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0 {uy, uo, -+, u,} 0 VOO0 {vg, 09, -+, v, 000000000 ADODDODOOOOOO

(f(ur), f(ua), -, flun)) = (v1, V2, -+, vy) A

0000U 000 {u,u, -, w,}0VIOO00 {o,v),--,v,} 000000000 BO
00000000

ogoooggo
B=Q AP
Oddddoooo pP,QUOODODOOOOOOOOO
(Wh by, o w) = (wr, wg, o w) Py (), 0, e V) = (01, va e, 0) Q

gooo
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goob odo

(f(w1), flu), -, flu,))

() 1 (o) (St
— (Zpklf(ug), mef(u;c)v T Zpk”f(u;€>>

= (f(ul)u f(u2)7 T f(un))P
= (vy, Vo, -+, V) AP

Do0ooooooo
(f(uy), fluy), -+, fluy,)) = (V1 vy, -+, v,)B=(vi, v3, -+, V) QB
D000D000AP=QB OO0
B=Q'AP

gbooodgog

UU 432 |pppoooooooooooooooon 000o0oo uooo {u, -
v,} 00000000 fO000000 ADODOOD {u),-- ,»,} 0000 000000

BO0O0O0O0OO0OOO {uy,-,u,} 0000 {u),---,w,} 0000000000 POOODO
0ooo

Y

B =P AP
gbooodao
0000 0O00OO0DbOobD A BODODOO

(f(u1)7 T f(un>):(u17 T ’U,n)A, (f(ull)v T f(u/n)):<u/17 ) 'u’;z)B

oboboobgoooboboo PO

(U’/D ...’u;):(uh cee ’U,n)P
oo0ooooonon
(flul), -, flug)) = (f(wr), -, f(un)) P=(ur, -, un) AP,
(f(u/1>> B f(u;)):(ullv T u/n)B:(ulv 7un)PB

0000000 AP=PBO0O0OOOOO B=P'APOOODO
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[l 433 \ppppooooooooooooooo D000 F:Rz], — Rl

(O)  gl@)=F(f(2) = f(x)x+ f0)2* + f(1)

D000000O000RR,0000 {1, 2, 22000000 f(z),g(x) 0000

Qo
(0) f(z) = ap + a17 + agx® = (1, x, x2) a| = (1, x, x2) a,

a2

bo
(A) g(x) = b+ bz + boa® = (1, z, 2°) b | = (1, z, 2°)b
by

00000000 (0)00

00000000f=1,f=x f=220(0)0000000000 g=1+42%g=1+uz,
1+2:2000000

1 11
(F(l), F(z), F(xz)) = (1—|—x2, 14z, 1—|—2:U2) = (1, x, x2) 01 0| = (1, x, x2)A
1 0 2

0000AD0DOO {1, x, 2} 0000 FOOOODODOODOODOOOODOOOOO
(0) g(z) = (1, z, 2%) Aa

0000 (Aa)000000 b=Ae0000000000OOO00OO FO

b() 1 11 agp
¢ :R® — R3; b= y(a) = Aa, bil =10 1 0| |ay
b2 1 0 2 a9

00000000000000 0000000
0000 {1+, z+22 2} 00000000 BOOODOOOOOOOBO

(F(1+x), Flx+2%), F(2*) = (14, v+2° 2°)B

0000000 {1, 2, 22} 00 {l+z, z+2% 22 000000 PO

(l—l—x, T+ 22, xz) = (1, T, xQ)

O ==
— = O

0
0] = (1, x, x2)P
1
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D0000000000000000 f(x), g(z) O
@) flx)=ag(l+ )+ a(z + 2?) + aga?

=14z, z+2° 2°) |a| = (1+z, z+2° 2*)a= (1, z, 2°) Pa,

() g(z) =bo(1 +z) + by (x + 2°) + by

= (1+x, x + 22, x2) bi| = (1+m, T + 2°, x2)5: (1, x, xQ)Pb

000000000 ©={1, 2, 22} 000000 (ap,a1,a)s 000 X = {1+2, z+a2, 2%}
000000 (aya,d)y 0000000000(), (@), (m)00

g(l‘) = (17 L, :L‘Q) PE: (17 xz, ZE2) Aa = (1, x, ,ZL'Q) APa
O0000O0Pb=APa 0000
b= (P 'AP)a = Ba

