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Matematické nastroje pro
popisy dynamickych soustav

* Rozklad prenosu F(s) = 11‘:((:)) v parcialni zlomky — rlzné
kofeny jmenovatele
e Je-lidana funkce F(s)
M(s) M(s)

FO) = Ns) " koG —5)G —s)(s —53) =~

» Kde kofeny jmenovatele sq, s5, S3,.... jSOU ruzné, muzeme ji
rozloZit v soucet parcialnich zlomkdu

K K K
F(s) = —4 + =243 4 ...
S—81 S—S2 S—S83

Konstanty K1, K,, K3, ... ur€ime nasledujicim zptsobem.



Matematické nastroje pro
popisy dynamickych soustav

e M) M(s)
) =Ne) " koG =516 -5 —53) * -
F(s) =L 42, 8% 4 .

S—S1 S—S2 S§—S83

Pro urceni konstant pouzijeme obecny vzorec:

K; = [(S — 5;) M)

N($) oo,




Matematické nastroje pro
popisy dynamickych soustav

Prakticky si ukdzeme na pfikladu 1 Kofeny jmenovatele:
G(s) = o
(s+1)(s+2)(s+3) o
;= —

Rozklad v parcidlni zlomky

Ky K, K
G = | +
(s) s+1 s+2 s+3

Pro urceni jednotlivych konstant K dosadime do obecného vzorce:

M(s)
N(s) .

K; = [(S — S;)
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y ME| L = [— =
Ky = [(S +D3e s=—1 kﬁ\l) M)(5+2)(5+3)]s=—1 B [(5+2)(5+3)L=—1 3
i =03
(-1+2)(-1+3)1 2 ’

i ME] L = |— =
K, = [(S + 2) N, [(5\|\2) (5+1)N(S+S)L=_2 - [(s+1)(s+3)L=_2 1

1

[(—2+1)(—2+3)] it

A M(s) _ 1 = = =
K3 - [(S + 3) N(S) s=—3 o [(S\M) (S+1)(S+2)(h"3)]s=_3 N [(S+1)(S+2)15=—3 y

[(—3+1)1(—3+2)] B %

=05
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(s)
(S)

 Priklad rozklad pfenosu G(s) = v parcialni zlomky

1
G —_—
&) = e DG DG 3
K1=05
K2=_
K3:OS
G(s) =L 42 6 25, 1,00

s+1 S+2 S+3 s+1 s+2 s+3
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* Rozklad prenosu F(s) = 11\58 v parcialni zZlomky — nasobné
koreny jmenovatele
e Je-li dana funkce F(s)
M(s) M(s)

N(s) B ko(s —s)"(s—s3)(s —853) =

* Kde sq je n-nasobny koren,
S, S3 ... Koreny ruzné jednondsobné, potom je roklad :
C C C K K
F(s)=——+—2— 4 t—n—p—2 4%
s—s; (s—s1) (s—s)" s—S, S—S3
Konstanty C; , C,, C,,, K,, K5, ... urCime nasledujicim zptsobem.

+ .-
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Konstanty C;, C,, C,,, K,, K5, ... urCime nasledujicim zptsobem.

—— M(s) M(s)
B ZNE) " koG5 -5 —55) -
A C; Crn K, K;
F(s) _s—sl+(s—sl)2+m+(s—sl)"+s—sz+s—sg

M(s)
N(s) s,

Vzorec pro koreny rizné jednonasobné

K; = [(S — S;)

+ .-
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Konstanty C;, C,, C,,, K,, K5, ... urCime nasledujicim zptsobem.

M(s) M(s)
F(S) — = m
N(s) ko(s—s)"(s—5s2)(s—s53)*-
Cl Cz Cn KZ K3
O T Tt + + |-
(s) s—s1 (s— 51)2 (s—s)" s—s5; S—S8q
M(S) Vzorec pro koeficient €, nasobného kofenu
C,=|(s—s)"
N(s)
S=S;

Vzorec pro koeficient C,,_1 nasobného kofenu

B 1(d JM(s)
.l 1!{ds [(S =S N(s) }st_
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Konstanty C;, C,, C,,, K,, K5, ... urCime nasledujicim zptsobem.

