2026/5/9

1THERDEE &
BERAE AT LOIGE

Lecture 3
2026/5/9

THERmDES

REHFREADES

MR AERATLREFRERL) OIGE
REHBITIIORH T

BN~

2026 E EETTE -VI/\REY-
BE.EEZDFE. FlEROMEE
4/22 KEARBXESRATLIRE 1%

L 3 1T 25
5/12 BERBAESRTLEREHTZITH 31~3.2
BEBERESRATLOREN. 33
5/26 H{lZE# 42,43

AlHIEEER K., ATERBEERKXEZDICA 41,432,
433
6/10 RREEAER1 1E~4EF
L¥XaL—4D&Et 5.1
6/24 [E—RFTAITHF—/ DK 5.2
EEREEVRATLDE 6.1
7/08 R ELE&R2 6.2
Y—RORTLDKRET (FD1) 6.2
7/22 H—iRIRTLDEREH(ZFD2) 7.1
RBLX1L—4DHEH PP
8/05 EH 1E~7E




2026/5/9

THNEE
1. 1THl. RIOFLD FEE (BFEE p. 20~21)

2. {THIDME. ’E (BHZF p. 21~22)
3. 1THI (HHE p. 24)

FHER (L2 BHOT | < < n 0o WTER) :

Al = Y (1) ay M
j=1
FIER ((F j JFHDH) (1 < j < niZOWTERM) !
Al = ) (=D a; My,
i=1

M DB EATE HZENT (n—1) x (n— 1) MTHIDITHIF

3. 175K (0DF)
e A(nxn), B(nxn)D¥t %, |AB|=|A|B|
e Alnxn) D E, |ad| = a"|A
o )\ (i=1..... n)IFADEAEMEE L. |Al =M A, = A A£0& N\ #0 (Vi)

4. F1T5

P adj(A) adj(A) : A OREFITS
Al
adj(ai;) = (1) My

e A(nxn), Bnxn)Dt &, (AB)"'=B"14"1
Afl

o (ad) ==

1
Al =
* 147 =13




2026/5/9

/o 75 2=
THDES
4. 4TI (5RE) 3 2 0
RoOTFHOMTFHZRD L, A = -1 0 0
0 5 —4
. 41 adj(A)
B AL = i
0 0 —1 0
) . . 1+1 _ 1+2 ¢
Al = (=1) ><r_4'+(1J X2 _4'—8
_(—1)1+1>< 0 (—1)™2 x -Lv (=1 x Lo
5 —4 0 —4 0 5
2 0 -3 0 243, | —3 2
" . 241 {1242 _13y2+3
adj(4) = (=1 x| ¢ _4' (=1 x |, _4‘ (DT x )y
2 0 ‘ -3 0 . -3 2
 1\3+1 _ 1\3+2 _13y3+3
(=Y ><00‘ (=1) ‘—10‘ EU™x g 0
4. 175 (flB) DDOF
_ 1T
0 1 0 . ~1
141 _1y1+42 _1y1+3
(—1) ><5_4|(1) x 0_4‘(1) 10 5
2 0 -3 0 . —3 2
T 4241 _1)2+2 —1)%2+3
adj(4) = | (1) x| o _4' (=1, _4‘ (D77 5
2 0 -3 0 1 -3 2
 1\3+1 342 _1)3+3
_(1)X00‘(1) ‘10‘(1)><10_
0 -4 —517 0 8 0
— 8 12 15 = -4 12 0
0 0 2 =5 15 2
. 0 8 0
_ adj(A) 1 . —
‘ —5 15 2 \
WYHERT AL




2026/5/9

5. BEHE. BEANIMLEAIL
75 At FTER (characteristic equation)
|sI — A S"tans" t4a, 18" 24 Fass+a; =0
5 = A, Ao,..., An — AODMEHE (eigenvalue)
Aty = N0 (NI — A)E_)I =0 Ui BB RY L
T=[t 7 Uy |
A0 0
_ 0 Ay - 0 o
T AT = . . . = E—F1TH
0 0 Ao

5. BEHE. EBAENIMLERAIL(DDE)

RDITHA DEFEE -3 2 0
BEBENY FILERD &, A=|-1 0 0
0 5 -4

& |'A+:3 -2 0 '|
N - A| = 1A 0 =M +DA+2)(A+4)

