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k(AB) = (kA)B = A(kB)

BEEMICH
kE+1E = (k+1)E

k(IE) = (kI)E
(kE)(E) = (kI)E

FEFERISRIE BN e e, (HA BRI NERE A 5 B, tWARIEE AB = BA, oM A5 B
AR, LA 5 (T — RIS R P 56t

(kE)A = A(KE) = kA
EX 4.1.7
EX n BEEME A IEREIORER

A=A A, A= AA™
TP 4.1.8

(A+B)" = AT+ B", (kA" = kAT, (AB)' =BTAT
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GUERAE n TTEMETREHRRLGEFFCIE A, REBIUARNAINEN 8, RARE =, -z, HKH
FlFEN X, B2 n &M T EHR LIS R

AX =3

TRYIME n B2AHRHN AX = 8 BIfE4 BACY An =B,

4.2 TR

EX 4.2.1
FRAKLSMITESLN 0 WA EMRAX ALERE, FielE

diag{dy,--- ,d,}

X 4.2.2
RE—NTERE 1, HoELA 0 BERRAERER, (i,7) TA 1 WEREMRIZE Eij.

ENX 4.2.3
FXALT (b)) ARTELA 0 WARERAL (F) =M%,

TR A= (a;;) N E=MIEFERFE T LEFMNZ
aij=0Fi>j

FIRE, E=MiEREth A RIAN

A= Z Z a;;j By

i=1 j=i

X 4.2.4

HEMAEMZN —RMET (B) BHREB| BRI ELER,
WIS A =/288: P(j,i(k)), P(i,4), P(i(c)), EF ¢+ 0,
1. H P(j,i(k)) /£3€ A, BHE A (% ¢ 1709 & fEMEIS 5 17 L,
2. F P(j,i(k)) 3 A, BME A 0958 5 5 k RENEIE 0 51 L,

REW, W P(,j) £ (R) A, SIS TIE AR 17 G 55 517 G B
H P(i(c)) £ (f5) k& A, #AHZTH c 3k A KIS i 17 D,

EX 4.2.5
—ANGERE A RS RE AT = A, IRLFR A BXHREERE,

EX 4.2.6
B —ANGERE A WRHE AT = —A, ARLMR A BERIFRERE,

19



4.3 JEFRRBIPR S 1A
e 4.3.1
’RA= (aij)anvB = (bij)nxm: I)—l\IJ

rank(AB) < min{rank(A), rank(B)}
B 4.3.2
rank(A + B) < rank(A) + rank(B)

W ER A+ BRSMERETUE A F B F|RAENRKTAEARE,
ERL 4.3.3
]\’Q A= (aij>s><naB = (bij)nxmr I)—IJJ

[AB| = |A[|B| = |B||A| = |BA|

EP 4.3.4 o Binet — Cauchy 23\

ily\l‘ A= (aij>s><naB = (bij)nxmr I)—IJJ
1. 4n& s >n, M4 |AB|=0;

2. #R s <n, L |AB| T A WA s WFRNEHRR s MFROFRZF, B

1,...,5 Vi, , Vs
AB| = E A -B
| | (Ulu"';vs> <1,"',8)

1< < <vs<n

EM 4.3.5
rank(ATA) = rank(AA") = rank(A)
WEH] RIE AX =05 (ATA)X =0 FfE,
BiEn 2 AX =0 9—1ME, ER
(ATA)X = AT(An)=AT0=0
Rz, ®&n 2 (ATAX =0 —ME, ZE3
(Am)" (An) =n"((ATA)n) =0
BimE An BIKERN 0, K An =0,
EH 4.3.6

WAR— N sxniEfE, B A#0, IEA: A TUELSBATHIMELNERY BXH rank(4) =1

W] BT 1, ERBRAN—AIEE o, HEKFIAERTUERETR, K A=08",

20
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Bl 4.3.7

WRFIR LB n REEE ABE AAT=F, B |Al=-1, XiE: |[E+ 4| =0,

i@
4.4 WP
EX 4.4.1
MFHE K LEsERE A, R EESR K L0%ER B, £45
AB=BA=F
AL A BRH4EM (RIETFHEM), B HRA A LR, B/F AL,
SRR WRERE—E 2 TR, n PFERE A AT MBS M2
|Al #0
TN 4.4.2
WEEFE A = (a;;), AR A BIPEREREFRER
A" = (Ayj)
=
AA* = |A|E
EH 4.4.3
Bk K £ n BIEME A THENADBERMERE |A £0, Y A T,
A*
Al =
Al
1%, AEFEREA I IR
1. (A 1=4
2. (AB)"' =B 14!
A O P RE S I ) SR T AR H AR R TR A TR A T R R — S BN R R
TR 4.4.4

FEFE A RN RSB FM R W AR — EA) 4B [F 1R AR,

H—aIERE /e () Fe— DR A, RUE A BIRK, XSS HY T SR AT 300 R S 30 AR A S —Fb 77
%, MNOIFEHIE,

21



Bl 4.4.5
®’ A, B 28| & nxm,mxn 894ERE, WREBAN E, - AB 73, X (E, —BA)™%
R REE m REME X #45
(Em — BA)(Em + X) = Eyn

Bp
X —BAX = BA

SIS BAME X = BY A, AR
B(E,, — AB)YA = BA
BT UA Y = (E,, — AB)™!, #&
(E,,—BA)™'=FE, +B(E,— AB) A
il 4.4.6
WA A, B#R |Al+|B| =0, B A, B ZXE4EM, Bl A2=DB?=FE, it#A: R4 A+B,E+AB
A3,
e TTUABRE Al =£1, TR (A =1,|B|=-1, N

|A+ B|=|A(A+ B)| = |E + AB|
=—|(A+ B)B| = —|AB+ E|

¥ |A+ B|=|AB + E| =0,
il 4.4.7
B A3 =0, K (E-A)1,
B xEE|
(E-A)(E+A+A)=FE-A*=E

A it
(E-A)'=E+A+A?

il 4.4.8
& n BIEME A BWWE A+ B=AB, Xif: E— A, E— B #®[#, H AB = BA,
R EE3
(E-A)(E-B)=FE-A-B+AB=E

&l b
E=(E-B)E-A) =FE+BA-AB

23| AB = BA,

22



4.5 FEFER

HIAERE A AU T1T. & TR BT RIGER I HEREERERR ) A F— DM, Ao N
AT, IR TH, M A $or GG T 7 /R, 18 A BREURHIXE TR, IXARRERE
o, XA R R 2E R R R D 70 B R

EH 4.5.1
MR Ay, Aoy, -+, Ay EREHFE, N

:|A11|...|ASS|

WEW] e Laplace EI2EIAN, =

EH 4.5.2

B A= (’09 g) H B.C.DHEFE Tk

EM 4.5.3 o Sylvester FiAF
% A, B Q8=Z s x n,n x m B4ERE, N

rank(A) + rank(B) < rank(AB) +n

W] B TAEMENNEFT Gl) BRAKRTIEENK, HiEoRER

n + rank(AB) = rank (En 0 > = rank (B En) > rank(B) + rank(A)
0 AB 0 A
(]
SEPE 4.5.4
R n RIEMEHE (A—aE)(A—bDE) =0, HE% a#b, IEHA: rank(4A —aF) +rank(A — bE) = no
WM —rmE
rank(A — aF) + rank(A — bE) < rank(O) +n=n
A—AHE
rank(A — aFE) + rank(A — bE) > rank((A —aFE) — (A —DE)) =n
E it rank(A — aF) + rank(A — bE) = no O

23



R n JOEFE A TR A2 = A, AR A BRFEEN. —PEZVHERE, A BRFRESHMNS
rank(A) + rank(E — A) = n,

il 4.5.5
% A B & n R5EMRE, A
(1) A" = A"

(2)
n, rank(A)

rank(A") = ¢ 1, rank(A)
0, rank(A)<n-—1

n

n—1

(3)
(A7) = |A]~24

(4)
A

(A—l)* — (A*)—l — W

(5)
(AB)* = B*A*

WERH (2) E rank(A) = n B A =3, BR A* B3 4 rank(A) < n—1 B, REELRHEN n—1 HFR,
#® A* = O,rank(A*) = 0; Y rank(A) =n—1 8, |A] =0, Bk AA* = O, T rank(A) +rank(A*) < ne
X ABEFRAZEN n—1MFRN, KA #£0, Bl rank(4A*) = 1, N

il 4.5.6
% A, B,C,D # 2R LR n KEME, N

A B

= |AD — ACA™'B|
C D

SEP 4.5.7 o Frobenius FiA%
% A B,CA8ZE sxnnxmmxt, N
rank(ABC') > rank(AB) + rank(BC') — rank(B)
SER 4.5.8

n BIEME A BAEERENAERMTE

rank(E + A) +rank(E — A) =n

WM EEE|
n = rank(2F) < rank(E — A) + rank(E + A) < rank(E — A*) +n

YBEXY A2 = E &SRR, 0

24



il 4.5.9
" ARBR K LB n HREEFE, B rank(A) =1, KiE: BE k #1F A% = kA,
W] EA rank(A) =1, EITIE A 9BHR A= aB'. M
A* =ap’aB’ = (BTa)aB’
;H:_EP k= ﬁTa 79—’:.;':%5(0

