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2.2.4. Tim bién d6i Laplace nguoc

Bai toan : Biét ham Y(s), tim ham the&i gian y(t)=?
Y(s) thuwong c6 dang ti sé cua hai da thirc:

P(s) b,s"+b, s +...+b,
Q) as"+a, S"t+..+a,

Y(s) = (m<n)

= PP giai: Phén tich Y(s) thanh téng cac phan thirc
don gian, sau d6 ap dung cac cbng thirc co ban.

y() =L Y= LTV = D2 yit)
] =L

= Cach phan tich Y(s) phu thubc vao loai nghiém cua

mau s6 Q(s) (nghiém don/ boi/ phirc).
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2.2.4. Tim bién d6i Laplace nguoc

1) MAu s6 cta Y(s) chi cé nghiém don

Gia str Q(s) c6 n nghiém don s, , s,,..., S,
Khi do co thé phan tich :
Qs) =a,(5—5,)(5—S,)...(s—,)
Y(S) = PE) _ A + A, +...+i+...+ at
Q(s) s-s;, s-s, S—S. S—
Céc hé sb A. (i=1,2,...,n) xac dinh bdi:
Ai=Im[(s—s;).Y(s)]=[(s—si).Y(s)]

S—)Si

n

s=s; — R_es [Y(s)]

o A .
Tra bang ta co: L {ﬁ} = Ae’l

n
= y(t)=> At =A™ + A+ + A"
i=1
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2.2.4. Tim bién déi Laplace nguoc
Vidu: Tim y(t) biét Y(S) _ : 55 + 3
s(2s” +14s+20)
Giai. M4u so cua Y(s) ¢6 3 nghiém don s, =0, s,=-2 , S;=-5
va hé so a,=a,=2. Do d6 co thé phan tich :

Bbs+3 A A, A
Y(S)= L+ +
Zs(s+2)(s+5) S S+2 S+5
. : bs+3 3
A, =lim[sY(©S)]= lim—>2"2
5—0 s=0 2(s+2)(s+5) 20
5S+3 7

Az = IIm [(s+2)Y(s)] = I m, 25(5+5) 12

Ag = lim [(s+5)Y(s)] = lim -2 22
s—-5 —-5 Zs(s+2) 30 15
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2.2.4. Tim bién déi Laplace nguoc

3 ! 11
= Y(9)= + —
205 12(s+2) 15(s+5)
3 ! 11
)= LY(S) = = 1t) + —e 2t — ==t —
y(t) =L [Y(s)] >0 (t)+ T 15

Nhan xét: Tim gia tri xac lap y(c) ?
Cach 1. y()=lim[y()] =3/20

Céach 2: Dang dinh ly gié tri cudi
y(0) = Iim [5.Y(s)]
I 55+ 3 3
550 25 +14s+ 20 20

10/19/2020
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2.2.4. Tim bién déi Laplace nguoc

2) M3u sd cha Y(s) cé nghiém bai

Gia str Q(s) ¢6 (n-r) nghiém don s, , s, ..., Sy
va mot nghiém boi s, lap r lan
Khi doé cé thé phan tich :
Q(S) =4, (S _Sl)"'(s _Sn—r)(s _Sk)r
A, A B B,

+..+——+ —— .t >
S—S, S—S, (s_sk) (S_Sk) S—S,

Y(S) =

A=lmiE-s)YE] (/1,200

B. L lim {d” [(s—sk)r.Y(s)]} (i=rr-1,...,1)

T (=)l sos | ds
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2.2.4. Tim bién déi Laplace nguoc

B = © Iim{dr_i [(S—sk)r.Y(s)]} (i=rr-1,...,1)

(=il s |ds™

o

= Néu r =2 (nghiém kép), can tim 2 hé s6 B, , B, :
T B 2 N I F Bl . 2
B, = Jim[(s-5)°Y()] : B,=Jim { [ (-s4) -Y(s)]}

A Do B B

Y(S) =
) S-S, S=S,  (s-5,) (s—s.)" S—S«

r-1

n-—r
— y(t) — ZAieSit 4+ Br eSkt + 4 theskt n Bleskt
i=1

(r—21)!
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2.2.4. Tim bién déi Laplace nguoc
Vidu: Tim y(t) biét Y S _ 58 ‘|2‘ 24
S(s+4)(s”+6s5+9)

Giai. Mau so cda Y(s) ¢6 2 nghiém don s,=0 ; s,=-4
va mot nghiém kép s, =-3 nén co thé phan tich :

5524 A A, B, B
Y(S) = L+ + ~+
s(s+4)(s+3)° s s+4 (3+3) S+3
A = lim[sY(s)] = lim—>124 __ 24_2
50 s>0 (s+4)(s+3)° 36 3
A
A, = lim [(s-+4)Y(s)] = lim Sted 4
s>—4 5(s+3)° 4
55124 9

