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Abstrakt 

=S�WQRYD]HEQt� VP\þND� MH� KODYQtP� D� ]iNODGQtP� SURVW�HGNHP� SUR� �t]HQt� Y teorii i  

v DSOLNDFtFK��3�HYDåXMtFt�Y�WãLQD�WHFKQRORJLFNêFK�SURFHV$�MH�RVD]HQD�]QiPêPL�D�VODYQêPL�
3,'�UHJXOiWRU\�D�WR�MLå�PQRKi�GHVHWLOHWt��7\WR�UHJXOiWRU\�SRW�HEXMt�QDVWDYLW�W�L�SDUDPHWU\�D�
WR�SURSRUFLRQiOQt��LQWHJUDþQt�D�GHULYDþQt��0HWRG\�SUR�WRWR�QDVWDYHQt�MVRX�S�HGP�WHP�]iMPX�
D� ]NRXPiQt� GORXKRX� GREX�� 7DWR� SUiFH� VH� ]DEêYi� LPSOHPHQWDFt� D� SRURYQiQtP� Q�NWHUêFK�
z nich. V SUYp� �DG�� MVRX� WR�metody Ziegler – Nicholsova nastavení. V GUXKp� �DG�� MVRX� WR�
PHWRG\�VWDQGDUGQtFK�WYDU$�D�Y W�HWt��DG�� MGH�R�SDUDPHWULFNp�PHWRG\��,PSOHPHQWDFH�PHWRG�
byla provedena v SURVW�HGt� 6LPXOLQN�� E\OD� Y\NRQiQD� �DGD� VLPXODFt� D� SUR� NRPSDUDþQt�
DQDOê]X�E\OR�Y\NRQiQR��t]HQt�V\VWpPX�W�HWtKR��iGX� 
 

 

 

 

 

 

 

 

Abstract 

Feedback control loops have been main and basic tools in control theory and application 

for many decades. Majority of technological processes is controlled by well known and 

celebrated PID controllers which need tuning of three parameters, proportional, integrating 

and derivative ones. The interesting and deeply studied question in this field is the problem 

how to adjust effectively but simply these parameters. There are many methods for PID 

controller design. This work is focused on analysis and comparison of some of them. The 

first class is based on Ziegler – Nichols methods. Then Whiteley and further standard form 

methods are studied. The third class deals with parametric methods. Simulation programs 

are performed in Simulink environment and a special example of the third order is 

analyzed for comparison. 
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ÚVOD 

=S�WQRYD]HEQt� �t]HQt� D� UHJXOiWRU\� SDW�t� ]D� SRVOHGQt� VWROHWt� N Yê]QDPQêP� ~VS�FK$P�
OLGVNpKR� SR]QiQt� D� Y\VS�Op� WHFKQLN\��1HM~þLQQ�Mãt� ]S$VRE�� MDN� ]P�QLW� G\QDPLNX� GDQpKR 

V\VWpPX� MH� ]S�WQi� YD]ED�� %H]� ~þLQQpKR� DXWRPDWLFNpKR� �t]HQt� VL� Y GQHãQt� GRE�� QHO]H�
S�HGVWDYLW� VSUiYQRX� IXQNFL� Y�WãLQ\� WHFKQRORJLFNêFK� SURFHV$�� DOH� L� �t]HQt� YR]LGHO�� ORGt��
OHWDGHO� D� GDOãtFK� REMHNW$�� 2G� ���OHW� PLQXOpKR� VWROHWt� N QHMIUHNYHQWRYDQ�MãtP�
]S�WQRYD]HEQtP� UHJXOiWRU$P� SDW�t� 3,'� UHJXOiWRU\�� 7\WR� PDMt� VORåN\� SURSRUFLRQiOQt��
GHULYDþQt� D� LQWHJUDþQt��8GiYi� VH�� åH� WpP��� ����� WHFKQRORJLFNêFK� UHJXODþQtFK� VP\þHN� MH�
RVD]HQR�SUiY��3,'�UHJXOiWRU\��7HG\�SUR�HIHNWLYQt�D�~þLQQRX�IXQNFL�WDNRYpKR�UHJXOiWRUX�MH�
SRW�HED�QDVWDYLW��QDODGLW��W\WR�W�L��SDUDPHWU\��3RVWXS��MDNêP�VH�WR�XG�Oi��VH nazývá syntézou 

regulátoru. 

