl FE k= const (RIXS@RIEIGMH) . Hategm R (flux),
BP A5t 1) 42id x 4@ AR ndS 89w, Ble#OR: q(x,t), q(x,t) - ndS & fAzatiE)id
H@mARL ndS k=, q I r 55 REEAFIEREA DTG FihE, HBEH
FERKKET, #AH RN 5ot i fe § g 8110 9

q(x,t) = =rVT (r = x,t) = —kke;
XA A AT R AL

A AR AR 5 R TR S 5 WA (BN ASHR) R,
HHE 2020-11-24 7



L1 jiAe=s i) e SCRIBFE N A

e 1.1.3: Bi1.1.3

Bl 1.1.3 (faj S8y ) N RO AA Y K R). 4ol 1 1. 9P a9 IR SEA b, @ AR 95 K A9 Py -F-AT
WM AL LA p AR, R THREZELAF R, EiwlAToLFLA. LAk
Fouy ETATT TR T @EF, BRRRS TARE AR Fom A A at ik AR ka9 AR
u(r,t) = urs€/h. & EWRERA A, IR AKRNA F (FEh LREFHREARR) .

F5u 9 Xz&=
_F
TTAT

ER—AAMKAR: g BRI, F mAren R, p it i,

F
wies, ]

e —>)

K= —|

I

e 1.1.4: Bi1.1.4

Bl 1.1.4 (i b PR e AR X R). B L1 Frmey U EMR A/ AT, M A E,
MHEB B AR A A, WHEREA Lo, EATEG TR R DA F oy hiet, ek EAH L N F 5
[ 89Kk A&

F 1—1,

_ 2 _F
774 o

XE—AKMEEL: F 293, | 4R R, E iRk,
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L1 JiAE=A i SCRIBIFE N4

B AR AR RS TR E AR T A SR A — R A AR s Bl
B2, F A R

SRR Rz SRR AL SR A — BRI A5 (initial condition) FIHIF A& (boundary con-
dition) T, EEsFfEA (balance law) FIAHY KR BIFL IR E T A BCEARBER) . TER
SRR R, X SRR AR R R & 1 25 8

ot 8,
‘ ] s,
% ’ 4 21

A L1.5: JE okl BT I L

Bl 11.5 (JERAGEETT). F12 4 o ERRIREASE A n 894 HUAKR T o URIKME B A 5F
F, I AwBALLFTo AT 4. FReGBFHEAFME &, Br: F=mdv/dt (shE=F12),
LA m=const MR E (RETIE). HbF, HANFF AL T IR BARE 7,

Et=008FZ13Rkik v=0 (&), BRIKEER po. IRGBEA ps, MK BTN
% f, = —dnpsga’es /3, F 1§, = 4 (pw — ps) Tga’es, FARITEREGIE RS £ = —kmnav (KH
k7). £, SrRmaegtartiAk G AR, k=06 (LRFMH). wFE T,

4/3 qdv 4
7,0s9@ - gﬂga (pw — ps) — 6mnav

o 21
v(t) = (t)e; + vy (t) €+ v3(t)€s
(%1 (t) = V9 (t) =
2 w — Ms 3 —9nt
vs (t) = (o —pe) g (1 — e2ps9a29>
9n
Lt — oo B,
2 _ 2
0 (1) = vy = 2P = P5) 90
9
2 (pw — ps) ga’

= Mo

EBIR B GERG (Bk) 2N, TEEEd B ITERAAL . TERAL S, FATEHE Y ik
e A AR A PR . S RAIRE R S E, X S B3 s — RSB E B

FHE 2020-11-24 9



L2 AR IR B4

L2 R s R

P2 e [ A5 A R A B A AL o8 O JE AR SR G AR i AL 2 e i, SR EWii g —
i 2Lk (complex fluid), B EA R (viscoelasticity ) FIEZkE (nonlinearity ) LA
12 ] (AR T A A R A OC BRI “TRT B 2 AT
L Wy 355 R A w7 A% i I ]S 450 %
2. W75 AR BN AR I TR] AU % B i MR
FANTHEE IRIARR) AR ALK R0 Bl i w4 SRS DO A fi 2 -
L AR R R ASER . TR A WA L AR B s T] 5k DU 2K R R P ) = 28R
=2RPA R
2. YRR BRI A . . ECEATTR I [RS8 BB ) 5 A 44 W AR 1 R[] 4507 ¢
FoedRL .
SIS SV R, 28 A et JE A . BB IR AR R] DA L 2 X
S BT b —Fh o (B SER SE RIA A I [E  BAA PR S e, RPEPERE S (non-
linear viscoelasticity ) .
02 ZR AR 1A 3K 9 7 T8 22 2 Mk ] DABERH IS IR 0 B2 R AR A8 A7 S MO o0 37 1) A
FIETE] CRdE) FPERISREE (JEEME) . X—RBEFFERAT AN L.

VAV IRIIIA

€

E S

R (REIRAARE
U7 . 70 Tt B @k
| Ei:§>* | %
\O*V__t//__J
A
ouf-g AHRATTEARA
| EADFRIAR

v

] 1.2.1: Maxwell BRGNS FATHI TS

Bl T.2.1 (ROGAASSE5). Mazwell 427 44478 Aty X 7 1580 1p- 240

n _t
t:— T
o (t) ﬁ

“SRpE (linearity) 295, MF—AFS, WRHA 1 (£) A 22 (6) QFHRE 1 (8) By (£), WEHA bz (£) + ko (£) 1
HIRBERS kays () + kaye (1) BOMER. B SSlRPRRIAR R RO 2 R B PE R . (T 20068, i AR TR 1
R, T EATRIL.

TR AT, TR 451885 o R TP B X — A
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L3 RS 2% T H

MiX2E R4 B L2, 1077 . 5 o TatiaARAEeT, AR aYem BT UR 5t Bk 3 5 28 B 1) 4% Kea
AR e B A BURAK o ST 2 L Deborah % De = 7/t, % De — 0 i 4t Zigtkem 25 &
De — oo Bf A4 2 B fikef) 1L

log¥ ‘ i ﬁf’ﬁ’ R gy 7
| AR/
} Taladn fetk
|
|
| f;?w *”g"ﬁﬂ
Ty log T

&l 1.2.2: AR AL (R A I 3 h £

Bl 1.2.2. &R AFHFHAKELB L3P L T T E T AR E L2207 Hk
% (shear-thinning), #3938 #8 (shear-thickening), JEIR /174K (yield-stress fluid) .

AR g Weissenberg 1. (JEFFRLLY) : Weissenberg ${ Wi = 7% = 72 = Der.

FEL MR E— il (thixotropy) « Ji MRy A4 1) Jai ik it 20 5 1k 52 B el AROSE s (1]
P

AR B D AR AR AR TR A K AR

L3 RS E R
L3.1 ARMHNE

HIATP R T AT AT, JiAe A PR R &

o b IR, SREANY R AR AR (Bt )

o R BIERREBIEB AR IR (RSN T 2B

o BRI R (MR LR AT T AR )
ST SRR I, EAE S — R AR 2 2T EHR R 612 Zheng et al. o BTRAAY, ¥
AR RAR R — Ao o] H ARl e B X e S

13.2 £330kt
e TR
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L3 2RSS % 1 H

Hoffman and Kunze, Linear Algebra, 2nd ed., Prentice Hall (1971)
William, Crowell and Trotter, Calculus of Vector Functions, 2nd ed., Prentice Hall (1968)

Itskov, Tensor Algebra and Tensor Analysis for Engineers—with Applications to Contin-

uum Mechanics, 5th ed., Springer (2019)

LN

JIL

Rudnicki, Fundamentals of Continuum Mechcanics, John Wiley and Sons (2015)

Reddy, An Introduction to Continuum Mechanics with Applications, Cambridge Univer-
sity Press (2008)

Smith, An Introduction to Continuum Mechanics—After Truesdell and Noll, Springer
(1993)

RO, SRS, Bl i (2016)

W %5 Continuum Mechanics

R A Continuum Mechanics, Ilker Temizer, Bilkent University

RS Continuum Mechanics, website, Xavier Oliver, Technical University of Catalonia
W R A A Lectures on Continuum Physics, website, Krishna Garikipati, University of

Michigan

Nricy JLLVZN
AR

Macosko, Rheology: Principles, Measurements, and Applications, Wiley (1994)

Bird, Stewart and Lightfoot, Transport Phenomena, 2nd ed., John Wiley and Sons (2002)
WERAA Rheology of Complex Materials, Abhijit Deshpande, Indian Institute of Tech-
nology Madras

1.3.3 220N

ARG PR ) H AR -

o T BIAPRIZEARE Ll 5[] 27 v R 2 > U A8 2 14 SEVARLBRE fr AR 52 o )

o AL, ARERTEINIER. TRAR H AT T R

o NEREAMR. HEANEE . EARGEE, XL R EEEE A EER
) L

o ZARFEFRIES, MEHHE, BRSHREZ =50k

o HEEETHI. QQ #E: 5069284

12

TR ANt BAE S

AR 2020-11-24


http://www.continuummechnaics.org
https://www.youtube.com/playlist?list=PL5B3KLQNAC5j46Ro64xF7hLV6Uf-gHUHL
https://www.youtube.com/playlist?list=PLp-8j6_XqvKSV9eaOVZl95z6eeGqifFOz
http://oliver.rmee.upc.edu/xo/vpage/1/0/Teaching/Continuum-Mechanics
https://www.youtube.com/playlist?list=PLJhG_d-Sp_JHvh47eZ8fSuUCUdp86i__y
https://open.umich.edu/find/open-educational-resources/engineering/lectures-continuum-physics
https://www.youtube.com/playlist?list=PLS4T7vo4vjrslTCBMjAjB3-dlpHVu7GkF

L1 55BN

UMY Y 2
IL1 A5 5kt

*XIHJQ%A%fA%ﬂﬁ%ﬁ%@%?%m%wo%ﬁ%@m$%ﬁﬁg%ﬁiﬁﬁﬁ
o BELILIH A
°£@%1*4%%¢,%4i%%%ﬁ%ﬁﬂ%,i%im%f&%
o bk —ANEET, EFTAANLEHRTIE, FEASALERER—
e MEM: BE—NEER-NFH, ZFDRLABTRATETZES, TAFERS

EAMZR T AT IZEMER L. Bl ARG .

