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WEEIET, ROTR, MR, W
CKIPHIT R M U5 T2, Wi K 410076)

W £l — 2 s N\ S5y H (single-input single-output, SISO)AEA; S AE 26 R GE il ) i, 3t 7 —Fh 243
WAEPTLEH Tk, 1% 070 AR LR M e bR B v ORI 2%, SEILSISO AE477 ST AR £k Mt R 48 P S ANl s PR
AN T SRR S TE, FB Y 9K IR AW I #% (extended state observer, ESO)-L5j H 2% > W A2 il 35 AR b kg — 44k, 52
ILSTISOFAEM ST AL 2k R SE 1) B 22 ST WS PP, 1% 07 VEACI 32 2 0 S B 2 A A, ml DU ER AT R 45 E 11
SHAG T BT PRI T 1% 7 V2 m Y R R B RS B v, AR S BTRBaE 0, BRI & —Fh &M ta e IR
SR T7 2, LESISOFRPT T AR R e ¥ il it R A S 22E H.

REIF: AR AR R G TR, BB B g ST ARk TR ARSI AR

HESES: TP13 SCHRFRIRES: A

Self-learning sliding-mode disturbance rejection control for
non-affine systems

ZENG Zhe-zhao!, WU Liang-dong, YANG Zhen-yuan, TANG Huan
(College of Electric and Information Engineering, Changsha University of Science and Technology, Changsha Hunan 410076, China)

Abstract: Disturbance rejection control (DRC) method with self-learning sliding mode (SLSM) is proposed for a class
of single-input single-output (SISO) non-affine nonlinear systems (NANS). The proposed method realizes the extended
state estimation of internal parameters perturbation and external disturbances of the NANS based on extended state observer
(ESO) designed by nonlinear smooth function. Sliding mode disturbance rejection control (SMDRC) for SISO NANS with
uncertainties and disturbance is realized by the technology based on the ESO combined with auto-learning sliding mode
control (ALSMC). The method is not dependent on the mathematical model of the controlled plants, and can fast track any
given reference signal. Numerical simulation results show that the proposed method not only has fast response, high control
precision, but also has strong disturbance-rejection ability for the non-affine nonlinear systems with internal and external
disturbance. So the proposed control method will play an important role in control field of the SISO NANS because of its
strong robust stability.

Key words: non-affine nonlinear systems (NANS); sliding mode control (SMC); auto-disturbance rejection (ADR);

self-learning control (SLC); nonlinear extended state observer (LNESO)

1 5|5 (Introduction)

UTAEIR, [E N A2 A7 56 7Y 2R 456 R 4 of) i)t
TR TR IGE, AT T RE AL U0, X
WY 5920 B EARE UL 1) B TR ek Hoe FE ek P
7€ P 2 ) R0 E BAIE W] A7 A BRAL 45 ) 2 R 8
SEZR ARG 2) AT i B g BRAR 1 4 2, AR
J&i I FH Lyapunov J7 VEBEAT R E 1 73 M. SR T, X487
TEAN T B ST AR 5 i 8 I 2 A e, i LI K
Xf REFUAR T IR SR S, Bt i N AE R 386 00, 1% ) j
s Bt 4 WATAE R S 4%, Rk, SCHR 71K H 5
FOGEHEFT A H H 1 B Bedids sl AR ) (auto-disturb-
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ance rejection control, ADRC)X}—ZE4)i B R UEAT
TR %70 AR MR A oy [ % 46 R
HPTHE AR, B e U0 RG A A AR AR 1
ARSI 2 TS TE 2, SRIEIESE 738 T4 IR
oy = BNy Er DN 77 Rl M s T S SIBEN TR SR N
BE RS, ik TEANE s O N AR 0 &
eIl . 7 B85 FER W Tt T iE RGN
TRBAN & RN AN E P s HA IR G il e 1. R0,
GITVEATRAFAE — S JRp BR A 1) vk R4 b =
KR AMETSEBRN T 2) B Hlds SR E R0 E, s
PR, B 3) # G SR X, Rl

X BARIEIEEITH (61040049), FLF 7 5 HOARMI & TS AR e R RISA T S 12l i 4 T2 S0 20 H B,
Supported by National Natural Science Foundation of China (61040049) and Key Discipline of Electronic Science and Technology in Hunan
Province and Key Laboratory of Smart Grids Operation and Control in Hunan Province.