V SU$E�KX�PQRKD� GHVHWLOHWt� VH� KOHGDO\� SRVWXS\� D�PHWRG\�� MDN� QDOp]W� VSUiYQp� D� S�LMDWHOQp�
KRGQRW\�SUR�QDVWDYHQt�SDUDPHWU$� UHJXOiWRU$��([LVWXMH�Q�NROLN�GHVtWHN� W�FKWR�PHWRG��PH]L�
QLPL�]DMLVWp�Yê]QDPQp�PHWRG\�QHVRX�MPpQD�=LHJOHU�D�1LFKROV��7\WR�PHWRG\�Y\FKi]HMt�EX��
z NULWLFNêFK� KRGQRW� REYRGX� QD� KUDQLFL� VWDELOLW\� QHER� ]H� ]QDORVWL� S�HFKRGRYp�
FKDUDNWHULVWLN\�� -HMLFK� YêMLPHþQRVW� MH� GiQD� GY�PD� YODVWQRVWPL�� 9� SUYp� �DG�� QHSRW�HEXMt�
]QDORVW� S�HQRVX� �t]HQpKR� REMHNWX�� Y GUXKp� �DG�� QHSRW�HEXMt� NRPSOLNRYDQp� RGYR]HQt��
Ziegler-1LFKROVRY\�PHWRG\�VH�~VS�ãQ��Y\XåtYDMt�Q�NROLN�GHVHWLOHWt� 
'DOãt� VNXSLQX� PHWRG� WYR�t� PHWRG\� VWDQGDUGQtFK� WYDU$�� 3DW�t� VHP� MPpQD� :KLWHOH\��
Butterworth, GraKDP�D�/DWKURS�D�Q�NWHUi�GDOãt��.DåGp�MPpQR�MH�VSMDWR�V jinou metodikou a 

filozofií, jak pracovat s FKDUDNWHULVWLFNêP� SRO\QRPHP� X]DY�HQpKR� UHJXODþQtKR� REYRGX��
0HWRG\� MVRX� IRUPXORYiQ\� YH� WYDUX� WDEXOHN�� Y\åDGXMt� ]QDORVW� S�HQRVX� �t]HQpKR� REMHNWX� D�
jsou vhodné ]HMPpQD�SUR�UXþQt�YêSRþHW� 
7�HWt�VNXSLQX�NODVLFNêFK�PHWRG�QDVWDYHQt�3,'�UHJXOiWRU$�WYR�t�GDOãt�SDUDPHWULFNp�PHWRG\��
0H]L�Q��]DMLVWp�SDW�t�PHWRG\�1DVOLQD�D�SRORYLþQtKR�WOXPHQt�� 
3�HGORåHQi� SUiFH� MH� Y�QRYiQD� LPSOHPHQWDFL� D� DQDOê]H� XYHGHQêFK� PHWRG�� D� WR� ]H� GYou 

SRKOHG$�� 9 SUYp� �DG�� RY��XMH�� ]GD� SUR� Y\EUDQp� V\VWpP\� ]DMLã"XMt� W\WR� PHWRG\� UHJXODþQt�
FKRYiQt�� NWHUp� VH� RG� QLFK� GOH� OLWHUDWXU\� D� UHIHUHQFt� RþHNiYi�� 9 GUXKp� �DG�� MGH� R�
NRPSDUDWLYQt� DQDOê]X�� WHG\� VURYQiQt� MDN� MHGQRWOLYp� PHWRG\� �tGt� MHGLQê� V\VWpP�� MDNp�
S�HNPLW\�� NPLWDYRVW� QHER� GREX� UHJXODFH� MHGQRWOLYi� QDVWDYHQt� SRVN\WXMt�� -H� XYHGHQD� �DGD�
S�tNODG$�D�Y]RURYêFK��HãHQt�SUR�VWXGRYDQp�PHWRG\��6LPXODþQt�RY��RYDFt�H[SHULPHQW\�MVRX�
provedeny v SURVW�HGt�6LPXOLQN� 



87%�YH�=OtQ���)DNXOWD�WHFKQRORJLFNi 8 

 

1 /6'6�$�=3�71È�9$=%$ 

1.1 LSDS 

LSDS –� OLQHiUQ�� VSRMLWp� G\QDmické systémy, jsou systémy s jednou vstupní a jednou 

YêVWXSQt� YHOLþLQRX�� NWHUp� VH� FKRYDMt� GOH� OLQHiUQt� GLIHUHQFLiOQt� URYQLFH�
)(...)()(...)()( 0

)(
0

)1(
1

)( tubtubtyatyaty m
m

n
n

n ++=+++ −
− , (1)                                         

kde ai,bi jsou konstantní reálné koeficienty, )(tu MH� YVWXSQt� YHOLþLQD�� )(ty je výstupní 

YHOLþLQD��= podmínky fyzikální realizovatelnosti platí nm < .  

'DOãt�PRåQRVWt�YQ�MãtKR�SRSLVX�/6'6�MVRX�S�HQRV�V\VWpPX��SRORKD�QXO�D�SyO$��S�HFKRGRYi�
funkce QHER�FKDUDNWHULVWLND��LPSXOVQt�IXQNFH��IUHNYHQþQt�FKDUDNWHULVWLN\�� 
3�HQRV� V\VWpPX� � MH� GHILQRYiQ� MDNR� UDFLRQiOQ�� ORPHQi� IXQNFH� )(sG , která vznikne jako 

SRGtO�/DSODFHRYD�REUD]X�YêVWXSQt�YHOLþLQ\�Y þLWDWHOL�D�YVWXSQt�YHOLþLQ\�YH� MPHQRYDWHOL�S�L�
QXORYêFK�SRþiWHþQtFK�SRGPtQNiFK��3�HQRV� O]H�Y\MiG�LW�SRPRFt�NRHILFLHQW$� ]� ����QHER�KR�
O]H�SRSVDW�SRPRFt�NR�HQ$�W�FKWR�SRO\QRP$��WHG\�SRPRFt�SyO$�D�QXO�YH�WYDUX� 
  

01
1

1

01

...