A=1{24,6,8}
B = {n|n2 % H1 <n <9}
1¢A2eB

FAMTRET Ui BRI A I By “FISE" 197 TF— 2% SCR I X — DAY 2

7%0

X IL1.2. R R 2 ad B, WbHF acA, Wik B L AagFE, ik Aas B, ith
BCA, ADB, %k ACB H BCAN# A=DB,

CIENR(INeSziE

P IL1.1. 1. S CS,VS,
2. #ACBAEBCCWN ACC.

X I1.1.3 (F4). E BCAH B#A, Wik B AWATHE, 4k A L84 B, ith
BCA, ADB,

CIENR(IN Ny eSziE

e I1.1.2. 1. VS, SCS ¥R =L,
2. % ACBWN BCA R,
3. %ZACBHBCC, M AcC,

X IL1.4. =% 0= {a|a # a}
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L1 SEfr 5

CIER(IN Sk

B 11.1.3. 1. 0 C A VA,
2.0 C AVA#D,

X ILL5 (F4E). #acARacBVa,AB, WacAUB, # A5 B w95 &,
AIIE:

ERL IL1.4. FFEXABEAATHR:
1. %454 AU(BUC)=(AUB)UC,
2. i AUB=BUA,
3. DUA=ANVA,

EX I1.1.6 (XHE). #acAH acBVa,AB, WacANB, ## A5 Bz k.

S TLLT (HR/RBY. BAES Ao B th £ RBEFHHFA (a,b),a € AbeB whlk
A

Ax B={(a,b)]a € AEDb € B}

& I1.1.1: st

N IL1.8 (W), (deBIL1.1F77) MEAS X BIEL Y thukdt f, ith [ X =Y, &
X WAL EL Y a8 A LEZMd X4, BANS X 9AERANE Y 89—A 7
Fo. WwRyeY & areXddakgt f oy, WTHR:

y=f(x)Rae— f@)Rf:z—y

TR f(2) & v 89t JmERTL, v RA =AM X FRATUK, ¥V RATERREEK. o
Mg f(2) 2 Y 89T 5%, »HEE

S TL1.9 (MREFRFEE). Zokdy [ X =Y fog: X =Y B E f(2) =g(x),Vor € X, N
X AT AR,

N T1.1.10 (K50, et R X C a9k g3 4k A FH 4.

14 I E 2020-11-24



L1 fea St

R |SE2E ) $§]‘3E ﬁﬁj

GBGE

K IL1.2: 5T, BASTADSUST

X

S TL1.11 ([EHEERLT). 5 akdt ida: A—> A R HES AR LA FayteTokdt: ida(a) =
a,Va € A,

S TL1.12 (B WU, W), (B IL12FF) sdFokdt f: X =Y, % f(x1) = f(2y) =
Ty =xo, Wekdt [ AEZH. & f(X)=Y, WK [ Z#H5. B EIT R IH AT a9 ne it 4T,

X TL1A3 (AU, & [ X oY fog: YV > Z ZmAwkI. W f do g 60 5 Ewdt,
itk gof, R X F| Z ahekdt:

gof(x)=g(f(zx)),Vre X

EH IT1.5. FFekdt [ X Y Fo g Y — 7,
e 4o f Fo g FIHA, W go f ZHA
e 4R go f EHAT, N g AHIT

. B -
TP IL1.6.  Fokdt f: X Y fog:Y = Z,

o 4R f Fo g A LA, N gof B4

e 4R gof mikgr, N f mEa4T

iER. FTES. -

Y I1.1.14 (G, 2 Fekdt [ X =Y, REE—AI g Y - X, 458 50kdt
go f AlEeFukdt idy, WARSRST [ 2 TiE6Y, okdf g & [ #91Enk st

EH TL1.7. UGl v — i ok 4 o WUATAG 38 e J A UG,

HHE 2020-11-24 15



IL2 i 25

IER. R TUFRAX B, FRATE I A5 B AT PR R S A L
wf X = YV e RgHERES, W Jy ¢ fy € Y. RGN RE b of
{yly eranftU{yly ¢ ranf.y € Y} =Y,
MEL g:Y = X, Rl g R—, BUA y €ranf fly ¢ ranf,y € Y ¥HE
Mo BRSO
ffT—r e X, yéranf,yeY
WA QIR LA 4 :
Log(y) 2Bt PEAEXE—yeY WHEXH~yeY HXt—4 z e X,
2. g W, HH, Ly eranf [FHAE GEEE BE T rang = X
3. g ARRYS. N g WY, HHIE y ¢ ranf,y € Y THOLAYE G, gl Ml 3z € X i
Rr=gy)=9), HHy#y,yecranf,y ¢ranf,y €Y.
4. g 2 f . PR, ST e X A gof () =g (f(z) =z, Bl go f=idx.
5. —ftHl, g RAME—I. BRydfycY BN EL g(x) FTHE— 2 e X, A
£o X NEHA IR, B4 g BRME—,
%5 R
BUAEIEE BRI 7. M T 2 LRI AS g 4REE, SR g 20U, W g RO HST, it
BASR o p MR SE R 5 2], AT 2RO 4y g F— iy - X — Y 1 H., T rang = X,
HMIICTFGE L g R f 0l © ¢ rang, x € X WIS, FOMAIEFERX R IL. )

f(z) = y|g(y):x

52 g OB, EL S RN T EL JB g 05 RA A 1 (2) = wlyee = vl = (@),
)RR BT f (x). B g RO RIe—r. B RV £ RS, T f 4
R EAT, 5 f AU m

IL2 )i %E ]

X IL.2.1 ([ &%5H]). #3% F Ledyqge=m V eqeay s, HibL:
1. jwikiz &, Va,b,c € V:
(a) #HMk: a+beV
(b) Z¥:4E: a+b=b+a
(c) ts6#: (a+b)+c=a+(b+c)
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IL.2 i %5 [a]

2.

3.

(d) &e%¥1%&: 3I0€V:at+0=a
(e) #: YVaeV,d—a:a+—-a=0
WERFEEH, Va,B €F,a,be V:
(a) ca €V

(b) a(pa) = (af)a

(c) la=a

M E Rk R B

(a) a(a+b)=aa+ab

(b) (a«+ p)a=aa+ fa

FEE L2 1, ek Fonf DA Seiel, R sS85, C, B KT hn i R fiis FALE H ivhR

T R

Bl 11.2.1. 5 ARYE 2 UL 2. 1564

R & R Eags= =N

C Z R Loy = =0

C & C kayem= =

R 7z C Loywyz =)

Fi4 f:(a,0) CR = C a9 42803k C Lay@= 20

R™ A =4 n LA {a} = (a1, - ,an),0; ERi=1,--- . negEsL. & Va},{b} €
R":

1. {a} +{b} = (1 + b1, o + Bn)

2. afa} = (aaq, - ,aq,),Va € R

3. {0} = (0,--- ,0)

4. —f{a} = (—a1, - — ay)

N R™ # R Eikagis AMEHm R Loy, LAkA 5% ALRT I

IR F EOYPTH m xn 420 B4 M™™ (GER4ERE B fEagir g RIEN) £ —A

mEER. fReET e TR,

e 11.2.2 (BMEHA . KPR, LX) £V & F Lvyme s, a,---,a,€V. &

al)“.

, Olp € IF, W\IJ Z?:l a;a; ﬁ’ﬁ:ﬁﬁ n /l\\%.’% {al,"‘ ,an} é]@é'i'rﬁté’ﬂ/a\o /7\ b= Z?:l a;a; ,

M4k b 4k {a;} &bid. & D0  wa, =0 T ERE o =0V, MNHFEHE {8} ZELX.

UI§2.1 H R R RS
et {ar, - an} CV AR {a}, o {ai}
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IL3  RZSTE]

e L2 25 154 M 4hie

AR LA A — 2R T 6 ) o Y 1) B B B R R A S f [ P 31 32,0 98

ATATEAE T K R T AR R IO K AL

ARTEA O ER R HLIEM K, FINEA 1#0 (15 10 =0,

— A S RA TR I B HARY S WA TR AT K R A

:kawr—t

WX TL2.3 (T25). Z@Bmm W 2aExn VT E, L% aatfbe W, Va, B €
FabeW, M| Wz V ayT =0,

Y T1.2.4 (MR ZE). £ S 2w VagdEaFE, R SCV,S#0, R4 S My
BB PTA RS EE W LA —ANETH, A S eg&AE XTI,
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5, 0

I1.5 ZePEAsHent salsEn
ZE N dEn A Vy 41 By = {a,}Y,, & x eV alFERM x =30, Ga; 5

&

(x) & x fE5: By FRHEFRR. H, § R E x fE8 By FrAREs & (O
YI1.2.6),

WM Vv B Wiy BRI A € £ (Vy, War) B Vv BJ—8E5 By = {a; )L, WS Wiy
FIR) N A wye = Aag, k= 1,---  No QUERIATER Wiy 195 By = {b;}}L,, W wy 1]
TN Wy, = Zj\il ajebjo TEARMEOLT , 15 wi BARKR age B TAR, WM — M x N
R

(A) = (i) =
Qp1 o QMN
FATFRAERE (A) B0 (o) e Ze B2 A 125 By 5 By THFRREM. ap TR A ITEEE
By 5 By THARE &