57 3 WIS ARDIST R GE B 2 I T ) 981

AP HIE SIRE A TR, BRI SR,
h T AR S AR AR R R I e, BT R
WU BIR T V.

2% [& B A 42 1 (sliding mode control, SMC)ANY
XA TR B L SR AN &, i HN 25035 80 AN 3 H
A R PRS0 T ] 26 A B Y A AT T S )
IO R, AR I G AT LN 1
LR ZR. H A, AR Rl A ] v SR e i) R 3
T BT 1 o A s USSR SR Ay S 4K i v B 4
i) L9200 ek (21170 B A% 4t T vk T 5 dR Ao i
G G — MR O, ik T 1L 4E
TG AR AE ) 1) 3, STHR (22188 H T —MosURsii
AT ] LA S a5 A 456 PR ZS P Wi Sl n) it S
R [23 AR G AR PEREA T 2 By H A R e
HAAE B0 1) T7 585 SRTTEAT IR ARy il
AFALE DA ]

1) bR S E R R SOR W2, R
AT —Fr R4

2) AEF e Lt LA I BR A B R e da
SRR, 111 H RS LA B i) Al RGOS ISk T
SPAET L, AR S ST BREAS  RE T, B PRE
2y B T SR e BT ) % (R 7 I, i
TREEA THREoE R B ARHE 1S, B DR 7 2 iy
PTG AZ LA I B B A AR (1

3) SEEEIT R AT AR, T HE T

4) FREGEIE AR/ SR ET A R —48
I, BRGNP, (AR BB I RS H)
PRECK;

5) TGN FH R I IR ARAL 1S R e iy
BB N AT FE IR, A R T 99 Mk, AL Ak
FELEIRAZE B SRS G B e R i/, 12
By )it Py ) R

IRVSUETS) G SBURE v I DV ETS) @ bl & 33l 285V
TSR], (A R RS RS2 R R R vl R

7) satalifal b TSR 5 775 R ECH G, Mle| > 6
I, [Rlsatalifal bR AR R DIH0 A FHAS ) 2 = A= iR i
M5

FHT-SMC I s BTt A2 10 i 38O D)4 15 ok S B
(1), TP ASE D) 460 14 2 PR  DR o S mi  A5 ] A PRI R T
%, B T 2GR hITERE.

Zx B PR, BAT TR i v AR R T LUK
FHZ P07 8159, (HEITCHE S AN ER, W 584 b
TR AR A 58 AT B T AR AL 4 T R
BNfe ). AR WAR, 7ESE R BRE AR IO, anfey
PRUETE P ) R Ge s M HLP s Ve Re A &M Fe0E TR RE
APl PR R

HOARETUREL: 2 H AR L, AO3E R S 80H 5]
(10 AL ol g v R WARTE, Ay i, AL 283 i 2

OE S IR R B AT T ER AT, JRE A
TR W 2 HE A DL SR AR S AR Ze 1tk SR Ge 4l
5 B85 R W T A ST ) 7 AN L A e . T4 R
PR PR BE S ULah e s rRs L, T HL g T bR
T IRA T AR T A A A R RIS, DAL
S PR PR T

2 —ZRAEZ 6T PR EU(A class of nonlinear

smooth functions)
2.1 JE £ ¥ Ok 1 B $g(x, o) (Nonlinear smooth
function g(x, o))

FRPE “/NREZE RIS, KR ZE/NEEE” 1 TRk
JAE, RGHT T ARG M 4 vk bR Bfal B2V P 7
BLEE, W0 T — KA L il g (x, o), 7EH5KAR
AWM g, g (2, o) B Efal (2, o, §),
AMAT ATE W B RHR IS, T HA R T3 SpRasm
KSR . RSt s e SR

g(z,0) = %(exp(—xzﬂaz)). 1)

HT o > 0RARKIRZE SR, R RrdE
MOt g (2, o) N R RRERL, 12 R EUEAT 4
R

1) g(0,0) =0, g(£oo,0) =0;

2) Mz = -0, g(x, o) BIFHR/MA: g(—0,0) =
—1/(o/e);

3) Mo = oltf, g(x, o) AF K K AH: g(0,0) =
1(ov/e), Hrhey HARNELHIE.

2.2 JE£ M6 ) f (x, o) (Nonlinear smooth
function f(x, o))

1 M Sigmoid b OB, g — AR L PR T bR 4K

[z, 0)&XnT:
flz,0) =[1 —exp(—x/6)|/[1 + exp(—x/d)]. (2)

ZARZME I R EEATIE B £(0,0) =0; g(—o0,
o) =—1; g(+o0,0) = 1.