4.6 AP

EX 4.6.1

SRR n FIEFE A IRHE
AAT

|
|

ARLHR A BIERSEME,

AL EA G MER

1. % A M B #2 n JOEZHERE, W AB 2 IR R,
2. 4 A RIERFERE, M A1 (B A7) 2 EskERE,
3. A BIERRFERE, WAl =+1

51 Kronecker id5 §;;, BEHEE

1, Hi=j
5ij:
0, Hi#j
EM 4.6.2

i&ié&iﬁi n 2&%EF$ A E,\Jﬁ " %gﬂjﬂ Y15 s Yno ﬁljmégﬂjﬂ Qyp, -, O, I)—I\IJ

Yivy = Oijy oy = 035, 1 < i, 5 <

EX 4.6.3
ERH, % a=(a, - ,a,),8= (b1, - ,b,), ME
(O[)B) = Zanbn == QBT
XA TTEERK (o, B) A R® 9—ARR GEERAFAERR) ,
A DUISIIE R AIRRHEPIRE R AR :
1 XNFRE () B) = (B, a)s
CBMEEZ— (a+7,8) = (o, 8) + (7. 8)s

2 (
3. MMz = (ka, B) = k(a, B)o
4. IEEME (o, ) >0, JHAY o =0 BNES KL,
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A DASIIE
(kron + ks, B) = ki(aq, B) + ka(az, B)

(o, k18, + k2By) = k1o, By) + ka(a, By)
n fEMEZSH R B ThENRG, B0 R? A— PR LEG=E, HY, [M& o WKE |of SUEN

ol = V(@)
AHELIE
[ka] = [K]|of

KEN 1 BEEFR A, EAEFAE o BREL [of O o BA1E,

FERRJLESZH R™ o, GH2R (a,8) =0, AFE o 5 8 BIERW, 18fF alB, HAEZMEAMN
A RAINRE AR DR RIS, B2MENINERMRA, WRHE M HEARZ AR, TR
LFRENIERZ SR AL

RokRy, TARSEMERIESR, XE—MERRREERAELHEZIERMEH

AMERIE, BROJLEMGZE R o o DERERIIERAEH—ER R (—PNE, FRENIERE, W
RESGANFEEB AR, R2MEN R B—PIREERE,

EM 4.6.4
PR LW n BEEME A BIEREMENITLDBELZGRN: AT (3)) RMELAZRJLESEZE R 8
—_/I\*%;EIE-)?E%O

EM 4.6.5

R, a0, BERILEFRZER R F—ANEMLTRNRMESR, ©

ﬂ1 = o
_ _ (012,,81)
Pa=02=15 5"
(as,ﬁ
Z (,3]75

B, .8, EEXMEA, HFBE o, ,a, FMo

SR TR LRSI R A — PRI IIFIRA 0o, -, K, SEHLS BN E
SRIVRLLI T, BT EFRN MR Schmidt EXAURE, RERHS B,,- - .8, FEAFIRALLL, 1
LR SR RSN A F R BER R 19— MR EZIE
4.7 K" 3 K5 MEPEMG

BRESALVERARINT, W f RIS S BIRE S, S ITAILRTE [ FIRARVESIUE f FESEE f
IR, 18k £(S) B Im fo
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EX 4.7.1

¥if K LymE=iE K" 3| K° 89— N84T o mREIFIDEAKERE, B Va,Be K" ke K

A
ola+B)=o(a)+a(B)

o(ka) = ko(a)
AL o & K" 3| K° EB— NIRRT,

WA B K E s xnfElE £
A:K"— K*®

a— Aa

EX 4.7.2

B o B K" 3 K —/Nst, K" —NF&

{ae K" | o(a) =0}
FRABRAT o B8, 124F Kero
AHERIE, WR o 2 K™ 3| K° F—PEREMS, T4 Kero & K™ —DF43Hl,

ERL 4.7.3

WHRE K EFOREMAEA AX =0 WAEZEZ W, AXMNK&MBRER A N

Ker A=W

A1tk
dimKer A + dimIm A = dim K™
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FBhE FEFRRAHHES HHHEL

5.1 FHRASESHND
LEMRARLRICHE T,
EX 5.1.1

B S E—NE=EE, BRIUE S xS W—DFE W i S LW—DZTX R, F (a,b) e W,
RotRa5 oA W KK, WF (a,b) ¢ W, BWLataG bRE W XK,

Hao5 oA WRRAKN, I/ aWb, 5 a ~ b

EX 5.1.2
£E6 S E—NZnkR ~ MRBEAETARMR: Va,b,ce S, A
(1) R&EMa~a

(2) MM a~b=b~a
(3) Bt a~bBEb~rcec=an~c
ARLFR ~ & S E—DNEMXRFR,
EX 5.1.3
®~ZEE S LH—NEMEXR, ac S, &

a={zxeS|zrea}

ra Bl o ENFNE, o MAFNE @ W—PRE

X 5.1.4

WRES S E—EFE=FR S (el XB T RTHERE) NWHE FEEFTREFNTE—E
AR, MLMREES {S;|iel} B S B—Nw, 1B 7(S).

EH 5.1.5
B~ BES S E—ANENER, WFASNEERNESE S 9— %, B/E 7.(9).
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EX 5.1.6
B~ BEES S LH—ANEMXR. HIESFMEHERNEESHRA S HTXR ~ WEE, iBF
S/Nc

ERE, S HSE S/~ BRTRE S T4, N2 S TR,
&’ ~ BHRE S EHN—PEMRR, —MEE—MRIE I TR —DEFEN R ERTTREHEFR,
MLIRZFBEHFERZ DAL R, BIFEEEREEM RN AR LRIV EENL R,

5.2  FRPEFARHL
Bk K LR s < n BMERIGE TN Moo (K), 4 5 = n INEHEAN M, (K).

EX 5.2.1
T K E8 s xn 48fFE A fn B, 1B M A 33— R 5 WS Ty S 5| T 18 25 R AR [E
B, ML A5 B MK, ok AR B,
HIZRS M, (K) ER—DI0RER, MERIEHEAVZE — M ENM R, HTHEME A SNSRI
A BIAEHEE,
EH 5.2.2
WHIR K £ osxn B AWK r, R >0, o ARBKT FTRERER
E. 0
0 0
FREA A BMRIEAETR: B r =0, R2AEFIRET R BERE,

EH 5.2.3
BOR K £ sxn %M A5 BAKYBERXYCAINKAES, BNEMNKEHKAZRTHNESRE

o

b

5.3 ) SO¥KERE

MTERMETTREH AX = 8, & A AIENERADIBERERTN X = A8, 3 A KAl EHFEH
I, SN SOERIREERAH B 7247

EH 5.3.1
WA B K b osxn EBERE, NEMREFRZ

AXA=A
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—ER R, W rank(A)=r, HE

E. 0
A=P
(5 )¢

HP PQARR K L s & nRSER, ARoEMEATIZIGEREA

E. B

X=Q ' p!
(D)

He B,O,D RRREHR K LEEA rx (s—7r),(n—7) xr,(n—7r)x (s —7) EMHE,

SEX 5.3.2 o J Y

B’ AZHE K £ sxn EEERE, WEEAE AXA=ANE—BHENRA A 89— X8
[, RIS X, A A- £

Bl 5.3.3
EFREMEARA AX = 8 AMNADPLERMZE
B=AA"p
UEBH REM: | AX =08 B o, N
B=Aa=AA"Aa = AA 3
R & B=AAB, BR A B R AX =3 K,
el 5.3.4
EFFREMEFRA AX = 3 BRER, ERBMBA
X=Ap
EM 5.3.5
B K £ n mFPREMEARRA AX =0 NREA
X =(E,— A A)Z
Hef A~ B AWNEERE—A" X, Z BUE K" $EEFIME,
EM 5.3.6
% K £ n mdEFOREMEARA AX = 3 BN
X=AB+(E,-A"A)Z

Hef A~ B2 ANEE—AY X, Z Buk K" $EEIRE,
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5.4 FEFERIAHLL

X 5.4.1 o HREHIEL
B’ AL BEEHE K £ n RIEME, WREFEHS K L—An REATHER P, £15
P 'AP=B
otk A5 B MM, B A~ B,
FIRERIUR SRS Mo, () LI~ T00R, ARRRIERDUR MM GR, TR A B0
PR A FIRERIE, MERIRERE B A SR THI MR,
X 5.4.2
n BEEME A= (a;;) BEXAKLETRORA A B9E, B4F tr(A).
ARG TIE R R IR A AN o
tr(A + B) = tr(A) + tr(B)

tr(kA) = ktr(A)
tr(AB) = tr(BA)

B 5.4.3
TR SE (AR AR R B9 2L
W R4 A=P'BP, TR
tr(B) = tr(P 'AP) = tr((P"'P)A) = tr(4)

0
IXRE, FEFERTAIAL BR, ITERAHLOCR PIOAZR, RIARMCIAZE, IR n SEFARDT
— X ARERE, BRAFE A AL .

EH 5.4.4

B K £ n RIEME A THALNAIVERMHE, K" 78 n MIELTXNIIEE oy, -, o,
UE K A n AN A, A (BNZPARERRES), £5

Aa; =Ny, 1<i<n
e, 4 P=(ai, - ,ay), N
P7'AP = diag{\y,--- , A}
W] WA AP = PD, &3
AP = (Aay, -+, Aay,) = (Mo, -+, \pa,)D = PD
ARFE Ao = \iao -
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#l 5.4.5

R n FEEME A AL, KIE: AABMT AT,

WA B P {E/8 P'AP =D, HF D ZXAM, MRAEE
DT = (P'AP) = PTAT(PT)!
Eibk A~ D=D" AT, O
5l 5.4.6
R n KIEM A, BI#E AB - BA=A, XiE: A R,
HEW BRi% A AT, Ak A EE
B—A'BA=E

