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1. Giéi thiéu vé vector va ma tran (Lecture 1)
@ Khong gian vector R"
@ Ma trdn va cac phép todn véi ma tran
@ Ma tran vudng, ma tran nghich ddo, hé phuong trinh tuyén tinh

2. Anh xa tuyén tinh (Lecture 3)
o Anh xa tuyén tinh
@ Ma tran biéu di&n anh Xa tuyén tinh
o Nhan va anh clia 4nh xa tuyén tinh
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s A ; " Khéng gian vector R"
Gidi thiéu vé vector va ma tran (Lecture 1) gg N o b 7 =
Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Vector trong R”

Vector trong R”

Trong R”, mét vector 13 mdt bd n sb thuc cé thit tu:

x=(x1,...,%n), ;i € R ie€{l,..., n}

Vi du.
e a=(1,2) Ia m&t vector trong R2.

e e =(1,0,0),& = (0,1,0),e3 = (0,0,1) I3 cac vector trong R3.
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Khéng gian vector R"
Ma tran va cac phép toan véi ma tran
Ma trdn vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Cho x = (x1,...,X%n),¥ = (¥1,---,yn) € R" va a € R, ta dinh nghia phép
cong vector va phép nhan vo hudng véi vector nhu sau:

x—l—y:(Xl—l—yl,...,x,,—i—y,,),

ax = (axy,...,axp).

Ngoai ra, ky hiéu —x = (—=1)x = (—x1,..., —Xpn)-

Vi du. Cho u = (1,2),v = (3,1) € R?, ta cé:

3u—v=3(1,2)+ (-1)(3,1) = (3,6) + (—3,—1) = (0,5).
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Khéng gian vector R"
Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Tich vé huéng trong R” (Inner product)
Trong R”, véi x = (x1,...,%n),¥ = (¥1,...,¥n), ta dinh nghia:

Xy :=x1y1+ ...+ XnVYn-

Khi d6, véi moi x,y,z € R" va véi moi a, 8 € R, c4c tinh chit sau dugc
théa man:

eX y=y-X;

ex-x>0vax-x=0x=0=(0,...,0);

o (ax+fy)-z=a(x-z)+ By - 2);

o x-(ay+Pz)=a(x-y)+ B(x-2).
Ta dugc mét tich vé hudng (inner product) trong R”.

Vi du. Trong R2. cho u = (1.2).v = (3.1). H3y tinh v v.
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Khéng gian vector R"
Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Chuan ctia vector (Norm)

Trong R” véi tich v6 hudng thdng thudng, véi x = (x1,...,xp), ta dinh

nghia:
[Ix]] i = Vx-x = /X2 + ...+ x2.

Ta dugc mdt chuan (norm) trén R”. Néu v thda [|v|| = 1 thi ta néi v I3
vector don vi (unit vector).

Nhan xét
V6i moi x,y € R" va v6i moi o € R, ta cé:
Q ||x||>0va|lx|]|]=0<x=0;
Q |[Jax|| = |afl|x|]
Q [Ix +yl|l < [Ix]| +lyll.
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ian vector R”
cac phép toan véi ma tran
, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Trong R, ngoai chuan dugc dinh nghia nhu trén, ta con c6 mot sb chuin
thong dung nhu sau:

n
[xlls = Ixil = bxal + ... + [xal;
i=1
n
X3 =D x? = +... 4 x3:
i=1

[1X]]oo = 12/2(:1)(" =max {|xi|,..., |xal}
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Khéng gian vector R"
ac phép toan vdéi ma trén
Ma trdn vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Trong khdng gian R?, tim céc vector x sao cho:
a) |Ix[ls =1;
b) IIx[|l2 =1;

€) |Ix[loo = 1.
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Khéng gian vector R"
ac phép toan vdéi ma trén
Ma trdn vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Trong khdng gian R?, tim céc vector x sao cho:
a) |Ix[ls =1;
b) IIx[|l2 =1;

€) |Ix[loo = 1.
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Khéng gian vector R"
Ma tran va cac phép toan véi ma tran
Ma trdn vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Vector trong R”

Ung dung clia tich v6 hudng

Cau héi: Tim hinh chiéu clia vector x Ién vector y trong R”.