0000000000 ¥={1+z, z+2% 2} 0000 FOOOOO BO

-1

100 11 1]]|1 00 2 2 1
B=P'"AP=1]11 0 01 0/|110]=|-1 -1 -1
011 1 02[]011 2 3 3
000000000000 ¥YO0O0OOOoooo FOOOOooOo
bo 2 2 1| |ao
¢:R*—=R%  b=¢(a)= Ba, | =|-1 -1 =1 |&
by 2 3 3| |a
oooag .
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¢4.7 D000 O ODO0O0oOooOoOood

[l 434 |pppoooooooo ooo0O0O0 f:RP RS2y O000000000
()0 2000 00000 yOOOOO
(@DDKDDDODDDDDDDDDp:[1—QQTDDDDDDDDmDDDDKD
000 yOOOODO

(3)0 0000 ¢000000000 yOOOOO
(@DD@DDDODDDDDDDDDﬁ:{J oﬂTDDDDDDDDwmmmmgm
000000 0000 /000000000 yO00000

(5) 123 0000000 y 00000  (6) 223 0000000 yOOOODO

)22, 0000000 y 00000 ()00 0000000000 yOOOODO

(
9) 712, 0000000000 yOOOODO
(10)00 000 t00000ODDOOOCODODO OODOOOO 300000 y0OOoooQ 0

[ 435 gobbobooodobbb boooobbbuoooobbbouooobbb

, o (1) ]2 1]\ [-4
() - [ (][4

R 21\ [5 ]\ [5
orwa (- F ()

. = (1 [ ~11\ _[-s6
orx=ws([1)- Do) -1

o O

|
N}
—_

[ 436 O00000000O0D00O ObOOo0obOo fOD0DO0OO0ODODOODODOODOODOO
R" - R™ y = f(x) = Ax

:RQHR% y:f(zc):(a,a:)e1+(b,w)e2—|—(c,w)eg

‘R? - R% y = f(x) =2z
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O
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O

O

L) 437 oooooooboobob boDooobobo foOooOoboOoOoOoboboOobOobOoD
ooooo

(HR* 000 {uy,ug, - ,u,}, R" 000 {v,v9, - , 05}
1 0 1

ewoan {[] [ }{HHH} wowass {[.[;])
1 1 1

0J

[ 438 oooooooboobob booooob fOobOoboOooboOoOoO0obObOOobODbOoD

oooo
0| |0 SR
(1) f:R® - R? f(x) = [; -2 x, RP000 RS ,R?DDD{ 1 (1)}
0| |1 L
- 1] [1] o F 1T
(2) f:R®* = R? f(x) = 2 41 z, R3000 [o, 2], H},R?DDD{ 1, 2}.
153 217 |3
i 1 [2] [ R R
(1 -1 T (1] [o] To
B)f R =R} flx)=]0 2 w,RQDDD{L, 1}R3DDD o, |1}, 1] p-
-2 1 4L 11 o] [t
L 193 ([ 2 —1 11 [o
4) fR* SR fe)=]0 2 0 1|z R*OOO J , 0 , _2, -1 , R3
1 4 3 2
-2 1 1 2
5 2 —1
—1] [2] [-1
ooo o1, [3],]2];¢.
5 1 3
2 4 31 O ! !
f:R* = R f(x 0 -3 1 1|z, R*O000O 1, 1, 0, ! CRPO0OO
0| |1 1|1
1 2 1
0 2| |1 0 0
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[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(a1 + @) + 24(2a1 — as) + z5(a; + 2as)

= (r1+ 23+ 224 + x5)a1 + (¥3 + x3 — T4 + 275)as = 11 + 205
000000000 ep=214+x3+2x4+25, 0o =20+23— 24+ 22 000000000000

Im(f):{y:Aw] w€R5}:{x1a1+~~+m5a5| Il,"',l‘5€R}

= <a'17 Gy, a3, Qg, a’5>R = <a’17 as, a; + as, 20’1 — Qg, A + 2a2>R = <a’17 a’2>R
000000{a, a,}) 0 10000000Im(f)0000000000
rank (f) = dim(Im (f)) = rank (A) = 2

gooo
000000 Ker(f) DOO0 Az=0000000000000000000000O0O0O

Ker (f) S X = CclUy + CUus + C3usg

0000Ker(f) = (w, us, us), dim(Ker (f)) =30000000000000003000
0 Ker(f) 0000000000 f00000000000eR* 0000000000000
000000000000000000 f00003000000000000000000
00 yeRPOODODOO0OOOOOOOOOOOOOOOy=f(z)=Az0000 z<cR° O
0000000y 0 yelm(f) 0000000000000000 Av=y 0000000
000000000000