BAR, ¥ g(x, o) B f (2, o) ARG BB S
BN T iR AU 28 A v LR I v, Rras
FE I RPRAS I SR AR ISR,

3 SISOAEfiSt A4t R K A ¥ I R

#1125 (SISO non-affine nonlinear system self-

learning sliding mode controller)

31 e gt HEL R LR (Non affine nonlinear

system model)
N TETo0 8, LA B SISOAR M ARtk R G0 4
1, 25 AN — B SISOAE (it Ak itk R GeAsi Al
A
&1 = fi(@1, 2),
j:2 :fZ(xlax27u)+da (3)

Yy =T,
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H: o, 2o RAMPIRES R B, u € REEH A,
dﬂz%”ﬁﬁgﬁjﬁzﬂ Rl|d| < D; fi(z1, z2) M fo(z1, 22,

)E*fﬂ%ﬁéwzﬁ Wy, = o1, Y2 = fi(xy, 22),
RN VIUES)
1)1 = Y2,
Y2 = Y3 + bou, “4)
Yy =1,
ofy 0
oty = o g+ (o + ) G~ by
T2
ARy HA N AN e MR AR 3D, 1 Ky,

%T’ETF?{@U(* M ZR S5 (4) v LAY 5K Ry = I e e AN
R4

321 = Y2,

Y2 = Y3 + bou,

. &)
Ys = w,

Yy=1-

HI T AN € et R G4 2 AR S HF & R (3)
AT AR, DRI, 6 B GE (4) B A4 T 0 R B8 (3)
RFE L SR SISOFRT I AF M ZIE R GE(3), T4
EP K RGL(5) Pk R A W I 2% (extended state ob-
server, ESO) A & B 2% X W By il B AR AT $a il 4%
v, LA SISOAR S AR Zett 2R 48 (3) il
3.2 BT IAEZR MG B B I T R I 28 (Sliding

mode controller based on nonlinear smooth
function)

WS BREG 5 N (t) 2B RS Ay (¢), )
EREFIRZE e = r — y. BOEBLRECN

s = coe + €, (6)
Hii ey >0, 6 =7 — g =17 — yo. MO, 17
§ = cpé + €. (7

MPHeé = T =Y, € =T —1p =7 —ys—bou, A
(7), HEFAG

§=co(F — ya2) + 7 — y3 — bou. (8)
B N EBURE Y|
§ = —c18(s,03) — 2 f(5,04). )

HRHE B FIZL(9), P AR
u= [F+ co(r — y2) + c19(s,03) +
caf(8,04) — ysl/bo, (10)

Hrr: ey >0, ¢ >0, ¢y >0.

HH Ty Ay 380 5 2 AR FIRAS, B, A0 Frs i
2 AR A DL S BIOG 2R GEQ) AT s s L Ol T AR e
SISO i HE £t R 48 (3) 4 il in) 3, A SCad ik A
2R PEY SRR A LI 2% (NLESO) 24 52 IS A T ANHff 58 2k
PERGE(H D ARFRE.

3.3 EFARLMOUHE R BRY ARSI S (Ex-
tended state observer based on the nonlinear of
smooth function)

331 JELHEY KRS M 25 B2 (The model of

the nonlinear extended state observer)
P FESOM vl JIARIS=2-241 . b3k G2 b g (w,
o) AR Ze 41 & /R i fal (, o, 8), AT AT BAAS
FIRFAS TR S0
Wy = y1 & REQ)WARFE@GFREHH, 2,0 =
1,2, 3)&NLESORAAMMPIRAS, H ARG rum
RIEEN e = 21—y, WINLESORA AT
Bo1€o1,
2y = 23(k) — Boz(€o1 + g(€o1,001)) + bou, (11)
z3 = —fozleor + g(eo1, 002)],
A ﬂouﬂomﬁ%ﬁiﬁﬁiﬁ*—fﬁ%ﬁ oo Mogare
PR ZE IR T u(k) & RS
3.3.2  FHRIRA I 2S4BTt (Extended state
observer convergence analysis)
BRI ZE S N e0; = 2 — yiy = 1,2, 3, WIEH
RGUAHMARGE) A ARRNIRTE RGN
€o1 = €02 — Po1€o1,
o2 = €03 — Poz(€o1 + g(€o1,001)), (12)
oz = —w — Poz[eor + g(eo1, 002)].
YRI5 2 FRGE(12) 1 AT, T B A ity 4 3
s P, B
€02 — Por€or = 0,
€03 — Boz(€o1 + g(€o1,001)) = 0, (13)
—w — Bos[ecr + g(€o1,002)] = 0.
IR ZE RGE(13) 3, A Bos|eo1tg(€o1, 002) =
lw|. XK
leor + g(€o1, 002)| =