...

)(

)(
)(

asasas

bsbsb

sU

sY
sG

n
n

n

m
m

++++
+++== −

− ))...()...((

))...()...((

1

1

nin

mjm

ssssssa

nsnsnsb

−−−
−−−

= , (2)   

kde póly (si) �MVRX�NR�HQ\�MPHQRYDWHOH�D�QXO\��Qi��MVRX�NR�HQ\�þLWDWHOH�S�HQRVX���� 
3�HFKRGRYi�IXQNFH�R]QDþRYDQi� )(th ��MH�RGH]YD�V\VWpPX�QD�MHGQRWNRYê�VNRN�S�L�QXORYêFK�
SRþiWHþQtFK� SRGPtQNiFK�� 3�HFKRGRYi� FKDUDNWHULVWLND� MH� JUDILFNp� ]Qi]RUQ�Qt� S�HFKRGRYp�
IXQNFH��ýDVRYRX�S�HFKRGRYRX�IXQNFL�O]H�SRPRFt�S�HQRVX�Y\MiG�LW 
 







= −

s

sG
Lth

)(
)( 1  (3) 

Impulsní funkce� R]QDþRYDQi� )(ti �� MH� RGH]YD� V\VWpPX�QD� MHGQRWNRYê� LPSXOV�S�L� QXORYêFK�
SRþiWHþQtFK�SRGPtQNiFK��,PSXOVQt�FKDUDNWHULVWLND�MH�JUDILFNp�]Qi]RUQ�Qt�LPSXOVQt�IXQNFH�� 
0H]L�S�HFKRGRYRX�D�LPSXOVQt�IXQNFt�SODWt�MHGQRGXFKê�Y]WDK 

  )()( thti ′=    (4)                                         

)UHNYHQþQt� IXQNFH� R]QDþRYiQD� )( ωjG �� MH� SRGtO� )RXULHURYD� REUD]X� YêVWXSQt� YHOLþLQ\�
V\VWpPX� D� )RXULHURYD� REUD]X� YVWXSQt� YHOLþLQ\� S�L� QXORYêFK� SRþiWHþQtFK� SRGPtQNiFK��
)UHNYHQþQt� S�HQRV� ]tVNiPH� ] S�HQRVX� Y /DSODFHRY�� WUDQVIRUPDFL� ���� IRUPiOQt� ]P�QRX�
SURP�QQêFK� ωjs → :  

01

01

...)(

...)(

)(

)(
)(

ajaj

bjbjb

jU

jY
jG

n

m
m

+++
+++==

ωω
ωω

ω
ωω    (5)           
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)UHNYHQþQt�FKDUDNWHULVWLND�Y NRPSOH[Qt�URYLQ��MH�]REUD]HQt�IUHNYHQþQt�IXQNFH�Y komplexní 

URYLQ�� SUR� � )0;∞∈<ω �� 3UR� VHVWURMHQt� IUHNYHQþQt� FKDUDNWHULVWLN\� UR]G�OtPH� IUHNYHQþQt�
S�HQRV�����QD�VORåNRYê�WYDU�NRPSOH[QtKR�þtVOD�GOH 
   )(Im)(Re)( ωωω jGjjGjG ⋅+⋅=    (6)                                  

D�JUDI�WpWR�NRPSOH[Qt�IXQNFH�QD]êYiPH�DPSOLWXGRY��Ii]RYRX�IUHNYHQþQt�FKDUDNWHULVWLNRX�– 

1\TXLVWRYD� N�LYND�� /RJDULWPLFNi� IUHNYHQþQt� FKDUDNWHULVWLN\� �%RGHKR� N�LYN\�� VSRþtYDMt�
v RGG�OHQpP� ]REUD]HQt� DPSOLWXG\� D� Ii]H� NRPSOH[Qt� IXQNFH� ����� WHG\� MGH� R UR]G�OHQt�
IUHNYHQþQtKR�S�HQRVX�����QD�DPSOLWXGRYRX�D�Ii]RYRX�FKDUDNWHULVWLNX�SRGOH�Y]WDKX 

 )()()Im()Re()( ωϕωωωω jeAjjjjG ⋅=+=  (7)    

kde pro amplitudu a fázi platí 

 22 ))(Im())(Re()( ωωω +=A  a  
)Re(

)Im(
)(

ω
ωωϕ arctg=          (8)    

$EVROXWQt� KRGQRWD� IUHNYHQþQtKR� S�HQRVX� VH� REY\NOH� XGiYi� Y decibelech,  jako podíl 

0

0
10log20

u

y
, kde 0y  je amplituda výstupního harmonického signálu, 0u  je amplituda 

vstupního harmonického signálu. 