NEZLRE, A
tr(B — A"'BA) = tr(B) — tr(A"'BA) = tr(B) — tr(B) = 0

E 0 #tr(E) =n FE, #WRETHE, U

5.5 JFEFERRFAEEARHE R =
EX 5.5.1
B’ AERBR K LB—A n RERE, R K" PEERIME o £7
Aa = o, B N € K

ARAFR Ao B A I—AMHEE, R a 2 A WBETHREE N W—MHERE,

EREMENERENE,
EH 5.5.2

WA BHOR K L8 0 SRIERE, T

(1) Ao B A B—AMEEESERY A £ A QISR NE — A £ K P H—AMR,

2) a £ A KBTREME N H—MHEREYERY o EFREMARE \E - A)X =0 8
— /MR,

BN 2 A= DRHIEE, 5 REM A (\E - A)X = 0 FESRANN A WET A, FRHET
2, HReifIEERmnase A WET A [EERER &,

EH 5.5.3
ALY 5B A A S B AFAE S TR,

BRI AR B A ARFAE 22 T UHIRFIE(E AR FH A
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E 5.5.4
B AR 0 RIERE, W ABRES TR f(\) = |\E- A| B— A n REAK, B (V)f =1, ] f =
—tr(A), N = (~1)"|4],

EX 5.5.5

®A R K LB n REEFR, N\ & A —MFE, 1€ A BT \ 8475518 B9 4 5kry K
FFEE N, B9JUTESR, Ml M\ 1EA A BUUFE S AR EHYM N, 9N BE . REEZKER
HEHK

EM 5.5.6
R’ BEE K B8 n BEERE A B—AMHEE, W N, U EHFBI THREEK,

Bl 5.5.7
B’ AR n RERMEMR, JEHA:
1. R A RIHEE, BACHFEER 1% -1;
2. IR Al = -1, A -1 & A —NFEE;
3. R |Al=1, B n BT, Fa 12 AW NFEE,
W (1) AESEERAEE N EF Aa = a, 53
a'a = (Aa)" (Aa) = (M) (Aa) = X2 a

ll:b )\ = :l:lo
(2) FHEEIERA,
(3) E |Al =1, A

B~ Al = |AAT — Al = (~1)"|E — A = ~|E — 4]

Rt 1 2 HEAFAE(E,

5 5.5.8
RAE 5 0 2R AFAEEfAFAE = &
2 2 =2
A= 5 —4
-2 —4 5

i EERHEFMLESAR
IAE — Al =2 =120 421 — 10 = (A — 1)*(A — 10)
FRIG M =1, =10, BAMAR (ME—-A)X =0, BREXRER

o =(=2,1,0)" 0 = (2,0,1) ", a3 = (—1,-2,2)"

33



5.6 JEFERIYAILIIARAT

EH 5.6.1

IR K £ n REME A THAMNARIBERGE AR n NEELTKXNFERE oy, ,a,, I
4

P:(alv"' 7an)

n
P7'AP = diag{\;, -+ , A}

b\ E o FTBRMSEE, LRAEBERA A QABCRER .

EH 5.6.2

WA, A BEOR K £ n BAEFE A ORRIFEE, o, a0 5 By, .8, DRIE ABET M, X\
MAMLTROFERE, W ay, -, a8, .0, ZELX,

EH 5.6.3

'.\LQ /\1, s 7)\m zEé%(i‘EX K _]__ n g&%EFi A E"\JZ;FETM:{TE?IE'{E, Ay, ,am ;EE A E,‘J}Eﬂ: )\j E,\Jgill\i%*
A ERE, j=1,---,m, NEEHL

(S ZETRIIPY & STHPIIRIE 8 77°% PIMMERS © 3 P2

KMETK,

EH 5.6.4

¥og K b on BIEME A THACNADRERGR: A WFHEZTANSRERTET K, HE
A HEMHEHENVTERF T ENRKELK.

5.7  JONPRAFRE ffE

EXT n RIERE A, B, fFE—A n SUERIERE T, 815 T AT = B, H4M A EZHMEMT B,
EM 5.7.1

SOSARAE[E BUAHE S AN E —NERF R LI, MM BN RIFEE,

EM 5.7.2
SEXAREERE A BB TR RSB ER &2 E R,

EH 5.7.3
ST AREE [ — F IE AR AT A A 4B R,
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XT n BESFRIERE A, H—DEIERE T, 6158 T AT MR ERITT,
L HE AE — A|, REEHEEARR: X, N, EITE A FRHEE,
2. AT PREE A, K (WE - A)X = 0 [—NERIER a1,y ; SIS Schmidt
RN, 138 0, - ny, 0 ENHEZE A NET N —DRHERAE,
3. %
T = (7711>"' M 5y M1y -7 )nnz’rm)

M T 2 n RIERFERE, H
TﬁlAT - dlag{)\ly 7)‘17"' ’)\mv"' 7/\m}
il 5.7.4

BESIEME A, REIEM T 8 T AT A AERE

0o -2 2
A=1-2 -3 4
2 4 =3

it EERBIFMEL AN
IAE — Al = (A= 1)*)(A+8)

BEFEEAN 1, -8, ABIKE OE - A)X =0 BEMAAR
a;=(=2,0,1)", a3 = (2,1,0)", a5 = (1,2, —2)"

EXRP—LERFE

& b
_2 2 _1
V5 3f 3
— 5 2
= o0 5 3
1 4 _2
V5 3VE 3
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FHAE ORISR

6.1 W R HObRYERY
EX 6.1.1 o

¥ K E—Dn T2RBERABE K P8 n NMEENFTRZIRN, EN—BPRE

n n
flay, - mn) =) > agam,

i=1 j=1

;H\-EP Aij = Qjio

L ORI R SR EORITUFHE R — A 0 JUERE A, TIFR A RV f(ar, -+ o) HIRERE, BRXFR
HiFE
Y X = (a1, ,2,), MEREATLG fE

flxy, -, my) = XTAX
LY =(ys,-yn), B CEBEUIR K LH n SRR, NERR
X=0Y

MENZR 2y, z, BIEE gy, y, W= DARRMLEIER L, MR C BIERIER, ARV R
X = CY Wﬁmﬁ%*ﬁéo

EX 6.1.2

BHBERN D T2RE XTAX 5 YTAY, nBAEE-ANERLAMESR X =Y, £ XT4X
TR YTBY Bk XTAX 5 Y'BY &4, it#f X' AX 2 Y 'BY,

EX 6.1.3
B K LA n BERE A5 B, mWREE K EN—An RHIERE C, £45
CTAC =B
HMutr A5 BEME, 12/F A~ B,
WA XTAX AJ LRI

XTAX = (CY)TA(CY) =Y (CTAQ)Y
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Bl XTAX M YTAY S04 HALY A, B &,

MRZRE XTAX EMTF—NREEHT XA, A2 RS EA TN IR ABIFR ) XTAX 1
—MREE. WR A BRT— XN AERE, MIX DN AEMETRN A —DE RRER,

MNT n RIHFRFERE A, FAE n RIVIEARERE T {15

T 'AT = diag{\1, -+ , A}

AL A, B A BRIRERHIEE, Bk A SRT T-1AT, NI{E X = TY BT, 152]—hRifk

I

H2 )

MY+ Xays + o+ Aay2

EH 6.1.4
¥k K _EE—XNREREER T — N AR,

RERERIR K _EE— n T IRBEREN T — DR E PO IH —IR A, A — D7 BoRRIG A
NT XTAX, X A W5, (O B HOLRgR)aE51 2

(¢)- ()

CTAC =D

B2 AR D = diagd,,--- ,d,, N
& X =CY, WER XTAX B—DFrIER,
TR XTAX WIRERE A BORRERFR N R X TAX IRK,
il 6.1.5
B IE R BB TR sz — R AL b R

flz,y, 2) = 2% + 2y% + 32° — 4oy — 4yz

i BREEIER

1 -2 0
A=1-2 2 =2
0o -2 3

T HAFEE
INE — Al = (A —2)(A = 5)(A+1)

Bl A BATREAEEN N\ = 2,5, —1, MR ERAME R BB

_(2zreNt 122\ /22 1)
771— 37373 7772_ 37 373 7773_ 37373

&

wiN
W=

[SSIIN)
Wik Wi wiN

Wi Wl
W
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it T BRRIERMERE, B T7'AT = diag{2,5, -1}, 4
(2,9,2)" = T(a,b,c)

il
f(xvyv Z) = 2&2 + 5y2 - 22

6.2 SERBRIERYOTE
SRS B ZRBIRIFR NS R A, n TR X TAX S —/NEHWAEB &SR X = CY
AT DML IR BRI
diy; + - dyys — dpyryoy — o — doy?
Hbd, >0,i=1,-- ,ro FHM—RARBRMENMZ AT DAZERK
A~ — 2
EM 6.2.1

n B ZORA XTAX BMSEH 2 —i,

EX 6.2.2

FERRA XTAX ASER T, REBA +1 TN p A XTAX (ERMIER, RBA
—1 FHEANK r — p B XTAX BGRRMEIREG ERMEREORE USSR BN E 2p — 1
A XTAX W52,

E— n FIIFREERE & R T AR diag{l,--- ,1,—1,---,—1,0,---,0}, HF 0 (9D EET XTAX
IEMMEREE, —1 MDET XTAX MRIBRIEEEL (W BIFRIE A MIIRMSEED, XX A2ERRN
A BIEFRFIVER

FHeE B ER kA, RN E R, % e JTE 0 XTAX Zd —NEYSRAEBILE& R
i X = OY TR NIRE IR IER

dyi + -+ dpy?