(aij) =
any - QONM
TEEENAE, R Rl — AR A A [ ) 3 B AR AR — @ AN R Y

TEATVEHEERIE 2 KB HOMIENIA B Ty A1 T RAMARHI ST, 5B 0 RIEIE U 28R &R

Mo
PRATHAC P ARAR R {ais} i =1, N,j = 1,- , M RFRUT N x M 4

Q11 et Q1M
(ij) = : :
QN1 cet ONM
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115 AR i R B

HERMEDE A Vy > Wy EXEVy. y € Wy FlRER&E {ai}i]il C Vn, {bj}j]vil C
Wi, W x #y Al 5lRRh x = Zf\il Ga;. y = Zﬁl 77jbjo i A TEH {ai} ) {bj} :EES
INHEFER (0gi), WMEHERRX y = Ax TBBRT x. y Al A RN ZRIPRERR,
HESF AT

y = Ax

N N M
=A Z Sia; = Z &i <Z Oéjz‘bj> AR B2 4 58 SO e i PR o
i=1 i=1 j=1

M N
7=1 i=1

]\:4
= b
77j :Zajifhj = 17 7M

T Q11 o OQN 51

N ap ot QN fN

5 5 A

Xle KA y = Ax TE4Y E B T YA ARIZ SA N
Er e ERHE , AT O F B M x N R A #aid

=1
ENLT =AM A Vv = Wa, A € L(Un, W), HIE Vy 898 {a}Y, 1 Wy B9
{b, ML, PR R A, B (A) = A, BEBUEHEIT.

B I1.5.1. 3% Vy Ao Wy ZH0X F Loy AIRE@EZM. By 4= By 2 51% Vv 4= Wiy
Wy—2a . WHEANAERBEER T Vy - Wy BGEE——A F Eoy M x N 451 T 124%
(Ta), =T (a)y VacVy. HF () AT B AR ERET.
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I 11.5.2. 1% Vy o Wy #30X F Ly A TREm 2 2R E4EEE Vy 094 By fo Wy
B9 By T, MEMHTHE T : Vy = Wy BIEAEFARE FTAEEE TR EZE—ANFH
R

JERR. ERRILS. I K R E LT —AH L (Vn, W) 8] FMN fyea s, 55t Rz B yE )
GRS MR, Ak, T FMON R E R E TR RS ], BOX — e
[ SRS + AU = [RF . O

PA_E AN BEAEF AT AT AR AL, AERfE T BEIERE T, B R I —
i HAARHE, B4 SR AR S A RIS AR R RO HE BB BT Y 5 M AR Sy 1) B2 57
SER SRR IR B AR IS AR HAEA M. N A THE, T PR R G
e 5 R M RIR X R

M IL5.3. % VW, Z & F by kEme=n, {e}, {fi}, {} 25%2 VW, Z a9k,
T:VoWU:W—ZZ&METH, WEISEMEHR C=TU £ {e),{g} TaokT4EMHE

oo (T) & T & {ei} {f;} FovrasB,(U) £ U £ {f;}, {g} ToIRTREE.

JERA. JERHEEYESR ] . O

SERITLS SRR AL A MR AE 248 B P IO AR .
HTF MR T, U € £(V), il 4 127111534 (U) (T) = (T) (U) = (I). 5l
EAL— VT, SRR AR AR 1, B (1) = 1. 3o

1 00
I'=1010
001

AT e
SEMIL5.4. 85 %3 1: Vy = Uy AEE—AA TR R TAE L4 E Ty,

i (U)(T) = (T) (U) = I, B, fEE—&T, g (SMEA) k5w
AR Z E T, B (T = (T)~',
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L6 HAN 5 AR hRAR ik

I1.6  JEAS 5 A brs i

ARFTTHE Al 1] B B AR A AN [A] B AR FEZ TR Y R AR
FZIEHOH F L N demizsin) Vy higmaE: {e}, {e)}. S HEITRE HEW
BAEEE, SN N AR

N
e;' :Zsije’hj = 15 7N
=1

FRAEE {e:} FIHE {ef} MBI AR . M (Sy) FRMAEE {ei} I {e) ) ROt ARG .

A 11.6.1. 1% Vv =H0X F Loy N emye =0, {e}, {e;-} & Vy ek, MK {e}
F| A& {e;-} a4 L 4B [ MR {e;.} FIA {e} 09T EIEMERGIE4ETE, & e = Zf\il Sijei, e; =
S Tyel, M S=T"1,

IER. QURIATHERE & {e;} HFS— o1&, WIRAR R Al R "

/ o Y
€ Su o0 Sin €1

€N Sn1 o+ SN en
RIS W S =171, O
Feolih, thon dEr RS E—4UE R E B S P A L,
FATENS EM A IEAE R, TAGH— D HE v e Vy TR {e:}, {e]} THIMAIRZ )
KA

RIS R, (HAERER VAT B T A B R AT RRALN R U AT — A T R
MTRIPEER o FERER LAY, ARG E 2 2k Dy REAL oK A, AR il th, mT e e s S DO 8 P A5 DATIE R
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11.6  FARH 5 A bRAT

% N AT mE v W {e)} ] {e;} MyAehrdsifeast, HnT bAB M KR

/
(%1 S Sin (%1

/
UN Sni1 - Snw Uy

HER, XFHE—IMERE S, EfM {e;-} F {e;} MR, (HEAVHTHE v A {e;}
T ARARE] {e;.} TR AEFRI A e A . FIRAH A A HE RO R ] AS R, e & v A {e;.}
#) {ei} BRFRZEEALRZ v) = Z,j\il Tjvi,j=1,--- N, Hf T;; = Sigl =M {e}} 2| {e;}

HUpURY FAElCa
TR, AR LA R A AN [ B T A A 22 5X

W 11.6.2. 3% Uy, Wy 93l 280Kk F Eay N M %@ =0, {a},{al} € Vv & Uy
wyF sk, ARHAXA o) = TN Sya; {b} (b} & Wy ammk, REHEAX A
by =51 Tybi. &MEEH A:Vy - Wy £ {a}, {bi} Ta9sBEERFA (A), &£ {al}, {b}}

FagdEkwh (A) . MA

IR XTAE—m R v e Vy, w=AveWy. EINMmE w AR H % :

M
w; = E :rjj'll/';

j=1
M N

_ oo

- § :Tij § Ajp v
j=1 k=1
M N N

o 2 : 2 : A 2 : 1,

=1

71=1 k=1

M N N
=333 T ALS

j=1 k=1 I=1

N M N
=3 > TuARSG v, i=1 M

1=1 =1 k=1

bt Ay, Al 502 (A), (A) BIBRE

ST, wy = 5Ly Ayvgd = 1 M, 5 TSR R TS

N

M
Ay =YY TyARS & (A)=T(A) S

=1 k=1

T (A)S=T"'T(A)S™'S=(A), WH (A =T"1(A)S.

36

AR 2020-11-24



IL7 MBI 5

I1.7 2P ST I RE AT 5 fit

WERHKE TV = VIE Y WEAE B = {a;};_, THRREG X MR

M

Il
S

(T) =
/\n

W2A Ta; = Nag,i = 1,-- n. T {EBERER N # 0 WV APIRLE a; etk A, T mx
2SR A = 0 XS HARLE a; RPEA . (L, APRFLNTHRAGBXARE B FIX AR D,
SUREI IR T M e T RRZ .

S TL7.1 (BAAE(E . FRE . SHE2S]). 2 Y 2308 F begds =i, Te L(V) 215R
Y EoyBBmES, wRkEEaA0cV,ceFi#H2 Ta=ca, MikcaE T y—/N 4L, a
& e It peg—AagiEm . T o9 A L c xrmagsiee28m T 695 ¢ 3 BagsFfe g,

R ILT.1. 2V 230K F Ly ke =n, Te L(V) =ERAE YV Loy XA, A
T Ata EE

e c€F & T ty—AHFieft

o ZMHEA (T —cl) RTiE

e det (T —cI)=0

JERA. IFH 12, Hrac Vit Ta=cas (T—cd)a=0, WELMW a 2/0F a=0, &
JITA W 2 M SR AR I B R SRS O, W (T —cl)a =0« C %2 (T — o) x=smE. ¢ A
R —ANENRE 06 (T —d) REM & 2VHFE—Ta# 04 ¢ & T 1H—PRHEE.

IEH 23, fEEEP 5 o xon PR A AT HAYY detA #£ 07 EAEAHIE. O

det (T — cI) @R T c MZWX, B V 4EEUHE. Hik T WEHEE c 2X D20
XA

W TL7.2. % A BT Loy nxn JEHE. F ceF ik (A—cl) ARTEIESER, Wik cx
e A Wy iE i, SR f(2) =det (o] — A) HRIEMHE A 094FIE S AKX, EIF A W94 4E1E ¢
A f(c) =0 a1k,

S ILT.3 (I AR ERAT). & T RECR F Ly AIREGE R V s9 R4, 54
£V ag—tLAM ARG TR T e tee &, NAR T 2T A ey R AT
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IL7 BB 5 R

Bl I1.7.1. & 4E1%

3 1 -1
A= 2 2 -1
22 0

W A5 A2 S X

r—3 -1 1
2 z—2 1 |=2-b? 48 —4=(z—1)(z—2)
-2 -2

e A S AEERE 1,2, F A& R® bagk M Eie T Airkl Ta94EE, &

2 1 —1
A—-1I=A—-1= 2 1 -1
2 2 -1

Frank(A—1)=2, Bp T— 1T a9 FALEH 1, W 1 3B B8 a0 F 22 1 %89,
AT i3 2 8 B e Ind SR A0 T2 ML 1 460, Bk a, = (1,0,2),a, = (1,1,2) &
R 1, 23R iEeE. BT {ana) RiEmh R a9k, 3 T RTEA L.

