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2. Najdite L-obraz funkcie f(t) =e*

F(s) =L{e*}= J e . ot
0

o

— — I:CI —_—
e a+5)t l 0 20

44—t — — € = ! = !
F(5]=!e( }dt—lmu_ _(3_4]__(3_4]1_[0+3—4]_5'—4

3. Najdite L-obraz funkcie f(t) =e~**

F(s) =L{e ¥} = f e 3. gt
2

@

—(3+se 1% —m V]
= (=3-s) = —E = © — i =[ - i|= !
F@) JE at l—(3+3] . [—(5+3] —{S+3]l n+5+3 s+3
o

4. Najdite original k funkcii F(s) =ﬁ (Heavisidov rozvoj)

1 AZ AE
FO =T+t
,4—[ 3 _05s ] _L3—0,5s] _3-0_3_ .
T e+0G+3s ), ¥ss+el, 6 6
4 _[ 3-—-0,5s {+2]} _ 3i+1 4 5
2 e+ Geas Y T 2(2+3) —2
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05 2 1,5
F(s) =——
() 5 s+ 2 +5‘ +3
f(t) =05 —2e7 % + 1,57
- N .. _ 2-05s .
5. Né4jdite original k funkcii F(s) = Timoo (Pomocou rezidua)

=Y res[ e -

2—05s 2

lim et =—= 0,67
=0 (s +3)(s+1) 3

2—05= 1,5
lim —————-e*F = g f=—0,75e"°
s=-1(s+3)s -2

2—0,5 0,5
lim S L gst = 2 g3 0,083e %
54—33(34-1] 6

f(t) =067 — 0,75 ¢ + 0,083

6.  Najdite original k funkcii F(s) = ——

sls+1)(s+3)2
J£1:I_ Bl BE ‘42
F(s) =—+ + +
(=) g 5+4+3 (s4+43) s+1
B L ! (+3j:2] L ! 0,167
= g = =-=1,
. (s +1)(s+ 3)2 =3 Sls+1) 6
B, =~ jim & L L ]— > 00347
ST e PYOuriES) BV
Ll ]'__ 2z41
T (=2 +s)?
A L L ] ! L 0,111
= IS = = —_— = N
1 s+D(E+3)2 1, GG+1(+3)2 9
A —L ! (+1]] - 1. 0,25
2T s G132 ¢ T s(s+3)2 —a

s=-1
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f(t) =0,111 + 0,0347e "% +0,167t- e~ — 0,25¢ ¢

7. Rieste diferencialnu rovnicu y (t) + 4y (£) + 3y(t) = 12 s poCiatonymi
podmienkami y(0)=4; y*(0)=0; u(t) jednotkovy skok.

Lu®) = u(s) ==

5

. 1
s2-¥(s) —sv(0)— v (0)+ 4- (S.Y[S:} — }r{:ﬂ}) +3-¥(s) =12 .

1
s ¥(s)—45+4-Y(s)—16+3-Y(s)=12+-
5

1
Y(s) (s +4-5s+3)=4s+16+ 12 -
5

4-s2 L 16-54+12

V(s) (s +4-5+3)=

5

4.(s*+4-5+3) 4

y{s}zs.(sz +4-5+3) s

y(®) =Ly (s)}

y(t) =4

8.  Rieste diferencialnu rovnicu y (t) + 4yv(t) = e~** s pociatocnou podmienkou y(0)=0

1
s.¥(s) —vw(0)+4.Y(s) = o

1
Y{S}{S + 4} = m

Y(s) = oy
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9. Pouzitim Routh-Schurova kritéria urcite stabilitu systému popisaného prenosom:

2
G =
(s) s +25% +3s+4

- zostavime schému z menovatela prenosu:
1 2 3 4

2 4 .(-0,5)

0 2 1 4

Systém je stabilny.

10.  PouZitim Routh-Schurova kritéria urcite stabilitu polynomu:

a(s)=s®+2s° +3s* +8s° +4s? +65+7

2 8 6 (-0,5)
o 2 -1 8 1 6 7

Polyném je nestabilny, pretoZe (-1) nie je kladné Cislo.

11. Doplite o tak, aby bol systém stabilny.

a(s)=6s®+3s’ +as+6

3 6 0
6 o O
0 3 6
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12.  Prevod medzi zloZkovym a exponencialnym tvarom ko

1
G =
(S) 3s+1
. 1 1-3j 1-3j 1 -3
G(ja))z : . J_a): Jaz): . a)zj
3jo+1 1-3jo 1+9%° 1+9w° 1+9%
1
P(w)= ——
(@) 1+9w?
Q(J)= —30)
1+ 9w?