T = q+ cuy + cauy + c3ug, q=Py, PA=B

OO0DO00000OPO AQUODOODODODOOG, o, s D00D0ODODODOOOOODO
Az=y 00000 300000000DO0ODOODOO

Wy:{CEGRg | q + c1u; + CoUg + C3Uus, v01,02703 GR}

0000000000000000000000 Ker(f)O q00000000000000
000000 f0000 yelm(f)000030000 W,0000000000000 yO
00000000000 30000000000y 0 Im(f)000000000dim(Im (f)) =2
00000010000000000000 v,y 00000000 ¢, =Py, g,=Py,
10000000qy,q, ¢ Ker(f) 0000 {u, us, u3, q, ¢} 0 R°O00O000C0O0O0O0O

R5 = <u17 U2, U3, qq, q2> = <u17 U, u’3>69 <q17 q2>
gdooooodood
dim(R®) = null(f) + rank (f)

gbooooaog 0
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§4.10 DUOOO0OOOOO

U0 449 [ppoooo 0000 fU—Vig=fl@)0g:V—-W;2z=g(y) 000
0ooo

h:U—W:  z=g(f(z))
O f0 ¢gO0000O0Ocomposite] 0000
h=gof
OO0DOo0oO ]

00U 45 |pppoooooooo 00000000000000000000 0

00 451 |gpppooonoooo 0000 f,¢0000000000 A BOOODO
000000000 h=gofO000000 C=BAOOOO 0

U 45 |pppooooooooooooo 20000

f:R" —R™, y=flx)=Ax, A:mxn
g:R™ - R: z=g(y)=By, B:lxm
gooooooog
h=gof:R"—RY
z=go f(x) =g(f(x)) = B(Az) = BAx =Cx, C:lxn
guooooooog

gooo 0

§4.11 DUOOOOOOOO

UU 453 |pppoooooooo 0000 f:V—yv00000000000000

HNERERE VDDDD{ul,---,un}DDDDDDDD fO00D0000oOooood
f(ul):uh ) f(un):un
ooooogogon

(f(u1)7 ) f(un)):<u17 "',’U,n>:E('U,1, R un)
Oooooooooooooono FrOO0O0O 0
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§4.12 DUOO0OOOOO

OO 45 [ppoooo 0000 f:V—-VOOOO10100000000f00
000 O regular mappping] 0000 0

UU 455 \ggooo 000 10 1000000000 00000000000
0000000000000 0000000000000 N

U0 456 oooooobobob DOO0bOOo fOoOobObOOobDOobDbOODOfObObOODO
gbboboooobbbuoooobbbuoooon

D000 (=)00 f,g,h000000 A B, COO0DOOOOO
gof=h & BA=C

00000000000000000000 EO00000Og=f1'000
flof=id & BA=E

000000000 B=At0O0O0O0O 0

UL 457 \gpooooooo 1000000000 f00000 ADDODOO A0
DoooooDoooOooon 0

[ 458 |pppooooooo Oooo f:R?2— R

(R ()]

gbooboogooood

-1 3 -1 3
O00D0AODOODOODOODODfOO0ODOODOODOODO 0

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

A= det(A) =

o O =
S = O
o O O
o O =
S = O
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0000000 AODDODOOOODOO 0000000000

0000 (21,20,1) 00 (21,20,2) 00000 fO000000000 (21,20,0) 0000
000000 (21,2,,0) 0000 2000000000000 0000 (21,2,,0) 000
000000 f'0000000 (21,2,,0) 0000000000000000000000
00000 f0 10 10000000000R¥ 000000 f00000 2200000
000022, 000 RROOD0OODODODOODfO000O0O0OOOOOO 0

10 460

00000000 0000 f:V—-=VOouwl(f)y>00000f00000

O0000000000Ker(f) 00OOOOO Oy DO0O0O0O0O0O00OO0, 0000000000
oooof0O10100000D0O00O00ODODOD 0
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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
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