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1 4 3 2
-2 1 1 2
5 2 ~1
—1] |2] |-1
ooo 0, (3], ]2]¢-
5 1 3
5 4 31 1l |1 1 1
(5) f:R* = R3 f(x) = %3 1 1|z, R*O0O0 3,1, 01,1 ,R300D0
1 2 1
0 2| |1 0 0

129



[2 3 -1
—1 2 —1
6) f:R®— R f(x) = _11 02 i z, R 00O o, |3, |23 R*OOO
Ls 5 1
2 —1 1] Jo
3 0 -2 |-1
—17 {473 |2
5 2 ~-1| |3
[ R ] 1
N FR SR f@y = | TS | moood |1, 1], |o| Y\ rooo ! |?
T — T3 0 ) 0
| T1 + 22 + T3 1
0 o] [o
1 0| 1|0
—1|" 1] |0
0 20 |1
Ty + 219 — X3 ; 1 8 8
8) fR* =R f(x)=| 22, —5x, |, R*O00 ol Ll 1Ll 1o . R3OOO
Tx1 — 34 1 0 5 1
0| |1
1], o
1| |1
1 0 —2 1| [-1 3
9) fR—=R%f(x)=|3 4 5|z, R0O000<|[2],]|5], |4
-1 2 3 3 2 —2
2 3 -1 (0] [2 3
(10) f:R* =R f(x)= |1 0 —3|=z, RP*O00O |-2|,|0], |-1
5 2 2 2 —1 0
(2 0 1] (1] [2] [3])
(11) f:R* - R3 f(x)= |-1 —3 1|z, RPO0OO |1], |1], |1
|2 5 2] Llo] (1] 1] )
(1 -1 0 (o] [1] [2])
(12) f:R* =R flx)=|1 -2 1|z RPOO0O< |1], |of, |1
-2 4 3] Lo (1] 1] )

[ 439 goobboooobobb boboodb FOOOOOUOUOODDDbOOOODDOD
gogd

(1) F : Rz,
(2) F : Rizx],

[]n; F(f(2)) = f'(z), R[z], OO0 {1,.1’,1’2, L)

— R
- R[l’]n, F(f(l‘)) = f”(l’), R[I]n ooo {1,1‘,5[]2, T 7xn}'
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(3) F : Rla], - Rlal,i F(/(a)) = (@), Rlal, 000 {La,a% - o).
(4) F: Rlaln — Rlaln; F(f(z)) = i fy) dy, Rla], OO0 {173€7I SRS

(5) F : Rlz]s — Rlz]s; F(f(z)) = f(0)+ f(1)z + f(2 )a: R[z]; 00O {1,z,2%}.

(6) F : Rlz]o — Rlzls; F(f(2)) = f(0)+ f(1)z+ f(2)2*, Rz, 000 {1+ z,z+2?1— 2%}

(7) F: Rlzly — Rlzly; F(f(2)) = fz) + 2 f'(2 )+$2f"( ), Rlz] 000 {1, 2,27},

(8) F: Rlx]s — Rz]s; F(f(x)) = f(x)+af (x)+2*f"(x), Rlz], OO0 {1 +z,z+2%1— 22}

(9) F: Rlz]y — Rlz]o; F(f(z)) = f(0) —2f"(z) + (1 — 2*) f"(x), R[z], DO O {1,x,2%}.

(10) F : R[z]y — Rlz]o; F(f(z)) = f(0)=2f(z)+(1—22)f"(x), Rlz], 000 {1+ z,z+ 2% 1 — 2%}
(11) F : R[z]y — R[z]y; F(f(z)) =2f(z) +3f(x), Rlz], OO0 {1,z,2%}.

