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B5E LWREH - WPEE

51 1wk&EH#Hr — P E#H

HILARE NA %11 [ 2 /10



B5E LWREH - WPEE

51 1wk&EH#Hr — P E#H

& (PG, 1IREHR)

V, W $EZER. BARF :V — W PRZss §E 5144 L1,
(i) Flu+v)=F(u)+ F(v) (Vu,v e V),

(i) F(ku) = k F(u) (Vk € R,Yu € V)

EHRLTIE. V=WODLE, FirV LD 1LREH WS,
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BEE LREHM - WREE

51 1wk&EH#Hr — P E#H

EF (PG4, 1IRZEH#H)

V, W : 2. B/ F:V > W PR g EH L3,
(i) Flu+v) = F(u) + F(v) (Vu,v € V),

(ii) F(ku) = k F(u) (Vk € R,Yu € V)

BAZTIE. V=WDLE, F2V EDO1REH WS,

N,

R
(i) 2 (i) & (ili) F(ku+lv)=kF(u)+I1F(v) (Vk,l € R,Vu,v € V).

v
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BEE LREHM - WREE

5.1 HREH - 5 H

R (FIPEAAR, 1IREH)

V, W ¥JBER. BB F V- W P RES (P54 L3,
(i) Flu+v) = F(u) + F(v) (Yu,v € V);

(ii) F(ku) = k F(u) (Vk € R,Yu € V)
BAZTIE. V=WDLE, F2V EDO1REH WS,

e =2
ER

(i) 2 (i) & (ili) F(ku+lv)=kF(u)+I1F(v) (Vk,l € R,Vu,v € V).
v OK.

| \

v
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BEE LREHM - WREE

5.1 HREH - 5 H

R (FIPEAAR, 1IREH)

V, W ¥JBER. BB F V- W P RES (P54 L3,
(i) Flu+v) = F(u) + F(v) (Yu,v € V);

(ii) F(ku) = k F(u) (Vk € R,Yu € V)
BAZTIE. V=WDLE, F2V EDO1REH WS,

N,

=
S~—
I~
v
J
=
=
N
=
=
S~—
I~
—~
ol
-

&1 =0T OK.

lv)=kF(u)+!lF(v) (Vk,l € R,Vu,v € V).

v
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141
A m x n {74,
T=T4:R" > R™ x — Ax I3fRE 5.

HILARE NA %11 [ 3/ 10



]

A m x n {751,

T=Ts:R"—= R™, x— Ax I3HEEH.
cAu+v)=Au+ Av K0 T(u+v) =T(u) + T'(v),

HILARE NA %11 [ 3/ 10



]

At m x nf7sl.

T=T4s:R" = R™ x —~ Ax 3MEEH.
cAu+v)=Au+ Av K0 T(u+v) =T(u) + T'(v),
A(ku) =k (Au) &0 T(ku) = kT(u).

HILARE NA %11 [ 3/ 10



]

At m x nf7sl.

T=T4s:R" = R™ x —~ Ax 3MEEH.
cAu+v)=Au+ Av K0 T(u+v) =T(u) + T'(v),
A(ku) =k (Au) &0 T(ku) = kT(u).

B ToR2 RS ()~ (1 1)(5) = (240 ) atipss.

Y 1 -1

v
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141
A m x n {74,
T=T4:R"” > R™, x = Ax I3 E4.

cAu+v)=Au+ Av £ 0 T(u+v) =T(u) + T(v),

A(ku) =k (Au) &0 T(ku) = kT(u).

1 0

B ToR2 RS ()~ (1 1)(5) = (240 ) atipss.

1 =1

v

F:R >R, z— 22 ZEEEMHTIZZRD.
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]

At m x nf7sl.

T=T4:R" = R™ x— Ax 3P ER.
cAu+v)=Au+ Av K0 T(u+v) =T(u) + T'(v),
A(ku) =k (Au) &0 T(ku) = kT(u).

1 0

B ToR2 RS ()~ (1 1)(5) = (240 ) atipss.