/6'6� O]H� WDNp� Y\MiG�LW� YQLW�QtP� QHEROL� VWDYRYêP� SRSLVHP�� þtPå� UR]XPtPH� QiKUDGX�
diferenciální rovnice n-WpKR� �iGX� GLIHUHQFLiOQt� URYQLFL� SUYQtKR� �ádu, tedy k S�HQRVX�

)(

)(
)(

sA

sB
sG = �MH�SRW�HED�QDOp]W�þWYH�LFL�UHiOQêFK�PDWLF�{ }LHGF ,,,  tak, aby platilo 

 
)()()(

)()()(

tLutHxty

tGutFxtx

+=
+=�

, (9)    

 kde )(tx �MH�YHNWRU�VWDYRYêFK�YHOLþLQ 

1.2 =S�WQi�YD]ED 

=S�WQi� YD]ba je v VRXþDVQRVWL� QHMSRXåtYDQ�Mãt� SURVW�HGNHP� UHJXODFH�� =iNODGQt� ]DSRMHQt�
]S�WQRYD]HEQtKR� UHJXODþQtKR� REYRGX� YLGtPH� QD� �2EU����� 9êVWXSQt� YHOLþLQD� Y(s) je 

SRURYQiYDQi� VH� åiGDQRX� YHOLþLQRX� W�V�� SRPRFt� SRURYQiYDFtKR� þOHQX�� 9êVOHGNHP� MH�
UHJXODþQt� RGFK\OND� E(V��� QD� MHMt� ]iNODG�� UHJXOiWRU�� SRSVDQê� S�HQRVHP� GR�V��� RYOLY�XMH�
UHJXORYDQRX� VRXVWDYX�� SRSVDQRX� S�HQRVHP� GS�V��� SRPRFt� DNþQt� YHOLþLQ\� U(s). Na 

UHJXORYDQRX�VRXVWDYX�S$VREt�SRUXFKRYi�YHOLþLQD�V(s). 
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2EU����6FKpPD�X]DY�HQpKR�UHJXODþQtKR�REYRGX 

&tOHP� �t]HQt� MH�� DE\� YêVWXSQt� YHOLþLQD� E\OD� URYQD� YHOLþLQ�� åiGDQp�� WHG\� DE\FKRP�
v XVWiOHQpP� VWDYX� GRViKOL� QXORYp� UHJXODþQt� RGFK\ON\�� .0)(lim =

∞→
te

t
Ke známe regulované 

VRXVWDY� GS (s)  tedy hledáme regulátor GR (s��WDN��DE\�FHOê�]S�WQRYD]HEQt�REYRG��2EU�����
byl stabilní. To je ekvivalentní podmínce, aby jmenovatel (charakteristický polynom) 

S�HQRVX�
sGsG

sGsG
K

RS

RS
yw ()(1

)()(
, ⋅+

⋅= �E\O�VWDELOQt��7HG\�NR�HQ\�MPHQRYDWHOH�WRKRWR�S�HQRVX�PXVt�
OHåHW�Y OHYp�þiVWL�NRPSOH[Qt�URYLQ\� 
Jako regulátor GR(s)�P$åH�S$VRELW� U$]Qê�/6'6��QHMþDVW�ML�YãDN�MGH�R�UHJXOiWRU� W\SX�3,'��
Tento se skládá z SURSRUFLRQiOQt�� GHULYDþQt� D� LQWHJUDþQt� þiVWL� QHER� MHMLFK� NRPELQDFt��
3URSRUFLRQiOQt�]S�WQi�YD]ED�MH�FKDUDNWHUL]RYiQD�S�HQRVHP��� ksGR =)( . 

3URSRUFLRQiOQ��LQWHJUDþQt�UHJXOiWRU�MH�SRSViQ�S�enosem 
s

r
r

sT

ks
sGR

1
0

1

1
)( −+=

+

= , kde 1−r  

MH�LQWHJUDþQt�NRQVWDQWD� 
3URSRUFLRQiOQ��GHULYDþQt�UHJXOiWRU�MH�SRSViQ�S�HQRVHP� VUU

V7
NV*5 ��

�

��� +=

+

= , kde 1r  je 

GHULYDþQt�NRQVWDQWD� 
3URSRUFLRQiOQ�� LQWHJUDþQt� GHULYDþQt� �3,'�� UHJXOiWRU� MH� SRSViQ� S�HQRVHP�

VUV
UUV*5 �

�
��� ++= − . 