(12) F : Rz]s — Rlz]y; F(f(x)) = 2f(x) +3f(x), Rlz], OO0 {14 z,24+2%1-22%}.
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§4.8 JO0OOOOO0O

00 440 [ppo oooo f:v—voooooo

Im (f) = f(U) = {v eV | v=flu), YucU}

O fO000image0 0000 ]

UU 441 |poo gooo f:v—voooooo

Ker(f) ={ueU] f(u)=0v}
0 f000kerneld 0000 0

UU 44 |gpopooooo 0000 f:0—-VvO0Im(f)0VO0O0O000000

0000 OIm(f)cVOOOOO v,v,0000 vy = f(w), vo = f(u) 0000000
0 w,u, €U 000000000

flawy + Bur) = af(ur) + Bf(u1) = avi + o,

0000000000av; +Bv, €Ilm(f) 00000000000 vy,v, €lm(f) 00000
000 o, KOOOOOav; +Bv, €Im(f) 00000000Im(f) 0 VOOOODOOO
00

O

U0 443 |pppopoooo 0000 f:U0 VOO0 Ke(f)D 0000000000

0000 O Ker(f)cUDOOOD wuy,us O f(u) =0y, f(us) =0, 0000000000

flaus + Buy) = af(ur) + Bf(uz2) = aOy + S0y = Oy

00000000au; +Bus € Ker (/) 00000000000 uy,us €Ker(f) 00OODOD0
00 o, € KOOOODau;+Pus €Ker (f) J000O00O00Ker(f) 0 U 0000000
00

0

§4.9 D00OD0ODODOOOOOOO

00U 444 [ppooooooo oooo fO00Im(f)0000000rank0 0000

rank (f) = dim(Im (f))
0000000000 Ker(f)DOOODODOOOOnullityD 0000
null(f) = dim(Ker (f))
DoOoooo -
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U0 445 |pppoooooo 0000 f:R—R™ y=f(z)=Az 0000

rank (f) = rank (A)
Oo0ooooofoOO0DO0
null(f) = n — rank (A4)
goagd
Ooo0oo 00 fOo0b0OoOoOO
Ker(f)={xzeR"| Az =0}

OO000000000 Az=000000000000 Az=000000000000O
n—rank (A) 00000OCOO0OOO00O0OO

null(f) = dim(Ker (f)) = n — rank (A)
Ooooboooo fo0oooogoon
Im(f)={y=Ax | Ve e R"}
000O0Im(f) D00D000
T
y=Ax=|a; ay, --- an] 33:2 =zia; + Toa9 + -+ + xpa,
o
goobooodby0booooobn a,---,ae, 0000O0O0OO0OO
Im (f) = (a1, az, -+, an)g
gboboboooobbbooogb 1boooobbobuooobbooogn
rank (f) = dim(Im (f)) = rank (A)

gboooao 0

U0 446 |gpppoooooo oooo R R™ y=f(z)=Az 0000

null(f) + rank (f) = n = dim(R")

gboboboogogobobod 0
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U0 447 \gpooooooo o000 f:U—VOoooo

null(f) + rank (f) = dim(U)
gbooood

0000 Ker(f)cUOOOO {uy, -, w}000Im(f)cvV 0000 {vy, -+, v,} OO
00000U 00000 Uy, - Upss O

flura) =v1, o ftrgs) = v,
gooooooooood 1gago
aruy + -+ + a;up + b + b,y = Oy
o000 fOO000OOO0O
flauy + - - + atuy + by + -+ - + bsupis) = f(Op)
arf(ui) + -+ ar f(ur) + b f(wrir) + - + b5 f(Urrs) = Oy

alov_f_...—|—ar0v—|—b1’01+"'+bsvs:OV
bivy + -+ + bsv, = Oy

0000wy, ---,v, 01000000 by=---=b,=000000000
CL1’U,1+"'+(17~’U”,«:0U

0000w, -+, w, 010000000 1= =04, =00000000 wy, -+, U, Urp1,
o u, 0100000000000 00000000 wO fO000000000 f(uw) O
v Oooooooooooo

f(u) =byvy + - + by
gooooooodd

f(u - blur—i-l - bsur—i-s) - f(u) - blf(ur—i-l) - bsf(ur—i-s)
= (bl’Ul + -+ bs”s) — (5101 + -+ bs”s) = OV

0000000000 u—b1upyy —---—bsu,ys 0 Ker (f) 000000000

U —biUpyy — 0 = DUy = AUy + -0 + QU
0000000

u=au +- -+ au +bu g+ + b
O000ay, -+ ,a, by,---,0, 000000000

W= (uy, -+, U, Upp1, -+, Upps)

O00000000r+s000000 4wy, -+, U, upp1,---, Uy O U 000000000
O dim(U) = r + s, null(f) = dim(Ker (f)) = r, rank (f) = dim(Im (f)) =s 00 00O =
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[ 448 gobbbooooboobod oooo