Y 1 -1

v

F:R >R, z— 22 ZEEEMHTIZZRD.
. F(2z) = (27)% = 422 = 22F(z) # 2F (z). “#¥¥" ="linear" ="1 k"
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sinf cos@

A ( cosf —siné ) T—T, R R
( @ ) - ( s = el ) AT

V= xsinf + y cos 6

BB 1A H11E 410




[ cosf —sind P 9

A_(sine cos 6 )'T_TA']R_”R'

v=( " )= Av= :cgos&—ysm& TRV G,
Y xsinf + y cos 6

D 1REME G FYT VEEL 0D,
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cos —sinf
sinf cos@

( ).T:EMRW%R?
v — ( Z ) o Ay — ( xcosf — ysinf ) R
1

xsinf + y cos 6
REWZE Q57 VR L.

gy = ( @ ) _ ( r cos ¢ ) v R B Y
Y 7 sin ¢
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cos —sinf
sinf cos@

W:(x)’_)Aw:(mcF)SH—y81n9>
D1

xsinf + y cos 6
REWZE Q57 VR L.

Y 7 sin ¢
7 oS ¢ cos ) — rsin ¢ sin b ) _ (

7 cos ¢ sin 0 + 7 sin ¢ cos 0

I
<
Il
N @&

_ ( v ) _ ( rcos ¢ ) LR T Y, v — ( ;

). T =T,4:R? - R?,

EGVI|ACE

rcos(¢ + 6) )
rsin(¢p +6) )
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[ cosf —sind P 9
A_<sin0 cos 6 )'T_TA']R_”R'
v — ( . ) s A= ( weosf = ysind > A A,
Y xsinf + y cos 6
ZD1IREWE 0 Z VT VAR 2\,

_ < z ) _ < “JOS(?) YRR R B w:(i ) =

v .
Y 7 sin ¢

Ay — rcos¢cosf —rsingsing \ [ rcos(¢+6)

V= \ rcosésind +rsingcosd ) rsin(¢p+0) )
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[ cosf —sind P 9
A_<sin0 cos 6 )'T_TA']R_”R'
v — ( . ) s A= ( weosf = ysind > A A,
Y xsinf + y cos 6
ZD1IREWE 0 Z VT VAR 2\,

_ < z ) _ < “JOS(?) YRR R B w:(i ) =

v .
Y 7 sin ¢

Ay — rcos¢cosf —rsingsing \ [ rcos(¢+6)

V= \ rcosésind +rsingcosd ) rsin(¢p+0) )
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[ cosf —sind P 9
A_<sin0 cos 6 )'T_TA']R_”R'
v — ( . ) s A= ( weosf = ysind > A A,
Y xsinf + y cos 6
ZD1IREWE 0 Z VT VAR 2\,

_ ( z ) _ ( “JOS(?) YRR R B w:(z ) =

v .
Y 7 sin ¢

Ay — rcos¢cosf —rsingsing \ [ rcos(¢+6)

V= \ rcosésind +rsingcosd ) rsin(¢p+0) )

V, W :ZEHM. T:V > W, ve o 3 fEEE. (ERER 2\VH)
Tu+v)=o=0+o0="T(u)+T(v),
Tku)=o=k-0o=k-T(u) (Vu,veV,keR).
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T:V >V, ve k- vid 1 iIREH (P ER).

HILARE NA %11 [ 5/ 10



T:V >V, ve k- vid 1 iIREH (P ER).
(MLBIHER (k> 1), el (0<k <1) &)

HILARE NA %11 [ 5/ 10



T:V >V, ve k- vid 1 iIREH (P ER).
(MLBIHER (k> 1), el (0<k <1) &)

cTu+v)=ku+v)=ku+kiv="T(u)+T(v),
T(u)=k(lu)=Il(ku)=10-T(u) Vu,veV,l €R).

HILARE NA %11 [ 5/ 10



]

T:V >V, ve k- vid 1 iIREH (P ER).
(HBIHER (k> 1), Hblih (0 <k <1) &W5)
cTlu+v)=ku+v)=ku+kv="T(u)+T(v),
T(lu)=k(lu)=1l(ku)=10-T(u) (Vu,v € V,l € R).