H BRI, LM T AR &, WARE 2SR I 4E50CH 5%
SIE I1.7.1. 2 T R¥OX F L9 ARGEm =R V 898 MHESF, & f =N 50X, N

f(T)a= f(c)avVaeV,

iR, it T WENEGLEDH T =T - T, WAL f(T) K= 2,
HA& A m im0k, . O

Sl 11.7.2. 2 T R F Loy AREGEZTH YV 9RMES, o, ,cr & T 8985
TR HFEE. & W, & ¢ WREHFEgEgZE, W =W+ -+ W, N dimW =
dimWi + -+ dimWy. & B, = W, tg—2k, Wl B=U., B & W a9— 4,

JERR. —fHE dimW < dimW,; + - - - + dimW, . BIEEES 0T, IR E) b, e Wi =1,k

15 by +--- + b = 0,
2 f AE—Z2 i i BT A
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IL7 MBI 5

HAVREB IR LI fi, -, fi 115 fi () = 0y j = 1, R, MO = £ (T)0 =37, 6;5b; =
bii =1, k, MIHE T LK b

¥ B W —E, W B =L, B &M W, TiH B RV LML, Fh
fF— B Ry iR S5 b)i (IR, HoR by B B MR ARSI
H Y b, =0. 0

P I1.7.2. % T 283 F Ly RgEmE=m V & RIS, ¢, - 0 2 T 9AATRE
HFAEE, W & T — ¢l a9t =2, WA T R m .

1. T T At

2. T Wy iE 3 AXR f(2)=(x—c))" (=)™ B dimW, =d;i=1,-- k

3. dimW,; + - - - dimW,, = dimW

e A IEIE, 1o2 BEHE, HUSH 2=3. %3 8or, m3lEg V=", w,
T RRIE M) e A ) Vs O

Bl I1.7.2. 2 R® Loy H4F T EAFEK TR

5 —6 —6
(T)=1]| -1 4 2
3 —6 —4

det(zI—T)=(z—2)*(x—1),c1 =1,¢p = 2

4 —6 6 3 —6 —6
A-I=| -1 4 2 |, A=-2I=] -1 2 2
3 —6 5 3 —6 —6

rank (A — 1) =2,rank (A —2]) =1
lelWl = 1, lelW2 =2
o dimW, + dimW,y = dimV

FivA T T2 ffe. Btkie, 32 Wi, Ws 893 B ={(3,-1,3)},B2 = {(2,1,0),(2,0,1)}, W
V 9 B =By UBy. A AGIEIFmAGIERE

3 2 2
P=1 -110
3 0 2
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T A= (T) A, FALER T a9s4elh:

P'AP=D = 2

Y TLT.4 (SPERAOAAR). & T 2000 THKF LaE 20 V g K. T 0%
TER T Ete—k BCV ToERaRIES AKX K.

B I1.7.3. 38 A 2—A nxn 2%, f(A) =det(A— ) AELFESZ AKX, M f(N) 2—
Ao EaX, AR THA

FO)=(=1)" X"+ (=1)" " trAN"! ... 4 detA

IEA. AR O
T, X4 n=3 ],

% [t (A) — tr (A%)] A + det (A)

FO) ==X\ +tr(A) N —
AT

]T:trT
L 2
Ity = §(tr T —tr'T )
111t = detT

PomikE T BS—. 5 M =3 A4 H (principal invariants) . FATZH L]

Jy = It
JQ = [% - 2[[T

Jy = I3 — 3IpI Iy + 3111y

BYFE N AR (main invariants ), #O7E S I EEEE AR AE OB

* 2227180 118 e gm 1 9 gzt (1.2) WIS RE. K] 2% Cayley-Hamilton Theorem,
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I1.8 NS (E) A AT

I1.8 W% W] Lkt RAT

BIATR— A1 B KT T ARE S, X A28 ] R MR B P A B T
FeRANTAN FE—Le AR S [A] MRS o X SRR BRI L LA LA o 5% T i A — i 2P Y
R SN

X T1.8.1 (FUFEML). & W RRRER V ag—AF =0, sfFbeV, ZacW iHL
[b—a| <|b—-c||VeeW MNtm=z atm= b E£TEH W FagRAFILN,

HRAF ALY R SO0 R 2 g WO LA T U R £518 - 1T Sh— s 232 T B fe R e v
e IR o3I UN Na

R ILS.1. EW ATV a§g—ANFxn, mpgacWW &bV ayRgiFuis By
b—ab W PHAGEHER. & a HEN a2 FE—89, Z W 2AREWA {a;} & J 8%
— 20 AN &=

7 b 8y AT,

1B M =SS B U S R E R, AR 22 U BIE TR S e, 1 O
X I1.8.2 (IEXHME). &V Z—ANBEEI, S &2 VWiE—TFE, 5 S ageF40E YT
e Bmag A ST ARA S ey EAME.

X I1.8.3 (IEXHH). £V A —ANRTH, ZbeV EVWUTEN W b GAERELM
a, MikaszbEFTENWHELKRY. wRE—DbeW ¥k I PHERY, WTHEEH
#y V3| I 0y E Yt E,

B T1.8.2. 5 bk g Lagitik, E R —ANBFEABTH, mathbfE:V W, Wt & E &4

MW, BY=WaoW,

11.8.1 PEPERAF

P I1.8.3. i85 V RHIK F Loy AMRERBRZN, 2V Loy M2 %, WAEEE—G5
beV i#HL f(a)=(ab)Vac V.
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I1.8  NFR=AS[E] LAY 2R84

. A {ay, - a,) 2 VI—HIERE, S b=3" f(aja;, RLMIZE fp» (a) = (a]b),
o) k=1 n. fo=f, B f2ME—HY.

RAAL . AT ITAEAIE . :

FARIERRA I T b kA, i BRI EEAIE R R b AR f B9 AR IE AT
o W =kerf WV =W+W", faiHE W ERE. 7 P 2h V3 W IHIER
BPEAT, W f(a) = f(Pa)Vaec V. #7 f#0, M f K 1, dimW' =1, Fc#0ec W+
o

P (||a||(|:2) cVaeVy
1@ = o0 T e v~ 11

N, FATRETIA T SRR T B o (AR i STl ad w4 Bk B A7 A
ML ME—ES

T I1.8.4. £V R AMREANITR, T &V bR HEAES, NAEEE—XMEIHA T %L
(Talb) = (a|T*b)Va,b € V
JERA. O
R IL8.5. 2 V AARENRZN, B={¢} £ Vay—AMETERL, T &V ah&irH
A, W
(T),; = (Tejle)

1iE AR . 0

P I1.8.6. 12 V A IREANMEN, B={6} &V ayg—mMEEA, T, T &V Loy

N

TE AT
(Ta|b) = (a|T*b)Va,b € V

W T & B Toy4E% = T £ B Fey4EfEay 44t F
;] O
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1.8 ARSI B RAT

X T1.8.4 (PEFEEAF). £V 2 ARGENRZEN, T &V e9&MFA, wREGEV 895 —
KM A T i#H2 (Talb) = (a|T*b)Va,b € V, M4k T* & T s4HMHAF. #F T =T* Mk
T & JeR AR B HIEHAF.

P IL8.7. % V RAK F LayAIREN AT, T, U & V ah&m s, M
1. (T+U)" =T+ U*
2. (aT)" =aTVa € F
3. (TU)" = U*T*
4. (T*)* =T
BRFRAERE ST R B 3L 0T . L el b AT R 56 5 T T IR 1 e X 7 i S
5
MR AR A LT T o € F, YHMY o = a if o € R” 55E. B0
F ARSI IELT T #5RH8 T = Uy + iUy, Uy = §(T+T%), U, = & (T - T,
H UL, U, #R2TERFF
TR OB S S A O B K B SR BV B F LA RGP
Blzsml, T2V RIMEMEER, MhE L,

TT: V"= V" T (g9)(-) =g (T-)Vg € V*
T*:V — V,(Talb) = (a|T*b)Va,b € V
HET, AARSLEZRER, M—ac V YN XEMZE (al) € Vo, A (TT) =

(T)7,(T%) = (T)", HH 1, AT HEE BIZR MR BRI ER A . bl I, Zedhae
e B LA BT PR S — RO E S (5 A A1) o

I1.8.2 % IE54F

X IL8.5 (M. 12 VW RRFR LA AREN, EEMETHR TV > W iHL
(Ta|Th) = (a|b)Va,b € V M # T &1 4.

TP I1.8.8. X VW R RFER EMAAIRTN, £ TFTERETH TV > W 9 THAEL

1. T REFAR

2. T &R #ukdt

8. TH VM EAMEE Ak A W eg—A e Ek
4. TRV EANIEER LI A W 09— AIEER L
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IL.8 ARSI B RAT

5. {Ta|| = |A|VacV
N 11.8.6 (L IEHAT). WAREIE V oy Bl & F ARz RS R g 4 B H 4T

# U il Uy RARSE YV B L IEEAF, W U, U, /J# H {UyUsall = [|[Usal| = ||af|Va €
Vo ZIERAWWHRELIER, |Ua| = |lal| = [[U'b|| = [|b||,b = Ua, fixsefscnll, —
NI Z BB M HE AR EAH N — 1

AL IL.8.9. 2 U R AARER YV Eeg& AR, NMU R L EFAFSH4S UU =UU =1,
X TL.8.7 (ZIEHE). & nxn JEME A B R AA* =1 WAk A & 4 E4ET%,

CRI1.8.10. 5 V £ AMRENFATN, ULV Eog&MES, MU RXZEEFSHMS U
BV HE— (RF—) ATeyERER L B4R,

X T1.8.8 (IEAZHIFE). & nxn 4EfE A BR ATA=1 N4k A & ELFEME,

SIS A IR R

11.8.3 EHME4T
PR )L SR BTN Ay T A e

EX I1.8.9 (EHIESK). &V A ARENHTR, T 2V bey&MWAH, & TT =TT N
T R EME.