Cho x va y 13 hai vector khéc vector khéng trong R”. Hinh chiéu ctia x
Ién y, ky hiéu la proj,(x), Ia mét vector z € R" sao cho:

@ z cung phuong véi y, tic la dc € R : z = cy;

o (x—z)-y=0.

T dinh nghia trén, h3y 1ap cdng thiic bidu di&n projy(x).
Vi du. Trong R3 véi tich v& hudng ducc dinh nghia nhu tir dau, hiy tim
hinh chiéu cta m = (1,2,3) 1én n = (3,2, 1).
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Khéng gian vector R"
Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Siéu phing trong R”

Siéu phing (Hyperplane)

Trong R" véi tich v6 huéng théng thudng, cho a = (a1,...,a,) # 0 va
cho ¢ € R. Tap nghiém H cla phuong trinh tuyén tinh

aixy+...+apnxp==c¢

la mot siéu phang (hyperplane) ciia R”.

H={xeR":a-x=c}.

Nhan xét. Siéu phing H chia khéng gian R” |am ba mién:
a-x<c;a-x=c;a-x> c. Nhu vy, tich vé hudng con cé thé ding dé
xac dinh vi tri tuong doi cia mét diém véi mét siéu phang.
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Khéng gian vector R"

Ma n cac phép toan véi ma trén
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Ma tran

Ma tran (Matrix)

Cho K 1a mét trudng. Mot ma tran (matrix) loai m x n trén K 1a mot
bang chit nhat gobm m dong, n cot véi mn hé so6 trong K c6 dang

a1l di2 ... dinp
ani a2 ... azp
A=
dml dm2 --- dmn
v
Ta goi aj la phan tir (hé s6) dong i, c6tj clia ma trn A, con dugc ki hiéu
la [A];;. Ky hiéu I\/ImX,,(K) la tap hop tit ca ma tran loai m x n trén

y nay, ching ta chi [am viéc trén trudng

Q-

tru’dng K. Trong subt bai trinh b
sb thuc R.
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Khéng gian vector
Ma tran c phép toan véi ma trén
Ma trén vudng, ma trén nghich dao, hé phuang trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Ma tran

o Céac dong clia ma trén A dugc goi la cdc vector dong.

(ait,---»ain)
[a dong thér i cla ma trdn A. Cac ma tran chi ¢6 m6t dong ciing
dugc goi la vector dong.
@ Cac cbt cia ma trdn A dudc goi |a cac vector cbt.

la cOt thir j cta ma trdn A. Cac ma tran chi c6 mét cbt cling dugc
goi la vector cot.

o Hai ma tran A = (aj) va B = (b;;) dudc goi 13 bang nhau khi va chi
khi ching cé cung loai va a,, = by, Vx,y.
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ian vector R"
a cac phép toan vdi ma tran
udng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Cac phép todn ma tran

Phép chuyén vi ma tran (Transpose)

Cho A 13 mét ma tran m dong n cét. Chuyén vi (transpose) clia ma tran
A, ky hiéu AT 13 mdt ma tran n dong m c6t dugc xac dinh nhu sau:

[AT]; = [Al;;,Vi € {1,...,n},j € {1,...,m}.

01 2 3
Vi du. Cho cdc ma trdn A, B, C xdc dinh nhusau:A=14 5 6 7|,
8 9 10 11
1 0 2 0o 1 2
B=1]0 3 5/,C=|—-1 0 3|.Haytimcicmatran AT BT CT.
2 50 -2 =30
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Khéng gian vector R"

Ma tran va cac phép toan véi ma trén
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Cac phép todn ma tran

Phép cong ma tran

Cho cdc ma tran A va B c6 cung kich thuéc m dong, n cét thudc
Mmx n(R). Tong cla cic ma trdn A va B, ky hiéu la A+ B, 1a mét ma
trdn m dong, n cbt thuéc My, n(R) dugc xac dinh nhu sau:

[A+B]U:[A],'J'—i-[B]U,ViE{1,...,m},j€{1,...,n}.

