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ERREHMNIZR R RS HERTNE N R GBI, FrTEANEEASETROXR, BILIERAIER
500 ) VTR VAo 2

3. (4 43) I TR R E T AL ? BN REH A7
BREGERIRIE BRI ERIEER, BSRE!. EeREt, BRELHTISHEE
ERECRSRIE ERFAHTEEMEATULIESREHISEE, BERETRE
ERECR/E-ERIRIE DJ2ERESRFIHEHIERE

HIEmRFEE 8. BN TESHIRARIERE

4. 5 BEIT M &t R4

¥+5x+4x=0
1% R G IS BR IO B . X AP IZ RAM ML . % R HIXP RS
TRAREIE 5 FE, AR T T L i X Y gk AR L

B AR X + L o=0
FABsa e ud, Fx X M A AAAN

Rpdagal . TR0 G

L= X B X
PR e KLL) =X = 1 ARA ;%

*R <= 3, O L= (B =R
SR A AT

>, K
ris\xrﬂ

=, (10 4) &G RGHRE T M FR 0T
]-—2 -1 0
=01 0 |x+|0fu=dx+bu
1 -4 3 1
yz[l —1 l]xzcx

T 2 SRR e A L
HRANRE WIS RGO RA L

x(t) = Ax(t) 4+ Bu(t) (8.2.1)
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BT A% (BL]) RREN AL RFHR

rank [B AB --- A"'B] =n
Hobon R 4EME Anytii.
HRAVEHIEERENREH B
X = Ax
{ . (8.5.1)

A x & SR v 2 m G BEE; AeR™ I CeR™" BAHERE, 74500 REEERN®R

RIETF AR B5.1) el R bR FHA

G
CA
rank Q, = rank ) =n
(oF L
_:gy;
rank |CT  ATCT (AT)%2CT ... (AT)n—lCT] o

M. (8 43) FEAALI R FR Gt 1 T 5 itk A

10
Co8) = 02 41055 +1)

ERBEFRGMAMEY > 45, BERERNT 6dB, Wk FBAENRE, I
BEAT BT
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20(1g10—1lgw) OD<w<2
201g |Go(jw)| =< 20(lg10 —lgw —Ig05w) 2<w <5
20(1g 10 —lgw — g 0.5w —1g0.2w) w > 5

weo = 4.4721rad /s

. Yo = 180° + AGD (}wc)

201g |Go (jwen )| =0 =
= 180° — 90° — arctan 0.2w.q — arctan 0.5w.q

=—17.72°
(1) B IR I

ARG RE R E, SiREMHEAELN o =7— 7 +A =67.72° ~
72,120, BRI, R 7 o KR AU R IE

B oy =7 — 70 + A = 72.7155°(A = 10°)
U a1 = Tomaml = 43,9882
%

201g |Go (jwey))| = —101gey
= 22 (lg10 — lgw,, —lg0.5w,, —1g0.2w,, ) = —101lg oy
= We, = 8.6975rad/s

o 1 = s 2\ _0.7565=+1
W Ty = b= =0.01748 = Gci(s)__ Qrsonetl.
F—RMIIER Gi(s) = M Thite 1 1)

={0.25+1)(0.55+1)(0.01748s+1)

201g |G (jwe)|
=20 (lg 10 + lg0.7555{d.;01 — lg‘ Wep1 — ng.?wc'm — lg D.E)wcm) =10
= Weop = 8.698rad/s

Yor = LG (Jwer) + 180°

= arctan 0.7565w.q; — 90° — arctan 0.2 x w.g1 — arctan 0.5w.q; — arctan 0.01748w g + 180°
= 25.5573° < 45°
- 7
2 Pma =7 — 01 + A = 20.4427° (A = 10°), ] 0 = {EEREmL — 9.0335°
% 201g | Gi(jwez) |= —101gas
= 20(1g 10 + 12 0.7565w.9 — lgwes — g 0.2w.0 — lg0.5w.2)

PX EBEEE () %41



= —10lgas
= w. = 11.3829rad/s
__ 1 _
W Ty = e = 0.05129

_ D.1505.541
= G2 = Gos1a9s 11 )
il G(s) = Co(s)Cor(s)Coa(s) = 10(0.75655+1)(0.15055+1)

= S0.2sF1)(0.5s+1)(0.01748s+1){0.051295+1)
% 20lg | G (jwez) = 0= Qs = 11.38rad/s