—— M(s) M(s)
B ZNE) " koG5 -5 —55) -
A C; Crn K, K;
F(s) _s—sl+(s—sl)2+m+(s—sl)"+s—sz+s—sg

Vzorec pro koeficient €C,,_, nasobného kofenu

C h 1 dZ nM(S)
n-2 7 9 {dsz [(S s N(s) }s=s-

+ .-



Klicové vzorce pro realizaci derivace s ,,L“ operatorem
CALCULUS SWNINEINOINIESS Zakladni viastnosti:

DERIVATIVE DEFINITION COMMON DERIVATIVES CHAIN RULE AND OTHER EXAMPLES

flx+h) — f(x)
FUe)=ro=g R0 g, LT = nlf @I ) (C) (C) /
, _— —
BASIC PROPERTIES —(sin) = cosx i(gnn} = f10)el @ // dS
(er @) = ol )

(F) +96)) =) + ')

—(cosx) = —sinx
dx

d
— ) = d
=l — (sinlfGID = £ () cosf(x)]

d
- = ta
csx(secx] secxtanx

MEAN VALUE THEOREM

1££ is differentisble on the interval (a, b) and a (cscx) = —cscacotx
continuous at the end points there existsa dx

dx
in () sach thet -, 2 (tanlf D = £ W sec?lFGa]
o =L0=I@ gz (ot = —esc’x - \
b-a EPR 2 Gecl D) = £ (secl G eanlr (0] % o
dx TVioat -
PRODUCT RULE d - f’(x] ( f ( ) ) (f ( ) )
" i(cns"‘x] =— . E(ta“ L[f(x)]] = 1+ [f(x]]l c S c S

(Fegta) = fix)y gl + FEIg () dx Vo
(9( 2f G

— @) =1)
S

d a ) =
QUOTIENT RULE E(tan"‘x] = m dx(f(x]‘g[ }} =f)E™ ) +1n(f(x]) g (x)j

(£ _ f @@ — fg' () d N /
%'._\g(: )= % () =a"Inla) PROPERTIES OF LIMITS (4f (S)) = 4 (f (S))
d

These properties require thatthe limit of £ (x) and g (x) exist

POWER RULE
s m[cf(le = cmf(ﬂ
,ii:_x“] =nxm1
dx - : Liml£0) £ 9G] = Jim £ o) 2 lim g(x) d
—(lnlxIJ == —>
CHAIN RULE . lim{f(x) g(x)] = lim £ (x) lim g (x) (Sn) (Sn) I/ Sn —_ 1
d x—a x—a x—a — — —
() = Fla)g' = llog ) = s — = n
i 200 H}lj_}gg(ﬂ#ﬂ S

LIMIT EVALUATION METHOD - FACTOR AND CANCEL

2_ ., — —
lim x*—x—12 - lim (x+3)(x—4) - lim (x—4) :E LmlfGII" = [limf(x]]
x=-3 x2+ 3x z==-3 x(x+3) -3 X 3 e x=a Z /
L'HOPITAL'S RULE LIMIT EVALUATIONS AT +-00 (S )
flx) 0 +oo ) ( ) . flix) lime* =coand lim ¢ =10
If lim ——— ® =0 Im then ll ot " = lim ) xo= F-=
x—a x—a
g - g limln(x) = o0 and lim In(x) = —o0
x= 207
c
EEWeb.com lr >0 then Jim 7= 0 TN u'v—uv'
Electrical Engineering Community . e
Ifr =08&=x" isreal forx < Uﬂlenxl_l’rzl P 0
LatestNews Professional Networking . . — p—
Engineering Community Personal Profiles and Resumes xl_‘,’f,x = forevenr 2
Online Toolbox Community Blogs and Projects lmx’ =0 & lim x" = —w forodd r ' ’ l 7
Technical Discussions Find Jobs and Events X xo-= o