Hf d; #0,i=1,-- ,n, r BRDZIRERIRL, H— MR LB S

zf +--+ zf
EXMRETEI R — 00 XTAX WRETE, SAHEemERIRE, BOUE—MEA

6.3 & X5 e
EX 6.3.1

n TCEIRAE XTAX MAEEN, WENT R* PE—FEBFHAEE o, #éH o Aa > 0,
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EH 6.3.2

n BERE XTAX BEFNYBRSCHERMERRET n.

EX 6.3.3

SIXARAERE A FRNIEZER, WRLZKA XTAX BEZEH,

1E R B S PR B e ARk 1E 72 B R
EH 6.3.4
SAHRAEME A REEN RSB ERMRE A NIRAIRFFEFREKRT 0,

EX 6.3.5

SEXARIERE A RAFIERE (E, ¥RE, FE) 8, MREXBENT R PE—FRFQE o,
A

a'Aa >0 (ozTAoz <0,a"Aa < 0)

R XTAX BRR¥FEEN, XAR¥HEN, RLRECEREN,

EX 6.3.6
SIXAREERE A RAEEE (fiE, ¥RAE, FE) B, WRSRE XTAX BR¥EE (g, ¥
nE, AE) W,

EM 6.3.7
n RETIIMRAERE A BETEER, YBRY A WFAEZFRAER,

EH 6.3.8
SAHREERE A MENRODELRMR . CHRITHEMINEEFRE/NT 0, BHEMNIFEFREAT
0o

€M 6.3.9

BT EER F(r,y) A—MEEA a = (v0,9) B F(z,y) & (z0,y0) LB—MMRFHEA
0)o & F(x,y) T (z0,90) BI—NEMRANA 3 NESRFH. £

oo (F;;<:co,yo> F;g,m,yo))

Ey (o, 90)  Fyy (%0, 4o)

R H Z F(x,y) & (v0,y0) LLHIEE (Hesse) 4FfE, 1R H BIEEN, A F(z,y) & (zo,v0) &
RBMAME, R H BAEN, A F(x,y) E (w0,y0) LEBIRKIE,

HAMHE 2] n TTREEIGE . W F(xy, - 2n) B—MRER a = (a1, ,a,), & F(x,-- ,2,) 1E
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o F—PRBENA 3 BiEsim T8, <
H = (F, (@)

T

MR H & F(zy,- - x,) T8 o ACHRIERERE, MR H BIEER, A F 18 (20, y0) IXFINIME, 1R
H ZVGER), B2 F 1E (w0, yo) AIRFIKAE,
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HLE SR

7.1 —IZ WK%
EX 7.1.1 o —JLEBT,
ok K LR— T2 MARIEM TRARAN

anx" + -+ a1x + ag

Hb o B—F5 (BEXRBT K) MARET, n BIEREHK, a, € K(i = ,n) MRAREK, a;x’
FRA PRI (i=1,---,n), ag BRABRIMKE KM,

A IXFE R RIETAEERE N BN S E Z 2RI, NS « AARETT. REEh 0 1%
WRIAF 2T, 21E 0.

RPN — e 2 B AR 55 24 B BRI RIRIES AR SEMESE, Bl —In 2 IR RR T A2 M —
E,‘JO

BAVEER f(x),9(x),h(x), - B f,g,h, - FR—TTZIH,

— L W E B RUR B O, 1%

fl@)=apz™ + -+ a1z + ag

MR a, #0, LFR a2 2 f(x) FET, o2 f(x) FREL, 124 deg f(z)o
FLZIARNREE X —o0o, HHMENTERE ne N

(—00) +n = —00
—oo<n
B K J:ﬁﬁﬁ*n%lﬁféﬂﬂiﬁﬁ’% I0E Klz]o 18 K[z] 90T BUE IMEFSRIEIZ R,
% f(x Zax,g be ARGk m < n, 2

=0

n

f@) +g(@) = (ai+b)a’

=0

m—+n
f(@)g(z) = Z ( Z aibj>

AKERRIE, —IeRWERTIERE S, e, AR, HEGHEE
f(@)g(x) = f(@)h(z) A f(x) # 0= g(z) = h(z)
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WHEAMEE £S5 S E—MEOSE, 2 S x S 2] S By—PmLgt,
EX 7.1.2 0

® RE—NEZES, WRAELEXTWEMFERAMEICEE, HEBEOTAKEEEN, H
# Va,b,c € R:

MELEERE (a+b)+c=a+ (b+c)o

MERBE a+b="b+a,

ERFPAETRO #Fa+0=0a #OARMWETE,

FFa, ERPATE I FBRa+d=0, dE o« WATE, BMF —ao

FexLEEE (ab)e = a(be)o

L RIEX T IUERN D EAE a(b+ ¢) = ab+ ac, (b+ ¢)a = ba + ca

ARLFR R B—ANFK,

A S o e

E8 7.1.3
HRIPNETERE—WN, TE o WATEEHE—N,

T2 L] DUE S :

a—0b:=a+(-b)
LN SRIEICTH B A, IFR R NEQHRIR,
G R AR e HAMR:

ea =ae =a,Va € R

IFE e 2 R BIERATT, HINFR R 2 HBAAYERAIA, AHEIERA, fEABAITHIRR R Y, BfT2ME—,
EHEILHN 1,

WR R HEITLE o NTHTW b#£ 0 17 ab =0, WK o« N—DNEZRT, £, GZHETFERREIRA
TR T, HFEILER 0 15

0a =a0=0,Ya € R

WFR @ A FENLRZRT, HARMFRIEE LA,

£ R PIEAFERT, LM R Z2IEER TR, HHRAITT 1(#£ 0) BITCEF TS HEAR 5
W Z,K, K[z] BZEE; M,(K) NEE, BOvEANsEREemE, HeaIErER T

HIN R =P EE T8 Ry N T R BINEMSRIE IR N — R, IBAFE Ry & R B—1F. BT
A Ry NHmEFaeEE M,

TR 7.1.4
IF R WIEZFE R ATFTHNREELMAN R, AREE FoEHIA,

EX 7.1.5

WEABRMTT I ORMWIF R A—NFIR R, BHE
1. 17 € Ryo

2. W&t 7: K — R, B 7 RZIFmEE5REHE,
M R ATEE K 98—
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Wt BAEMER: (1) =1,
T 7.1.6

B’ K E—NEUK, REZKW—NH, EELEteR, 2

o K[z] = R, f(x Zax — f(t) 7(a;)t!

=0

W o, 2 K[z] 3| R 89—, B o, RIFIWEFEZE, B o(v) =t. BE o, A 2 At R
AQ

7.2 BEBRRR, WARERA

1% f(z),9(z) € Klz], WRAFIE h(z) € K[z], 3 f(2) = h(x)g(z), AR g(x) BRR f(2), TEIE
g(x) | f(2); BWAC g(2) 1 f(w)e FR g(2) 2 f(a) BI—=PRK, f(z) 2 g(x) BI— PR
BERERS Klo] P—DZ00RR, BERARSEMEGEE,

EX 7.2.1
& f(x) | g(x) B g(z)| f(z), AL f(x) 5 g(x) BEE, BF f(2) ~ g(2)o
B f(z) ~ g(z) M ESCYTETE c € K* {5 f(2) = cg(2)o
X 7.2.2 o WRIRE
% f(z),9(z) € K[z], B g(x)#0, W& Klz] PEEE—N—XZIARX h(z),r(z), 45
f(@) = h(z)g(x) + r(z),degr(z) < degg(z)
HF f(2),9(x) DBIPUMBERR. BRo h(z),r(z) 2BIER. 2R BRRABREER,
BHOR 7 P aHRERE,
e 7.2.3
% a,b e Z,b#0, NWEEE—N—ELK ¢, 7, £EF

a=qgb+r,0<r<|b

7.3 ALK
£ Klz] W, % c(z) | flx) H () | g(x), WK c(z) 2 flx) 5 glz) B—DRRE
EX 7.3.1

Kz] F 2R f(x) 5 g(z) O—DPRXER do(z) MBHE: FFEENARAR d(z), #HAE d(z) |
do(z), BRALFR do(z) & f(z) I—DNRARAER,
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BN ERRAE SRR, EIREOY 1 WERRAEFRN f(o) 5 go) BE—RRAE,
H ged(f(2), g(2)) BRERRIEN (f(2), 9(z))o

18 7.3.2
Kz #, WRA
AR 2
{f(z) & g(z) ORAAER} = {g(z) 5 r(z) BRAAER}
T2l UREHRR LRI f(2) 5 g(x) FBAARR, HF g(z) £ 0.
EH 7.3.3
HF Ko PEERNEAR f(2) 5 g(z), BEENH—ARRAER d(z), FEBE u(z),v(z) €
K|z 45
d(z) = u(zx) f(x) +v(z)g(z)
EX 7.3.4
K[z] #F ged(f(2), g(x)) =1, BLHR f(z) & g(x) Bk,
T2
LY 7.3.5
Klz] FEAR f(2), g(x) EERNRBEMHR: HE ulx),v(z) € Klz], £/5

u(@)f(x) +v(z)g(r) =1

7.4 AT, ME—Rr e B
T, f(z) R Kz] = DMREKT 0 2T,
X 7.4.1
E f(z) £ Klz] PRERRAE K PRESHA f(o) B9EET, UK f(z) BHER K EBH—NFR
TMAZMR, TURATAN,
e 7.4.2

1’ p(z) & Klz] F—ANKEART 0 ZWN, W TFF|eBEMN,
(1) p(z) BRARTAZMN;

(2) Vf(z) € K[z]. A p(z) | f(z) & (p(2), f(2)) = 1;

(3) & Klz] F, M p(z)| f(z)g(x) TTHH

p(@) | f(x) vV p(e) | g(z)
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(4) p(z) FEERDFRAFANZMAZR,

ER 7.4.3
f(x) BEBrE— DA PR K EARZ MR TH L MR TR,

FEREOA 7 A IE— A 7o e B,

EX 7.4.4
—ANKTF 1 WEH m, MEETFRHRE 1 faEEE, R m B—ANEH TR m AEHK.