N,

il
Vo BRI, W CV, S = {wi,...,w,} ¢ W OERIE R,

N\
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]

T:V >V, ve k- vid 1 iIREH (P ER).
(HBHER (k> 1), HlfEN (0 <k <1) &\ D)
cTlu+v)=ku+v)=ku+kv="T(u)+T(v),
T(lu)=k(lu)=1l(ku)=10-T(u) (Vu,v € V,l € R).

N,

1

Vi NEZERE, WV, S={wi,...,w,}: W OEMEREE.
T:V > W,ve projyyv = (v,wi)ws + -+ (v, w,)w,

i v O W ANDIESHIFHIE G,

N\
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]

T:V >V, ve k- vid 1 iIREH (P ER).
(HBHER (k> 1), HlfEN (0 <k <1) &\ D)
cTlu+v)=ku+v)=ku+kv="T(u)+T(v),
T(lu)=k(lu)=1l(ku)=10-T(u) (Vu,v € V,l € R).

N,

Wl

Vo NREZEM, WV, S={w,...,w.}: W OEHBERILE.
T:V =W, v projyy v = (v,w1)ws + -+ (V, W)W,

i v O W ANDIESHIFHIE G,

& HE. (B p.254)

N\
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]

T:V >V, ve k- vid 1 iIREH (P ER).
(HBHER (k> 1), HlfEN (0 <k <1) &\ D)
cTu+v)=k(u+v)=ku+kv="T(u)+T(v),
T(lu)=k(lu)=1l(ku)=10-T(u) (Vu,v € V,l € R).

¢

il

Vo NEEZEM, WCV,S={w,...,w.}: W OIEHERHEE.
T:V =W, v projyy v = (v,w1)ws + -+ (V, W)W,

i v O W ANDIESHIFHIE G,

& HE. (B p.254)

N\

Vo RREEM, SV ORE, (v)g: SIZBET S v DMEENRT ML,
T:V =R v (v)s 3EIEEH.
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]

T:V >V, ve k- vid 1 iIREH (P ER).
(HBHER (k> 1), HlfEN (0 <k <1) &\ D)
cTu+v)=k(u+v)=ku+kv="T(u)+T(v),
T(lu)=k(lu)=1l(ku)=10-T(u) (Vu,v € V,l € R).

¢

il

Vo NEEZEM, WCV,S={w,...,w.}: W OIEHERHEE.
T:V =W, v projyy v = (v,w1)ws + -+ (V, W)W,

i v O W ANDIESHIFHIE G,

& HE. (B p.254)

N\

Vo RREEM, SV ORE, (v)g: SIZBET S v DMEENRT ML,
T:V =R v (v)s 3EIEEH.
A H. (#p.255)
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]

T:V >V, ve k- vid 1 iIREH (P ER).
(HBHER (k> 1), HlfEN (0 <k <1) &\ D)
cTu+v)=k(u+v)=ku+kv="T(u)+T(v),
T(lu)=k(lu)=1l(ku)=10-T(u) (Vu,v € V,l € R).

¢

il

Vo NEEZEM, WCV,S={w,...,w.}: W OIEHERHEE.
T:V =W, v projyy v = (v,w1)ws + -+ (V, W)W,

i v O W ANDIESHIFHIE G,

& HE. (B p.254)

N\

Vo RREEM, SV ORE, (v)g: SIZBET S v DMEENRT ML,
T:V =R v (v)s 3EIEEH.
A H. (#p.255)

> JERER T ML (v)g DH b 0 IZEEFEFTS] [v]s & LT H ARk
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V:ABZEM, voeV. T:V =R, v (v,vo) IFFIEEE.

HILARE NA %11 [ 6 /10



V:ABZEM, voeV. T:V =R, v (v,vo) IFFIEEE.
T+ v) =(u+v,vy) = (u,vo) + (v,vg) = T'(u) + T(v),
T(ku) = (ku,vo) =k (u,vg) = kT (u).