BZ — Sll)nj [(S+3) Y(S)] - s|—> 3 S(S+4) -3
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2.2.4. Tim bién déi Laplace nguoc

| d | 55+ 24
B, :s|l>n—13 {_[(s+3) Y(S)]}_ Il) 3{d3{3(s+4)}}

Lwu y: (Ej - _uv-vu

2

V V
bs(s+4)—(2s+4)(5s+24) 3 1
1: Ilm 5 5 —_ T —
s—-3 S (s_|_4) 9 3
N Y(s) = 2_ 1 3 1

- +
35 (s+4) (5+3)2 3(s+3)

S YL YEl- 2 et Lo
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2.2.4. Tim bién déi Laplace nguoc

3) MAu s chia Y(s) c6 nghiém phirc

Gia str Q(s) ¢o6 (n-2) nghiém don s, , S,,..., Sy
va 2 nghiém phtre p,, = a +jw
Khi doé cé thé phan tich :
Q(S) =a, (S _Sl)"'(s _Sn—z)(S g pl)(s _ pz)
Q(S) =4a, (S _31)---(3 _Sn—z)[(s - a)2 + (DZ]
A, o A ) Cl(s—a2+C2co
S—S, S=S,> (s-a) +o

Y(S) =
Céac hé sO A, , C, ,C, xéac dinh bang :
- Phurong phép déng nhat hé sé da thire,

- hoac Tinh theo cbng thtrc:

10/19/2020
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2.2.4. Tim bién déi Laplace nguoc

A = SILT [(S—S;)Y(S)] (i=1,...,n-2)

C, = é Im { [(5=Py)(s—P,)Y(s)] \s=p1}
C, = é Re { [(s—P)(s—P,)Y(S)] ‘s=p1}

A, ; A +C1(s—a2+C2co
S—§, 5=S,, (s-a) +o’

Y(S) =

Bién doi Laplace ngwoc ham énh Y(s) ta duoc :

n—-2
y(t) =) Ag’ +Ce cosmt + C,e™ sin ot

=1

11
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2.2.4. Tim bién déi Laplace nguoc

Nhan xét : Co thé dua két qua vé dang ham sin hay cos
cua téng/hiéu.

% sinptt—b
\/az +B2 SIN® \/OLZ +ﬁ2

= \/oc2 +B* (sinwtcose £ coswtsing)

ocSin(otiBCOSoat:\/ochrBZ cos ot

= \/ocz +B° sin(ot £ @)
Trong do :

o4 : B
(p = alCCOS = alCsSin

\/oc2+[32 \/oc2+B2

10/19/2020
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2.2.4. Tim bién déi Laplace nguoc
Vidu: Tim y(t) biét 28 + 5
Y(S)=—
S(s” + 65+ 25)

Giai. Méau s6 cta Y(s) c6 mét nghiém don s=0 va hai
nghiém phtrc p, ,=-3%4j nén co thé phan tich :

25+5 A C/(s+3)+4C,

Y(S)=— =—+—
S(s“+6s+25) s S°+6s5+25

Y(s) = (A+C,)s’ +(6A+3C, +4C,)s+25A

s(s* + 6s + 25)
So sanh vodi Y(s) da cho, ta dworc:

( 25A =5 r A=1/5

) A+C, =0 p— D C1=—1/5

(6A+3C;+4C, =2 L C,=7/20

10/19/2020
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2.2.4. Tim bién déi Laplace nguoc

1 7 1 7
v ! R AU L 1

2 T 2 2+ 2 2
5s S +6s+25 55 (s+3)°+4° (s+3)°+4

1 1 ! .
=LY ==-=ecosdt + —et'sin 4t
y(t) [Y(S)] e >0

:l+ie‘3t(7sin4t—4cos4t)

5 20
:Lr@e‘3t Lsin4t—icos4t :l+@e‘3tsin(4t—(p)
5 20 J65 /65 5 20

an 7 .4
VOl ¢ =arccos—— =arcsin—

\/65 \/65
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2.2.4. Tim bién déi Laplace nguoc

Ciing c6 thé tinh A, C, , C, bang céng thirc :

A =lim[sY (5)] = lim - 2st> _1
55052 +65+25 5

=[(s=p)(s-P,)Y ()] ‘S=p1 - (23:&3j523+4j

~ -1+8j (1+8j)(—3—4j)_35—20j_7 4 .

- —3+4j 9-16j° 25 5 5

cemor-( -
(13-
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Bai tap: Cho Y(s), tim y(t)="?

18s+126 4 o)
1) Y(S)= ) =14 T0t _ 2 o4t
L ¥e) s(s* +23s +126) y() g 5
s+ 20 2 17 3
2) Y(s)= f)=S_Zfa8t 25t
@) Y= a5 11651 30) YO=3-5%" "3
35 +40 8 5 31 13
3) Y(s)= fy= O D5t O3 19 L
& YO o6 Y0=92° 6% "3
(4) Y(5)=——FD yy= B et 3ppuy Lga
s(s+1)(s” +8s+16) 16 4 16
S+95 ot o
S) Y(s)= t) =1—+/2e sm(t+—j
) Y6 S(s* +4s+5) y{H 4
(6) Y(s)= 155+ 225 y(t) =1- e ' cos12t +}e_9t sinl12t
S(s* +18s + 225) 2
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