EH 7.4.5

% p AKRTF 1 K, TSN

(1) p B—NEHK.

(2) XEEEEK o, #H pla K (p,a) =1;
(3) ZEZ ¥, Mp|lab TTHH pla K p|b;
(4) p FEERRBAF NN IEESZ R,
EPE 7.4.6 o HARFEA E R

FEREART 1 B o FEEHE—NIB AR RSN REHIFER,

7.5 HRF

X 7.5.1
Klz] #, RETAZM p(z) WEBELE p*(2) | f(x) @1 p"H(z) | f(z), W plx) FA f(z) 8k E
B,
M Ek=1K,  px) 2 f(z) BRRKE

EX 7.5.2
XF Klz] PFRZIMR

f(.']}) = anxn + an—lxnil + a1 + Qg

BAVEX f(z) IFEK

() =na,z" '+ (n—Da,_12" 2+ - ay

BAR—A n RETARSEZ 1 n -1 REWG EW 0 SEE K P NERE
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EH 7.5.3

Kzl %, ATHAZARN pa) & f(z) B—DNE>1REERR, W p(z) & f'(2) §8—NEk—-1F
AR, #5889, f(z) WEERIEFE f/(z) AR,

7.6  ZBIAIR

ER 7.6.1
Kz B, Ax—axR flz) FIEHARRE f(a).

BRHE

EM 7.6.2 o Bezout EH
EKz)®, 2—a & f(z) B—REARNEERE a & f(z) £ K PHR— MR,

SEBE 7.6.3
E Kzl 9, &’ f(z) 5 g(z) BORBEABE n, R K FA n+1 DNRRBEK ¢1,--- e BB
fle) = gles), W f(z) = g(x)o

ZEHWI T — L2 W f(o) S2TAE f FRER, BB f: 0 tof(a),Va € K, FRNHZ
W f(x) BFHZIEL, B K _E— e 0N
8 K BT — o 2 R R R S1CE Koo, EHESTIE
(f +9)(a) = fla) + g(a), (f9)(a):= f(a)g(a)

Bl Koo B DMEBRATTHISRIA, FREN K _ER—Io2 W REER,

EX 7.6.4

® R A R AN, BEXRS 0: R— R, BRFIWEfFIREE, LMo ZF R 3| R 89—
NEABRE, WA R 5 R R, iefF R= R,

NTER K &, BRE
K[x] = Kpol

MR DAHEENER K BRI —Ie 203 f(2) S8R K _ER—To2BREL f EFERIER,
BHERT R ERUR LA AT 2 TEA IR, %

f(z) =apz™ + -+ a1z + ag € Clz]

H deg f(z) =n >0, B f(z) WETIR, M Ve C, A f(z) #0. TEREK

HIESIBON Co RTLASRIE, @(z) EEFH C W& RAE S, TR o(2) /£ C _LF#T,
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TR 7.6.5 o IREIEA AL
FE—NRBKRT 0 WERBEAREDE—NER,

EH 7.6.6
F—AREKTF 0 WE RS TNE & Hus AR o U — B AR R — R B N B e R,

EEERE: s K _EREBOREE n N2TEEE K I o+ 1 DARFETCEEME—IFE,
EH 7.6.7

oo,y cn, BRK B o4+l ANFRRNEK do, - ,d, € K, W K[z] PHEER—E—AREFAE
1?0 WERR f(z) B8 f() = dio

WER] Mg
. (.’E — Ci—l)(x — Ci+1) s (33 - Cn)
o (C— Cifl)(c_ Cl‘+1) s (C_ Cn)

o) =3 a =

FHEIE f(c;) = djo
&N Z IR f(x) #7108 Lagrange fifEAR. LA Newton fH{EHAT

f(@) =ug+ui(z —co) +ug(z —co)(x—c1)+ -+ up(z—co) - (& —cp_y)
HAPRE u, PTDARHRFERBGE R, RUBEAREFRFERR T, BEHEK
f@)=apz™ + - a1+ ag

g FEdHBENm], HAREATHIE Vandermonde 174X, F2WNHE fE,

7.7 SEEOR A2 - S R B WA

EM 771

B flz) BLAKEAR, WEc 2 fo) B—NER, Ba ¢ R f(z) B—NER,
ER 7.7.2

SEHR LN ATAZ AR RE RS ARAHAZRNT 0 2RES A,

ER 7.7.3

F—RBKRT 0 WEARKZ AR f(r) EZHREH T U ER—RER SR R/NTF 0
B =R E R AR
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7.8 AEEUR LA 2T
X 7.8.1

—NEZNERKZIARN g(v), MREHEFABORARXEHREA £1, WK g(z) B— MRS
Iﬁﬁo

SARNDIARIRZIR g(z), h(z) 1E Qx] HHEFEY HAY g(z) = £h(x)o
EPM 7.8.2 ¢ Gauss 5|
FNARR L MM FRERAR L TR,

€M 7.8.3

K’
f(.’E) = anxn + an—lxn_l +---t+ax+ag

BN KT ONERBZHA., & p/q e f(l') H—NAER, ;E\:qj D, q E&, M p | Gp, (g | Qpo

EHM 7.8.4 ¢ Eisenstein HIHITA

®

f(@) = apa™ + ap_12" "+ -+ ayx + ag
B—MNRE 0 KT 0 WERRZIARN, ERERK p 5
l.pla,i=0,--n—1
2. pta, Ap*fage
AR f(z) £ Q ERATA,

EH 7.8.5

i’

f(.’]?) = anmn + anflxn_l +---t+ax+ag

B—ANREn KT 0 WERHZ AN, EREZRK p £5
p|aiai: 13 7n7p'fa0/\p2+an

W f(x) & Q ERTTA,
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7.9 Zi2hh

EX 7.9.1
®K 2N, ARET KA n NRE o, o, ERER

§ i1 Tn
ahy“' ,anl Ty
i1, yin

HEd a0, € K MARK, REXNE—FEALRAN, BNXMHARANEE L BXE o]
FREREON 0 (EBIFNINEA TotE R B ERK,

7.10 5 ER—Z W5

B K EW—e 208 K] PAENERFRE, ERNE S 35 XEMEE.
EXZWAEFA (f(x),9(x), HHF g(z) #0, EREIJTTHNESRE T = Kz]* x K[z]t o &
(RER K
(f1,91) ~ (f2,92) & f192 = g1 fo
TRT FAETHENMXR, BT LFMEXR ~ HEN K(x), HPHITE (f,9) HANEE /g, EX K()
ES:)IIPES

L fig2 + g1 f2

(f1,91) + (f2,92) = T ae
| _ Sk
(f1,91) - (f2,92) = 9109

TESUIMETE —(f, 9) = (—f, g) FFIEWTC (f,9)7" = (9, f)o FILARRIE (f,1) 5 f BHEEMMERK, B
DA HARSE, MM TIRAZI 2 N, TRAIDME K (z) bE ORIERIERTE,
AR K (z) SEBEE Q AIRZHIMEIZAL, MR HIRAEIHEE,

EX 7.10.1 o
—MNERALTT 1(#0) WRIBIR F B EHESNESTEHTYE, BLRF 22—
8 K(x) FHIITE f/g Ief8 K EB—ien3, Hi f O80T, g BN, X3 f/g BIREL
N deg f — deg go FFERIY, 733 0/1 BIRECH —o0o WMRARM D T50REEHEN, ILFREREL D
:_EQO

REITF—re 2URBIRET %, BT DEE n o2 U, 1817 K (21, 2n)o
— M, & om BRT 1 WIERE, 1E 2 PHE

a=b (modm)<ml|a—>b
RGEHT 7 ERIEE m FRXR. & m FIRKXRZREEGMER: & a=b (mod m),c=d (mod m), NI
i={a€Z|a=i (modm)}={km+ilkeZ}

VAR Z ORI Zo K 2/ (m),
1 Z,, AT D IR I

47 = iT5 =1
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AHERIE, Z,, T—MERATE 1(# 0) BIASHIR, PRV m RIRIAK,
Hop eRW, W Z, B, FOUE p FIRFEER,

EX 7.10.2

W F BTN e, MBIER n e NT #HAE ne #0, WK F QIFFHE char F = 0, EHRERHK
pEFZ pe=0, MAFO<I<pBIle#0, N char F = p,

ER 7.10.3 o HEFIA B
®omy, -, m, ERALRNEERE, by, - b, BREBLEN s NEH, NERKAEH
z=0b; (modmy), i=1,--,s
EZ PR, FEWNR cfnd B, RAa
c=d (mod []mi)
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HINE &lEaN

8.1 ¥ r EMZRMEDMINILE 4E%L

EX 8.1.1 o L&PEa2N

REFZEEV,; BB F, EELAREBNIEMUGESMENTE, EHEUATARE
AL IEEEE: (a+B8)+v=a+ (B+7)o

A2 IDERBAE: a+ B =B+ a.