HILARE NA %11 [ 6 /10



1

V:ABZEM, voeV. T:V =R, v (v,vo) IFFIEEE.
T+ v) =(u+v,vy) = (u,vo) + (v,vg) = T'(u) + T(v),
T(ku) = (ku,vo) =k (u,vo) = kT (u).

N,

l
V:=C[0,1] = {f:[0,1] = R : & },
D:V =V, fe f (857) 3854,

N\

HILARE NA %11 [ 6 /10



1

V:ABZEM, voeV. T:V =R, v (v,vo) IFFIEEE.
T+ v) =(u+v,vy) = (u,vo) + (v,vg) = T'(u) + T(v),
T(ku) = (ku,vo) =k (u,vo) = kT (u).

N,

l

V:=C[0,1] = {f:[0,1] = R : & },

D:V =V, f— ff(B52) 3B 54.

- D(f +9)=D(f)+ D(g), D(k f) =k D(f) (Vf,g € V).

N\

HILARE NA %11 [ 6 /10



]

V:ABZEM, voeV. T:V =R, v (v,vo) IFFIEEE.
T+ v) =(u+v,vy) = (u,vo) + (v,vg) = T'(u) + T(v),
T(ku) = (ku,vo) =k (u,vo) = kT (u).

¢

il
V:=C[0,1] = {f:]0,1] — R : & },
D:V =V, f— ff(B52) 3B 54.
D(f+g) = D(f) + D(9), D(k f) = kD(f) (Vf,g € V).

N\

l
V:=C[0,1] = {f: [01]—>IR T 1,
J:V =R, fer [ fla)de 3B 5E.

\
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il

V:ABZEM, voeV. T:V =R, v (v,vo) IFFIEEE.
T+ v) =(u+v,vy) = (u,vo) + (v,vg) = T'(u) + T(v),

T(ku) = (ku,vo) =k (u,vo) = kT (u).

il
V:=C[0,1] = {f:]0,1] — R : 3z },
D:V =V, fe f (857) 3854,

D(f +9) = D(f) + D(g), D(k f) = kD(f) (Vf,g € V).

il
V:=C[0,1] = {f: [0 1]—>IR T 1,
J:V =R, fr—>f0 de‘ AR AL,
f+g fO ))dx = fo x) da:—f—folg(:v)dyc
fo kf(x —k:fo x)dx =kJ(f) (Vf,g V).

= J(f)+J(9),

\
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52 HRLHOME — KUEEHROVE ; MK
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52 HRLHOME — KUEEHROVE ; MK

T:V - W:#EE4.
(a) T(0) = o;

Ebg (—v)=-T(v) (Vv e V),

T _
Tu—v)=T(u) —T(v) (Vu,vevV).
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52 HRLHOME — KUEEHROVE ; MK

T:V — W : #E544.

(a) T(0) = o;

(b) T(—v)=-T(v) (VW eV),
(c)T(u—v)=T(u)—T(v) (Vu,v e V).
(
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52 HRLHOME — KUEEHROVE ; MK

b) T(—v)=-T(v) (VweV),

(b) T(
(c)T(u—v)=T(u)—T(v) (Vu,v e V).
(i)

(@) T(0) =T(0+o0) =T(0) + T(0).

VR T 0T T L) KRIAREL 1A %11 [ 7 /10



52 HRLHOME — KUEEHROVE ; MK

b) T(—v)=-T(v) (VweV),

(b) T(
(c)T(u—v)=T(u)—T(v) (Vu,v e V).
(i)

() T(0) =T(0+0)=T(0) +T(0). ... T(0) = o.

VR T 0T T L) KRIAREL 1A %11 [ 7 /10



52 HRLHOME — KUEEHROVE ; MK

(a ) T(o) =

(b) T(— V) —T'(v) (Vv eV);
(c)T(u—v)=T(u)—T(v) (Vu,v e V).

