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Cviceni ¢. 8

1 CVICENIC.8

STRUCNY OBSAH CVICENI:

\

. Laplaceova transformace - ptiklady (pfechodova a impulsni funkce)

@ MOTIVACE:

Q> V tomto cviteni se student naudi poditat impulzni a prechodové funkce ze
zadanych diferencidlnich rovnic. K vypoctu bude vyuzivat Laplaceovu
transformaci.

CiL:

Cilem cviCeni je naucit studenta pocitat pfechodové a impulzni funkce
s vyuzitim Laplaceovy transformace.
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1.1 LAPLACEOVA TRANSFORMACE - PRIKLADY (PRECHODOVA
A IMPULSNI FUNKCE)

Prechodova a impulsni funkce

S(n)=y

Y(p)=G(p)-U(p)

y(t) = L{G(p)-U (p)}

prechodova funkce

ha):L4{G(m-3}
Y

impulsni funkce
g(t) = L{G(p)-1}
Priklad:
Urcete impulsni a pfechodovou funkci systému, ktery je popsan diferencialni rovnici:

3y'(t) + 0,5y(t) =1,5u(?)
3pY(p) +0,5Y(p) =1,5U(p)
Y(p) (3p+0.5) = U(p)(1,5)

15
G(p) = —
(P) 3p+0,5
15 15
t)=LYG(p) =L =" —.1f=LN =~
90 = L"e(p) 1) {3p+0,5} {3p+0,5}
1 1
Caea) 13 4] 3 15 4] 1
1ok 3p+05 1 1ok §p+0,5 3 - (p+0,5)
3 3" 3 3
05
g(t):1,5e3t

3

. 1) .f 15 1], [ 15
h(t)=|_ {G(p)g}—l— {3p+0,5 p} L {p(3p+0,5)}
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1 1
B} 1 } 1 3 ; 3
h(t)=15L"{ ————t=15.L"% —— . 9L_15 "y 9
® {3p2+0,5p} 3p?+05p 1 3 ,,0°
= “pP+-p
3 3 3
SPTEL T S SR O (R N N2 PO
3 3 3

h(t) = 3-[1—e‘0'35“j

Priklad:

Urcete impulsni a pfechodovou funkci systému, ktery je popsan diferencialni rovnici:

y"(t) +8y'(t) + 15y(t) = 2u'(t) + 6u(t)
pY(p) +8pY(p) +15Y(p) = 2pU(p) + 6U(p)
Y(p) (p* +8p +15) = U(p)(2p + 6)

2p+6
Gp)=__“F"°
Q) p®+8p+15

_ _ 2p+6 _ 2p+6
t)= LG N e S e I et
9t SR {p2+8p+15 } {p2+8p+15}

g(t) =L 2(p+3) _ Lt 2 _ oLt 1
(p+3)(p+5) p+5 p+5

gt) =2

B 1 ¥ 2p+6 1
hit)= L3 G(p) —t=L% 2P0 2
© { 2 p} {p2+8p+1s p}

h(t) _ Ll{ 22p+6 }: Ll{ 2(p+3) }: Ll{ 2 }
p(p” +8p+15) P(p+5)(p+3) p(p+5)

h(t) = 2(1—e‘5‘)
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Priklad:
Urcete impulsni a pfechodovou funkci systému, ktery je popsan diferencialni rovnici:
YO +3UD=e*u(l)
PUP)+ 8NP = U

1
_Y(p) _ p+2 1
S =) T prE T (pr2)(p+3)
1

gm=LﬂGwyﬂ=r{ 1%

T (p+2)(p+3)
g =e* —e™
1 1 ! !
h(t) =L G(p)— =Lt~ =L~
(t) { (p) p} {(p+2)(p+3) p} {p(p+2)(p+3)}
1 A B ¢

=—+ +
p(p+2)(p+3) p (p+2) (p+3)

1=Ap+2)(p+3)+ Bo(p+3)+ Cp(p+2)
1= A0 +5A40+6 A+ B0’ +3Bo+ Cp° +2Cp

0 0=A+B+C
0 0=5A+3B+2C

P 1=6A
A:E, B:—E; C:1
6 2 3
1 1 1

h=L}6- 2 . 3 :L{11_1 1,11 }
p (p+2) (p+3) 6p 2(p+2) 3(p+3)

h(t) Lllea lew
6 2 3

MODERNIZACE VYUKOVYCH MATERIALU A DIDAKTICKYCH METOD
CZ.1.07/2.2.00/15.0463




Cvigeni ¢. 8
Priklad:
Urcete impulsni a pfechodovou funkci systému, ktery je popsan diferencialni rovnici:
V'(O+T7Y(O)+16 (D +12 (5 = U (H) +3u(d)
P ) +7 7 Y(p)+16 pY(p) +12Y(p) = pU(p) +3U(p)

G(p) = p+3 _ p+3 _ 1
O+T107+16p+12  (p+3)(p+2)?° (p+2)°

g(t)=Ll{G(p)-1}=Ll{ ! -1}

(p+2)°
g(t) =te™
1 1 1 1
hit)=LHNG(p)-—b=L1 = =l =
© { (®) p} {(|0+2)2 p} {p(p+2)2}
1 A B c

— =+ +
p(p+2° p (p+2) (p+2)°

1= Ap+2)°+ Bo(p+2)+Cp
1= AP +4 A0+ 4 A+ By +2Bo+ Cp

p’: 0=A+B

p': 0=4A+2B+C

p’: 1=4A

P S P

4 4 2

I

h)=L™4- 4 2 :L—l{il_l 1 1 1 }
p (p+2) (p+2)* 4p 4(p+2) 2(p+2)°

h(t) = 1 lgn Lign
4 4 2

Priklad:

Urcete impulsni a pfechodovou funkci systému, ktery je popsan diferencialni rovnici:

2y"(t) +8Y'(t) +8y(t) =u'(t) + 4u(t)
2p2Y (p)+8pY (p)+8Y (p) = pU(p)+4U(p)
Y(p)(2p® +8p+8)=U(p)(p+4)
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Y(p)_  (p+4) _  (p+4) _ p+4
U(p) (2p*+8p+8) 2(p*+4p+4) 2(p+2)°

G(p) =

_ L . TS B . S O
g(t)=L*{G(p)-U(p)}=L {2(p+2)2 1}

1( p+4 A B
=— = +

2((p+2)2] p+2 (p+2)?
p+4=A(p+2)+B

p=-2=2=B=B=2
p,=-1=3=A+B=A=1

A=1 B=2

41] 1 2
g =L 2{p+2+(p+2)2}

1 -2t -2t 1 -2t
="—le" +2t-e =-e
g(t) 2( ) 5

4 1 4) p+4 1 L] p+4
ht=L4G(p) b=+~ =t )77 L_
® { (®) p} {2(p+2)2 p} {2p(p+2)2}

T B T
p(p+2)°

+t.-e

=—+ +
2 p p+2 (p+2)?

p+4=A(p+2)°+B(p+2)p+Cp

p’: 0=A+B —=B=-1
p': 1=2-A+2-B+C =C=1
p’: 4=4.A — A=1

A=1 B=-1 C=1

h(t):L*11 1+ -1 + 1 .
2|p p+2 (p+2)

h(D) = S-1e® +1-t.e2)=Lea Ly g
2 2 2 2
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