[ 0 5 /\+4J

FDEFAME A =1, Ao = -2, Ag=—4
(-DI—-4) = 0kb, —1OEERZ At =[3 3 5]
(-=2)—4) = 0Xb, —20@EZ AT =[4 2 5]7
()T —A) = 0k, —4oEE~Z LT =[0 0 1]7

WAIIZEB R MLELERIZEBHRY bILITHERD TITS,
BB XY MLITHITE Z DT TUIRD AT 4 F~,
T AT%#ETNIL. WHBTIER D,




2026/5/9

5. BEFE. BARNIMLERAIL (DDF)

EEEI=-4D A =
EBE~NYZ FILDOEE

(M —
EHNY b

173:[0 O HTT:B =
i3=[0 0 6]T%H ]
N Y U N
n=l0 0 1ed3,]]| o
(E— F175)0D
WITHAETELSZ W
7=,

x;=[0 0 0] l[&RA], "

-3 2 0
-1 0 0| #Erixsies
0 5 —4 | BEBAFICLTRDS

A=4— [EHRZ bL

A)vs
[ —44+3 -2 0 U3,
1 —4 0 U3, =0
|_ 0 =5 —444 J |_ U3, J
-2 0] v3,
—4 0 =

'1532 = 0
-5 0 J [ Uz, J

—vg, — 2vz, =0
va, —4dvs, =0
*51132 =0

=0, v3, =0, vg,: fAITH X

IO AL KT,

S RS

ERBIETTHBN

TIADEREEEB NS b

ZfE> T, 1T9ITZ R, 1T94% /BT %,

. [ 2 —4 0]
o -3 3 0
6 .

HELHELID L,




2026/5/9

5. BHE. EBARNIMLERAIL(DDF)

T AL ATHIADBEE T Filvy, vy,
ﬁ@JT:[vl, Vo, " ,vn]

TEBENYZ ML BTN ADT AT =| :

% 3l Tz

AL AISE S A
(1) KEARXNDEERD 2 & &
2) HEREE— FICHBT 2 HRE p. 97

6. 2RMALIEER IR, EETTSI
7 £45-488

2RI
V() = iTAz

a d f &L
Iv(f) = I"y(.l’l.({fg. ls) = [ £y X9 Iy J d b e Lo

f e « r3

= (Ll-‘% — b.{'g + (;ug + 2duq o + 2exowy + 2f 0wy

2R DAL
EA177)

AN

XFFRITS]

528 -
RO2RERE2REAICEEXT T

2 *4 0 L1
V(@) = [x1 x2 ag ]| -4 10 6 o

0 6 18 xrs3




2026/5/9

538 :
RO2RIEAZ2RERICEETH

2 -4 0 T
Vi{r) = [1‘1 g lg} —4 10 6 Ig

0 6 18 I3

o

|' 271 —4dro + Oxg -|
ry w3 | | —dxy + 102y + Gxg
L 0x1 + 629 + 1824 J

-
—_—
=
~—
Il
[
=
iy

= (227 — dxyx9) + (—4a1x2 + 1025 + 6a9aa) + (6xax3 + 1822)

= 222 + 1022 4 1822 — 8129 + 127924

6. 2R X ELIEEREE. EETH(DDE)

2R Vix)=xTAx I EE(ES T ARTDOx#F0ICDWT,
Vix)>0
A IEEEITH e Vi) =xTAxH IEEE X' BRiE

W FE( 1) TITFIHS0
HITEFTEQ) EEEOEME © ADLTDEHE>0

A D FEIEEBEITH S Vi) =xTAxH HEE EE CEIEEEIE)
HEAEL) 2 To/ITHIH 20
FIEHEQ) EETEDSEE : ADETOEEEZ 0

2RI ¥ () =xT Ax PEEEESTRTOX#0ICDWVT,
V(x)=0




2026/5/9

R E45-46 8

Pl - 2 —4 0
RDITHA DEBER KD £, A = [ 4 10 6 ]
Z DITHNIIEEFTE D ? 0 6 18

FREENMTIINAZFTET D

= A2 —30\2 £ 184N
R=EHE=0, 8.5969, 21.4031— 00 EEE L. EFOEEE

—EIEEE (FEEETH)

—4| 0 [FENTFRIR | 23>0, 9 _4 0
4 10| 6 2 4| _, | = 10 6|=0
0 6 18 —4 10|77 0 6 18
EEEZFTET 5,
A—2 4 0 . ) )
) A—10 —6 4 —0
N[ —A] = 4 A-10 -6 :(/\72)' P '+(74) .
0 P 6 A—18 0 A—18

—HIFE

2RSS H (1)

- <—w

REZRERZRT DICHES
#RE p 157

J = / #()TQH(t) + ()T Rii(t)] dt
0

CABERE DR Gt
1ETERME  Eun B .