| A

Tich chia sb thuc véi ma tran

Cho ma trdn A thuéc My, xn(R) va mot sb thuc . Tich cda sb thuc a véi
ma trén A, ky hiéu 1a @A, 1a mét ma trén thuéc My, »(R) dugc xac dinh
nhu sau:

[0A]ij = afA];,Vie {1,...,m},j€{1,...,n}.

v
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Khéng gian vector R"
Ma tran va cac phép toan véi ma trén
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Cac phép todn ma tran

Ma trén (—1)A dugc goi la ma tran d6i clia A, ky hiéu la —A. J

Tinh chét

Véi moi A, B, C € Mpxn(R) va véi moi «, 5 € R thi

QO A+ B=B+A;

Q@ (A+B)+C=A+(B+ (),

Q@ A+0,xn=0nxn+ A=A (0nxn, chi ma tran khong);
QO A+ (-A)=(-A)+A=0;

Q@ 1LA=A

QO (aB)A = a(BA);

Q (a+ pB)A=aA+ BA;

Q ao(B+C)=aB+aC.
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Khéng gian vector R"

Ma tran va cac phép toan véi ma trén
Ma trén vudng, ma tran nghich dao, hé phuong trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Cac phép todn ma tran

Phép nhan ma tran

Cho céc ma tran: A € My n(R), B € My« p(R). Tich chia ma tran A va
B, ky hiéu la AB, la mét ma tran thuéc Mp, ,(R) va dugc xac dinh nhu
sau:

n

[AB]U = Z[A]ik[B]kﬁVk € {17 200 n}
k=1

hay
[AB]jj = [Ali1[Blyj + - - . + [Alin[Bl ;-

Diéu kién dé thuc hién dugc phép nhan ma tran A véi ma tran B la: Sé6
cot chia ma tran A bang vdéi s6 dong clia ma tran B.
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Gidi thiéu vé vector va ma tran (Lecture 1) e i (i o e G

Ma trén vudng, ma trén nghich dao, hé phuang trinh tuyén tinh

Cac phép todn ma tran

Nhan xét: Néu dit a la vector dong i clia ma trdn A va b |a vector cét j
cla ma tran B:

a= ([A]fh SRR [A]fn) b= ([B]lj’ ) [B]"j) )
thi tich v6 hudng clia a va b la:
a-b= [A],‘l[B]lj + ...+ [A]in[B]nj = [AB]U
Nhu vay, hé sb dong i, cot j clia ma trdn AB b\éng véi tich v6 huéng

(thdng thudng) clia vector dong i clia ma tran A va vector cbt j clia ma
tran B.
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Khéng gian vector R"
Ma tran va cac phép toan véi ma trén
Ma trdn vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Cac phép todn ma tran

Vi du. Cho cic ma trdn A, B xac dinh nhu sau:

012}

12
A:34,B:[
5 e 3 45

Hay tinh AB va BA.

Cac tinh chit clia phép nhan ma tran
Cho M, My, My € M n(R), N, Ny, No € Myy p(R), P € Mpy4(R). Ta cé:

o (MN)P = M(NP);
] (Ml + M2)N = MiN + My N, M(Nl + N2) = MN; + MN5;
o (MN)T = NTMT.

v
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Khéng vector R”

W ERAE] c phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Ma tran vuong

Ma tran vudng (Square matrix)

Ma tran vudng 3 ma tran c6 sb dong va sb cot bing nhau.
Ky hiéu: M,(R) chi tdp hop cdc ma trén vudng cap n véi cic hé so thubc
trudng R (thay vi M, (R)).

Nhan xét: Cho hai ma tran vudng cling cip A va B. Khi d6 phép nhan
ma tran ludn thuc hién dugc va ma tran két qua ciing 1a ma trén vubng
cung cap véi hai ma tran da cho.
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Khéng gian vector R’
Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Ma tran vuong

Cho ma tran vubng A = (ajj) cAp n. Ta goi dudng chéo chinh cta A |3 tap
hop cac hé s6 aj; véi i € {1,...,n}.
Mot s6 ma tran vudng dac biét:
e Ma tran dudng chéo (diagonal matrix) 13 ma trdn vudng cé tinh
chit: Moi hé s6 khdng thudc dudng chéo chinh déu bing 0.
e Ma tran don vi (identity matrix) 13 ma trén dudng chéo cé tinh
chat: Moi hé s6 thudc dudng chéo chinh déu b5ng 1.
Ky hiéu I, chi ma tran don vi cap n.