|‘901|[1 + eXp(_egl/Qa(Q)Q)/U(Q)Q] > |eotl,

21222*

KR 2 R A ARG H:?éﬁj\ﬁlljj
lw] _
el < gy S &3
|eoz| = Borlea| < gms, (14)
03
leos| < 2B02le01] < 2@5
603

B, HE B 1 K Te, B By > e, NLESOf %4
REA TR ZEH 2 2/, TR UIENLESOS2 it 8L
(). 2o F 25 23 AR yo Fy s, WIZCA0)Fros ity
B IS A
u= [+ co(r — 22) + c19(s,03) +
caf(s,04) — 23]/bg. (15)
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34 FRGEaE S HT(System stability analysis)
¥ ml A RS I ZIE RS G, REMa
SEVE AT
W Lyapunov PRECA v = 0.58%, MH D = ss. ¥
(15AAI(B), P

5= 23 —ys+colza —y2) —
c19(8,03) — c2f(s,04), (16)
A A
0 =88 =
s(z3 — y3) + cos(z2 — y2) —
c1589(s,03) — casf(s,0d4). (17)

R 4 Ao AR 22 B 20 (14) AT %11, NLESO FRPIR 25 Wil
RZETH AL NI
|22 — 12| = |ec2| < &57
503
Bos

|25 — y3| = |eos| < 2

Ay
: Bor Boz
X a 2— -
s (00503 - 503)6’8‘
c189(8,03) — casf(s,04). (18)
2

XA Hysg(s, 85) = % exp(—0.55%/62)=|s||g(s, 53],
3

sf(5,04) = |s]|f(s,04), P
. Bo Boz
< lcp5—e+2——¢c—
s oo e T2
c1lg(s,03)| — c2| f(s,04)]]]5]. (19)
HEC(19) T %, FUEE L N HAE
c1l9(s, 03)| + c2| f(s,04)| = (cofor + 2B02)el Bos,
(20)

WA= s$ < 0, RlLyapunovii v (s) HIEE, v(s) A
YUE , W A2 Lyapunov s € Vg I, BEII, W BE ] R 48
ST KT A A E 1K, X ZENLESORR A Al v 2 4%
Ko, B Bog o — S 2 W K IESEHL, IANE ey [g (s,
03)|+ca|f(5,04)] = (cofor +2Bo2)el Bos e 7 Hrivi A
).
W HESOM M 75 2 801, Boz, Bos T KA LKA

K. BEh AR K, 7 OCHR [8-91 I S8 E T1 V%,
AV SRR AL 4% 19 3418 75 2 20030 -
Bor = 1/h, Boa = 6/h, Boz = 30/h. th Feft — A&
FN MRS LR 157, PRI HE USSR 50 1 72 1 545
Hilsh 55 2K co, eiMeo, R, ASCHR T IR A
HAERSH) H A SV BUE T, VRN TR
3.5 [ ST ML 4 25 5 BB T T (Para-

meters stabilization method of self-learning sli-

ding mode controller)

N T R R R TR 2 1K) S AR T RE ), ASSCAE

ol N BEERA T ZHAE &, Sk A i T
WEREfRAR A T = 0.5e%(t), HhERERR 2 he =
r—y, @A N15), W3AMFEHIE 5 S E AR T

AC() =
0T 0T 0c0y0ulk) _

Tocs ~  "Be by Ou ey

dy , .
nea—i(r — 29)/by. 21

[F] B A 15
o 0J oy

Acy = —7]8—01 = nea—ug(s,ég)/bo, (22)

o 0J oy
Acy = —7]8—62 = nea—uf(s,&l)/bo, (23)

St SRR, HO < g < 1.

BRI A R e
e, UK AALLIA, DL 02 5
(ELEI T OY SRS BINR 2 HO —
TP T, S e el o, SLA P
e, DA 5 5 RO AR 07 BEAS S S0
1, AT ST, B

_ 9
Yu = u
y(k)—y(k —1)
{sgnu(k Iy — u(k — 1) #u(k — 2),
sguly(k)—y(k - 1),  u(k —1)=u(k —2).
(24)

2t Q4T EACG, B 2% 1 3 25 5

AR TR PRI
co = ¢o + ne(r — 22)Yulbo,
¢ = c1 +ng(s,d3)yulbo, (25)
¢y = Ca +1f(s,04)yulbo.