NS - __EEEE____
2.4 —/N—a—F hET W /‘L.\L }
3ERE2FEEE - & W i" Yy A |
—EEL¥1L—% / foETTTTTTTTT




2026/5/9

2R ZNTAMT IS HM2)

DF T/ ODEREFEHE
cil): = f(X,t) IZxtL., ROSDODOEHEBI--L

EHR7d — PSR E R #E L D@ EHIEBRAATEKVX)MFE
FTHIE FERIEKEWNEETHD.

V(0)=0

VIX)IFEFEE <«—— V(x)=x"Px

||| — =mex vx) - =

VX) s aEE

\}(X) IZEERIZOTILAELY

iilEriEE

- [EEpE RLHIE # L Ll
EimiB AL 19408 1960FLE* 1980tEA B
HIERRE {EERSE m) REEHRER BERIS AR
ETUVY FBIREISE YRTLRE R :

IFi ENOY - Sl 114 A/ Z b
ke ) AR, AT s
ZEMFIR FiEARER. EH1E. JELE T E

FIRINEYY, Ur T/ 7EE EX e ST
REBE,
FAFZ b

74— Fy J5IE #HESR. PIDRIE KEZ71s—FNv o,
KREERIRR
#Eu HEHITFA HEI¥B




2026/5/9

IRAEZ N & 1S

BWEDANZEFEOHTERT,
REDHEND, BEDKEEL L, RERDADTRE S,
l1=::> YATL i>y
R
BEDAS o RKED A
RRE B
ZH | [kE0H 7
”:> ERK y:> EHnh
HE R =
¥
u:wﬁﬁﬁﬁﬁfﬁ: =3
Bl 1E A
e R I
REEAEROF & THLE T e [T ELED
AN, BHNRE | |15 G E

xXITENTES

9.1 ZBAN-ZHIF

AREE u=[w;, u, - w]7
HAOEHR y=[n 3 = y=l’
REEH x=[x x; -~ x:]7

REHER

HATTER

% () = Ax () +Bu(f)

vy =Cx )

10



2026/5/9

wE R DR LT

HEN R ERIRT 27528 H 5

mEEy L] 777 228 1smwasigs—:]
DD DINT
1 | 7T REE
— =75 AL D E—

REHER

—

IR D D

2.REESEATIE, MHREOZENRE 2,

=EE T
W HERE=0

3.2 AN, ZHNHOHERNESICEKE D,

EEBH. KEEAERAT
EXTIEDTEBHDIL
A NP

1. EEEH T, fIERO—Fo LhFzEal,

22

11



2026/5/9

EERREE TR ZE D A

L mEREH T, §HE%R0

BB LSRR L, iﬁﬁi =ZER
=5 A |

2. RREATE TIE. #EARRE
E/gﬂﬁb 2%_@_5

mERETIE
T HERE=0

3. Z AN, ZHHOHERD

AIERA

RI T4 JE AT Al E]
JERIERAI [ | TEVR

x5, T
\ 4
mEBH. KeAEAT JERT A
XTI EDTEDZDIE JERTER A
KR 2 D Fr

T

(EEREH - TR~ IRRE T2 2

EERH - MHE=0-HoniE ~RETER

LH L. IREEFEATIE, VEHEDHZEHLZZA DT ENTZE S,
(Z 77 2AZBICL WO AREROBRES  JHEINETL S,

HAEDIR

dr d'n—l t v N(s
a ;giﬂ +an—1 dtnl_fgt) +-t+a d@(!jg) +agy(t) = f(t) — G(s) = DE.S;

(D(s) = ans" + an_18""t 4+ -+ a5+ ao)

12



2026/5/9

EERAM - TR~ IRRETE 2

(DFHEE)
Y(S) . bo
U(s) 8"+ a,5" '+ +ass+ a;
(8" + aps™ 4+ -dass+a1)Y(s) = boU(s) « Laplace Wz
d"y(t) d"y(t) dy(t) B
G Fan T = ary(t) = bou(t)
IREEE D EER -
17y(t 1= Ly(t Ty (t
‘ d?*(? ) +a--”(dt,+g) + e +a-2('zgf) +ary(t) = boult)
yt) = =
dy(t) _ HTIREZHE LT
o T fAEREIHNEL
d’y(t) .
a2z~ BT
d"~'y(t) :
dtn_l = Tn=7Tn-1
T, = —airy—asr — - — ATy + bou
yt) = y=m