JERBAFMAIERAFE 2 IEMERT (WRATER) , EIEMEMAFEsRH (ZEG) R
e IEAAAT
PATR —HEER E B OCTE R JE KR AT B X A A Jo

B IL.8.11. & T A RAREW V ag—ANJe K EA, W T 9P A FAeas % 54, BmHR
) 4 AR AT 2 64 45 AR 15) = ) 79 O 3.

EP 11.8.12. AIRAFRLEANMTIAE—ANTTKRFFHH A (ER) BizqE.

O I1.8.13. 5 V R AHMENARTN, TE Y HE—8BEL., EW L VF2n, A
Vae WTaeW, | 4zH Vb e WT*b € W+,

TP I1.8.14. &V T AMGEN TN, T £V Eaguk 54, WAEE AT ETEGA
mete T 9 IEd 2.

44 I E 2020-11-24



1.9 &4

i I1.8.14.1. % A & nxn JuR4EHE, WAL L ELEHE P 1817 P 1AP Z3F A4,
FE A EIIEE, WAEAEERIERE P 1E2/F P LAP 23T A%

ML E R, AV HENE : M TARGERABEEALEEAT T, AEe2eRn, 1
WA — AUV I A B R AL [ £

A I1.8.15. & V AR farm, T FEMAMS., WacV & T ag4F/Eii c 31 M oG4 4E
wE Y HALY a & T a9 el ¢ *F B fEd 2.

£ I1.8.10 (IEMAERE). 548 n xn 4B A B2 AA = A*A W4k A & EMSENE.

A IL.8.16. & V A HMRBENIRETN, BA Vag—HRTERL, 2V EpgEBEHF T £
A TH4EE (T) £ E=/A%EMKE, W T 2ERFHFS AL (T) £ A4EHE.

CPEIL.8.17. %5V A AMRERNRETN, T LV Loy BEs, MY P8 AEE—2ATER
A3 T iz TegseE%E (T) 2 E=A%EHR.

HE T1.8.17.1. XA — A AL n xn 46/ A ¥ — L E461E U 1343 ULAU 2+ = 46,

M BT LAE B, AT Z A AR e AR SRAT ST B3 i AP o) 25 IR R0 A

_\LO

CHE T1.8.18. & V R ARG AN REN, T &V L ENLSF, MV b AE—EHGEE
AmERE T 09 ER =,

i 11.8.18.1. st —EH4EME A B H L E4E[F P 1£4F P1AP 23 A4El%E.

IL.9 %5

P I1.9.1. 32 V 2803 F Ly IREREn, T &2V EEMAAF (& V 2FK R
oy EARZN, T &2V LR KREF), 4 o, o & T 89 AEREFAEE, W & ¢
AR IR B AR TR, B AV BIW MERIEHES, NS i W 5 W,
EZ, VAW, Wy thafe, BT =cE + - +cEi

figg 11.9.1.1. =

(x—ci>
e, =

J ||

; Cj — G

m‘IJ Ej:ej(T)7j:17"' 7k°
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L9 1%57-fif

mT E 2l THIHMMH E + -+ Ey =1, SBRANES (B B FOVH T &
SR AR T
W IL9.1 (&), 2V RAMRERRZN, T &V Loy (T Afesy) BRI, ¢,
& T oyAA TR AR, B 52 V 8] W, 09 IR FAFH 2

r — C;
!
J C; — C;

i J

|
k
j=1
A T o9 nft. Zeedt F:L(V) = L(V) sy s T o9i8E, WAk

k

F(T) =Y/ (),

AT gk, AP fF-F 5 F ayRIEEAXAE .

mT f5 F REIEMIE, FHEAER M f 1SS A e sobR & 1 [ 22X R
B 11.9.2. 3 E—& sLayitikfearit, WA f(T) & —A T A B4, kA f(9)
A ST wiE, 2 UV SV ZLEskd, BF TV =UTU Y, 0] S &2 T w458
f(T)=Uf(T)U",
8 11.9.2.1. 32 V ARG R RTN, T &V Loy (T fAehy) ENFEHF, Va9 B=
{a;, -~ ,a,} & T ogdtem 2, D& T oyt A4EMRE, st ATER {d,---,d.}, W f(T) £i%
ZE_E'FQ/]XT%%Eri f(D) éﬁﬂf%;@?}%fﬂ {f (dl) )T 7f (dn)}° % V él}jﬂ]—‘éﬂ% B'= {a/h U 73_;1}
5 B 2ag A RRAKXE a) =, Pya; WERBIESE P %R (f(T))z =P ' f(D)P.

B S, F AR Q WE D' = QAQ™ W P 'f(D)P = Q7 'f(D)Q, &
P71 (D) P @AM D iy, wIEIF & L.
X 11.9.2 (BEREIEED. *FF nxn 46/ A ZRAE—3FA4ER D= PAP™', N A 04 F#
f(A)=P7'f(D)P,

DA TE BRAA H R A1 40 i

PN IL.9.3. 4 A R EMIEME, o1, ,cp % det (z] — A) 9 RE AIRk, 4
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I1.10 5K

PANZIEASEATEMT B8 2 BN 1 M HAY 22 =17 1EH,

B TLOA. % T RAMAEMEEN V LW EAFLH, NS T a5fa el
1. Asged, T & ek A4
2. AR FEHET, T Z3EfAwg, BF (Taja) <0VaecV
5. wytextiA 1uy, T & L EHAF

PATF R IEMBATEMT B AR S BBAE B — AR 0P ARY e B

TP I1.9.5. %5V ARENFREN, T £V FegE A& AES, W T HeE—IE 7-FH4%, BF
HhaE—ERAREAS N #HZ N2=T,

AN RIEMSBAFRMT MR 2 WIFOoRi 2 = ru, HA v BAERSERL |ul =17 1
EM, T BRI B R E RN 2 = re, WZE PR A AT AR A

L I19.6. 5V RAMRBEARRTN, TV EWEBRES, WAEELEES U kil &
FN#HLZT=UN, £ N 24—y, F T 27745, N U LiErE—ay,

— B, E AR MEAA T a2 T = UN, ] UN # NU, #fjf UN =NU <
T*T = TT* B T BIEME.

I1.10 s5k&

SR T R — IR B KR R ARECE S, e R MR R, R
(L) AR Dy ) 23 B) (R O e — I ANHORURE e i, SR L2 — DAV RE A e PR Y
N 4R e — TR N x LAERE, H n Brik@red et —E T ERE N .
HAMZ BN HLNETAT, W2 2 BrikeE. RSN, JAT B 2 9808, b
MEMESRAT, IR X H 2 Brod Eryike . ZRiriny m s ER 24 1 praka . RATEAR
PRAZRA] “ld” ok 1 ke p s, it 2 sk mpch “ikE”,

X I1.10.1 (FAHEFHKER). AAGE v,weV igikeER voawe L(V) 22—k
L Y

(vew)u=v(w-u),YVueV
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I1.10 5K

Wb K AR A2 A AR B AU

FARREAS SR AT RE RS A ) R AR . FRATHE VB4 1) & 1Y ) AR AR Al
VeV, mKERIEXSH, VeV 2RERANES. Nt VeV g £(V) BTk,

NI BT g T A R KR AR AR AR T SR A

fil 11.10.1. &£ &8 v,w € Vy A {e;} & Vy a9—2k, NAH:
N N

VvV = E V;€;, W = E w;€;
i=1

i=1

Hi BB, RO ) SR E R Y K E AR AR . H {6, 0e} 5 N x N 4. Ul
RENREIETL KN, e £(V) —dlE 1. HRAE, 3ok, B1FA—Eedt
JeFHT o 8 BRI A SUERTA_E i ) KA UE S, T DAELREIE TR 2 B

SR TL10.1. 3% Vv, Way 5 BURHCRF 169 N, M gz, (&) & Vy so—mk, {f}
& Wy eg—tik, 4 HE {6} £HTIE KT, {/f\} ®/éz‘} & L(Vn, Wa) 093k,

B, XiF £(V) WIS, woef P e {e} & V i—4IEIEE, {6 ®e;} 4%
L(V) i—4lH,

S TL10.2. FA K09 LA MRt CNFA B Kt Ty L6 B,
AR A RGE B Y ERSKE A O

Y 11.10.3 (GREMEE). “ &V R EXBE R Loy A RERNRZEN, ke A BeL(V). &
FF u,veV A (Aulv) = (u/Bv), Mk B & A o945 F, ith B=AT,

P 11.10.2. E—KE B FAEE——NEE.

X I1.10.4 FREKE SRIFRIKE). 0Bk 8 A = AT, WK A 24K S, o AT=—A,
W4 A Z4RKE.

"X ML SRR R X R S RO R A ST 1B (adjoint ) MOMEE  J5 L OUR S U EARAEFAT Y E (transpose )
A= ARG X ELE BT — I @R AR AL S SO 15
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I1.10 5K+

P I1.10.3. fEfT—A KT A HTRAER A HIKE A° 5-AHFKE AS 2 4o
A =A%+ A%

o

AS:%(AJrAT)

AS = %(A—AT)

EX I1.10.5 (IEATHKE). * ZkK 3 A %L AAT=1 4+ I 225%k3 (FPBFHL), Wik
A R EZKE,
Y 11.10.6 (FRERIL). FKkEagid L —A R HH tr: L(V) = R HL:

o KM tr(aS+ OT) =atrS + ptr'T, Vo, € R, S, T € L (V)

e tr(u®v)=u-vvu,vey

FTDAGER , WA E R A PRI S A — Rl ISAvwendix sl By R e US40
I .