AR, B IR EIEE 3 25 S HU SOk
LIRS S, VRN, T IR T A 1 5 2
HGNDMINE R TR e
4 {jE4¥1(The simulation analysis)

Bl 1 HE—B SISO ALt g in U7

i = 0.1u* + 0.5u* + usinu + sinz + d,

Lo

(26)
AKHARFAEL N f (2, u) = 0.1u*+0.5u*+u sin u+
sinx + d, A AINTHLE).

Wy, = x = y,y2 = 0.1u® + 0.5u® + usinu +
sinz + d — bou. WAKGy MEAF HORAS, AP
AELePE RBE(26), WS IS TR RS
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U1 = Y2 + bou, 10.040 . ; :
Yo = W, 227 o 10.035F — 6 A
Y=y gg 10.030 - —%
T N RGN SISO R 1005F 1
PRGN AR, R, X R G Q7 HIA S X6t 10020 ]
RGO PR WA, HEAFH 4~ ZHrESOH] ﬁ 10.015 7
ARy Fly AT, B2y — 91, 22 — v ’%* 10010
BEXT— B SISOFET S ARGk R 56 (14 il 1) 7L, o6 T 10005 1
H 27 2] W R o 2% B v can R R A . B R 10.000 5 10 15 20

wzee, =r—uy, Wep =7 —9, =7 —yo — bou. B
B s = ex, WS = é = 7 — yo — bou; I
HALLHES = —c19(s,03) — c2f(5,04) , AIAF H % 20T
I H Y = [c19(s, 03) + cof(s,04) + 7 — 22]/bg .
BRI K Ih=1ms, REZHE 5 Ar(t) =
sint cos t, ¥ i {H 1% Bx (0) = 0.5, ~FrESOAH X S
BN Bor=1/h, Boa=6/h, dor =1; H >RSI
RSN 2 2y = 0.02, R S HVIRE: ¢, =
co =10, 05 =0.25, 0, =1, by = 2.
4.1 JCHMERIABN I 45 i 45 2R (The control results
of no external disturbance)
TCANRBIT, 7 B AR 1(a)-1(b) T SCHR
(71T FEE R E 1 (o) .

0.6 T T T
A A A A AN N

0414 | AT S U A
¥ A A N A T & T N R
g ‘% ;E \ {‘. [ i f

I i | 1 [

Al R T R A T O O O O
& | bt % I T
RCC] R T A T A AR R A O O T I
T RYRERER R
N Voot £ 1 ] 1
- AR AR B AR N I R
E N U R
& a4l Y/ \ VF 1] ] 1 4
T\@ \ ‘f \f Y 3; ‘w;
& 06 L r

-0.8 1 1 |4y

) 5 10 15 20

t/s
(a) EREFRCR

72 T T T

*3_ -

_4_\/\/\/\/\/\/\_

0 5 10 15 20
t/s

(b) &l

t/s

(c) MimBHL

E 0.6 T T T T T T
% 0.2 044 \ _
09 L 0482 5 i
? 021 0.480| \\\ i
El? —0.6 0'47|8 0.92 6.96| 1 1 1 1 1 1 ]
= 0 1 2 3 4 5 6 7 8 9 10
-
t/s
73.0 | T T T T T T ]
-3.5 3 \f\k
3 4.0 2y : 1
4.5 E 73‘8%.:1 06 \ol.s 10 E
*50 1 1 1 1 1 1 | 1 1
0 1 2 3 4 5 6 7 8 9 10
t/s

(d) CHR[7TIiE SR
B 1 Sl 1 s R

Fig. 1 The simulation results of Example 1
HT P 1T 0, AR SRS 30 AN (0 S T JEE P 7 1
FRE e, 1 B S A A R e 5.
4.2 A7 AE 5P Bh i 1K 2 1 45 2R(The control

results of the external disturbance)
TE(—4, 4)Ja N BENL = A4S N8 d, $ 45 K an
K2(a)-2(c)F7n.