Cho A € Mpxn(R). Ta luén cé:

InA = Al, = A.
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Khéng vector R”

Gidi thiéu vé vector va ma tran (Lecture 1) Ma tran = [ (D o e T
Ma trén vudng, ma tran nghich dao, Hé phuang trinh tuyén tinh

Ma tran vuong

M6t sb6 ma tran vudng dic biét (tiép theo):
e Ma tran tam giac trén (upper triangular matrix) la ma trén
vudng cé tinh chit: Moi hé sb a;; v6i n > i > j > 1 déu bang 0.

e Ma tran tam giac dudi (lower triangular matrix) la ma trén
vudng cé tinh chat: Moi hé s6 aj; véi 1 <7 < j < ndéu bé“\ng 0.

Téng va tich clia hai ma tran tam giac trén (dudi) ciing cip 13 ma tran
tam gidc trén (dudi).
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Khéng gian vector
W ERAE] c phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Ma tran vuong

e Ma tran d6i xitng (symmetric matrix) 13 ma tran vudng bang véi
ma tran chuyén vi clia chinh né. Tic la:

A=AT,
hay néi cach khac
aj = aj,-,Vi,j S {1,...,n}.

e Ma tran phan xdng (antisymmetric matrix) |a ma trdn vudng cé
tinh chat:
A=—AT,

hay néi cach khac

ajj = —aj,-,Vi,j S {1, ey n}.
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PP | 5 A Khé ia r R"”
Gidi thiéu vé vector va ma tran (Lecture 1) hong gian vector

Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Ma tran nghich dao

Ma trén nghich dao (Inverse matrix)

Cho ma trén A € M,(R). Ta néi ma trén A kha nghich néu tdn tai mot
ma trdn B € M,(R) sao cho:

AB = BA=1I,.

Khi dé B ciing 1a ma tran duy nhit théa man diéu kién trén. Ta néi ma
tran B 13 nghich dao clia ma tran A, ky hiéu 13 A~L.
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PO | 5 a Kho
Gidi thiéu vé vector va ma tran (Lecture 1) M?;i e i () o e G
Ma trén vudng, ma tran nghich dao, Hé phuang trinh tuyén tinh

Ma tran va hé phuong trinh tuyén tinh

Hé phuong trinh tuyén tinh (System of Linear Equations)

Mot hé perdng trinh tuyen tinh trén R 13 mot hé théng gdbm m phuong
tAinh bac nht véi n 4n ¢é dang:

aiixy + apxo + -+ ainxp = by
axnx1 + axnxa + -+ apxy = by

amix1 + ameX2 + - - + amnXn = bm
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Khéng gian vector R"

Ma tran va cac phép toan véi ma tran
Ma trén vudng, ma tran nghich dao, hé phudng trinh tuyén tinh

Gidi thiéu vé vector va ma tran (Lecture 1)

Ma tran va hé phuong trinh tuyén tinh

Dat
a1 412 ... din X1 21
a a ... a X2 2
A _ 21 22 2n 7X _ - , B — -
aml am2 --- dmn Xn bm

Ta goi A 13 ma tran cdc hé sb, X 1 cét cic 4n va B 13 c6t cdc hé sb tu
do. Hé phuong trinh d3 cho tuong dudng véi phuong trinh AX = B.
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Anh xa tuyén tinh (Lecture 3)

Cau héi:
o Anh xa (Mapping) 13 gi?
@ Thé nao 13 don 4nh, toan anh, song anh (injection, surjection,
bijection)?
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Anh xa tuyén tinh )
Ma tran biéu dién anh xa tuyén tinh
Nhén va anh cta anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3)

Anh xa tuyén tinh

Anh xa tuyén tinh (Linear Mapping)
Cho U, V la cac khéng ’gian vector trén trudng R. M6t anh xa f:U—-V
dugc goi la anh xa tuyén tinh khi né théa man cic tinh chat sau:

Q f(u+v)="F(u)+f(v),Yu,v e U,

Q f(au) =af(u),Yu € U,Va € R.
Ky hiéu L(U, V) 1a tap hop tit ca anh xa tuyén tinh tir U vao V.