P 11.10.4. K= 893 R B A e it 45,

IERR. AR E e i E R R, G A T P AR ARG oKk, el O
X 11.10.7 (KB ERM). AAKE A, Be L(V) ssARSATER, i2hH A:B, &
—NHFE., TEAE AW L(V) B R agukdt, £30AH A:B=tr(ATB),

Gy Bk ok S bR AR R R — e X, Hoe A KENRERIE SR L (V) 22—
WAL ZS ],
Bl 11.10.5. 2V & R kaydmg 2, Te L(V) &£V kayg—AKE. W T £V 9iEE
A T oy kTR 4T5) X AR S .

B WAL 2 THE Y WAL TR R . PR X P ER R L R, AT A = P~ B P,
i det (A) = det (P~1BP) = det (P~!) det (B) det (P) = det (B) O
HEX— PR, FATA] AEEFRK B A — 5 N AR R A 781 X A K A T8 2K

EX I1.10.8. £V & R kwymEwn, TeL(V) £V Eog—A5kE. W T 89477 X, detT
LAV WEEA T ERTLEENITE,
53¢ HEL {4 T 22 A B0 I A 85008 1A £ E484% (unitary operator) AR .
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1111 RRJLHEAE LA

I1.11  BRJLHLEE ) LAnf
IL.11.1  JE45hms

e TL111 (JEEAH]). EEZRENA T (M,d), £+ M 2 %46, dxk M L EF,
d: MxM—R, #1334 FIEFE M A8y z,y,z, FHEHEGRL:
1 RTRyHWE —: d(z,y) =0 T ERYE 2=y
2. 3Rt d(z,y) =d(y,x)
ZAREX: d(z,2) <d(z,y)+d(y,=2)

B I1.11.1. 3% (M, d) 2 —AEE =R, N d(x,y) > 0Ve,y € M

e EESEENNZ 3 A d(v,y)+d(y,z) > d(x,z) XHE2H d(z,y)+d(x,y) >
d(z,x), BHEMF1AH 2d(x,y) > 0,d(x,y) > 0. O
Bl IL11.1. 3% V 2408 F Leg—Amsemz =i, o (W, |-) 2—MEZ =0,

TS TLIL2 (FFIMEHE). % (M, d) 2—AEEEM, deBAE— ¢ > 0 % 4 EEEH N
'Ti’f%‘xj_"%/-/—%ﬁll L1, 3 Tp, - € M A\ﬁ_:‘ﬁ reM “%/% d(l‘amn) <€, ﬁ']ﬁ”%ﬁzﬂﬂiﬁi% To

e TLIL3 (FIPFA). 3% (M,d) R— /MR, 4o RAE— >0 &4 AEEH (74
?&&{-i) N /ii’f%/jz’%l Ti, 0 3 Tp, - € M X’HD?E’: m,n > N 'E’fﬁ d<xmaxn) <€, m\']ﬁ’ﬁ:lz %51]7\&
—AATH A

B 11.11.2. 3% {x;},x e V 2Be@z=m (V, ) 9= F70, W {x;} ZFHF5) % BILs
NHE—ELZH e>0 B HEARK NeNFHFRE mn>NmneNRKA X, — Xn| <€

w114 (FRZREEENE). & (M d) 2—AEEZR, R M FoyF—F5 554
B, WAk (M,d) Z7&6.

R I1.11.2. (R, ||) 2750,

TR ZEAE B UE R DL ]

X I1.11.5 (FHA ). % (X, dx),(Y.dy) =2 =R, SFETHARS (: X =Y HL
dy (i (a),i(b)) = dx (a,b)Va,b € X, 4wRAANE 2 TN Z0) FLE—AFETH, WARZHA
B2 FIE .,
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1111 BRJLHEAE LA

I1.11.2  MRJLHEESER]

M ERAME, SFHARERBS. h— P ERZN (€, d) 2 A IRSFHA BT i —
NHETYIE GERAENARE T, E2fh

T={i:&— Elii,d(X,Y)=d(i(X),i(X)VX,Y € £}

Sl iy 0y € TViy, iy € L.

WARIER d WERILREIUT, BOAE —Rre . FATE W ENV 4R, B
JUBAESS(A] R e — M AR i . DA R R RS ROk —2R5FEEAR i, B ke Z
B— DTV, W Vi,i,eVCT

1. R iy 00y (X) =is0i0 (X),VX €&

2. fEiME: VXY €EFieV,i(X)=Y

3. BmE: A 1(Xo) =X, Xoe &M i(X)=XVX €&

4. mJEM: 44013 €V

5. Wi A ER XY =V

6. WAL (in]in) = d*(X)Y) 2 iy (X) =Y~

JUEASERE YV BON T — MRS E =S 0], fAh, AIaE— N EES RIS 7 22

ﬁ~/*fp%§ﬁ£ AR TRV GERNT) o BT Xl € p—u X #1551
SERIEE? 2 E2 5 VO (i())=i(),i eV, HHE g EieV, X €&, Nid
Y=i(X)HY=X+D(X,)Y)HZO(X,Y)=Y - X, IR Y =4, (X),Z=1i,(Y), NI
i10iy (X) = (X, Y)+ (Y, 2). Wi (X)=Y MA@ = DX, V). gZ5, h bk
P NBIE L S RO LR . R — R0 (€,d) WS d WE B, WK E 2
—MWJLHEESE], X € £ FRAR, d—PWJLHEER R, d(X,Y) PP AR PR, &
IfE XY =d(X,Y), V& & WP#ai. aAgIE,: VO, XY €&

L &(X,)Y)=0%4HMNH X =Y

2. (Y, X)=—-d(X,Y)

3. (0, X)—®(0,Y)=d(X,Y)

B I111.3. BRILEAEE BTN (E,d) & T&H,

TEA]. R TR LR R s R A% s e DA S ek B IS ), i e 2 S A i O

B2 W Noll JFA&RAN . WFi B&, S AME BRI, #0140 SRR BERRER: i (X) W
d(X,0i (X)) = ad(X,i(X))VX € £, 0 € R, WIER d 1SRRI E SG R —BEEK. ﬁﬂiﬁ*ﬁﬁﬁ%
SATIOAATIEN, AT Rz SR, BRSO R AR PRI, X — RSO IR T R s
6] (€,d) PARLELEILAT

HHE 2020-11-24 5
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1111 RRJLHEAE LA

THEATGIA, BOLRES R A BT RO LR S0 L = A AT I AT
N, MhE X,0,Y €eE, X#04Y, f

12 (0, X)I” + |2 (0, )" = [2(0,X) — ®(0,Y)|* +2(2(0,X)2(0,Y))
=R,

1® (0. X)|2 [ (0. V)| < |(® (0, X)|® (0, Y))
 (2(0.X)](0,Y))
TS e 0.2 0.

SEXE AW o &0 — R FRE

<1

(©(0,X)|2(0,Y))
12 (O, X)[[[® (0, Y)]

Horjtcos : [0,7] = R,cosz = 5 (e +e ™). WREEF, MabE LHsEL cos Ky [0,pi] 5 [—1,1]
RS, # rana = [0, 7], ZXOY = —/ZYOX,
Wi € — &g, MEEA /XOY = 2i(X)i(0)i(Y).
THEAAAGILRESE A EL .. WELEENTIA, 50RO A4S .
HEMR XY €&, X #Y, ERTE

/X0Y =a(X,0,Y) =cos! VX, 0,Y €cEXA0#Y

LXYZ{C’C:X+OC(I)<X,Y),OCGR}

Prohad XY MR E L. H @ LESRAH, o XY FHRA—FHEEZ.

W £ZXOY =%, WFREZ Lox 5 Loy TH. HARKE L, AIHIEZ Lox 5 Loy &
HYHAAY (@(0,X)[0(0,Y)) =0, #Hud & PE— s n P IE HHY B4R oK B AR 55 H
FREET V 4R, #oE X E M4ERUE V 4R

i EFEEMA XY WHZ Ly = {C1C =X +a®(X,Y),a € R} 5Lfr E[ERE L
T—MH VY ITE {ala=ad (X,Y),a € R} 3| Lxy BIBUR, PAK d B4 d(X, Lxy)
R A0 TS8R se e, RS (Lxy, d) 258 %/,

WRGEE O € € BFER, WIHME— X € £, X #0, FEAE (Lox,d) BHEA RN &
WS @01 E =V iR

P, (X)=9(0,X),VX €&
WAy FsR R e IR @0 XUt FATIR ©o ke O MNIFEAR € A& MR, # {e}
2V IR, WEALE {Lox,|Po (Xi) =&} F8 € W— A EMBIRA (BFRH
RIRARR ), FATRA AN HARA S {O, {&:}} A— A HEMBIRR.

Feuldh, &V 2 R, ®aEkA O € € fil R* f—AMEiExHE {&} c R, WFx
HeE {E,R",0,P0,{e;}} B—MRILEERE., RINEFEICX—HEN £, P EHAMIRER
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IL11 RRJ LA L]

{0, {&:}} FrX AW LA =S [ A SR A AR AR AR o L HL s () ) DRI AR5 o FHEEAS ABAR 2R A
BT . WABILEEZSE €, & MlF (B € =€) 24 HACH BN AEROH [A] FLE AR
PRAREA

I1.11.3  SFHEH &R

B IL11.1. A TFEE X e 9t Qx: V=V 2 Qxu=7(i(X),i(X +u)),Vue
V, M Qx 5 X £%, B Q REX¥k%.