0.6 T T T
N ft A i f3 N N

04H1 N B\ AT A i
& i i i 1 {1 i |
I AT A T I 2 S I N
) i | ] [ it P

10570 T S A S A S A S SR S A
=S [ N L N SN N O S O O
& BEREREEREENERE
L O W R T T N O A A B U
W N N O O O O
£ -02F 1 1 \ S A N A
= I I U [ A
- RV Y AR R Y RV

=i - i vy i 1 i 1 |
ié’ ' vy oy Yy Y
A

-06F rood

,08 1 1 I*y

) 5 10 15 20

t/s

(a) BREACR
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72 T T T 2-0 T T T
B N & 15
-4 -:%’
s s | 2 1.0
£ et . ﬁ\\ 0.5
o 1 Z 00
78 - i %‘v
Q0.5
_9 [ -
1 1 1 -1.0 : ’ !
—100 5 10 15 20 5 10 15 20
t/s
t/s N
(b) Pty (a) EREZZAR
10 T T T
10.040 T T T S+ E
. 10035+ — ¢ A 6f 1
< c, 4l _
< 10.030 7 3
£ oo 2F h
10,025+ . &®™ i
kG = Imﬂ
2 10.020 . w2 5
S -4 .
= 10015} 1
il -6 N
@ 10.010 |- 1 " |
- 1 19 5 10 15 20
10.0000 3 10 15 20 t/s
t/s (b) =l
(C) iﬁaﬁ‘ﬁ;ﬁ%ﬁCl*”CQ 11.5 T T T
o 10F —C% A
Kl 2 sl gl R G 105+ :g] 4
Fig. 2 The simulation results of Example 2 ;g oo 7
@g\\ -
HT B2 70 401, 480 A7 AL K BEREALIE Sl I, A SC . 1
THENR R AT RAFROFEHRIBOR, RIIA S T : ]
AEA SRS R R SRS R, iy L HA R & |
SRINPILEh IR D). Ex 1
B2 HIEISISOEAFLkM: R et F 17 )
fbl = X2, t/s

iy =27 4+ 0.15u® + 0.1(1 + z3)e"+

(28)
sin(0.1u) + z3 + d,

Yy =1.

BWRFEA K A = 1ms, ERSHE 5 W Nr(t) =
sint cos t, FJAHHIE 21 (0) =25(0) =0.5, =BrESO
HRZHCN

/801 = ]-/h7 /802 = G/h)

Bos = 30/h, 01 = 1, dp2 = 1;
27 SR SR A R S HON: 4 21 %y = 0.02, 1
WEEAAM: co = ¢1 = c2=10, §3=0.25, 6,=1,
bo = 2. BHL £S48 80 d, 42 1 45 R Wi 1B 3(a)-
3(c)F; SCHR[7] 07 ELE5 R &3 (d) B, th &3]
SR, AR SCARER 5 9 e S R R | 4 RS B s, b Sk
cite7TALL, B A IR 2D N ECRE L.

:xl

ity

1.5 T T T T T T T T T
1.0 | —y ...... y]' -
0.5 ;
0.0
70.5_
_1.0 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
t/s
2500 T T T T T T T T T
1000 F 1
7500 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
t/s

(d) SCHR (715452

Bl 3 S B A R

Fig. 3 The simulation results of Example 2



986 EC R B N 7O = A %33 %
B3 %2 By SISO AR 17 &F A &k 1k & & 125 : . .
U724, < 120F _LC,O .
.Zt'l :x1+x2+x§/5, :; ll.SZMM\\V —C; b
Gy = 10 + U+ u¥T, (29) o ]
_ T oost |
Yy =T % x
- . s B 0004 _
WKL K Mh=1ms, RIESZEHETEN ﬁ os i B o |
r(t) = sint cost, ¥ A (H L Pz, (0)=1.2, 2, =1.0; % 9'0 M
g O .
—ESOFHRZHCN .t L | . |
/801 = 1/h, 502 = 6/h, o 5 10 15 20
t/
Bys = 30/h, o1 = 0.25, 6oy = 0.5: :
RN e v L X (c) ¥atiZHlcy, c1 ey
H 22 I B g A R S 80 22 2 Ky = 0.02, 1
B BHIURIH: I B e L R R
H] 1k 0 4
CO = Cl = 62 = 10, i:\— 0 W: N :\/\/:
53 - 025) 64 - 17 bO = 2 4@ :; I 1 O.3_2- Olﬁ 1|0| 1 1 1 1 1 |
BB AR B, 145 S Rl 4(a)—(c) % 5 o2 tf S ¢ T s
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