The Best Source for Electrical Engine



Matematické nastroje pro

popisy dynamickych soustav

y s’ +s+3
Priklad:  F(s) = Y6 T D

Rozklad v parcialni zlomky
s?+s+3 C, C, K

F(S):(S+2)2(S+1)zs+2+(s+2)2+5+1

Pomocny vzorec pro
prvni derivaci zlomku

2
:[S +SZ+23] =3 CZ=[SZ+S+3] — _§ (E)’zu’v—uv’
(s+2)° | __, s+1 | __, - 2
d (s*+s+3\ @s+1D(+1)—(s*+s+3)
ds\ s+1 | (s +1)2
= Z
3Py T8
. _[d<52+s+3>] B [(25+1)(s+1)—(32+s+3) r
| = - A48
. |ds s+1 - (s +1)? "

A
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s“+s+3

Piklad: 1 (g) =

s%+5+3 Cq C, K _ -2 ~5 + 3

F(s) = (5+2)2(s+1) _ s+2  (s+2)2 | S+1  s+2 | (s+2)% | s+1




Cviceni na opakovani

Provedte rozklad prenosu poli a nul v parcidlni zlomky

1. PFechodovou funkci H(S) = s(s(:f)ﬁ)

2. Pfechodovou funkci H(s) = S(S+2§(S+3)

3. Prechodovou funkci H(S) = S(sz)z

4. Prechodovou funkci H(S) = s(105+f)(85+1)
4

5. Pfrechodovou funkci H(s) =

$(0,55+1)%2



Priklad €. 1

0,2 K, K, 0,3 0,3
— —|— o —
s(s+0,6) s+0 (s+0,6) s+0 (s+0,6)

Pfrechodovou funkci H(s) =

Pomocny vypocet konstant:

0,2 1
b= [(M (G +0,6)[ ~3

A 0,2 1
‘g )(s+0)(s\+\Q@S=_O6_ 3




riklad

5 _ Ky K, K,
s(s+2)(s+3) s + (s+2) + (s+3)
5 5 ,_ 5 083 25 16
6s 2(s+2) 3(s+3) s (s+2) (s+3)

Pfechodovou funkci H(s) =

Pomocny vypocet konstant:

i [(\'\@ E+O)G 2)(5 n 3)] =083
— > — 2= 25
KZ_IN)(5+O)M(5+3) ., 2 "~

5 5 _
X K3 N fﬁw (S + O)(S + Z)M]s:—B } § } 1’6



Priklad €. 3

4 Cy

Cy K;

Pfechodovou funkci H(s) = s(s+2)2  (s+2)1

-3 -2 1 -1 -2 1

i 2(s+2) * (s+2)2 u S S+2 + (s+2)2 t S

Pomocny vypocet konstant:

4
X(s +2)%] _,

4
S(s\i\ZQZLZ_Z B

(s+2)2 u S

Pomocny vzorec pro
prvni derivaci zlomku:



riklad €

9 9
s(10s+1)(8s+1) 805(s+0 1)(s+0, 125)

Pfrechodovou funkci H(s) =

K K K 9 45 36
L 2 3 _7_

s s+01 (s+0125) s s+0,1 T (s +0,125)

Pomocny vypocet konstant:

9
K — p—
. [‘ 8085 + 0,)(s + 0,125)| _
9
g2 = [(m@ 80s(3~+Q1)(s + 0,125)L_0_1 =

9

[(\-HLLZ_ ) 805G £ 0.1 (F76.125) i

36




Priklad €. 5

v . . 4 . 4 G C, K,
Rl evouifunkei H(s) = s(0,55+1)2  0,255(s+2)2  s+2 U (s+2)? U s

16 8 4

s+2 (s+2)? t S

Pomocny vypocet konstant:

Pomocny vzorec pro
prvni derivaci zlomku:

4
Rz = [S‘o,zss(s + 2)2LO =

4
A [NZO,ZSSMZL_Z -0

1( —4
T2)? }S:_Z - E{(O,ZSS)Z}S:_Z et
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