13



2026/5/9

TR BEET

gt 0 1 0o .- 0 0 €y 0
B 0 0 T .- 0 0 £ 0
o= = : : : ; ; ; I t
Tn_1 0 0 0 e 0 1 Tr_1 0
Tp o | a1 —ay —az o+ —ap_1 —an | | op | bo |
[ & ] t
T2 KeHER
y(t) = [ 10 0 0 ;
Lp—1 - Hjjjﬁﬁit
I

27

X Wfr /N
TERE R~ TR > IREE T2
(HFh%ER)
k== hull b 94y
Y(s) o bps” 4+ bp1s™ L+ ..+ bis+ by ARERLTL
Uls) S+ sl 4+ - tags + ay
}r(S) - 1 n n—1 -
U(s) B ( na,s?T 4 +azs+a.1) (bns™ + by o his - bo)
Y (s) B s) X "
- (T ))( : ) o ARTERVEEA
V(s) B
U(s) — s"+aps" L+ tags +a
(s" + aps" 4+ - +ags +a)V(s) = U(s) + Laplace HZ4
d"v(t) d"~1o(t) duv(t) o
dt™ n (Hn_l T “2 dt * at (f) N U-(t) 28

14



2026/5/9

IRREZ 7w TE3x
d"v(t) dn_lv(t) dv(t) ‘ B
dt™ T an dtn—1 - + a2 dt +ao(t) = u(t)
o(t) = 1
do(t) _ . BTREEHE LT
dt - A%z REIHEL
d?v(t) _
dtQ = ;{33 — ;L'z
d"Lu(t) .
Jin—1 = dnp — Lp-1
d"u(t) y
am
i,-n = —a]_b[,l —_ 02‘1’2 —_— e e — a_n;,[_.'n —'— u (27) .
Ty = —Q1T] — Aolg — -+ — Aply +uw | (27)
Vs
7(5) — bnf"n +bn_13n_l —|——|—b15—|—b0
)
V(s) = (bps"™ +by_1s" P+ ...+ bis+by)V(s) « Laplace iz
d"v(t) d"Lu(t) du(t)
y(t) = by by — — 4+ -+ by —— + bou(t
y(t) e 1oy R b bou ()
y = bni:n + bnfltﬂn + -t bli.fg =+ bDi-'l — (27) X D ‘i-"n %FQ}\";_E)O
y = bp(—airy —asre — -+ —aprp +u) + bp_1ny + - + by + bory

!

Yy = (b(} - bnal)i-'l + (bl - bna2)$2 + -+ (bn—l - bna-n)i'n + bpu

15



2026/5/9

S— N N = N
177 (RREAES) HRIEIZ A
s ] [ o 1 0 - 0 o |1[ = ] 0]
i 0 0 1 0 Lo 0
io= S : K
{n, 1 O 0 O e O l Lpn—1 D
| in | | —a1 —az —az -+ —ap_1 —ap | | &n | 1]
]
Lo
y(_z‘):[bo—bnal by —boay ... by_s—byan_y bn_l—bnan] +bpu
Ln—1
Un ]
bp =0 DYE. H:lljjft .
-
Lo
y(t) = [ bo b1 ... bn—2 bn_1 ]
Lp—1

16



2026/5/9

RRE TR T~ 1mZER L

IREEAFER . F(f) = AZ(t) + Bu(t)
H =
777 R KEFEA sX(s) = AX(s)+ BU(s)
HARL Y(s) = CX(s)
X(s) TEE®3 sX(s)— AX(s) = BU(s) — (sI —A)X(s) = BU(s)

X(s)TEe®Hd X(s)=(sI — A)"'BU(s)

HHABERNMUA Y(s) = {C(sl — A) '}BU(s)
(EEMEIT G(s) = 553_0(5144)—13
|
ZAHZEH F2EIDFERENSR
15158
o] [ LM
ihd Lk —21lx]l LK
H B y=[1 01 [j]
1751 A=[_0K _12] B=b=[§_}, c=[1 0]

G (5)=C(sI—A)"'B. IZX A 1

oom1 [ 3T [3]

T et Ol[sj; ls] [2{]