[R SR y=f(x) = Az
2 -1 1 5 0

A=1|1 3 4 -1 7
1 0 1 2 1

00 Im(f)00 Ker(f) 000000000000 rank(f), 0000 null(f) 00000
00 ADDOOOOO

101 2 1
A — B=1l011 -1 2 zhle&gm b
000 0 0

O00ddoooo bh=e, =, 01000000000 O00O00O0OO0O0O
b3 =by +by, by=2b; —by, bs=1"b; +2b;

gooooobb 10000 aq,---,a; D0 O0000O0OO0O0O0O0a@,a 0 10000000
gbooboooon

(0) az =a; +as, a;=2a; —as as=a;+2a

0000000000 Az=0000

T [— 23 — 204 — x5 | -1 2 -1
To —x3+ x4 — 275 —1 1 —2
Q) T= |z3| = T3 =c | 1|+ |0 +c3| 0| =cuy + cous + csus
Ty Ty 1 0
| 5 | i Ts i | 0] 0] | 1]

0ooooo
fO00 Ker(f) 0000 Az=000(0)000000000

Ker(f):{meR‘r" Am:o}:{01U1+CQU2+C3U3| c1, 02,03 € R} = (uy, uy, uz)p
O000{u;, ue, w3} 0 10000000Ker(f) D0000OD0OO0OO0O0O0O0ODO0ODO
null(f) = dim(Ker (f)) =5 —rank (4) =5-2=3

oooooQ
fO00Im(f)00 900000000 zeR°00000

T
y:AiU:[Ch a5} C | =ria + -+ 2505

Ts
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O0000o0go@)ooooo

Yy = 101 + 1209 + x3(@1 + @) + 24(2a1 — as) + z5(a; + 2as)

= (1’1 + 3+ 2274 + :C5)a1 -+ (l’g + T3 — T4+ 2375)@2 = Cc1a] + cas
000000000 ¢; =2y + 23 +204+ 25, co =29 +23 — 24+ 20, 000000000000

Im(f)={y=Ax | €R°} ={ma1+ - +asas5 | z1, - ,z5 ER}

- <a'17 as, az, Qq, a’5>R = <a’1a as, ag + as, 20’1 —Qg, a; + 2a2>R = <a’1a a’2>]R
DDDDDD{al,aQ}D 1DDDDDDDIm(f)DDDDDDDDDD
rank (f) = dim(Im (f)) = rank (A) = 2
agoon 0

§4.10 DUOOOOOOOO

UU 449 |ppoooo 0000 f:U—Viy=f@)0g:V—oW;2z=g(y) 000
0000

h:U—=W:  z=g(f(z))
O f0 ¢gO0000O0Ocompositel] 0000
h=gof
OOoDOoo0 ]

U0 450 gobbboooobb bboooobobobuoooobobbooon 0

UU 451 [ppooooooooo 0000 f,¢0000000000 A4 BOOOO
000000000 h=gof0O00O000 C=BAOOOO 0

[ 452 gbgoboobobobobbo 20000

f:R" = R™,; y=f(x)=Ax, A:mxn
g:R™ - R z=g(y)=By, B:lxm
gooooogoo
h=gof:R"— Rl
z=go f(x)=g(f(x)) = B(Ax) = BAx =Cz, C:lxn
goooooooo

gooo 0
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§4.11 DUO0OO0OOOO0OO

00 453 |pppopooooooo 0000 f:V—VvOO0000000000000

ogoond VDDDD{ul,---,un}DDDDDDDD fO0DOo0oOoOoooood
f(U'l):ub ) f(un>:un
goooodogod

(f(ul), e f(un)):<u1, e un>:E(U1, cee un)

obobooboooboobuoo pOOOO 0

§4.12 0000O0O0O0OO

UU 45 [ppoooo 0000 f:V—VDOOOO 1010000000000
000 O regular mappping] 0000 ]

00 45 [ppooo 000 10 1000000000 00000000000
0000000000000 0D0000D000000O0O 3

U 456 oooooooboobob OO0bOo foOooboOoOobDOobbOOobDOofOobObOOD
gbboboooobbbuoooobbboooon