Y2 = LG (jwes)+1807 = arctan 0.7565w 5 +arctan 0.1505w.0 —90° —arctan 0.2w s —arctan 0.5w s —arctan 0.017

LR K.
% £LG(jw,y) = 180° = w, = 32.2rad/s
. 201gk, = 201g =—— = 15.9dB > 6dB, i EK

[Glgwq)]
b, Gus) = (0.7565s+1)(0.15055+1)
s xel\=) = T0.01748s+1)(0.051285+1)

(2) R e IE

W IESS we = 1rad/s

FAF 0 (we) = 180° — 90° — arctan 0.2 — arctan0.5 = 52.125° > 45° +
A (A=6°)

4201g |Go (jw.)| —201g8 =0

= B=22=10

gl I . _ 10 __ /
Hﬁl;_ﬁ%:}r_u—,c_lﬂmd/s 4
MGe(s) = 155577

R IERG(s) = Go(s)Ge(s) = 106105 1)

5(0.25+1)(0.55+1)(100s+1)

4201g|G (jwe)| =0

= w, = lrad/s

4 = 180° + arctan 10 — 90° — arctan 0.2 — arctan 0.5 — arctan 100 = 46.987° > 457, jji £ B K
% LG (jwy) = arctan 10wg — 90° — arctan 0.2w, — arctan 0.5w, — arctan 100k, = —180°

= wy = 3.0612rad/s

201gk, =201g m = —20(1g10 + g 10w, — lgw, —1g0.5w, —1g 100w,) = 13.42 dB > 6 dB, jji & EK

Gk, BEHERIEN Gu(s) = Sy

B (104) REMAGNTEIR, K Hy (o) ARM R, REERS T=1s,

K
Go(s) = ;,‘
Ak () = R+ Ry, RGTReARE, PERETERMA P 4RI D).

e(t)
r(t) e*(t D) 25— my0) 12l Gole) e(t),

N
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S = : - ez K2k
W &)= Z[&HGw]= (-8): 7 =2

EFFENEEHIO = R 1)+ R-T. WKB):| Pei2)= (FZ)* Pi@g)=2Z'-27
_ PR) __2z-z  __20-082)
R i@ G(2) - Pei) k/@-0{(-27)* k(I1-Z7)

R

Wit Ofedrnm=r 1mey, R@= TFT
2= ¢ R(E@)= %' (22-Z™ = g (22'+87+ 27+ - t&"+
PR NEFA
__&2 _ Rz
SFVF run)= Rt BY. RiB= o= = oo
JL_:'» (-7 Y= 220434 v kT -

Y@= @ Ri2)=

FERERS e
Buwidirionz = 20827

K(-2"

75 (10 4) B sp i f1 R A R G 0 AR i iR
K
Go(8) = 0125+ 00254 1)
ERBIEE AR IRE AR ATETF 7057, BAEENTETF 40%, W
[@)/NTF 1se 50 FH S AT SR e v v B IR IE P45

R J&- 4 il {2 1E
e IR JE 12 B4 BY P13 [ Nw, = 5rad/s:

B =|Go(j5)| =11.9453, 1/7 =w,./10= 7 =2

A ) Ts+1 = 2s+1
il8) = BT T Bags 1 1

WG1(s) = Ger(8)Gols), fim =47.9957°, we = 5.0192rad/s.
A FH RS i A2 IE ¥ BT A Rw, = 12rad/s:
1 SRR N - S
= CmE = 13.6076, T = 1,’{%\/3) = 0.02259

ols+1 0.3074s + 1

Y i = _
2(8) = T = 0022505 4 1

2541 0.3074s 4+ 1

Ge(s) = Ger(s)Ge2(s) = 532577 " .00250s 7 1

_ 43.04s% + 161.55 + 70
~0.00129555 4+ 0.1335% 4 3.80563 4+ 24.052 + 5

G(s) = Ge(5)Gols)

H iy = 78.7692°, w.= 12rad/s, K = TOi# T EXK.
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):Hf-- J_{ r%'rfﬂﬁtll'_;.!.l
TGS, F15
10

Gols) = o 2s T )02 7 1)

KBwwo = 9.13rad/s, o = 32.04°
A\HJJE:'[]]HE E¥ 43 B Nw, = 12.5rad/s:
a =352, T =1/(w.v/a)=0.043

G (s _aTs—l—l_ 0155+ 1
e1(s) = Ts+1 0043541

10 0155+ 1

Ge(s) = Gy(s)Ger(s) = $(0.125 + 1)(0.02s + 1) 0.043s + 1

Kffwer = 12.5rad/s, 7 = 53.32°.

