7T RER

FTE L BEEBREF: U - VICBWT, XOXIHICERINT
im(F) CVid, ZNENF DL FOBREMIIN D,

DA ker(F) Cc U L

O

ker(F)={ueU|F(u)=0} cU
im(F) ={F(u)|lueU}CV
Bl 2. (1) HEGRidy: U — U, idy(u) =u, IZx LT,
ker(idy) = {u € U | u =0} = {0}
im(idy) ={u|ueU}=U
ThHb,
(2) ¥uBH0: U —V,0(u)=0, %L T,
ker(0) ={uelU|0=0}=U
im(0) = {0 [u e U} = {0}
ThHb,

WRE 3. MIPERF: U - VIZRL T, ker(F) CU & im(F) C V ix, #5%EMTH 5,

AEAH. DUF . im(F) C V I3 %M Th 5 2 L 2T, ker(F) C U IEHm%EETHL 2 &
X, FRkICREI NS,
(i) F(0) =078, 0 €im(F) 2397h %,
(i) vi = F(uy),vo = F(uy) € im(F) D & &,

v+ ve = F(uy) + F(ug) = F(u; + ug) € im(F)
IR Y 3L,
(ili) v=F(u) eim(F) L a e RD L &,

av = aF(u) = F(au) € im(F)

BRroh s, O
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BARE: U — VIZ2oWwT, XOEARNAEMEZEE T2, ED u,u € UKL T,
F(u) = Fuy) D 2% 6130 FT u =u, THZEE, F: U — VIFHE EWEEINS,
EEOveVIIRLT, Fu) =vZicdTucUDPEETLEE, F: U — VIZE4 LIF
b, BHTHL20OHHTHL LI BEHRE: U — VIiZ, 2R LTINS, Ho»
2. F:U - VREHTHEILEim(F)=V TH5 I EIZRAMETH 3,

WE 4. WEEBRF: U - VICHL T, XOWHE (i) & (i) ZFAfETH 5,

(i) ker(F)={0} TdH %,
(i) F: U — VIIHHTH S,
AEE. TG)=(i)) EHWZOT, T()=(>Gi) 277, u,u, € Uk, F(u) = F(uy) i

72T LE Fluy—uy) = F(uy) — F(uy) =079, u; —uy € ker(F) X005, (1) £ 0.
ul—u2:075§§:1\75>%f':6?')\ u; = U9 ;E'f%‘[“%o J:")VC\ FC&P%%EI‘T%%:&%ZT\AL%CO ]

£ 5. ARXITTRZ PVERU LV, BEGEERF: U - VIZEWT, ker(F) & im(F) D
TLlE, ZENENF ORI E F OFEELE RN,

E
K
null(F) = dim(ker(F))
rank(F') = dim(im(F"))
LEPND,
6. A%, mxnfidl, F:R* - R" %, F(x)=Ax TEDLMEEHR LTS L,
rank(F") = rank(A)

ThHb,

A, ROERL D im(F) CR™IE, ADFIRY P LVTHERI NG F%EMTH 5,

EF9. ABMRLL AT TH L L2 INET S, TDEE, rank(A) (& A DRI DEEL
LEBRIN, . ERSEGDIIRY PLVORTEHSESS = {a,,...,a;,} C im(F)
Fim(F) DEERTH %, ¥%6, ADPFHLL AT TH 270, S 1 RKMAZT, Tk
DEEFEBVIIRT P, FRIEGUIIRT PO 1 REEETRIND Z L3090 5,
£ o T, AR L 7247501 CTH % & Z, rank(F) = rank(A) 23K Y 2D,



RIZ, AZEED m x nf7hlE L, BZ ADOFKMLL 724751 & 95, BEBOELEL D,
rank(A) = rank(B)

Thb, 612, B=CAZIHiZem x miTCBHFET L0, G: R - R™ %
Gly) = Cy THED 2V EHET 3 &

(Go F)(x) =CAx = Bx

ThHb, 2T, rank(G o F) = rank(B) 23005 72%, rank(F) = rank(G o F) 2/~
i, 9, CRAFETH L2720, G:R™ —» R IZEHFTH L I L8005, LT,
S =Ay,...,y,} Cim(F)FHEETH2 & Z. G(S) = {G(y1),....G(y,)} C im(Go F)
BHEETHE I L5, KIS, T = {2z),...,2,} C im(Go F)IFHETH L X,
G UT)={G Yz),...,G Y z,)} Cim(F) bR TH S Z &30 5%, T, r=s7d,

rank(F) = dim(im(F)) = r = s = dim(im(G o F)) = rank(G o F')
2135, T, fliEZ Lo L%k, O