13.  Navrh regulatora pomocou polynomialnej syntézy pre 1DOF
Jednorozmerny linearne spojity riadeny dynamicky systém je dany diferencidlnou
rovnicou:
a,y"(t) +a.y'(t) +ap y(t) =bu'(t) + bou(t)
5y"(t) +7y'(t) + 3y(t) = 6u(t)

w e g u - 8 y
Q (s) (Ts' (5/

Gs(s) — prenos sustavy
Q(s) — prenos regulatora
v,n — poruchy

w — Ziadana hodnota
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y- vystupna veli¢ina

6 b b
GS(S)= 2 = 2 2 =
5s°+7s+3 a,s°+as+a, a

Ziadana hodnota: w(t)=1

Poruchy pdsobiace na sustavu:

v(s):h—V:O
fV
n(s)::—”:o

Urcenie stupria polynému f(s)

f(s)=s degf=1

Charakteristicka rovnica:

d=pa+qgb=af.p+bqg

Urcenie stupria polynému q(s), p(s),d(s)

degg=dega+degf -1=2+1-1=2
degp=dega-1=2-1=1
degd =2.dega+deg f -1=4+1-1=4

a(s)=0a,.5* +0,.5+ 7,
5(5)= 51-5"' 50
d(s)=d,.s* +d,s*+d,.s* +d,.s+d,


http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

i Your complimentary
use period has ended.
B 3 CO m Iete Thank you for using
p PDF Complete.
Click Here to upgrade
Unlimited Pages and E
T I 1 }
a, 0 0 0 O
a a, 0 0 O
A=|a, a b, 0 O B=
0 a, 0 b, O
0 0 0 0 b,
X=inv(A).B

o o O o o

I

w

N

[y

o

d(s)=(s+0,4)* =s* +16.5° +0,965° +0,2565 +0,0256

50000 1
75 000 1,6
A=|3 7 6 0 O B=| 0,96
0 3 060 0,256
0 00 0 6 0,0256
0,0133s? + 0,0227s + 0,0043
Q(s) = >
0,2s° +0,04s
m=15

0,2
0,04

0,0133
0,0227
0,0043

d(s)=(s+15)* =s* +6.s* +13,5.5° +13,5.5+5,0625

5 00O00O0 1
75000 6
A={3 7 6 0 0| B=| 135
0 3060 13,5
0 000G 5,0625
Q(s) = 1,0767s* +1,79s +0,8438

0,2s® +0,92s

0,2
0,92

10767

1,79

0,8438

Py
Po
.
O
o
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14.  2DOF Navrh regulatora pomocou polynomiélnej syntézy pre 2DOF

w

v

lg 171
—  Ofs) Gs(s) 4’@

Gs(s) — prenos sustavy
Q(s) — prenos regulatoru
v,n — poruchy
w — Ziadana hodnota
e- regulacna odchylka
u- ak¢na velicina
y- vystupna veli¢ina
6 b,

b
GS(S)z 3 = 3 = —
5s°+7s+3 a,s"+as+a, a

Urcenie stupria polynému q(s), p(s),d(s)

k=degf,-degf, —dega=1-0-2=-1 = k=0
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degd =2-dega+deg f, -1+k=4+0-1+0=3
degr=degf,-1=1-1=0
degt=degd —deg f, =3-1=2

m=0,7

d(s)=(s+0,7)° =s® +21.5% +1,47.5+ 0,343

50 0 0 1 0,2
A_|7 500 |21 | o014
137 60 | 147 | -0,0183
0 306 0,343 ~0,0128
s, -
% t, =21
st t, =1,47
s°: 6-r, =0,343
by =d,

6.r, =0,343=r, =0,0572

Q(S) — 0,5+ _= 0,0183s —-0,0128
P,-S+ Py 0,2s+0,14

o _0,0572
ps+p, 02s+0,14

t(s) =s® +21s +1,47

R(s) =

m=1

d(s)=(s+1)°>=s>+3s?+3s+1
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0,32

ol ~ 13| 7 |o0267
6 1 0,0067

b,.r, =d,
6.r,=1=r, =0,1667

0,-s+0, 0,0267s+0,0067
p.S+p,  025+032

r _ 01667
P,.S+ P, ©0,25+0,32

t(s)=s®+3s+3

Q(s) =

R(s) =

15.  Urcenie diferencialnej rovnice a prenosovej funkcie LSDS
- dif. rovnica 5y’’(t) + 7y’ (t)+3y(t) = 3u’(t) + 6u(t)
Rovnica je druhého radu s nenulovou pravou stranou.