e IR S B IE (15 7 048 2 i i 2
a_ K _ = B\ e /
B=gr=T R7=;=04
Ts+1 0.45 +1
GC 5 :B ::T
x8) =Pgre i 285+ 1
RIERE

70(0.155 + 1)(0.4s + 1)

Ge(s) = Go($)Ger(5)Ce2(8) = S575-3 730,025 + 1)(0.0435 & 1)(2.85 + 1)

Hfy = 43.65°, w.=12.5rad/s, K = 70{iL 5K,

HiE= HA- S R IR
56K A B B Nw, = 13rad/s:

Mpm =7 — 7o(we) + Ag = 25.59°, a= %@m =262, T= wclﬁ = 0.48,

0.13s+1
0.048s +1

Gcl (5:} -

IES

70(0.13s + 1)
5(0.125 + 1)(0.025 + 1)(0.0485 + 1)

G1(s) = Go(s)Gi(s) =

ilrr‘n Ji5 12 TE {0 BY 1) 4 28 3 A2 22
= |G1(jwe)| = 5.83, 41= 'm =7 =077,

0.77s+1

Bl i
28 = g0s 41

G
70(0.135 +1)(0.775 + 1)

5(0.125 + 1)(0.02s + 1)(0.0485 + 1)(4.49s + 1)
f@38w, = 13rad/s, v =40.79°% & %K.

G(s) =
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J7i00 s HASH T EE

B S AR xJ‘U‘ e W Hly = 45°, w, = 15rad/s
i A 7 i 5 PR
1+ siny
1 — siny

h = = 5.8284

We
we < 7 un 2 weVh = 36.2132,

Wws =1, wy =40. EKEMATEER A% 4y, PHENERRELSN

T0(Zs+1)
Cos(tis+1)(Es+1)

H B V) Fwe = 15rad/sF] 13
15
m =1=t, = 4.6667
e {8 ] R R G [|] 0,02, RIEJS REA:
70(s +1)

G(s) =
(5) 5(4.6667s + 1)(0.025s + 1)(0.02s + 1)

SRR IR RSy =52.5° w.=15rad/s, K =T0MTEX.

(01284 1)(s+1)
T (4.446s +1)(0.025s + 1)

G.(s) = G(s)/GO(s)

+. (10 4) EmEELMRZHEMENE 2 Bz, AR RESEES T RENRE
Y. HRGFEBWIRE, WK B BERG HIEMNIRIE .

2K a a a
B&l: N, ==——[arcsin—+—,/l-(=)’],42a
= laresin=+= 1-(2)"]

.1

N, =
1 A

1(—)AA

r(t)=0 e(t)

b=2 I—' 10 C(t)
e s (s - 1)2

I\ (10 4) nBr &4 2% R G PRE S B R T2
x = Ax+ Bu
y=cx
Y Fx = Pzid RYEHHT R e, WA F A AN AT 4 (ERE i),
(1) LetEAs e R B e u By B R HOEE? (5 9))
QLM THEBRERAGMATEZEH? (57
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0 BHA: Wi = CEL-ATR

Gk P2=Apztiu__ Z=FAfz+{ Bu
Y=cpz T Y= Cpz

Woto)= CPEL-F AR P B = CIPSI-PAPP TS = ClsPLp*-rAgp ) 6 = CIsL-ATE =W

R AR EUE) Y iR BB,
(2)

A =[p AB AB-- AB]

TRE Qa=[re PAPPE ¢ApPs - (PAPSPE)
=[re Fae PWE - PG ]
=76 AB AB- A"0]=PQ

oorwk(e)= nk(Rs)

L BRERFREAREITIE N,

T (14 4)) B0 R RGHIT R ALBREN

K
Gij)= $(0.1s+1)(0.25 +1)

TRAGEREHRITEREEE, W8RG K=30s", REM IR

w,=12rad /s, HABEY 2407, RERAMEHERIETE.

Fikl: B JE-EAIRIE
IR G B B )30 B Hw, = 4rad/s:
8= |Cg(j4}| = 5.4376, % = '“f—a ST =25
TS+ 1 255 +1

5l = -
H8) = s 71— 13595 11

MGi(s) = Gel(8)Go(s)s 1 =24.7475°, wey = 4rad/s-

Fe FH RS R A2 R4 B )03 Aw, = 12rad/s:

PP | ey i
a=guge = 77-9491, T = = = 0.0094,

als+1 0.7357s4 1
Ts+1  0.0094s + 1

GCZ =

o R Gerk e

C(5) = Con(5)Con()Cols) = 30(2.55 +1)(0.7357s + 1)

H 8y =47.94°, w. = 12rad/s, K. = 30iii & K.