(GEH) (a) T(0) =T(0 + o) =T(0) + T(0). .. T(0) = 0.
(b) T(~v)=T((-1) - v) = -T(v).
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52 HRLHOME — KUEEHROVE ; MK

T
(b) T(
(c) T(
(GERA) (a) T(0) =T(0 4+ 0) =T(0) + T(0). .. T(0) = o.
(b) T(—v) =T((-1)-v) = —T(v)
() T(u—v)=Tu+ (-1)v) =T(m) +T(-v) = T(u) — T(v). O

()

AP T 75 L) KRIAREL 1A %11 [ 7 /10



& (%, &)

T:V - W:#E54&.
Ker(T) ={veV|T(v)=0}:TD¥; (# - kernel)
Im(T) :={T(v) |veV}: T Dk (£ -+ image)

HILARE NA %11 [ 8 /10



& (%, &)

T:V - W:#E54&.
Ker(T):={veV|Tw)=0}:TD; (£ - kernel)
Im(T) :={T(v) |veV}: T Dk (£ -+ image)

O HCE 70 2 5 1) AR NIA H11E  8/10



£ (%, &)

T:V - W:#E54&.
Ker(T) ={veV|T(v)=0}:TD¥; (# - kernel)
Im(T) :={T(v) |veV}: T DK (£ --- image)
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£ (%, &)

T:V - W:#E54&.
Ker(T) ={veV|T(v)=0}:TD¥; (# - kernel)
Im(T) :={T(v) |veV}: T DK (£ --- image)

T=T4:R"— R™ x— Ax (A 1T m x n1751).
Ker(Th) = {x e R" | Ax = o} : #Z HFEXNDMEZE] ;

VR T 0T T L) KRIAREL 1A %11 [ 8 /10




£ (%, &)

T:V - W:#E54&.
Ker(T) ={veV|T(v)=0}:TD¥; (# - kernel)
Im(T) :={T(v) |veV}: T DK (£ --- image)

T=T4:R"— R™ x— Ax (A 1T m x n1751).
Ker(Th) = {x e R" | Ax = o} : #Z HFEXNDMEZE] ;
Im(Ty) = {Ax | x € R"}

VR T 0T T L) KRIAREL 1A %11 [ 8 /10




£ (%, &)

T:V - W:#E54&.
Ker(T) ={veV|T(v)=0}:TD¥; (# - kernel)
Im(T) :={T(v) |veV}: T DK (£ --- image)

T=T4:R"— R™ x— Ax (A 1T m x n1751).
Ker(Th) = {x e R" | Ax = o} : #Z HFEXNDMEZE] ;
Im(Ty) ={Ax |x € R"} ={beR™ | Ax=b(x € R")}

VR T 0T T L) KRIAREL 1A %11 [ 8 /10




£ (%, &)

T:V - W:#E54&.
Ker(T) ={veV|T(v)=0}:TD¥; (# - kernel)
Im(T) :={T(v) |veV}: T DK (£ --- image)

T=T4:R"— R™ x— Ax (A 1T m x n1751).
Ker(Th) = {x e R" | Ax = o} : #Z HFEXNDMEZE] ;
Im(Ty) ={Ax |x € R"} ={beR™ | Ax=b(x € R")}

o=, PER™ b e C(4)) = C(A).

VR T 0T T L) KRIAREL 1A %11 [ 8 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

HILARE NA %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(GE)

HILARE NA %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(GEH) (a) vi,va € Ker(T),k € R = vy + va, kvy € Ker(T) 2R EIE &
V.

HILARE NA %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(GEH) (a) vi,va € Ker(T),k € R = vy + va, kvy € Ker(T) 2R EIE &
V. (CAEEE A ZOME AL T —HETHL TV X W)

HILARE NA %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(GEM) (@) vi,ve € Ker(T),k € R = vy + va, kv € Ker(T) ZmEIX &
V. (CAEEE A ZOME AL T —HETHL TV X W)
T(vi+ve) =T(vi)+T(v2) =0+ 0 =o.