 

 

 

 

W(s) E(s) Y(s) 

 

 
GR (s) GS (s) 

U(s) 

V(s) 
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2 METODY ZIEGLER – NICHOLSOVY 

2.1 1DVWDYHQt�SDUDPHWU$�UHJXOiWRU$�] kr itických hodnot 

2.1.1 Popis metodiky 

3$YRGQ�� VH� MHGQDOR� R� þLVW�� HPSLULFNRX� PHWRGX� SUR� QDVWDYHQt� VWDYLWHOQêFK� SDUDPHWU$�
UHJXOiWRU$��0HWRG��VH�WDNp��tNi�PHWoda kriti ckého zesílení regulátoru. Základní myšlenkou 

MH� S�LYpVW� UHJXODþQt�REYRG�QD�KUDQLFL� VWDELOLW\��GR� W]Y��NULWLFNpKR�VWDYX��7RKR�GRViKQHPH�
S�LSRMHQtP� UHJXOiWRUX�� NWHUê� SUDFXMH� SRX]H� V SURSRUFLRQiOQt� VORåNRX� �QDVWDYHQt� �U ), 

LQWHJUDþQt� D� GHULYDþQt� VORåN\� MVRX� WHG\� Y\�D]HQ\� QDVWDYHQtP� ∞=IT  a 0=DT  , resp.  

01 =−r  a 01 =r ��9OLYHP�SURSRUFLRQiOQt�VORåN\�VH�]Y\ãXMH�]HVtOHQt�UHJXOiWRUX� 5N , resp. �U , 

Då� GR� GRE\�� NG\� REYRG� ]DþQH� NPLWDW� V NRQVWDQWQt� DPSOLWXGRX�� =HVtOHQt� UHJXOiWRUX�� S�L�
kterém se tak stane, nazýváme kritickým zesílením RkR kk = , resp. NUU �� =  a periodu 

NULWLFNêFK�NPLW$� N77 = . To jsou tzv. kriti cké hodnoty, které dosazujeme do empirických 

Y]WDK$� SUR� MHGQRWOLYp� W\S\� UHJXOiWRUX� �YL]�� 7DE������ D� Y\SRþWHPH� WDN� MHMLFK� VWDYLWHOQp�
parametry.  

 7DE�������6H�t]HQt�VSRMLWpKR�UHJXOiWRU$�] kriti ckých hodnot regulátoru  viz [1] 

Typ 

regulátoru 

    

        

P  - -  - - 

PI 
  

- 
  

- 

PD  -   -  

PID 
      

 

 

 

5NN���

5NN����

5N5 NN = ,7 '7

5NN���

5NN���

���
N7

N7��� N7����

N7����

NU����

NU�����

NU����

NU����

�U �−U �U

N
N

7
U�����

N
N

7
U����

NN 7U ⋅�����

NN 7U ⋅������

������ V7
V7

NV* '
,

55 ��� VUV
UUV*5 �

�
��� ++= −
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2.1.2 9]RURYp�S�tNODG\ 

3�tNODG����� 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�� ���� +++

=
sss

6
G(s) 23

               (10)                                         

Nejprve QDVWDYtPH�SRX]H�SURSRUFLRQiOQt�VORåNX�UHJXOiWRUX��SURWR�S�HQRV��UHJXOiWRUX�EXGH��
0r=(s)GR    (11)                                                                                                                       

  

   

3�HQRV��t]HQt�MH�SDN��
)66(116

6

)()(1

)()( 0

0
23yw, rsss

(s)G
++++

=
⋅+

⋅= r

sGsG

sGsG

R

R                (12)                                         

                                      

&KDUDNWHULVWLFNê�SRO\QRP�]tVNiPH�]H�MPHQRYDWHOH�S�HQRVX��t]HQt��� 
  

 ������� �
� UVV ++++= 3sF(s)  (13)                                         

3UR�XUþHQt�NULWLFNpKR�]HVtOHQt�UHJXOiWRUX� NU� SRXåLML�+XUZLW]RYD�NULWpULD� 

������
����
������

�

�

U

U
+ V

+

+
=  

���������
�����

��
�

� =⇒−−=
+

= UUU+  
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Obr.2.1: Po nastavení proporcionální sloåN\�UHJXOiWRUX� 
-H�YLG�W��åH�MVPH�UHJXODþQtP�REYRG�S�LYHGOL�GR�W]Y��NULWLFNpKR�VWDYX��WM��QD�KUDQLFL�VWDELOLW\��
1\Qt�WHG\�P$åHPH�RGHþtVW�SHULRGX�NULWLFNêFK�NPLW$� 
2GHþWHQi�KRGQRWD�SHULRG\�NULWLFNêFK�NPLW$��� �����=N7  

'DOãt�PRåQRVWt�MDN�]tVNDW� N7 �MH�SRPRFt�YêSRþWX�D�WR�QiVOHGXMtFtP�]S$VREHP� 
8UþtPH�~KORYê�NPLWRþHW�GRVD]HQtP�� ωMV =  do charakteristického polynomu: 

 6611)(6)( 2 +++= ωωωω jjj 3)F(j     (14)                                               

��������� �� ωωωω −−−= M)F(j  

 ������ � =⇒=− Nωω  

Pro NU�  obvod kmitá:  ������� ==
N

N7 ω
π                                                                    

2E�PD� ]S$VRE\� MVPH� GRViKOL� REGREQp� KRGQRW\� SHULRG\� NULWLFNêFK� NPLW$�� 'iOH� EXGHPH�
SRþtWDW�V�KRGQRWX�� 8945.1=kT . 