PX EBEEE () % IR

~ 5(0.1s+ 1)(0.2s + 1)(13.59s + 1)(0.0094s + 1)



HiE2: Ea-RERIEL
K
G =01
Gi(s) = Ga(s)Gols), v=48.22°, w. =2.58rad/s.
A F AR AEF BT B 83 T Nw,. = 12rad/s:

g 1 - ;
a’-w—?ﬁ;’p.gl. d = \/__00051

als+2 N 1.354s5 4+ 1
Ts+1 0005135+ 1

Gals) =

RIERG
Ga(s) = Gea(s)Geaa(5)Go(s)
35y = 55.3806°, Flw. = 12rad/s.
FHIR G IE fif FFBA 14 25 3 2 2R

-5’:91 =10, T=1 _08333

Ts+1  8333s+10
Brs+1 8333s+1

Gals)=8

FE3 R GEBE-

1.354s+1 83335410
0.00513s+1 8.333s+1

Ge(8) = Gei(5)Gez(5)Gea(s) = 0.1 -

BIFE &%
3 1.3545+1 8.333s5 4 10

e} =Lamitnte)— s(0.1s+1)(0.2s+1) 0.00513s+1 8.333s+1

H iy =50.0066°, w.=12rad/s, K, =30 E XK.

J5i%3: HEA-IE R EIE2
B AR IE h ,‘12md/‘s{”"rlﬂ VL fif s
GofE12rad/sib AL it & );400(123) —27.5746°, A Hlp,, = 80°.

14sinpm _ _ ol -
a=fmen — 1306461, T = L= =0.0073,

aTs+1 095255+ 1
Ts+1  0.007291s+ 1

Gar(8) =

fZIE)S
30 0.9525s5 4+ 1

G1(s) = Go(5)Ger(s) = $(0.1s +1)(0.2s + 1) 0.007291s + 1

He FH IR J5 2 L 13 B D) 471 3 3 A 225K
8 = |G (12§)| = 7.0350, T = 10/12 —0.8333

Ts+1  0.8333541
Brs+1  5863s+1

Geals) =

24 R G MERE:

0.9525s+1 0.8333s5+1
0.007291s 41 5.8635+1

Gc(s) = Ga(s)Gea(s) =

R IEJG &5
0.95255 +1 0.8333s+1 30
0.007291s +1 5.863s+1 5(0.1s+1)(0.2s +1)

G(s) = Ge(s)Go(s) =

KBy =47.3843°, w. = 12rad/s, K, =30{#EEK.
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1. 1EASIE

2. FEXAFE

ka |———-

|
2

—ka

st ] FolE) [ <a
kasigne(r). |e(t)] > a

e(r)

x(0)

i\r
=0
/ B

0, le()| <a

k(e(r) +a), e(t) <-a
x(t) =
kie(t) - a), le(t)| >a

3. I

4. HRERATIE

bsigne(t), x(z) =0

kle(t)—a], x(t)>0
1) = [

kle(r) +a], %(t) <0

x(1)

b |-

—a —ma

0 ma a e(t]

0, —-ma<e(t)<aé(t)>0

0, -—-a<e(t)<mae(t)<O

x(t) = { bsigne(r), le(?)| > a
b, e(t) > maé(t)<0
-b, elt) <-mace(t) >0
x(t) x(f) x(r) x(t)
3 b
b — L e N
e(r) e(f) e(t) o e(r)
—a 0 —a —ma
0 0
I _1.ls
-5 -5
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BT RETHECEZNE, RNRFERIERLY, MBETRFERNSMERE. REREA
BX, BNTIRSRE, EMES T RREE.