- prenosova funkcia (prenos),s nulovymi pociato¢nymi podmienkami

Y(s)
G(s) :@
5.52Y (s)—sY(0)-Y'(0)+7Y (s) - Y (0)+3Y(s) =3sU(s)-U (0) +6U (s)
Y (s) (552 + 75 +3)=U(s)- (35 +6)
Y(s)  (3s+6)
U(s) (5s%+7s+3)

Systém je 2.radu. R =2

Relativny rdd - RR = 2-1=1
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N1=-2

N2 = + nekone€no(komplexné nekonecno)

Poly

5s?+7s+3=0
D=49-60

D= -11(komplexné korenr)

p, =V 47033
' 10

P, _ =Nl "_11:—0,7—0,33j
' 10

Stabilita

- pretoZe je polyndm 2.stupiia, tak z podmienky pro polyném 2.a nizSieho rédu plynie, Ze ak
st v3etky koeficienty kladné tak je polynom(systém) stabilny.

- vypocitané poly su v l'avej Casti komplexnej roviny, to znaci Ze je polyném stabilny.

Kmitavost'(periodicita)

- 0 kmitavosti rozhoduje menovatel prenosu. Korene su komplexné, systém je periodicky
Fazovost’
- 0 fazovosti rozhoduje nuly

- v3etky nuly(neuvaZujeme kompl. nekone¢no) vysli v l'avej Casti komplexnej roviny. Jedna
se 0 systém miniméalne fazovy.

Impulzné funkcie sa spocita ako derivacia prechodovej funkcie

i(t) = h'(t)

Vypocet pomocou derivacie
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—3,33¢ "™ (sin 0,33t.(0,33))

e *".cos0,33t)'

Be "™ . c0s0,33t.0,33) —3,33¢ ™ - (-0,7).c0s 0,33t —

i(t) =3,9199¢ *".sin 0,33t +1,0011e *".cos 0,33t

Pociato¢na koncova hodnota pre impulznu funkciu

- - . 2
i(0)=lims G(s) = lims _3s+6 _ 35+6s _
5s’+7s+3 5s*+7s+3

i(0)=lims G(s) = lims _35+6
5s? +7s+3

S— o S—>0

Graf impulznej funkcie

$=0-

So0
3

V programe Microsoft Excel

i(t) =3,9199e " sin 0,33t +1,0011e ™. cos 0,33t

t(s) i(t)

1,00108

0,50833
0,2579866
0,130863
0,0663508
0,033626
0,0170339
0,0086252
0,00436566
0,00220886
10| 0,00111713
11| 0,00056478
12| 0,000285447
13| 0,000144215
14| 0,00007284
15/ 0,000036776

O©Coo~NOOOUOTr~WNEF O
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funkcia

Vypocet prechodovej funkcie:

G(s)
s

3s+6
(5s% +7s +3)

H(s) =

G(s) =

S
h(t)= Lt 3(S+2) :§~ Lt S+2
Bs-(s2+145+0,6)] 5  |s-(s?+14s+0,6)
h(t)=g~L1 A

s [(s +0,7) + (M)ZJ

Konstanty pouzité pri rieSeni a ich oznacenie:

a=0,7

w = 4/0,11= 0,332 (pri Gprave na $tvorec 0,6 — 0,49 = 0,11 = w?)
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" S=Tm, ———, w- (s+a)-
5 is~((s+a)2+a)2)}_g.l_ {é+((s+a)2ia)2)+((s+a)2+C;)2)}

VSeobecny vypocet neurCitych koeficientov:
s—n =A-(s+af +0’)+B-w-s+C-s-(s+a)
s—n, =A-(s?+2-a-s+a’+w?)+B-w-5+C-s?+C-a-s

s—nl=As?’+2Aas+Aa’+Aw’+Bws+Cs’+C.as

2

s°: 0=A+C

1

S 1=2-a-A+w-B+a-C

s —n=a’A+0’-A

Vypocet koeficientov

SZ ‘0=A+C 1= 20,73,33+ BO,33+ (—3,330,7) 0= A+C
Loq_ 1=14,662+0,33B — 2,331 -
s :1=2Aa+Bw+Ca C =-3333
s°:-N1=Aa’ + Ao’ B =-402
—(-2) =0,72 A+ A(Jo11f
A=3,333
AL 3 o 3. (s+a)
- 2 T ’ 2 2
s ((s+a) +a)) 5 ((s+a) +a))
h(t) =—A 3B e ' .sin ot +£ e ' . cosamt
5 5 5
h(t)= 3'3!_)333 -3 Lé’oz e .sin /0,11t - 3'3;3333 2”7 . c0s4/0,11t