D000 (=)00 f,¢, hODOODOOO A B, COO0DOOOO
gof=h & DBA=C

0000000000000 00D0000U0 FO0ODOODOg=f1'00O0O
flof=id < BA=F

0000o00oooO B=A'000O0O 0

00 457 |gpooooooo 000000000 f00000 ADDDOO A0
0000000 0oOoOoOoon B

[ 458 |pppooooooo Oooo f:R?2— R

(B ()L
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gbooboogoboood

-1 3 -1 3
. 1], et(4) |3 Y =10
O000AODDODODOOODOOODOfOO0ODOOODOOO 0

[ 459 \ppooooooooooo 0000 f:RY >R y = flx) = — (x,es)es
000000000000

I

I
o O =
S = O
o O O

1
) det(A) = |0
0

o~ o
o o o
I
o

0000000 A0DDODOOOODOO 0000000000

0000 (21,20,1) 00 (21,20,2) 00000 f000000000 (21,2,0) 0000
000000 (21,2,,0) 0000 2000000000000 0000 (21,2,,0) 000
000000 /10000000 (21,2,,0)0000000000000000000000
00000 f0 10 10000000000R¥ 000000 f00000 2200000
000022, 000 RROOD0OO0OODODOODfO000O0O0OOOOOO 0

OU 460 [ppnooooo D000 f:V—-VOml(f)>00000f00000
D00D00DO0D0Ker(f) 00DO0ODO 0y 000000000, 0000000000
D000f01010000000000000000 -
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§4.13 DUO0O0O O OO0D0OOO0OOO

[ 461 gobbbooogbbbud oobobobobboobuoobooboboboob
ooooboboboooboofooboobOoboboooobog

(1 2

(1) f: R =R f(2) = | 3]93 (2) f:R? - R? f(z) = [;l :2]:1:
(3) f:R* =R f(z) = 2 il))]w (4)f:R2—>R2;f(£L‘)_[8 8]:1:
(5) f:R* = R f(x) = _43 :i]fc (6) f: R? — R% f(x) = 42 _36]:::

(7) f:R* =R f(z) =

9) f:R* =R f(z) =

- 11 -1
(11) f:R* = R? f(z) = é g _21]:0 (12) £ R® = R® f(x) = {1 2 1]w
i 5 7 —1
(2 1 —1] (1 2 -1
(13) f:R* =R f(x)=|-1 2 1|z (14) f:R =R f(x)=|3 -1 —2|=
|1 -1 2] 1 -5 0
2 -1 -3 1 1 -6
(15) f:R* = R% f(x)=|-6 3 9|z (16) f:R* =R f(x)=|-3 1 2 |=x
-4 2 6 | 1 -1 2
1 0 -1 1 2 -3
(17) f R =R flx)=]2 -2 3|z (8 f:R-Rsflx)=[0 -1 2 |=x
-1 1 0 _2 3 —4
-10 2 -1 2 4 31
(19) f:R* =R f(x)=12 6 4 8|z (20)f:R*—=Rf(x)=10 0 1 1|
1 2 -2 3 1 210
-2 1 00
i, B -2 1 01
(21) f:R’> = R% f(x) = o 4 9.0 9%
-1 2 11

0 1 1 1 3
-1 =2 =5 —1 —4
22) f:R®> — R*: =

|1 -1 2 -2 -5
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1 0 -1 =3 2

1 2 -2 -8 7
23) f:R> = R =

0 2 -1 -5 5

[l 462 gbgobooboobboboboobodo oobob o oboboobobab
gbbooobbdobooboobbooobbuoobbobbobbuoobobooobbooon

O

1) 463 |opooooo o000 f000000 AODDDOOOO ¢000000 BO
0000000 gofO00O00O0D0ODODO

g - 2 3 4 1 4 -3
(1) A= a],B:[ 2)A=|-3 -2 3|,B=|2 0 1
a 1 b 1
! 0 1 0 3 -2 0
[3 -3 2
1 2 0
B)A=|2 1 -1|,B= ] .
2 —1 3
-3 0 0
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§4.14 OOO0O

U0 464 |pgoooo oo Aer>m O

AAT = ATA=E

O00000 AODDO0ODQOOorthogonal matrix( 00 00O

U0 465 \pppooooooo ooooooooO

det(A) = +1
0oooQ
D000 AAT=F 0000000000000
det(AAT) = det(A) det(AT) = (det(A))* = det(E) = 1