_ K
T Ost42s+ K

17



2026/5/9

Hnﬂ?&‘t@ﬂ? B Ep.61

REEFRBA 1 Z(t) = AZ(t)+ Ba(t)| [WIHHE £0) EHIAL kT TR
HAOARSR D git) = Cik)

RS HRtomRE : T(1) = AZ(t) == Z(t) AL REEIBITS (BIBITSI)
(HERY 2T L)
U=00Dr %
ponRRo—mgE: (1) = eMF(0)+eMZ(t), 2(0) =0 |F()EHS L TREFERICRAT 5,
REFRAE BT L ICZ(H) ER0 2,
AcALFO] + AALT) + AU(1) = AAT0) + AT + Bu(t)
t
() = e MBu(t) WHETs, m——) () = / e AT Bi(r) dr
0

k- <. Bty = M {I"(O) - /Ot e~ AT Bi(r )dT} = A7(0) + /Ot e~ AT Bi(t) dr 7

IREEARADIE

t
T(t) = eAt:f(O)—F/ eAt=") Ba(r) dr
0

t
gty = Cetz(0)+ / Ce =7 Bi(r) dr
0

HEFZITH eAt ZRODHE? ozs4 1)

18



2026/5/9

HERITY] e KO HITE

XODORDITNH 20, £ THEITETEZW,

- . 1
R OEHER e =T+ At + EA%? +

1
.. + _Antn _|_
n!

WRITII DRSO A
1.7 75 A pE i
2175 DAL

3. HEETE

L%%ﬁ%cﬁ%777x
R TRy

SEPA : I(1) = AZ(t) + Bii(t) % Laplace Zf 5 3,
2{E®)) = L{AZ}) + Bi(t)}
sX(s)—x(0) = AX(s)+ BU(s)
X(s) = (sI—A)TrE0) +

(sI — A)"IBU(s)

) = L HX(s

EZ(0) + /.3 A7) B (T)dT (%)

)} = L H(sT — A)"VEO0) + £ (s]

At = 7 (sT - A7)

BXU

LH(sI — A)BU(s }/ AT Bi(r) dr
0

WAL TRKD 5

| #E (B3 - 318 R

19



2026/5/9

REFEXOHEBITII(EBRE)

7% 75 [0 2] OEBATI
-1 -3
At = g1 {(sI —A4)'} = ) —2
' i 1 s+3
_ 1 s+3 2
_ 1
= {32—5—354—2{ -1 s}}
( s+3 2
— -l .92+3.f—2 52 +3s+2
- s
(L s2+3s+2 s2+3s+2
i 2 —1 2 2
o—1 s;—|—1+t;-+‘) s+1 s+2
=Z T S S
L s4+1 s+2 s+1 s+2
B 27 — 7 27t Qe
= el o= _9—l 4 9,2

2. HEBRATY] et Z ATV AL TR 2 mumess

(1) 4R ﬁiffmﬁ&'l A DEFE /11 e AL BERY ML

x]_ xn7 :E_ I\ 1T§I T—[x1 °

x, & KD D,

(2) ®— RITHITE Z DTS Tlfﬂwbé

4 0 0
(3) FFIAEHBIT % e
UAENY Solo oo s
EEHE eAt :TeAtT—l A=TNT
2 A3 n
At=1+At+—t2+?t3+-~-+—t"+~~-
-1 el -1
:TT_1+TAT_1t+(TAT' )zt2+(TAT' )3t3+...+ INT)
21 31 A
:TT_1+T/\T_11+TAT t2+TAT t3+---+TAT [T
) ! e !
=T I+At+A—t2+A—t3+--~+A—t"+--~]TI:TeA’T1
2! 3! n!
(5)/1 ;t}ld%'ﬁ'ﬁl )il .0 0 M0 0
= o A :
0 0 2 - e = - oy
e/“i)‘% eAt :TeAZT—I%;k&ba 0 0 e \

20



2026/5/9

HEBITIIDORD T

77EQ) A - REHFER

- [o 2
D175 A—[_l _3}

2 1
eAt — Te/\tTfl :|: 1 1:“:6

7511‘5:|A—s1|=:i 2= D42 =0 —
A=-1, -2 5y
BB~ I\)l/xlz{_zl} X = — T=[x xz]:{_l _J
I=-1D & & h=20 & &

R A I Y e i

-t

0

a8 ALt o]

DHRITINE KD %,

0 1 | Ze—t _e—2t 2e—t _26_2t
e_zt}{—l —2} —e"+e ¥ —e'+2e7Y|]
FHiE()TROITFERERL

21