KRIAREL 1A %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(GEM) (@) vi,ve € Ker(T),k € R = vy + va, kv € Ker(T) ZmEIX &
V. (CAEEE A ZOME AL T —HETHL TV X W)
T(vi+ve)=T(vi)+T(ve) =o+o0=0. ..vi+ve € Ker(T).

KRIAREL 1A %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(REHA) (a) vi,ve € Ker(T),k € R = vi + vo,kvy € Ker(T) ZmREIE &
V. (CAEEE A ZOME AL T —HETHL TV X W)

T(vi+ve)=T(vi)+T(ve) =o+o0=0. ..vi+ve € Ker(T).
T(kvi)=kT(vi) =ko=o0. .. kv e Ker(T).

KRIAREL 1A %11 [ 9 /10



T:V - W : $EE4.
(a) Ker(T) C V : $B52E[H ;
(b) Im(T') C W : #5322 ].

(GEM) (@) vi,ve € Ker(T),k € R = vy + va, kv € Ker(T) ZmEIX &

V. (CAEEE A ZOME AL T —HETHL TV X W)
T(vi+ve)=T(vi)+T(ve) =o+o0=0. ..vi+ve € Ker(T).

T(kvi)=kT(vi) =ko=o0. .. kv e Ker(T).

(b) wi, w2 € Im(T),k € R = w1 + wa, kw; € Im(T) ZR_EIX &\,

KRIAREL 1A %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(REHA) (a) vi,ve € Ker(T),k € R = vi + vo,kvy € Ker(T) ZmREIE &

V. (CAEEE A ZOME AL T —HETHL TV X W)
T(vi+ve)=T(vi)+T(ve) =o+o0=0. ..vi+ve € Ker(T).

T(kvi)=kT(vi) =ko=o0. .. kv e Ker(T).

(b) wi, w2 € Im(T),k € R = w1 + wa, kw; € Im(T) ZR_EIX &\,

wi,we € Im(7T') = Juy,ug € Vsit. T(uy) = wy, T(ug) = wa.

KRIAREL 1A %11 [ 9 /10



T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(GEM) (@) vi,ve € Ker(T),k € R = vy + va, kv € Ker(T) ZmEIX &

V. (CAEEE A ZOME AL T —HETHL TV X W)
T(vi+ve)=T(vi)+T(ve) =o+o0=0. ..vi+ve € Ker(T).

T(kvi)=kT(vi) =ko=o0. .. kv e Ker(T).

(b) wi, w2 € Im(T),k € R = w1 + wa, kw; € Im(T) ZR_EIX &\,

wi,we € Im(7T') = Juy,ug € Vsit. T(uy) = wy, T(ug) = wa.

JL W1+ wy = T(Iul) + T(lug) = T(Ul + U_IQ) € Im(T),
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T:V =W : G/,
(a) Ker(T) C V : #8222 ;
(b) Im(T) C W : 543 2= ).

(REHA) (a) vi,ve € Ker(T),k € R = vi + vo,kvy € Ker(T) ZmREIE &

V. (CAEEE A ZOME AL T —HETHL TV X W)
T(vi+ve)=T(vi)+T(ve) =o+o0=0. ..vi+ve € Ker(T).

T(kvi)=kT(vi) =ko=o0. .. kv e Ker(T).

(b) wi, w2 € Im(T),k € R = w1 + wa, kw; € Im(T) ZR_EIX &\,

wi,we € Im(7T') = Juy,ug € Vsit. T(uy) = wy, T(ug) = wa.

JL W1+ wy = T(Iul) + T(lug) = T(Ul + U_IQ) € Im(T),

kwi=kT(m)=T(ku) € Im(T). O
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T:V > W:EEH, {vi,...,v,}:V OHEJE.
Vov=kivi+- - +kyw,=T(v)=kT(vi)+ -+ k,T(vp)-

HILARE NA 11 [ 10 / 10



T:V > W:EEH, {vi,...,v,}:V OHEJE.
Vov=kivi+- - +kyw,=T(v)=kT(vi)+ -+ k,T(vp)-

HILARE NA 11 [ 10 / 10
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