Pro parametry PI regulátoru podle Tab.2.1  platí: 

�������

��������

��

�
���

==

==

−

−

UU
7
UUUU
N

N
N
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Pro parametry PID regulátoru podle Tab.2.1 platí:  

���������
�����������

���

��
�

���

===

===

−

−

UUU
7UU7

UUUU NN
N
N

N  

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP��

0.22sss

0.3s
G(s)

23 +++
+= ���

���                          (15)                                                                                       

2S�W� VWHMQ�� MDNR� Y S�tNODGX� ���� QDVWDYtPH� SRX]H� SURSRUFLRQiOQt� VORåNX� UHJXOiWRUX�� SURWR�
S�HQRV��UHJXOiWRUX�EXGH�� �U=(s)GR        (16)                                                                                                           

 

3�HQRV��t]HQt�WHG\�EXGH��
)(0.3r(2.0

5.2

0

0

0
23

0
yw, 2.5r0.2)s2ss

s0.3r
(s)G

+++++
+= r        (17)                                                                   

Získali j sme charakteristický polynom: 

 ����������������� ��
� UVUV +++++= 3sF(s)  (18)                                         

3UR�XUþHQt�NULWLFNpKR�]HVtOHQt�UHJXOiWRUX� NU� �RS�W�SRXåLMHPH�+XUZLW]RYD�NULWpULD�D�VWHMQêP�
SRVWXSHP�YêSRþWX�MDNR�Y S�tNODGX�����]tVNiPH�� �������� =U  
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8UþtPH�~KORYê�NPLWRþHW�GRVD]HQtP�� ωMV =  do charakteristického polynomu: 

 ������������������� � +++= ωωωω MMM 3)F(j   (19) 

 ������������������� �� ωωωω −−−= M)F(j  (20)                                          

 0246.20024049.0 2 =⇒=− kωω  (21)                                          

Pro NU�  obvod kmitá:  ������� ==
N

N7 ω
π                                                                    

Pro parametry PI regulátoru podle Tab.2.1  platí: 

���������

��������

��

�
���

==

==

−

−

UU
7
UUUU
N

N
N

 

 

Pro parametry PID regulátoru podle Tab.2.1  platí:  

���������������
�����������

���

��
�

���

===

===

−

−

UUU
7UU7

UUUU NN
N
N

N  

 

 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 
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3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� ����

�
���

�
���� ++++

=
+

=
s

G(s) VVVV         (22)                                

3�HQRV��UHJXOiWRUX�� �U=(s)GR        (23)                                                                                                                   

3�HQRV��t]HQt�� ( )
)1(464 0

234
0

,
rssss

r
sG yw +++++

=          (24)                                                                               

Získali j sme charakteristický polynom:  

 ������ �
�� UVVV +++++= 4sF(s)    (25)                                         

3UR�XUþHQt�NULWLFNpKR�]HVtOHQt�UHJXOiWRUX� NU� SRXåLMHPH�VWHMQ��MDNR�Y S�HGFKR]tFK�
S�tNODGHFK�������������+XUZLW]RYD�NULWpULD�D�]tVNiPH�� �� =U   

 

2EU�������3R�QDVWDYHQt�SURSRUFLRQiOQt�VORåN\�UHJulátoru  

 

-H�YLG�W��åH�MVPH�UHJXODþQtP�REYRG�S�LYHGOL�GR�W]Y��NULWLFNpKR�VWDYX��WM��QD�KUDQLFL�VWDELOLW\��
1\Qt�WHG\�P$åHPH�RGHþtVW�SHULRGX�NULWLFNêFK�NPLW$� 
2GHþWHQi�KRGQRWD�SHULRG\�NULWLFNêFK�NPLW$��� ���=N7  
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Pro parametry PI regulátoru podle Tab.2.1  platí: 

34.08.1

54.0
45.0

10

0
100

==

==

−

−

rr

T

r
rrr

k

k
k

 

 

 

Pro parametry PID regulátoru podle Tab.2.1  platí: 

�����������
�����������

���

��
�

���

===

===

−

−

UUU
7UU7

UUUU NN
N
N

N  

 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

2.1.3 Zhodnocení 

0HWRGD�QDWDYHQt�SDUDPHWU$� UHJXOiWRU$�] kriti ckých hodnot vychází z nastavení obvodu na 

KUDQLFL�VWDELOLW\��NWHUi� MH�YHOPL�UL]LNRYi��FRå�MH� MHGQD�] nevýhod této metodiky. Metodiku 