Ky hiéu L(U) 13 tap hop tit cd 4nh xa tuyén tinh di tir U vao U (thay vi
viét L(U, V).
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Anh xa tuyén tinh :
A A Ma tran biéu dién anh xa tuyén tinh
Anh h (L PN . A -
nh xa tuyén tinh (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

Anh xa tuyén tinh

Cho U, V la cac khéng gian vector trén trusng R va f € L(U, V). Ta cé
cac tinh chit sau:

o f(OU) :Ov;
o f(—u)=—f(u),Vu € U,
o flaim + ...+ apup) = arf(ur) + ... + anf(un).
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Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyen tinh

Anh xa tuyén tinh (Lecture 3) Nhan va anh chia dnh xa tuyén tinh

Anh xa tuyén tinh

Cho U, V la cac khéng gian vector trén trusng R va f € L(U, V). Ta cé
cac tinh chit sau:

[+ f(OU) :0\/;
o f(—u)=—f(u),Yu e U,
o flaim + ...+ apup) = arf(ur) + ... + anf(un).

Trong L(U, V), ta trang bi hai phép toan:
(f +&)(u) := f(u) + g(u),Vf,g € L(U, V),Vu e U

va
(af)(u) := af(u),Ya € R, Vf e L(U,V),VYue U.
Khi dé L(U, V) trd thanh mét khong gian vector trén trudng R.
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Anh xa tuyén tinh
Ma tran biéu dién 4nh xa luyen tinh

Ant én tinh (L
nh xa tuyén tinh (Lecture 3) Nhan va anh chia dnh xa tuyén tinh

Anh xa tuyén tinh

Vi du. C4c 4nh xa sau déu di tir R3 vio R%:
o ﬂ(Xayv ):(2X_4y+z X—|—y—Z)'

o H(x,y,z)=(2x—4y+z,x+y—z+1),
e f(x,y,z) =(x—y,2);

° fa(x,y,2) = (x —y,1);

o fi(x,y,z) = (X*,y + 2).

a) Trong nhiing 4nh xa trén, nhiing dnh xa nao thudc L(R3,R?)?
b) C6 két luan gi vé& dic diém ciia cac 4nh xa thudc L(R™,R")?
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Anh xa tuyén :
Ma tran biéu anh xa tuyén tinh

Anh xa tuyén tinh (Lectur: P - S
a tuyen ¢ (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

Dang ma tran cla 4nh xa tuyén tinh

Cho f 13 mdt anh xa tuyén tinh tir R” vao R™ c6 dang:
f(Xl, c.. ,Xn) = (811X1 + ...+ a1nXny. -y @miX1 + ...+ am,,x,,) .

Ta goi ma trén

dml dm2 --- Amn

la dang ma trdn cla anh xa tuyén tinh f.
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Anh xa tuyén tinh :
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyén tinh (Lectur: P - S
a tuyen ¢ (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

Dang ma tran cla 4nh xa tuyén tinh

Vi du 1. Cho 4nh xa f € L(R3,R?) nhu sau:
f(x,y,z)=(2x -4y + z,x + y — z).

Ta ¢6 dang ma tran cla f 13 mét ma trn 2 x 3 xac dinh bdi:

2 4 1
A_[l 1 —1]'
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Anh xa tuyén tinh :
Ma tran biéu dién anh xa tuyén tinh

Ant én tinh (L Aty : A 4
nh xa tuyén tinh (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

Dang ma tran cla 4nh xa tuyén tinh

Vi du 1. Cho 4nh xa f € L(R3,R?) nhu sau:
f(x,y,z)=(2x -4y + z,x + y — z).
Ta ¢6 dang ma tran cla f 13 mét ma trn 2 x 3 xac dinh bdi:
2 —4 1
A= [1 1 —1] '
Vi du 2. Cho 4nh xa g € L(R? R?) xac dinh nhu sau:

g(x,y) = (2x,y).