M 7. ULV EZAEBRRIGRY PVEM, F: U -V 28F54%, R={u,...,u,} C U,
S={vi,..., v} CVEHE, AZFORCULSCVIZHETIEBINET S L

rank(F') = rank(A)
TbhHb,
At G:R* = U & H:R™ =V &, XDX)ICHEDLMIPERET 5,

x U1

Gl | =nm+-- -+ zpuy, H| | =yvit o+ YnVm
Tn Ym

CDEE, QL HIBEHHET, (H'oFoG)(x)=AxTh 570, MiEH6 LD,
rank(H ! o F o G) = rank(A)
ThHHIEDBTD5, I6I2, GL HIZERHEHZDOT, Al 6 DAHDMED 12,
rank(H ' o F o G) = rank(F o G) = rank(F)
DIRIND, XoT, rank(F) = rank(A) 2135, O
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EIR 8. ARIIGRZ PIVZEMU &V, $IBEHRF: U — VITHL T,
null(F) + rank(F") = dim(U)

TbhHb,

AEHH. v =null(F), s = rank(F) £ B E, ker(F) & im(F) DEEE
R={uy,...,u.} Cker(F)
S ={vy,...,vs} Cim(F)
LB, I,
F(u,11) =vi, F(us) =vy, - F(u.,) = v
27z Wy, ..y, € UZESL, 2DEE,
T={u,...,u,Uiq,..., U5} CU
DU DK E 725 2 xRk,
FT. TWRURERTZ2IEZ2RT, uzk UDLEORZ PILET S, F(u) € im(F) 729,
F(a) =byvy+ -+ + bgvy (by,...,bs € R)
THRINS, 3T,
F(u— (bt + -+ bytteys)) = F(w) — (b1 F (1) + -+ by F(u, 1))
=byvi+ -+ bsvs— (byvi+ -+ bsvs) =0
720, u— (g + -+ bsu, i) € ker(F) 30305, WA,
u— (bupgg + -+ b)) = agug + - -+ au, (a1,...,a, €R)
THRIND, o7,
u=au +- -+ a0 +bu 1+ -+ b,
ERDDT, T={u,...,u,Upq,..., 0 I FUZEKTEHIERRL T,
RIS, TIZ IRV THS 2 Ez2md, 1 Kifbie
auy +---+au, +bju, g+ -+ bsu s =0
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BEZon L&, FEMGAICHT, uy,...,u, € ker(F) 7o,
biF(u.yq)+ -+ b F(us) =0
R
byvi+---+b;vy =0
285, . S={vi,... .V IF 1M TH 272D, by =0,...,b,=0%21F5%, £>7T,

a1u1+---+aruT:0

Db, L2rL, R={uy,...,u,} Cker(F) b 1 XM THE7D, a1 =0,...,a, =0
IR LD, THT, T={uy,...,up,Uppq,..., 0 FITXMITHL I LRZR L, O

BlfE 9. F: R* S R} ZRD X IHICED DML EHRET 5,

1 2 3 4
F(x) = Ax, A=1|5 6 7 8
9 10 11 12
(i) F ORLRE L R Z R X,
(ii) ker(F) DIEEE R, im(F) DHEJE S %KD X,
s, () AL 72475 B 2T 5 &
1 0 -1 =2
B=|0o 1 2 3
0 0 0 0

2185, o, rank(A) =2239702%, 5, fli#EH 6 £ D, rank(F) = rank(A4) = 2, & 8
0. null(F) =4 —rank(F) = 2 23& D V2D,

(i) £9. ker(F) DK R %252 5,
ker(F) = {x € R* | Ax =0} = {x € R* | Bx =0}
7o, ker(F) 13, XOHA 1 RAGBXDMES LFL WV,

€T — T3 - 2[L‘4 =0
To + 2373 + 31’4 =0
0 =0



ZOMRZ. XD LkIHIcEINS,

T 1 2
T —2 -3
? =0C + c2 (c1,¢0 €R)
XT3 1 0
Ty 0 1
Thbb,
r 1 9 \
—2| | -3
R= ,
1 0
0 1

& ker(F) DIETH B 2 LD 5,

Kic, im(F) DILIE S %54 %, AREIKL 7T BOFERSZGUIIRT P L EWIET 2
DRSNS S A8 P

1 2
S = 51,1 6 C im(F)
9 10

I3 im(F) DRIETH %,

IR, S € im(F) BEIKTH 2 FRZRT, C %, B =CAZiili7§uitiZ 3 x 31741,
G:R—=R%Z, Gly) =Cy TEDIMPEHRLETE, 2DLE, GREHRGoF: R — R?
X, (GoF)(x) =CAx = Bx TRINLMLEHRTH 2, im(Go F) CR* X, BDIIN7
VTR S N 2EMTH B, S 51, BRI 270 Th 270, FRIZ2ED
GIR7 bV S 7 DR

1
T = 0].]1 Cim(GoF)
0

ik, BERTHE I L n5, 5. GLR - RIE, G l(z) =Clz TEI N,
S =G T) Cim(F)

. im(F) OREERTH % 2 DR LD, O