A3 IEBFEAERAITT 0: a+0 = ao

Ad RS T BEEN: HMEBW acV BREE —acV, #H a+ (—a)=0,

M1 SEELE G Mua) = (M)

M2 FSEBEENTT 1: la=1,

D1 KEZE 1: Ma+6) = Aa+ M\be

D2 KB 2: (A + p)a = Ao+ pao

MLV IR F L—NEMEE, V ATERRARE, F WTERRAAE,

M 8 KIZEIENIAT DU G H MBS/ VA — L e,

EH 8.1.2

SKMER V PETREE M,

NF VR —HAE, o, a,, BF RF—HITE ky, -k, TEAIRFRIENINIER]S

klOél + - —|—]€5055

FRAIFRN oy, FI—NEIEAES

B ooy, o REERFRAERZDNEENCOY V BI—PAEH, 5 V F—PHE g A IR

FIRH - o, F—DERMEHS, AR 5 ATDAHFIEH o, -, o, RIERH,

X 8.1.3 o LRMAHR
SNFREA o, -, 0., BEHE—ELREHN0NTE ky, -,k E15
ko + -+ ksay, =0

N ARI% [ B LR R PEAR K,
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EX 8.1.4
EF ENEMZE V B, MBYH o, -, o, B—DNERSQEMRA—AIMRKREM T RE, EXANAE
AEREMLEAN, EEMNXNHEHNERAE (WMRAFNIE) PER—ANRNIE, FEHN
FrEQER D BAR A ME T %
EX 8.1.5
MmEREE -, 0, WE—NREHTUHEER B, -, 8 KERH, RLFEER oy, -,
AUEREA A, -, 6 BMEERE, MRAEH o, 0. 5 B, , B THREMAEKMEERY, MR
AN EHEN, oE
{a17"' 7as}g{617"' 767’}

BARA—NAEHES BT E MR EME T RHEN,
EP 8.1.6

R’ F EEM=E V PEEH By, -, 8 TUBEMEE o, - ,a EHEERE, WRr>s, B
LIAEE By -, B, KiMEMEX,

BABIMER, — N EEHN TR MO TR & M E & NMUHEE,
EX 8.1.7

] E 40 B9 AR K M TD < S FT & B4 1Rl EANERAR O 3X /N 1) E4H B9 Rk

EX 8.1.8
RV B F EHERMEE, V hmEE S mE#HE TRAMNRS:
(1) MEL S BERMELT XM,
(2) Vg NNmEHFTUBRELE S KRS,
LRSS B2V H—1NE, ¥ S BARER, I8 S WoiHFEI— 1N NaEH, KX EE
WMEV HW—NERFE, EfRE,
HEBEZFMEMNELES RN NTE,
EP 8.1.9
AER N EEREERIRAEE—NE,

EX 8.1.10

|’V ESF ER&ME=E, RV A NELERREZAIEE, MLV ERREN; RV
A—NERELFZ I RE, MLV ELREN,

AR P ERISMERS R VO BE RN, B2V BIERN AT S AR AN,
AR P EREMEEE VO BTCRYER, R4 Vv ER RS LE 2 AR,
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EX 8.1.11

IR F EREMER V, 2V BARYN, LTV —NEFMESRENNEARA V B4,
iR dimp V REIE dimV; & V ELRYH, ALIC dimV = oo,

B P EWSESE vV, BENE
Ay, Qg ﬁla"‘75n
BV HAE o EIXMNE NIRRT AN

X = (xlv." 7xn)T7Y:(y17.” 7y7l)T

8.2 TRMMEHLZEH, vaMEEAM

B F ERE&MEsE v, & U NV RImEmaiEsSREE A, W U 2 V 7,
AHEAE dim U < dim Vo
A PSS HRH o, -, o BT

{ag, - ag) = {kiog + -+ + ksas | k; € F}

MIEME Liay, - o), PRIEE a, -, o BB GRED BIZRMET 2,
BRI, AEH o, -, oy BI—PRREMICRAE (0n, -+, a,) BI—D2, MM

dim{ay, -, ) = rank{ay, -, as}

EM 8.2.1
]V, Vo BRI F B V TR, U VinT, R V BFEE,
R ViU Ve AR V I— D22, MIEREE Vi u Ve l—DFZSRA] DUE X
Vi+Vo={ar+ax| g € Vi a0 € Vo}
AHERIE, Vi + Vs 52 V HIF2E0H,
SER 8.2.2
R’iK F BRI V ARRET=E Vi, Ve, W ViNVo, Vi + Ve WEAMRYER, B

dimV; +dimV + 2 = dim(V; + V3) 4+ dim(V; N'V3)

EX 8.2.3 o HAI
R F BT V BERANFEE V), Ve, F V4 Vo RN RERREEE—NRTA
a=aaia, a1 € Vi,as € Vs

WA vV, + Vo FRAEF, B4E Vi @ Voo R Vi, Vo B ARNEEL
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EH 8.2.4

IR F E&RMERE V 8RANTFER Vi, Ve, FHlBEN
(1) A2 Vi + Vo, BREAR,
(2) fo Vi +V, PERENREE—,
(3) VinV, =0,
EM 8.2.5

B F E&RMEEE V ARNERYETER V,, Vs, FTH4BEMN
(1) fo Vi +V, ZE A,
(4) dim(V; + V3) = dim V; + dim Vao
(5) Vi 9—"NEE V, §—ANEESREXE VI + Vo B—PE,
EX 8.2.6
WK F E&MEE VvV 9F=EE V-, Ve, RBRV 4+ V, B EANEE o BEEE—NERTA

a=a;+-tasaq €V

Mufo Vit + V. iRAER, BEVIiO--- oV, %PV

i=1

8.3 I Lkl=s I RAY
EX 8.3.1 ¢ [FH

Wi F EREMEREV 5V, EHEERS 0V - V' BRFIESSEMEFMEE, BT
£&E o, V.kc F B
ola+p)=0c(a)+0(B), olka)="Fko(a)

ARutR o 2V BV O—NEMBE, KRV 5V ZR4GHN, 27EFV =V,

EH 8.3.2
B F EARNEREE T REMNAEZERGZMIINLEBHRS,
ARRECEN S BERE F FBRANITE eo 45 char F =0, W F P IRIFETLT Z 1N IR e, 2¢, -+ o
Rt char p MWRZ—NEE, &I F BFENEE p, £
F,=1{0,e,2¢,---,(p—1)e}

AHEUERR F, AT F BRGE. RERHF, Bk F, & F I—1NF3, B F, 2— PN, (£ F —
MEERTT de, HT pti H (i,p) = 1o MIFRLE u,v € Z 18 wi,vp =1, T72

e = (ui + vp)e = uie + vpe = (ue)(ie)
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Bu=Ilp+r,0<r<plll
ue= (Ip+r)e=lpe+re=reckF,

Ktk ie 7 F, HAIC re, M F, B—NH. MM F AJUESE F, LSRN, HAnizgs F
ik, siEIER F, RUCEM F RS, BT F ASEERZ TR, Bt F i—E 2 AR4ER,
AiH n 4, W F=Fr. T2 F 3 AP0 o, MM |F|=|Frle BT

F;? ={(a1, - ,an) | a; € F},}
Kt |F7| = p» M |F| = pro BAUSENT
B 8.3.3

B’ F ZEERARSE, WF OTEME—NEKp WAR, HF p 23 F (1.

8.4 Rz

N TTELMEZE VvV EE D IR R A ER DN ENRKR, AIDEER V —DF=3[ W, K5
ME
a~pBesa—-FeW

XFERAE V. FESL T — D TIERR ~, MHERIEHMZFN KR, N T aecV, a WEHELa N
a={peV[B~at={at+y|yeW}
R{a+y|yeWr Ha+W, FRENW B—DREE, o FOVXMDEERER, M
a+W=p+Wea=Fea~fesa-pBcW

R — 1 FEER o + W RIREERAIE—,
N EREFENMRER ~, BWE V/~IEEV/W, e’ V T2 W RS, Al

V/W={a+W|aeV}
ZIRTE V/W HRUE A S i gL E

(a+W)4+(B+W)=(a+8)+W
E(la+ W) =ka+W

AMERIE, V/W B F ER— D&M H, FE VAT W ESE, HPRTRE vV l—DENR
AN A&,

EM 8.4.1
B F E—NEREKMERE V, W EV B9—NF2=08, N

dim(V /W) =dimV — dim W

ARG ANZBENLMEZN Vv MIERF2E W ERICRYEE, e v/w 2 ERNEE,
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ENX 8.4.2 o FHEEL
B F EHRMEE V 9 —ATEE, 2V W NESEEERE, K2 dim(V/W) AT
Ha W EV PR %R, 1B codimy W
PrifEm 3 P ERktEsE v REFRE W, WAV EIFEE V/W B MR BRI
Tia—a+ W

PR IR B B, NS UE B2 W 5
YW ARRETEMEE, » NEBS, WEE V/W B—NEE o+ W E o TREGERZ W H—
FEEE o + W, XRIA 7 (REFIMEMA R FILIZH,

EH 8.4.3
B F E&MZEE V MEETFZE W WMEEFEE W A,
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FBIE RlEMUT