=\ 0 REEERE RGN
x= Ax+bu
A0 O
A=|0 A 1
00 A
MEA# 0 RAGBRAEM bR, FRGRRSTLMEN. Hiki, Bl bME
Brik; HARERE, WEEH.

e 2] e b
| 0 0 X by

NEAZIG-ZREMA [In) b,]] KELE OHT-IERBIREIOBH R IEME
~-RA{EE

M. (8 ) EBARBAGHITITHLEHTA
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)

BRREE RAOFHREAN 5. BHEHAREY 2 10, EEBERNT 10dB, K
BRI MO, FRHEAT
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fiff
il 52 T Z2 S8 ) B D) A0 AR S A L

10 Gl = 10
s(s+1)(s+2) oljw) = Jw(l+jw)(2 + jw)

Go(s) =

|Gol(jw)| = m
£LGo(jw) = —90" — arctanw — arctan £
|Go(jw)| = = =1 #Bw,=1.8rad/s
oy JREIVA N2/ Sl

AR v = 180° + £ZGo(jw) = 180° — 90° — arctanw — arctan & =

10 _ 5
s(s+1)(s+2)  s(s+1)(0.55+1)

Go(s) =

AR AR IREENR,
VRGBS H AT Go(s) = 2254(T > 1)
BORMMBE v > 40°, Bl v (w.) = 40° + A = 46°

MFZIE RS IHIEE w, e LG (jw.) = 46° — 180°, Bl

ZGy(jw) = —90% — arctanw — arct.an% = 46° — 180°

% w. = 0.547rad/s

4 201g | Go(jw) |=201g B, it B =7.735
B L=tw,

fiff 5T = 18.3
T'=p8r="17735x183=141.5
MZEHATH Go(s) = 183s+1

141.6s+1
SN - 5(18.3s+1)
FZIEJG &5t Go(s)Ge(s) = S(s+1)(0.55+1)(141.55+1)
a5,
5 32,2
o [Go(jwe)Ge ()| = o =1
BY 7] 40 5. we /w2 +14/0.25w2 +14/141.5%w2 41

= w, = 0.5492rad/s
A
v = 180° — 90° + arctanl8.3w. — arctanw,. — arctan0.5w,. — arctanl4l.5w,
= 40.92° > 40°
A2 A
FRipES
LGy (Jwy) Ge (jwg) = —90° — arctanw, — arctan 0.5w, + arctan 18.3w, — arctan 141.5w,
= —180°
= w, = 1.3628rad/s

MEE #3 FE 201g ke = —201g | Go (jwg) Ge (Jwg) |= 12.68 dB > 10 dB
AR,

SX BEEE (1) KE 47|



F. (104 BEBAHRBEBRLHITHEEREN
1-¢™ 10
s s(s+1)

Gy(s)=

AT, =1s HRHAM. RRELESERAES r(O) = (BT, ERERREMNEA
B O BT RS A 2 S A 1E T IR 312 P 5 1 o IR (E B 5 (O o £ 38 o8 8 D(=) «

. (104) BEBAHR MR KNFFF RSN
8
Go(s)z

s(s+2)

ERGIEERGER T )=t MERA FHR&IRERN 005, RO

w >10rad /s, HMHEY 240, Bl Ik ER .

fiFe:
@ BhimELfaEREEN 0.05
M 0.05 =7, 13 kv =20
# Go(s) = smaern  Goliv) = s
@ K Gh(jw) MBIV
|GL(Gw)| = ﬁ ZG)(jw) = —90° — arctan 0.5w
% |Gh(jw)| =1 3+ w. = 6.16rad/s
A E v = 180° — 90° — arctan 0.5w, = 180° — 162° = 18
i@ RHBAE, # Go(S) = KggiH
« WESRREA R ERE B EATEA Y, = 45° — 18° +8° = 35°
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R G EREN:
5(0.2225 4 1)
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_20(0.2225 + 1)
~ 5(0.55+1)(0.065 + 1)
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BB P8 w, = B.6rad/s v = 180° + /G(jw) = 180° — 131.85°
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2
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Liw)=4¢ 20(Ig2 -lgw—-lgw) 1<w<?2
20 (g2 —lgw —lgw —Ig %) w > 2

HeifzE: 201g ‘%‘
HSRFE: £G(jw)H (jw) = (—Tw) — 90° — arctanw — arctan %

plw) = —-90° — Tw — arctanw — arcta.n%
B )51 |G (jw)H (jw)| = 1
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= w,? [:1 +-wcg) (1 + %) =4
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Bit: RUREFITHE w =0.7rad/s

Bl: 201g | 50G,(jw.) |=201g B

5 100
C we/0.02w2 + 1y /u? + 1

JR#R4E 0.7rad /s HEHIT6iF %

=117.022

%o (w.) = 180° — 90° — arctan w,. — arctan0. 02w,

= 55.817 > 40° + 6°
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Hpy = 78.7692°, w. = 12rad/s, K = 70 ¢ K.
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