00000 det(A)=+1 0000

LU 466 |ppppooooooo ooooOOOOO0OO

0000 det(A)=+x1#0000000

U0 467 |pppooooooo ooooooooO

ATt =4
0000A' 00000000000
D000 AO00O00O0D0O0 A0 AAT=FED0OO0D00O0D0OO
ATTAAT =AT'E = AT =471

gooo

U0 468 [pppooooo ooooooOoO0OOOOO0OOO0O

o000 A pOD0OD0OOO0ODOOOO

AB(AB)" = A(BBT)AT = AEAAT = AAT = E.
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§4.15 DUOOO0OOOOoog

00 469 Oo0oooo0oDoo0oo0onD0 OO0 ADODUODOoOobDboobbOoobo A0DO
gboboboggobbbooggbooboooobobuoobobbooogn

0000 0000 A00O0OO0oOoooooo

A= [al a, --- an}

O000ATA=FEOOO

[a,” a’a; ai’ay - ai’a,

ATA = o’ [al a, - an] = a2:.ra1 ards
la,” Ta, a,Ta, a,"a,
(a1, a1) (a1,as) - (a1, ay,) 10 --- 0
_ (as, a1) (az,as) -+ (as,ay,) _ 0 1 0 5

(an, a1) (an,a2) -+ (a,,a,) 00 --- 1

gooood
(ai, a;) = 0

00000000000000000000 AAT=FO000000O0 0

U0 47 gpooooooooooo D000 VOODOO{u, -, u,} 0 {vy, ---,
v,} 00D0000000000000000 {uy, -+, u,} 00 {vy,---, 0, 000000 P
O0o0ooooo

gbooo pPOODOODOODOOO

('017“';’071):('“1,"'aun)Pa P:[p1 pn}
0oo0oooooo

n
V; = E PriUg
k=1

Ivza U] (Z Priug , ZszﬂMe)
k=

= (pz», pj)

0000 (v, v;) =6, 00 (p;, p;) =6, 000000PO000000D0DO0O0DO0
OoPOOODOOOOO 0

n n n n

> pripy (we, wy) = Zpkiplj5k:l = pribij
=1 k=1

1
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0 a7 gobboboooob bobboooobbboooobooboa

1 1 2 1
o 1 0 0 1 0 -1 7B WAV
0 1|’ 10|’ 10| 5 vl v
1 1
0 0o 1, 0 sinf cosf
\/Lﬁ _\/Lé 0 0 —cosf sinf
O
U 472 \gpoooooooo 0000 AeR»20000
cosf) —sind cosf) siné
A= B =
sinf  cos# ]7 [sinG —0089]
Oogpooooooogobn 0

[ 473 gobboogdgbb boboooobbuobuobobobobobobooboon

1 -1 1
1 1

1
Uy, U2, U - — |1 s T = s T =
{ 1 2 3} \/5 . \/g \/6 )

—_ =

oboboobooboobgd

B
V2 V3 Ve
A=|4L L _1
V2 V3 V6
0o L 2
V3. Ve
gbooboood 0
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§4.16 OOO0O

00 474 [ppoooo 0000 vVOoooooooog f:V—-V,y=f(x)O

(@, z') = (f(z), f(&)), Voz'cV

0000000 f000000orthogonal transformationd O O O [ ]

U0 475 [gppoooo Do0o00vVooooo{u, ---,u,} 000000000000
000 f:V—-V,y=f(x)0000000000000000000{f(w), ---, f(u,)} O
D00000000000000

0000 (0000)f000000000 (&, )= (f(z), f() 00000

(f(wi), f(u;)) = (ui, uj) = ;.
(DDDD){f(ul),---,f(un)}DDDDDDDDDDDDDDDD(f(ui),f('u,j)):5”DD
000000000 xz,2'eV O