h(t)=1,9998 — 2,412 -e ™ -sin /0,11t —1,9998 - e *™" - c0s /0,11t
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Koncova hodnota:

h(oo) = lim h(t) = lim s G(s)/s = lim G(s) = lim _ 3s+6
5s* +75+3

h(c0)= 2

S—» s-0

Statické zosilenie K (b—°) =2
a

0

Grafy prechodovej funkcie

3:O

5s° +75+3 o

s-0

V programe Microsoft Excel

t(s)

h(t)

O©Ooo~NO Ol WOl O

0
1,6649
2,57972
2,91378
3,12196
3,226
3,27801
3,30402
3,317
3,3235
3,32676
3,32838
3,3292
3,3296
3,3298
3,3299



http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22

Your complimentary
use period has ended.

T -Complete

Click Here to upgrade . .
Unlimited Pages and |V a funkcia

2 { —e—Prechodova

1 15 / funkcia

Urcenie frekvenéného prenosu

35+6
G(s)=—n 2
(s) 552 +7s+3
. 3jw+6 3jw+6 3-50° -Tjw
G(ah) = ——>1 - ~ 12

5.(jw)’ +7jo+3 3-50°+7jo 3-50°-Tjw
B (Bjw+6).3-50" -7 jw) B 9jw-15jw’ + 21w* +18-300° — 42 jw B
(3-5w°)? + 490° (3-5w°)* + 490°
_18—90)2 -33jw-15je°
(3-5w°)? + 490°
18 - 9w* L —w(33+150?%)
250" +190° +9 250" +190° +9

i 2 2 2 - Bwtl5w?
G(jow) = 18 -9w [ 3Bw+150 e e
(3_50)2)+ 490° (3_50)2)+490)2
G(jo) = (18-90°) + (33w +1507)? .e*i-arctanlt“:;:i)‘z’z
(250)4 +190° +9)2

G(jw) =

1lo+50°

: 2250° +10710" + 765" +324  -jaan= =5
G(JC{)) = 3 5 2 5 .e 6-3w
6250° +9500° + 811" +3420° +81
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__ S orreorrrr=—roerrerLaStl prenosu G(jw):

18 — 9w?

Re(G(j =
CUe) = e a7 19

Hodnoty na ose y vypocitame z imaginarnej Casti prenosu G(jw):

. o(33+150?%)
m(G(jo)) =~ & ea? 1o

Frekvencéné charakteristiky v logaritmickych suradniciach (Bodeho krivky)

v programe Matlab - bode([3 6],[5 7 3])

Bode Diagram

10 . —_— —_— ; —_—

20—

Magnitude [dB8)

el o

g -

Phase (deqg)

A0

-133 | | I Ll

10° 10 10 10
Frequency (radisec)
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‘ b
AN m - | A
=
OO

Mechanicky systém znazorneny na obrazku je spociatku v pokoji. Pri t=0, bod posunu
vstupu plati pre bod A. Predpokladajme, Ze systém zostane linearny pocas celej doby
odozvy. Posun x sa meria od rovnovaznej polohy. Ak m = 1kg, b =5 N-s/m a k =6N/m
najdi rovnicu pre x(t).

RieSenie:

Rovnica pohybu pre tento systém:
m-X+b-(X-y)+k-x=0

m- X+ bX + kx = by

Zoberieme L-transformaciu tejto poslednej rovnice a dostaneme:
(M-s2+b-s+k)X () = bsY (s)

teda:

X(s) bs

Y(s) ms®+bs+k

Vstup vy je jednotkovy skok, Y(s) = % . Tak:

bs 1 b
R s
ms®+bs+k s ms®+bs+k

Dosadenim danej Ciselnej hodnoty pre m, b, k do poslednej rovnice, dostaneme X(s)

5 5
X(s)= s?+55+6 (s5+2)-(5+3)

Spétna L-transformécia pre X(s) je
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) 5
= lim

s——3|

[(s+3)(

s+3)s+2

|

Rt

s+3)s+2

+ lim

S—>—2

5

[(m)(

s+3)s+2

5
e } + res[— e } =
) s=—2 (S + 3)(8 + 2) s=-3

)est:| — 5872t _ 5873t .
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