QHO]H�SRXåtW�QD�V\VWpP\����D���� �iGX�EH]�GRSUDYQtKR�]SRåG�Qt��NWHUp�QHO]H�3�UHJXOiWRUHP�
rozkmitat.    
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2.2 1DVWDYHQt� SDUDPHWU$� UHJXOiWRU$� QD� ]iNODG�� ]QDORVWL S�HFKRGové 

charakteristiky regulované soustavy 

2.2.1 Popis metodiky 

3�L� WpWR� PHWRG�� RGHþWHPH� ] RGP��HQp� S�HFKRGRYp� FKDUDNWHULVWLN\� UHJXORYDQp� VRXVWDY\�
GREX�SU$WDKX� X7 ����GREX�QiE�KX� Q7 �D�]HVtOHQt�.��2GHþWHQp�KRGQRW\��SRWp��GRVD]XMHPH do 

HPSLULFNêFK� Y]WDK$� SUR� MHGQRWOLYp� W\S\� UHJXOiWRUX� �YL]�� 7DE������ D� Y\SRþWHPH� WDN� MHMLFK�
stavitelné parametry.  

 7DE������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX��YL]>�@ 
Typ regulátoru       

P 
 

- - 

PI 
  

- 

PD 
 

- 
 

PID 
   

 

2.2.2 VzorRYp�S�tNODG\ 

3�tNODG����� 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�� ��

�
� ++

=
s

G(s) V     (26)                                                                                                                             

Nejprve prRYHGHPH�YêSRþHW�S�HFKRGRYp�FKDUDNWHULVWLN\� 
h(t)= 







−

V
V*/ ���   (27)                                         

h(t)= 








++
−

������
��
VVV/   (28)                                         

h(t)= 








+
+

+
+−

��
�

V
&

V
%

V
$/   (29)                                         

.7
7
X
Q �

.7
7
X
Q ����

.7
7
X
Q ����

.7
7
X
Q �����

X7���

X7�

X7����

X7���

�UN5 = ,7 '7
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ÒSUDYD�SDUFLiOQtFK�]ORPN$�D�XUþHQt�NRHILFLHQW$�$�%�&� 

����
�

� +
+

+
+=

++ V
&

V
%

V
$

VV       (30)                                                  

���������� ��� VV&VV%VV$ ++++++=     (31)                                         

$
F%$

&%$

��
���

�

=
++=

++=
    (32)                                         

�
���

� −=−== &%$  

3�HFKRGRYi�FKDUDNWHULVWLND��h(t)= WW HH ������� −− −−  (33)                                         

1\Qt�XUþtPH�LQIOH[Qt�ERG��YH�NWHUpP�EXGHPH�NRQVWUXRYDW�WHþQX� 
h(t)’’ = WW HH �� −− +−                                                                                                         (34)                                         

�OQ
�
�
�

�����
�� �

=
=

=

=−
=+−

−

−−

−−

W
H
H

HH
HH

W

W

WW

WW

     

7HþQX�NRQVWUXXMHPH�Y LQIOH[QtP�ERG�� �OQ=W �S�HFKRGRYp�FKDUDNWHULVWLN\� 
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2EU������3�HFKRGRYi�FKDUDNWHULVWika 

 

Z 2EU�����MVPH�RGHþHWOL�W\WR�KRGQRW\� 
GREX�SU$WDKX� B

����=X7 ���GREX�QiE�KX� �����=Q7 , zesílení ���=.  

'RVD]HQtP�W�FKWR�KRGQRW�GR�7DE�����GRVWiYiPH�W\WR�SDUDPHWU\�UHJXOiWRU$� 
Parametry PI regulátoru: ��������� �� == −UU  

Parametry PID regulátoru: ������������ ��� === − UUU  
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

'DOãt� PRåQRVWt� MH� SUR� VWHMQê� S�HQRV� MDNR� Y S�tNODGX� ���� RGHþtVW� ] S�HFKRGRYp�
FKDUDNWHULVWLN\�Y]GiOHQRVW�LQIOH[QtKR�ERGX�D�Y]GiOHQRVW�ERGX��YH�NWHUpP�WHþna protne osu 

\�� 2GHþWHQp� KRGQRW\� SRWp� � GRVD]XMHPH� GR� HPSLULFNêFK� Y]WDK$� SUR� MHGQRWOLYp� W\S\�
UHJXOiWRUX��YL]��7DE�������D�Y\SRþWHPH�WDN�MHMLFK�VWDYLWHOQp�SDUDPHWU\�� 
   

 7DE�������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX��[7] 

Typ regulátoru �UN5 =  ,7   '7   

P  - - 

PI   - 

PID    

 

 

D����
D��

D����
/�
/� ��/
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2EU�������3�HFKRGRYi�FKDUDNWHULVWLND 
 

2GHþWHQp�KRGQRW\�] Obr.2.22: �OQ=/ ,  ����=D , 

'RVD]HQtP�W�FKWR�KRGQRW�GR�7DE������GRVWiYiPH�W\WR�SDUDPHWU\�UHJXOiWRU$� 
Parametry PI regulátoru: �������� �� == −UU  