/ / /
T =21U + -+ TpUy,, r=rU+ -+ T,U,

gbobobooogon

n n n

n n

/ / /
E T2 (w;, u;) = E g 2205 = E Xy,
i1 i=1

j=1 i=1 j=1
n

(f(z), f(w’)) = (f <Z l’iui) f : 95;%)) = <Z i f (u;) Zx;f(uz)>

i=1
=SS wl (Flw) fug) = 30wty =Y wi
=1 =1 i=1 j=1 i=1

0000000 (z, @) = (f(z), f(z/) 0000 0

00 47 |pppooooooooo0o0 0000 fO0000000000000000
00

]l = [[f ()]
oooo

D000 (0000) /000000000 (2, )= (y,y)000000z=2'00000
y=y 0000 |z|2=|ly|?0000@0000) {w, -, u,}) 0000000000000
00000 =0

r=zu1+ - +2x,U,
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gbooobood

n n n n n n
el = (@ =) = (zxiui, zmiu) D) SERTUINIES 9p SRETIED ot
=1 =1

=1 j=1 =1 j=1

If(@)® = (f(z), f = ( (Z%Uz>  f (Z%m)) = (szf<uz))’ Z%f(%))
:sziﬂfj(f(ui), szzﬂf z)|I” + ) wiwy (f(wi), f(uy)

=1 j=1 i#£j

0000, - ,2, e ROODODOOO00O0O |l)2=|f(z)?000000000

(f(us), fuy)) = dy

O000o0oooooooood{f(w), -, flu,)} 00000000000 fOODOOOOO

HRN

U0 477 |gpoooooooooooo 0000 fO000000000000OOO

00 478 |ppoooonooooo 0000 f00000000000000

0000 y=[f(z),y =f) 0000 =yl [l =y, (@, 2)=(y,y) 000

(z,2)  (y.9)
[l Nyllly'l

O000«x, 2 00000y, 0000000000

O

0

O

04 479 godoonl oootbbbdotuboodtoodtodidl congruent trans-

formation0 000000000000 0OO0ODOOOOOODOODODOODODOODODODODO
gogoubbbobodooooobbobbbibobboooouobouoobobbdoooaon
000000000 Odsimilarity transformation0 0000000000000 O0OO0OO

O isometric transformation 0 O OO

U0 480 |gppoooo ooooooooOOOOOO0OO0O0
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¢ 4.17 DUOOO0O0OOOO

00U 48 |ppoooonoooo 0000 f:V—v0O0O0DOO0OO0OO0O0O0000/0
00000000000 0000000000000000

0000 00000O0{w, ---,uw,}0VOO00000O00O0O0O0f00000000000C
{f(uy), -, f(u,)} 000000000000O0OO0O0O0O0000 {uy, -, w,} 000000
00 {f(w), -, f(u,)} 000000000 ADDOOOOOOO

(f(ul)’ T f(un)):(uh B UN)A

OooooboogoonD A0 fOO0DOOO0O0O0ODOOOOOOOODOO fOODDD ADDO
OO00o0ob0obDoooooAODODODbDOOO

y=Azx, 1y =Ax
goobooobon
(f(@), f@) = (Az, Az') = (Ax)" Az’ = 2" AT Az’ = 27 (ATA)x' = 2" Fx = (x, &)
O0Oo0o0obOobo fO0bOO0OO0DODOO 0

§4.18 0OOO

[ 482 \pnoooooooo 0000 7:R2—R%y = f(z) = A,

01
10

O0D00DAAT=F 00000 A0DDOOOODOOO2000000

A:

0 0000

gododogogano
(T, ') = 212 + 291y = Towy + 117, = (y, Y')
DDDDDD(w,w'):(y,y')DDDDDDD fO00000D0O0O0DOO0ODOOODOOd

(z, )  (y,9)
{2 Ty llyl

]l = llyll, M=l = lly'll.

oboooobo
fO000 =2, 000000000000 0
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[l 483 \npnpoooooooo 0000 7:R2—R%y = f(z) = A,

. yl 1 O T . T
v= Y2 0 —1| (22| |-

Uz 0000000000000 0

§4.19 R 000000

RZO0D0000000000 AO0OO00OO00O0O0O00O0 (x1,72) 000 (y1,90) 00000
fO00000000D00000 {ey, e} O

=] [

fler) =wu1, flex) =uy

gbooooogn

gboboboogaon

y = f(x) = f(rie1 + 10e2) = 21 f(€1) + 22f(€2) = T1U1 + Touy = [ul uQ} [2 = Ryx
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