YL B Qx HEXA Qx®(X,Y) =0 (i(X),i(Y)), H

(QxuQuv) = (® (i (X) i (X +w) @ (i (X) i (X +))) = (ulv),Vu,v € V

IERH Qx @A Yoy, as € Ryug,ug, v eV,

(Qx (a1 + azuz) — Qx (1) — Qx (2u2) |QxV)

— (D (1 (X) 1 (X + iy + asug)) — B (i (X),1 (X +aqw)) — B (i (X),6 (X + apus))
@ (i (X)), (X +v)))

— (s + asa|v) — a1 (Wi |v) — s (us]v) = 0

&Qx (u; + azuy) = a1 Qxu; + 4 Qxuy

=1 (XQ) + QXQ(I) (XQ./ X1 + u)

W Qx BLMA .

ER Qx i : 2 v =¢,{e} & V W—HIUIERE, WE5%E {Qxe} he—4H
MEIEAZEE, 0 (QxulQxu) = (ufu) =0 BHLY u=0 Qxu=u HHH u=0, fr
PA Qx 2[RI Ltk As .

EH] Qx ZIERR: i Vo, v € VA (QxulQxv) = (ulv), HHEEREX, XA
(Qxu|Qxv) = (u|Q%QxV), #H QxQxv=v, H Q\Qx =1, Il Qx ZIEXKE.
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IL.11  RRJLHEAE L]

WM Qx 5 X Wk VX, X € EueV, AHSERX

P(X1) =i (Xa) + @ (i (X2) i (Xo + @ (X2, X1)))

(
:I(X >+@X)(I)<X2 Xl)
P (X1 ) = i (Xa) + B (i (Xa) i (Xa + & (X, X1 + 1))
1 (X5

S Qxu=2 (i (Xy),i (X1 +u))
=P [i (X2) + Qx, @ (X2, X1) .7 (X2) + Q@ (X2, X1 + u)]
= Qx,® (X5, Xy +u) — Qx1® (X, X)

= Qx, (P (X2, X1 +1u) — (X3, X)) = Qx,u

g I1.11.3.1. % i : € — € ZBRILEZEE RN (E,d) Leg—AFEETH, WHE E 0T
%W Y g AEREHETE QHL Qu=>(i(X),i(X+u)vVX el uel,

TERR. AT B B E ShRIE. O
fleig 11.11.3.2. % (,d) £—ABRIJLEZEEEZNH, V 2L FH20H,. 3 & Laylr—%F
JEEM i E = &, ERAEE—AV LR —ay ERZBETR Q B i (X) —i(Y) =

QX -Y)VX,Y €&,

JERR . FHEITE 5 | FE] R AEIE O

A TR EMER S, AT BT 1% Sl S RS 1) R e Al

SEA IL11.4 (AR R ER). % (E,d) Z—ABRJLZIEEE=N, V 2L F450,
HEE— Xg €&, MiE— & Ly —%FETHh i E #r waﬁ i(X) = i(Xo) +
Q; (X — Xo).

R, SFHARH FOR U P IR A Q R HOBUIT e AR BRI @ 1, SO Q
AR do (R ISEETHE A TR X — R g
T Q 2, KOULEERE & W AR — SR A @ 2 [l F AR .
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IL12 i sl B A B

B, BATTLARRE—Y € £ 2R Xo+ Q7' (Y — i (Xo)) R HEEH QP : &% -V
e NEAWY, Bl Q Ml ¢ #U2Ut, QO iy, T4

i (Xo+ Q' (i (Xo),i(X))) =1] (Xo+ Q'@ (i(Xo),i(Xo) + QP (Xo, X)))
i (Xo+Q'Q2 (Xo, X))
i (Xo + @ (Xo, X))

= i(X)

Bl 11.11.3. 3% i1, iy Fo iy ABRJUEZBEN € L5 ERE, » 32 LA:
e i1 (X) =X+ (C - X)
o iy (X) = Xo+ Q(X — Xp)
e i3 (X) =X +Q 7 (C— X))

i —APFAS, BPFE—5 X €€ FHSu=0C— X,

is WL —F A, FIE—5 X €& FHv=Q 1 (C—Xy)s

TTIAE 4y 04y (X) = dg 03 (X)

3 Q=1In8f, iy RlaFekdt, 4 Q#AI8y, §F Q RELAMIS, ¥ detQ ==%1, 3
detQ =1, M Q & —#rigst. % detQ = -1, Wb Q= (-I)(—Q), det (-Q) =1 T4= Q
RARFBZEFHTT RE (1), #1F (X,i(Y)) = -0 (X, Y)VX,Y € £, i FREA LR
PR Tk R AT E . RIBAVEE LT AP REE detQ > 0 89 F T,

I1.12 s R AL S H S

T [ B BR BB 0B 0 e, BOA R B E A R 18 B [ £ = (fi- - ) €
R™ AR fr,- - for HHERER (f1, o0 fu)Te B, 2RI DRESH S (1
nx 1AEIE) BB M. 4 IRATAEGR AR BRI, AT HEEII 7. FlmE”,
A2 A T E e R AR R R ARMIE IR A B UL o
Y I112.1 ([ eREl). A R™ 2] R™ agedf £: R" — R™ 2 =A@z fdk. AT A
n e ERERGNE rER, r=(r,-,r); R (BBME) R—Am EREERGRE
FER™, f=(fi, -, fm)e EFEAT, fi: Ry =R j=1- mikh oy iz R,

FERET S, BRAAIEIE £ R™ O D — R™ F/ReR%L f 1€ 8 domf = D, miiAZHEEA
R, X0 P A DU i (R e (ELRAE SR T, 245 S AU T2
AT HEMHIEICH £: R — R™,
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IL12 i s B A 1

Bl 11.12.1. H 3k £: R — R2,

f(r) = (r%+r§+r§ ) _ (fl ) |
1+ 7o+ 13 fo
f1<0,foeR
Hr=(r,rem)T €R £=(f1, o) € R%,
VAR AT F.5] 1R de ik F 305
P(x,y,2) =2+ y* + 22
{ Qr,y,z)=x+y+z
Bl 11.12.2. S f: R — R?,
T
f(r)(37“1+4r2>(340> .
3ro + 513 0 3 5
r3
AR, ARG R, b BRI A3 A RIS TRl ie A fr,
X TL.12.2 (Fapk%h). £ 5 JH F RY™ 5 R™, £ RY™ Py aE (21, Tn, Yty 5 Ym)"
B (x,y), P x= (21, ,2)T y =, yw)", M F (), r € R BT B R F (X,y).
ESH LR = R HRF4 F(x,y) = 0,Vx € R" N 4fik — 7422402 LT S f
Bl 11.12.3. % Fy3k F (z,y) = 22 +92—1 =0, W “F (z, f (x)) = 22+ (f (2))* =1 = OV € domf”
(a4 32 SUT vA T HE— R
filz)=vV1—a2, -1<z<1
folz)=—V1—22-1<z<1

fs () Vi—a?, —1<z<0
3\r) =
—V/1—-22 0<z<1

Y IL12.3 (BREHEG). © S £ R — R™ (4B RIGF A A AT (r,f(r) s 4.

BRI EEA S — R E, AHERREFELR LR 08— iisl. Bidh, dig s,
PRAL £: R™ — R™ 1 EG2 i A e

51 :fl(rla"' 7Tn>

ym:fm<7n1>"' >rn)

AL TR AR ey 1804 0T
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IL12 i sl B A B

B (20, ooy, o) BIERE G2 R B74E) . H fr,--- fo 2 £ HOARARBR AL
FATAEEA Ll 40N TS5 3 e, HNEL ERAL— S it 2o 3 568K
PR FAT R A AR i H P R AR PR LA o+ m < 3 T DL

Y

B 11121 y = 2% — 2

Bl IL12.4. @3k y = 2? -2 69 ZRATAA 3L (2,y). RS, & (2,9) €R?, 3L F @
FayBRW. Bk, ©RWBILI2. 1FFmeg—& kWK,

B IL12.2: f (r) = ||e))?

Bl TL12.5. [ R = R, f(x) = v]” a9 BIRAH R 3 LA (r,72, f) 898, & 3 REMH
— A4 [ 1112, 2FF 7= 69 ¥ T .
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B 11.12.3: £(t) = (cost,sint)"

fl 11.12.6. H3 £: R — R?,

cost
f(t) = ,teR
sint

BB RE RS BT . defTE gk ? B R LXA |f(1)] = Veos?t +sin’t =1, & f
RkERECE. t AT LS5 € MEANINE. St & R NIRTREMES, f#E 6 -6 F
LR AR B e, EIAREE R fagEIR. fag IR 3 UL (t, cost,sint) &Y
Eb R o9F &, BiheBE 11 12. 357 0992255,

A

EA

i

A

B 11124 BREL £ (v) = (f1, fo, f3) (ricosre, risinrg, )T, 0 <1 < 4,0 <72 <27

Bl 11.12.7. F4 f: R? — R®,

fi 71 COS Ty
fr)=1 fo | =] msinry |,0<7m <4,0<r, <2rm
f3 ]
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IL12 i sl B A B

fogE SURE 2 T Loy —AN4EF (BIL12.4), S ri=a, a T FHk. WA
Q COS Ty
f=1| asinry |,0<ry <27

T2

B P+ f2 =a% 2 ro 1EH f3 4, WA/ 3 U4 (acosry,asinrg, my) & —ANERE, L
fi—fo BEMEHARSCERS., FE2A oA, =0, 0 ¢k, WA

71 COS 0
f=1| rising |,0<ry <2rm

7

H i+ f=ri. BRI, X AR EE L 2 sy XK. F o £ 0,4 R
e, 0 & [0,27] LT, AR f(r) oy A dm REh A ARal & R e B 1112 ) B 0y 3L

o 1238 LE AR agEE, NI mag— AN AHmE f=1(f) 230
WME, TSR r € R? Mt 24 B IL 12 /P 0945 K3k, R A S8R, A& key 8
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AL, CRHEAS R R K R S HEE E AT (VRN ), WHATERE S 2 BATHGE . A1
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B I C GihrA IRIVAE K& dE—2n]E