9.1 kMM i HigH
ENX 9.1.1 o LPEmst
'R F ERANEMEE V,V/, 2S5 AV >V RIS EfRinE, B
Ala+p)=A(a)+ A(B), A(ka)=FEkA(a)
MFR A ZV BV B—/ &S,
itz E v BB GRSESHEEICN V _ERZEA, B P _EEMEEE VB F SRR
vV _ERIEMEREEL
A(OZ) ﬂjﬁjgﬁ Aao

REERRY, MV BRESE] vV BURAREFWAT, I00F 0; vV _EBRGEI A SR R ESF 2, 0fF 1;
BRES o B ko BYZHRANE & DUERVEERAHL, 121F Ko

b
TR T(f(z)) = / F(z) dz 2 Cla,b] $1 R BI—AMRPEBL,
SR LRI 7 16T
EH 9.1.2
R’ F Eegskiea=ia V,V/, BV BAMBREN, NV BEBR—NE o, ,a,, NV EERE n
ANEE v,y (TR, 4

A:V%V’,a:iaiai*%iai%

i=1 =1

M ARV EV E—ARMERSE, B A0) =i

W F EMENEZER V BN TERUW, BV =UeW, Il acV, Ra=0a0 +as,0;1 €
U7 052 6 Wo /7"\

Py:V-oVa—ao

W Py 2V EN—PEMEZH, 7 Py ZHTT W U LR, Eile

a, aclU
Py(a) =
0, acW

FTDAIERA, 3 1% s PR 22 M — 1Y,
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KE, BX Pw(a) = ay, MENFTT U £ W B,
ENX 9.1.3 o T
KRRV ERMTH A INEHE A2 = A, MR A ERSETH%,

EX 9.1.4

KMEE V ERRANKMEEHR A, B UIRH#HE AB=BA=0, WI#fA 5 B EX,

Tl acV, a=a1+as,a1 €U, ar € W, N
P} (a) = Py(Py(a)) = a1 = Py(a)
P}y (o) = Py(Pw(a)) = a1 = Py(a)
H
PyPy(a) = Py(az) =0= Pwy(a) = PwPy(a)

EEfliE e
P?]:PU,P%/V:PW7PU

RPEMTEE. I F BRI V, VYRR V- VRS BT B SR S 1E/E Hom(V, V),
FAEE Hom V, Vs

W F ERZESE Vv, U, W, HE A € Hom(V,U), B € Hom(U, W), ZRMEMUEHE LT, G mdt
3% BA,

£ AcHom(V, V') A, M A2V — V' —FMEES, W A~ 2V — V INFEZS S, T2
A~ € Hom(V', V),

¥ A, B € Hom(V, V'), HTREE v’/ BL&M=3E, KA PUE S ai g

(A+ B)a = Aa+ Ba, (kA)a = k(A«x)

TAHIZRLERE RS, R A+ B2 A5 B, kAR k5 A NaiEEi,
AHEFRIUE, Hom(V, V') 2I F ERYZMEZE, FAlf, Hom(V,V) 22— M BAITAIES, IER]IERA
H AR Ik S Al i 2
k(AB) = (kA)B = A(kB)

TRA
X 9.1.5 o VB
B F L& E A N TH Eayniafed & kxR — NV BT RIRIR, B
k(af) = (ka)B = a(kB),Vk € F,a, B € A

LR A B—A (E8) R, L&M= A NEBIRAREK A 893K,

B5EH, Hom(V,V) B F ERRE, M,(F) W2 F _ERRELS
K ATPATE Hom(V, V) EE X A RIIEEECR

A" =A"- A A =T
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BRI

¥ f(z)=ao+az+--+anz™ < Flz], A ARARER
f(A) :CLoI+CL1A+"'+amAm

TR f(A) € Hom(V, V), ¢ f(A) 2 A B2,
8 A WA Z AN 2RIEE FIA], AHERIIER Hom(V, V) BI—NFIF, H F[A] 2HIR,
FIA] hATESBORT AR IESE F[A] 2 FlA] B—DT3, B F 20X 73R 2 RT7E DG

T:k—k

BN m (REFINES RIEIZE, Bt FlA] AJEE F —M9 5, T2 F L= 2WhAETT « 7]
P FlA] MERITTRAN, MMTE Flo] R TINEMRRERNE L FA] WAL,
B2, A BEA B 2
Ry =1-2Py
TRk
To: f(z) = f(z +a)
A Taylor ARAMEREL
g1
(n—1)!

F+ @)= @) + oA+ S f @) 4ot (D)

a2 anfl ( 1
—(r+aD+LD+... D"~
< taD+ 5D+ oy )f(m)

RIFRE T, 238 D fI— P20

9.2 MM E 4
EX 9.2.1 o B

B F ER&RMERRE V,V, Eb AV -V, £V WEREE A THREZERA A f0, 12
1 Ker A, Bp
KerA:={a eV |Aa =0}

A% (E3R) ie/F ImA s AV,

i 9.2.2
’iK F L& M2RE V, VO BEMEs AV -V, N
(1) A REHYENY Ker A =0,
(2) A B UBERY ImA =V
EF 9.2.3
i F E&MESEE V,V &R MERET AV -V, N

V/Ker A =ImA
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EH 9.2.4

Wk F ERMER V, V', BV RAREN, REMBE A:V -V, Il Ker A fo Im A 2R
R4ny, B
dim(Ker A) + dim(Im A) = dim(V')

4V ZAMRYEN, MEst AV — v/, U A BRSO A RTIE, A AR Im A RU4EEL
PR A HIRK, 124F rank(A).

9.3  ZRTEMURMZTE AR REFoR

BRI F _ERVARAELRNMEZM V, V!, HERERERS AV - Ve R dimV =n,dim V' = s, FATH
E A BHAEV ER— DS, ARV ER— D o, 0, AR Aoy, Aoy, RE, B
T Aa; € V!, EIAE V! BB - s, Ao BEETEEE 0y, - -+ g PRYBSRATOVE, TEATICIE

11 @11 - Qip

Q21 Q22 -+ Q2p
(AalvAa27 e 7Aan) = (77177727 e 77771)

as1 Asq e Asn

1 s < n SEREIRAE A, CIES j UBLE Aoy 76 o n, FIOSER, TR A SREAEWO A 76 V (038
Q- BV BEE -y, FEERE, TREMMS A 6 T KRR,
BRI (Ao, , Aa,) 2AL Alon,- - ,0,) TR ESAT IR

A(ala"' 7an) = (ala"' 7an)A

MNTV EREER A, BT Ao, €V, it Ao; FTRH V 9% oy, -, o, RIERH, T2E

a1 apx - Qi

a21 Qg2 -+ d2n
(Aaly Aa27 o 7Aan) = (a17 Qg - - 7an>

an1  Aani ccr Qpn

HEmE n SIEMEICTE A, ERIEE j FIE Aa; 1 o, - FRIERR, B A ZBEMEMS A £ V /Y
oo, an THIERE, TRAMERS A G THEERR,

A(ala o aan) = (ala o )an)A
B P bon MR vV RS, A
V=ImA®KerA

H A RBVPITT KerA 7£ ImA EME. 7 ImA PER—DE -0 7E Ker A HE— D2
Biy o Bumrs Mo, o, Bryo By BV —E, BT A RFPATT Ker A 1£ Im A I,
lis

Aa; = a;, AB; =0
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MITTRFFESR A 2 oy, an, Br, o, Bueyr NHIFEFE A DN
(0
0 O

Hom(V, V') § My, (F) FRFR, Hom(V,V) 5 M, (F) FXZR
8 9.3.1

WK F L n MRV fo s SERERMEZERE V/, U&RMEmRE AV -V 58 V 89—
fo V= ANETHRER A X o BAMZE Hom(V, V') = Moo, (F) BRMBRET, Mifa

H r = rank(A4) = dim(Im A) = rank(A),

Hom(V, V') = M,,.,.(F)

dim(Hom(V, V")) = sn = (dim V) (dim V")

ReAlRH
Hom(V,V) = M, (F)

dim(Hom(V,V)) = sn = (dim V)?

FEREE Hom(V, V) § M, (F) &2 F EEREL, e A IE, gk, RfEies, nJLOEY
o WU REIFRIRIE R
0(AB) = AB =0(A)o(B)

Ktk o f& Hom(V,V) — M, (F) BIFRIABLE,
EX 9.3.2

B F LR EF, WEREERS 0: M — M/, 148 o BBREKRMEE M — M 8RBT,
X BRI M — M' 8RABRE, BRLMRE M 5 M ZERAMN, FER o 2R M — M B9—HN
=] F4 BR 5T,

EH 9.3.3

WiR F b on kM V EHRETHR A A S5TCEV W—NETHERE A R 2R
Hom V,V) — M, (F) B9RE#BE, Mfnf#k Hom(V,V) 5§ M, (F) 2R,

FIRAEZRTEWLN (BREMEEH) TRIRIER
I F _ER n BESMESAR s 4EERIERS ], RS AV -V EEV =D oy, 0 WV
HI— 2k g, - one FEUREREN Ao & V HIAE o 155 ay, - 0 NVRARN X, B

Aa = (m, - ,nn)AX

M Aa 7EHE 0y, - ,ns FEBIRA AX,
Fealiy), WEE=E Vv R —HE o, - o, H ERZREDH A TEE TR A, AR o
TEHETRIARFRICE X, A
Aa = (ag, - ,a,)AX
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Rl A R FRIAIRNE AX,
AR y 55 a0, FRBARON Y, N