Ta ¢6 dang ma tran clia g 1a ma trdn vubng cap 2 xac dinh bdi:

o9
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Anh xa tuyén tinh )
A A Ma tran biéu dién anh xa tuyén tinh
Anh h (L PN . A -
nh xa tuyén tinh (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Cho U I3 mét khéng gian vector n chiéu trén trudng R va gia sk
B = (uy, ..., u,) 13 mdt cd s& dugc sap (mdt co s6, c6 thit tu) cla B. Khi
dé, v6i mdi vector u € U, ton tai duy nhit cac sd thuc oy, ..., a, sao cho

u=aoiuy + ...+ apup.
a1

7" n n a Y n ? 2, 7 A Y
Ta néi ma tran cdt | 2| 12 toa dé clia u theo co s& B, ky hiéu 13 [u].

Qp
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Anh xa tuyén tinh )
A A Ma tran biéu dién anh xa tuyén tinh
Anh h (L PN . A -
nh xa tuyén tinh (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Dinh nghia

Cho f e L(U,V)va B={u,u,...,up}, B ={wv1,vo,...,Vm} l4n luct
13 cc co s6 dugc sip ctia U va V. Ma tran

[F(u)le [F(w)ler .- [F(un)ls]

dugc goi la ma tran biéu dién anh xa tuyén tinh f theo cdp co s6
B, B’, ky hiéu la [f]g B’

v

Nhan xét. Gia sir f € L(R”,R™). Khi d6 ma tran biéu dién f theo cip co
s& chinh tic clia R” va R™ ciing chinh |3 dang ma trn cla f.
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Anh xa tuyén tinh
Ma tran biéu dién 4nh xa tuyen tinh

Anh xa tuyen tinh (Lecture 3) Nhan va anh chia dnh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Cho f € L(U, V) va B, B lan lugt 13 co s6 clia U, V. Ta cé:

[f(u)]p = [flB,p[u]BVu € U.

|

Dinh ly

Cho f € L(U, V) va cho By, Bg va Bi, B, 1An luct 13 cic cap co sé U va
V. Ta c6 cong thic thé hién mbi quan hé gilta ma tran biéu dién f theo
c3p co s nay véi ma tran biéu din f theo cap co sé kia:

[flg,.8; = (By — B{)[f]sl,B;(Bl — By).
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Anh xa tuyén tinh
z P Ma tran biéu dién anh xa tuyén tinh
Anh xa tuyén tinh (Lecture 3) Nhan va anh chia dnh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Dinh nghia

Cho f € L(U) va B ={v1,vs,...,Vp} |a mbt co s& dudc sip ctia U. Ma
tran

[f(v)ls [f(v)ls--- [f(va)lg]

ducc goi 13 ma tran biéu dién anh xa tuyén tinh f theo co s& B, ky
hiéu 13 [f]s.

Nhan xét. Gia sit f € L(R"). Khi d6 ma tran biéu dién f theo co s& chinh
tic clia R” ciing chinh |3 dang ma tran cla f.
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Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyen tinh (Lecture 3) Nhan va anh chia dnh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Cho f € L(U) va B 1a co sé cta U. Ta cé:

[f(u)]s = [f]lglu]s, Yu € U.

Cho f € L(U) va cho B va B’ |a hai co s6 khic nhau clia U. Ta c6 céng
thic thé hién mdi quan hé giita ma tran biéu dién f theo co sé nay véi ma
tran biéu dién f theo co s kia:

[flar = (B’ — B)[f]z(B — B') = (B — B')7![f]g(B — B).
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Anh xa tuyén tinh
z P Ma tran biéu dién anh xa tuyén tinh
Anh xa tuyén tinh (Lecture 3) Nhan va anh chia dnh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Vi du. Xét 4nh xa f € L(R?) xac dinh bi:
f(x,y) = (7x — 2y,12x — 3y),¥(x,y) € R,
Cho B = {e1 = (1,0),e2 = (0, 1)} v& B’ = {uy = (1,2),tm = (1,3)} I3

céc co s& cha R2. Tim [f]g, [f]s’ va kiém tra lai cong thifc lién hé giita
[f]B va [f]B"
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Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyén tinh (Lectur: P , 2.
a tuyen ¢ (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Gidi. Ta c6:

f(x,y) = (7x — 2y,12x — 3y),Y(x,y) € R%;
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Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyén tinh (Lectur: P , 2.
a tuyen ¢ (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Giai. Ta cé:
f(x,y) = (Tx —2y,12x = 3y),¥(x,y) € R?;
* Tinh [f]g:

e =r(enls [Ftele] = |y 3]

PiMA Summer Camp 2019 DAI SO TUYEN TiNH



Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Ant én tinh (L Aty : X b
nh xa tuyén tinh (Lecture 3) Nhan va anh chGa anh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

Giai. Ta cé:
f(x,y) = (Tx —2y,12x = 3y),¥(x,y) € R?;
* Tinh [f]g:

e =r(enls [Ftele] = |y 3]

* Tinh [f]B/Z
[fler = [ [f(u)]s [f(w2)]5
F(un) = £(1,2) = (3,6) = 3uz + Oua: F(u) = £(1,3) = (1,3) = Oy +

Vay
[fler = [g 2] -
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Anh xa tuyén tinh
Ma tran €n anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3) Nhan va 3 a 4nh xa tuyén tinh

\YERAED bigu din 4nh Xa tuyén tinh

M&i lién hé giita [f]p va [f]s:
[fler = (B — B)![f]s(B = B).

Ta cé:

(6 &) =lnle lle] = [, 5|i6 &)= |3 7],

=% A A0 R

PiMA Summer Camp 2019 DAI SO TUYEN TiNH

Viy:



Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3) Nhén va anh cta anh xa tuyén tinh

Nhan va anh

Nhan (Kernel) va Anh (Image)
Cho f : U — V |3 m&t 4nh xa tuyén tinh.
e Tap hop Ker f = {x € U|f(x) =0} = f~1({0}) dugc goi |3 nhan cla
anh xa f.
e Tap hop Im f = {f(x)|x € U} dugc goi la anh cla anh xa f.

Ker f 13 khéng gian con cia U va Im f |a khdng gian con cla V.
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Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3) Nhén va anh cta anh xa tuyén tinh

Nhan va anh

(By Tomasz59 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=38355896)
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Anh xa tuyén tinh )
Ma tran biéu dién anh xa tuyén tinh
Nhén va anh cta anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3)

Nhan va anh

Cau hoéi: Trong trudng hop f € L(R™,R"), ta tim Ker f va Im f nhu thé
nao?

Nhan xét
Diat A 1a dang ma trén cha dnh xa tuyén tinh . Khi dé:

Ker f = N(A), Imf= C(A).

Trong dé: N(A) va C(A) lan lugt 13 khéng gian nghiém va khéng gian cot
cla ma tran A.
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snh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3) Nhén va anh cta anh xa tuyén tinh

Nhan va anh

Cho f € L(U, V). Ta cé:

dimKer f +dimIm f = dim U.
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Anh xa tuyén tinh
Ma tran biéu dién anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3) Nhén va anh cta anh xa tuyén tinh

Nhan va anh

Cho f € L(U, V). Ta cé:

dimKer f +dimIm f = dim U.

Cau hoi: Trong trudng hop f € L(R™,R"), diu hiéu n3o gitip ta nhan
biét £ c6 1a don &nh, toan 4nh, song anh hay khéng?

o f la don anh < Ker f = {0} < dimKer f = 0;
@ fla toan anh & Im f = R" & dimIm f = n;

o Néu m = n thi cdc ménh dé sau tuong duong: f 13 song anh; f 13 don
anh; f 13 toan anh; [f]g kha nghich (B la co sé cia R™).
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Anh xa tuyén tinh :
Ma tran biéu dién anh xa tuyén tinh
Nhén va anh cta anh xa tuyén tinh

Anh xa tuyén tinh (Lecture 3)
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