1

E=_(C-1) MR-k B H 72 5K

II1.4  Pyijchitiik 52 lal ik

Itk B oCR—W R X € B AMATDARA “fiE” mtei R CEmG <), i
RERA®IE. WESY M. FEEEMARAE T, Jm 2P BUs L

f:BxR—>F

PR R, EEGKE. BT AREROANRYE B XY X € B, #eR% f (X, 1)
T LA KT YN X AEYIR B AERARIE N M B P g (7 B AT R . WA B fEK
AT, ZHA to AIEL Qo RS H WAL, MFINZ] ¢ R Q, YT AL, JEARmGY
X (1), XAE Qo PIIMEREZ X, W X FEYHInZ] ¢ FACE R ER x (1) = x (X, 1). W
FAE £ (X 1) BE NS BB AP E X BRE, B2
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IFREREL fon W APEST f RO, SORRTEAE B H A
W, ATk B iEsh, SEME re R® AFHRESEEHEARWAR L, WA ikiz
SRR B AL
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X () x5 1)
% TR 8 HEAR IR T W2 B
_ de(X0)
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Hor oy TYERLE A W 2 B OB S wy MO ¢ MORFHE R w0 (1) e L, Y5
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JECAR ) T RE RR AR . RE Y S R A 2
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= %fi (/1_1 (r,t) ,t)

FAVEDATHRL T IB M (particle imaging velocimetry, PIV) FIHEE, MELR ()
w27/ SEvsibi Y R DR

UWERFATEREE L) ve ERAL v YRR, IO HOR I B AR AT, (HXA )
7k B AL G IR . oA Az s, BrA v A e — B . kAT
ZITARBFITE IR, 2N TR AR

TINSE L e ) o ) AR, B

X 2
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P —AALE X)) FEARFRI IR, B vy (x (X, 1) 1) XX AR ECRIEN SR, A
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e, FEVERERARIE T, AR
SEEIE), I, M fs (r,t) 3T r AR
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ITL.5  WAE AR K
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X A W) ST A IR SR S A LT 1) 45 [R] S50
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0
—F
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USRI PE () ST R o S
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i
o 0 .
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VIl BB #h S

AU BT T%%ﬁ%$ﬁma%$ﬁ%ﬁ JLABER. AL SN R
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EX VLLL (FFE). R F R GTFES P—AAE xS, BEEEHK I>01£/FR 2
|x —xol| <6 M x €5, #ik xo £ S M. FIAZHNE xo 9ESRAES SR, iTh
intS. 4R S WA LEHAE S A (S =intS), st#k S AFE. —ANEHELE xo 9F %
S XA %L xo 89— AR

X, B R S AIFAE. R TEE B (vacuously true). RY FFFAE
MRt R TE . R ol A PRI St B IF . MO AR B (L B

L VLL.2 (B4R, v RES S CR" FaIE xo BN ARBBETE S —A S by & (v
A& xo ARG ), WARE xo & S g L ay b, IR EAN 8 xo B9 REHR S 9 &

A oS, 4R & x) AENTEIEHE Y —A S Pl x) TREBGE x, WAk x0 & S bg—
MR & . S BT A BIR A EEHR S 895 %. wREL S O45CHTARIRE, NRES
SEME. FEE S FTHME (S=cl5), Wik S =M E.

M, B R 2—HE. “SEE—IHE" BH. R FRPIER Rt L.
R™ F A BRA PSR S g P 2

Y VLS GhHD). R TF R MTFES P—AATE x0€S EZELHK §>0, #4E
EEV—AxeS B |x—x||=0 (RRx#x)) o2V -—Aye¢SiHL|y—x|=0, W
oxo RS WG R Eag b PRI S xo B ESIRAESL S W R, Fith 0S.

TH VL11, AN ELSAAELARECOALSALAR Loy s.
e VIL11.1, —AE45THES AL C a4 LA RIRE,
e VIL1.1.2. —ANEAZFELARECROSHIFTHR LML,

e VL1.4 (PR32 5). o B3 F 8 x0 € S C R, BALEEFLS 6> 043 {x][|x — x| =6} N
S ={xo}, M xo & S a9—AINZL &,

fil VI.1.1. 3% S = (0,1]U {2}, M intS = (0,1), 9S ={0,1,2}, S &YFrH IR EZ [0,1]. 2
& S B ANINL &
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AR PR S o

SIME VI2.1 AMEHR LV, - W, 22 H S HEREEFEEEZHK m > 0 HL |Lx|| >
m||x||Vx € V.

IEA. PR LRGBS, WIFAE xo # 0 /e Lxg = 0, B [|Lxo| = 0 < m||x[|. #HHE
A T o

W LR, WHAAES L WE LT'L =1 H L 2k, dEp13.4,
> 0, LYy < kllyllVy € Wie & m = 1/k WA mx|| = m|L™'Lx|| < mk|Lx| =
ILx| 0

TEZ IR E SCH, PRARGESE ] e SO HE AR BT A R 2t . X L3R o i
WFRAY € — 0 TEF BT L 1) B R RS Al AT & 3o

Hoehhe SR mIERUEN . B £ R - R™ 2l ek, iCHSRECH L R" —
L (R™* R™),

dx’ x'=x
HE, L(x) MEBER DR S, ERGe— D Ltkms (B L Rb2—PMN R 2
L(R"R™) BILEAH) .

Sl VI.2.2. % f: R, > R,, & 40R%, BE xq AHELTM. BEILfE xo &2o9F4
M| B g, NAE OSSO0 F M >0 RIFRE |x— x| <8 HA

X=X(

y|| > M [ly|| Vy € R"

ER]. JCRRAL £ S REC Lo g [BEVL2.1, £77E m > 0 5 [|L (xo) yI| = m [ly[| Vy € R",
I, T £AE xo AREELERI, SOWAT — IR SER——BUARIESE m/2 > 0——A74E 6 > 0 {lif5
HEL [|x — xol| < 6 3A |IL (x) — L(x0)|| < m/2. BRHABRPTERE XL, A%

I(L () = L (%0)) yl| < |1 (x) = L (xo)[| [lyll < % Iyl

M = AAEA
1L (%0) y[| = [I(L (%) = L (x0)) yI| < [IL (x)]]
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L (x0) ¥l = [I(L () = L (o)) 1| 2 m 1yl = 5 Iyl = 5 v

WUAFAE M =m/2 > 0 2 fmdl O

SIBE VI2.3. 3% f: R" — R™ Rk, HE xo QESETH. FRIE £ £ xo &4
S dx B WNABELEEH 0> 04 M >0 HERE X —x| < 0 st4
X=X0

If(x) = ()] < M[|x" = x][

AER. CRRAL £ R FRECH Lo H5I#EVL2.1, 245 m > 0 15 ||L (%) y|| > m ||yl ¥y € R".
T xo AELETTRL, MOME— S LA M = m/ (2vA) > 0 f71E
0 > 0 i HZ [|x — xol| < A IL(x) — L (x0)|| <m/(2y/n).
IR, ¥ x Il x' 2 R™ PUEREIREEE |X' —xol| < 6, |x —xof| <9, &
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|x + tz — xo|| = [|[tx + (1 — t) x — x¢|
= |t (x' —x) + (1 =) (x —x0)|

<t|x' —xol| + (1 =t) [[x = %ol <td+ (1 —1t)d =9

iR EAReAE U BRSO, R X, x TR [[xol| < 6 BTFEENES, WEIrEL By
Rx A+ tz BAEIOTRNER, 8K OB . T R BGESR A 5-%[7\]%‘[5}3546‘]
XS 0 <t <1 XR A A x4tz 94 |L(x + tz) — L (xo)[| <m/ (2y/n). Xtk
BB E XA [|(L(x +t2) — L (x0)) y|| < [|L (x + tz) — L (x0o)| [[yll < M |ly|| Vy € R«

FIA CHUBFREEL, mh (x) = 2x = (21, @) € Rk =1, ,no HRIE 72 =
e (X)o #FEX g (t) =m0 (F(x+1t2)),0 <t <1, W AEEIENAIARATR KR

dgx
dt

T P EE R, FELE 6 € [0, 1] B3 gi (1) —gx (0) = G0 R gis G (93RS 7 (F (X)) -
me (£(x)) = m (Li(x + tpz) 2) . TEEE], BREL m, (x) WU FE x 50 b E LB RKE. H
PO RIEART I ERE (REE ORI RRAEX), A

I (x) = £(x)[| = [m (F(x') — £(x))]
= |m (£(x)) — mi (£(x))]
= |m, (L (x + t42z) 2)|

=7 (L (x+tz) z)
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S2)H, FE k=1, m PEDE Ak HE
Vit I (L (x0) )] > L (x0) 2]

HRFHBEEARTRK, A
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PR A X SR EXEH
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AT EmE =5, FATANIERS S ek EOE B UER .

R VI2.1 (RpREUER). % £:R” —» R™ ZiEaTiRi, edfk f o5 58h L(x) =

df(x)

0| 3 L(xo) RES, WEHE X0 49— AR N WIF £ N LA 5T Fab il J 5

1 fagffay 6 £(N) LRAFE; & N AMEZE— & x #-H

df~' (y)

=L (x)
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FIIESSEL M (y) > 0 W2 [|[L(x)yll > M [ly||Vy € R". k251, Fh5[FVI2. 18] H
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At LM SUBRIBHS O ], 30 L (x) 76 N _ERSAMERRROUR ([FF) Zibasie.
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HBN L B = {x] |x — x| < 61} 75 N HIPHEBHI—ANESHL 61

QR M FEAE, WXHE— y € C, FRATATM B gk s —4 x it y = f(x) Fl y e C
MIBERS R, FEHEIEIVI2.3, KA B L%/ N IE SR MY {75
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