Aa=v7 AX =Y

ERMEAS HAE AR E RIRHERE 2 BRI R
EH 9.3.4

B F L8y n ERMEE, AT A EE o, a0, THERER A, EE 9, 0, THEE
R B, W& o, ap B, OREERER S, U

B=2571t458

RIE— NP A 78V HORIEZE RRHE R 2,
HTATHIA. #L. B RMELOCR FIAZ &, FIERINHE A £ V INE TR A 7518, &,
BN fRZerE s e A FIATHIR, BRI, MRIRIEAE det(A), rank(A), tr(A),
9.4 MR IEEMR IR R, 2k HnDN AIb s
EX 9.4.1
Wi F LSRRV E—ANEMEER A, EV PEE—ANERAE ¢ BE N F EE
AL = \o§

AR Xo BEMEIR A —MHEE, R A NBTIREE o N—MFHERE,

XFIUAE vV, A8 A X € IPERZIE ¢ hHeEgE A %o
EH 9.4.2

WP B0 RRMER V EHAEER A THALLERSY A H o MEEEANGSERE
€l BB ATE G 6, THUERER

diag{A1, - A}

b\ B & FTRBAHEE, EBERN A BER, RT ENAKETROHIRFS AW
WAERESR A E—REN,

B RS VBRI A, N & A F—DMRIEE, 2
Vi ={a eV | Aa = o}
SIAE Vy, & V W—1NF20E, #8V,, 2EEFHHE N\ NFHETF=E, B

Vi, = Ker(AoI — A)
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i 9.4.3
BWF Lo #EMEEV EEAMETHR A TAMYBRYE FTRRL
V=V&® &V,
Hep Ao\ 2 A DI R NS EE,
BT n 4ERMEDA Vv _ERMEH A 15 V BRFRIZEE RIAEREZ AU, MRS R R HE 2 Y %2 I

N, FERERMHE A £V — DN TR A WRE2 TR S b2 i A IRMEZ T, %\ 2 A
B—NRHIEE, 18 N\ TENRHME 2 DRI E R f N, AREESL, 18 A E TRHEME N\, NEHE T2
B8] Vy, PIZESAUA N, B9 LI EE 5L,

Rt A ATbRUE(C S HAXY A BURRERDA X fRERE, HEXNMAL EIITRE A MEtRiLE, HE
ANFHIEE N HBIRIREEE T ERUTER, B2 A A, A fRHEZ Iy

A=A)™ (A= A)"™
ER 9.4.4
HUF b on SHMEE V ERSETSR A TRHALSBRY A BBESARE F[\ P THMER
A=A (A=A

Hep Ao\ BRAE, RiR A NEMHEE \ BJVAEHRFTENRBELR.

9.5 ZRMIFTHHIAT 20
EX 9.5.1 o ALF43]

Wik F LR V ENAMRR A, FV WFZ0R W DRBEENERE ac W HE Aae W
AR W B A WAETZE, @A A F=NE,

RN VBRI A SRR A, B, BZRIE Ker B, Im B, B FWFRHIE T2 FAIERZ A- 7250

EM 9.5.2

W F b on #&M=EV EREETHR A, W A EV —NETRER AR A ER S BR

YV REROMBA A NELAREFZENEM: V=W, o---aW, #BA RZA|W, EW,

THIAERE,
EB 9.5.3

BIR P LRI V EMSM TR A, £ K] A

f(x) = fi(z) - ful(2)
B fi(z),-, fo(z) AREXK, N

Ker f(A) =Ker fi(A) & --- @& Ker f,(A)
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EX 9.5.4 o BB

WK F E&MEEE V ERERERIR A, £ F EW—TEMN f(A) =0, LR f(z) A A B—
MNEHZ A,

¥ dimV =0, W dim(Hom(V,V)) = n?, MM
IAA?... A"
—ELRMMER, TRETE—HARN 0 ITE ko, -, ke 15
kol + k1 A+ koA® + -+ K2 A™ =0
L f(x) = ko4 krx + kox® 4+ - + kp2z™, WHE f(A) =0, TR flz) B A W—DEMEZTIRA,
EX 9.5.5
WF L n BIEME A, & f(z) € Fla] 18 f(A) =0, LMK f(z) 2 A —DNEAZHR,

EH 9.5.6 © Hamilton - Cayley B

W F LW 0 FEERE, M A BFESAN f(N) 2 A B—DNEMSHRX,

MANZEMAT LS Vv 72N A FARENAZFERNERM: 8 A FREZIE f(\) 78 FI\ 2
fi#h
F) =pr(AN)---pe(A)
Hrb p,(\) 2 F ERAAFRE A2 T, T
V =Ker(pi'(A)) @ --- @ Ker(p* (A))

IR F(N) BTRASH# S
f()\) = ()\ — )\1)7“1 . ()\ _ )\S)rs

Hep ), 2 F PRRATFERTTR,
V =Ker(A—MI)") @@ Ker((A— A\ I)™)

Hr Ker((A — M\I)™) F879 A BIRRFZS [,

9.6 * LM HAIREIEIR BN 2 T
X 9.6.1 0 BN

W F E&RMER V N—ANEERR A WA ESHNEAZMA T, REFKBENERAEN 1
WEZMAMRN A RSN,
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9.7 WMEHHN Jordan PRifERY

EX 9.7.1
EneW, BEE—ANEEH ¢ £/8 B 'n#£0,B'n=0, WKTZERE (B 'n,Bn,n) 1 n £
BH) B- BEFT A,

EH 9.7.2
% F b MR W ENEETHR B, EEZEHRN I, W W LR dim W, N B- 3&
BEIRF=EWES, b W, 2 B 08 THAEE 0 B4 EF =,

EM 9.7.3

W F Lo #5E=E W ENEETRHR, ERSEHEN L W W PEE—NEES B EET
BI%EfE B A—A Jordan FERE, HFEA Jordan SREYEX A TTERE 0, BEKEAAENR [; Jordan
R BEET dim(Ker B) = r — rank(B); t & Jordan 3RES/NE N(t) A

N(t) = rank(B"*") + rank(B"™") — 2rank(B")

I B #RA B 8y Jordan AR, FRT Jordan REGEEZDRF SN, B B Jordan tnfER BefE—,

9.8 ZRMAHRIA PbRER

9.9 ZkPERAES X4
E X 9.9.1 o IR
B F LRSI V, B £V o F EREREMN ke Fa,feV HE
Fla+B) = f(a) + £(B)
f(ka) = kf(a)
ML f 2V EREMEREK,

flan, <
tr: M, (F) = F, A= (a;;) — Zan‘
i=1

BHRIUE tr B M, (F) EREIEREL, FRENITEREL
BV B P EN&ESE, BTV ERSEREETER V - F S, KRR Vv ERrEZ%
PEREE 2RI Hom(V, F), BB F _ER—MRE=R, e Vv _ERZrE R,
BHEMN Hom(V, f) =2V, W f € Hom(V,F) HT f Z2WEE V LN—PE o, - o, RE,
AL Mo Bz 3 0]
o:Hom(V, F) = F", f (f(a1), -, flan))

M, TR o 2SS, HARFHIEMAiRIiZE, Wit o 2 Hom(V, F) — F* LRI
5, MM o=t 2 Hom(V, F) — F" BRI, 1E Fr HESREE €1, -+ e, W o ey), -+ 07 er) 2
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Hom(V, F) B—"1 4,

id fi=o'(e;), Wo(fi)=e. TRA filay) = dijo

Hom(V, F) BIIXDNEE fi, -, fu AV IIEE oy, o, BONEES, 8 Hom(V, F) #7108 VDN EZS
A, et Ve,

R 9.9.2

DA fro  fo 8 g gne RV BE oy, a, BIE B, 8, WREERRE A, ARA

B= (A
B F bon EE&ME=E V, BV =D, an, T8V BRI f1, -, fo BT
oc: V-V a= Z%’ai — szfv
i=1 i=1

BN A, o /£ o FHMRICTE fo B ot XV PERRE 6= yios, BT fi(B) = v,
lS]

fa(ﬂ) = (Z xifi) = Zﬁfz‘fi(ﬁ) = Z-’Bzyz

XEH o £ o TR fo 7£ 8 HIRBIEST o 5 5 BYARPRAY N 73 BSRFLZ A,
A2, TR DA MBS Vv B EZEE] (V)r, fidR Ve, BR Ve 2 VO RRE R
|, &
Veyr =y

Boap, -, 2 V=N, Vv RENAOMEEN f1,- ), fro BRIRIFIILER
oc: V-V a—f,

I, A R

TV =V, foa™
Tl fev, &
fa = le.fu [ = Zf(%‘)fi
M
o™ (f) = Z$¢f(04¢) =f (Z xiaz) = f(a)

BT (ro)a =7(0a) = 7(fa) = o, B o (f) BHEAMEET V HELAIGERE, BATFRIZMAMKRE T 550
R RIS bR HE A B B AR, B 7o 0 V — V= R BRI,
T2V 5 Ve B s,
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HE HAEENZEN

10.1  MUERMERAEYL
ENX 10.1.1 o MRS

Wik F LRV, BRET f - VXV — FInRRERER by, ke € F FEREH By, a9, 81, B2, a0, B €
VA

(1) fhkion + koo, B) = k1 f(an, B) + ka2 f (a2, B)

(2) fla, k1Br + kofa) = ke, B1) + kaf (o, B2)

LR f BV E—AREMEREK, [ HBEK f(a,B).

RIS g [EER, BRS o — f(a,B) &V ERS—DERMEERE, 121E Bro
R o EER, BREY 30— f(a,B) 2 V ERI—DRIERE, 1217F ar.
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