Parametry PID regulátoru: ������������ ��� === − UUU  
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$� 
2.2.3 Zhodnocení 

9êKRGRX� PHWRGLN\� QDVWDYHQt� VWDYLWHOQêFK� SDUDPHWU$� UHJXOiWRUX� QD� ]iNODG�� ]QDlosti 

S�HFKRGRYp�FKDUDNWHULVWLN\�UHJXORYDQp�VRXVWDY\�MH�WR��åH�QHQt�SRW�HED�]QiW�S�HQRV�VRXVWDY\��
3R� VHVWURMHQt� WHþQ\� Y LQIOH[QtP� ERG�� X� QDP��HQp� S�HFKRGRYp� FKDUDNWHULVWLN\� S�tPR�
RGHþtWiPH� SRW�HEQp� KRGQRW\� �2EU������ 2EU�������� NWHUp� GRVD]XMHPH� GR� S�tVOXãQêch 

HPSLULFNêFK�Y]WDK$��7DE������7DE������� 

2.3 1DVWDYHQt�SDUDPHWU$�UHJXOiWRU$�SRPRFt�PHWRG�&+5��D�&+5� 

2.3.1 Popis metodiky 

Zkratka CHR vznikla z SRþiWHþQtFK�StVPHQ�MPHQ�&KLHQVH��+URQHVH�DQG�5HVZLFND��0HWRG\�
RS�W� Y\FKi]t� ] RGHþWHQt� KRGQRW� ] S�HFKRGRYp� FKDUDNWHULVWLNy, které poté  dosazujeme do 

HPSLULFNêFK�Y]WDK$�SUR� MHGQRWOLYp� W\S\�UHJXOiWRUX��YL]��7DE�����D�7DE�������D�Y\SRþWHPH�
tak jejich stavitelné parametry. 
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 7DE������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX�&+5���YL]>�@ 
Typ regulátoru  �rk 5 =  ,7   '7   �UN5 =   ,7   '7   

P  - -  - - 

PI   -   - 

PID       

 0% 20% 

 7DE�������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX�&+5���YL]>�@ 
Typ regulátoru  �UN5 =  ,7   DT   0rkR =   ,7   '7   

P  - -  - - 

PI   -   - 

PID       

 0% 20% 

 

2.3.2 9]RURYp�S�tNODG\ 

3�tNODG����� 
Regulovaná soustava je GiQD�S�HQRVHP�

23

5
2 ++

=
s

G(s)
s

   (35)                                         

2EGREQêP� ]S$VREHP� MDNR� Y S�tNODGX� ���� Y\SRþWHPH� LQIOH[Qt� ERG�� YH� NWHUpP� EXGHPH�
NRQVWUXRYDW�WHþQX�  

D����
D����
D�����

/�
/��� /���� /����/�

/���
D����
D����
D����

D����
D�����

D����
7���

/��� /����7���
7

D����
D����
D�����7
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2EU������3�HFKRGRYi�FKDUDNWHULVWLND 
 

2GHþWHné hodnoty z Obr.2.3: 214.0=L ,  26.0=a , 928.1=T  

'RVD]HQtP�W�FKWR�KRGQRW�GR�7DE�����GRVWiYiPH�W\WR�SDUDPHWU\�UHJXOiWRU$� 
CHR1: Parametry PI regulátoru 0%: 7.231.2 10 == −rr  

CHR1: Parametry PI regulátoru 20%: 47.569.2 10 == −rr  
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

CHR1: Parametry PID regulátoru 0%: 09.011.765.3 110 === − rrr  

CHR1: Parametry PID regulátoru 20%: 09.079.1062.4 110 === − rrr  

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 
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'RVD]HQtP�W�FKWR�KRGQRW�GR�7DE������GRVWiYiPH�W\WR�SDUDPHWU\�UHJXOiWRU$� 
CHR2: Parametry PI regulátoru 0%: 58.035.1 10 == −rr  

CHR2: Parametry PI regulátoru 20%: 2.131.2 10 == −rr  

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

CHR2: Parametry PID regulátoru 0%: 107.02.131.2 110 === − rrr  

CHR2: Parametry PID regulátoru 20%: 1.035.165.3 110 === − rrr   



87%�YH�=OtQ���)DNXOWD�WHFKQRORJLFNi 28 

 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

2.3.3 Zhodnocení 

0HWRGLNRX� &+5�� D� &+5�� RS�W� Y\SRþWHPH� VWDYLWHOQp� SDUDPHWU\� UHJXOiWRUX� QD� ]iNODG��
]QDORVWL� S�HFKRGRYp� FKDUDNWHULVWLN\�� QHPXVtPH� WHG\� ]QiW� S�HQRV� UHJXORYDQp� VRXVWDY\��
6HVWURMtPH� WHþQX� Y LQIOH[QtP� ERG�� D� RGHþWHPH� SRW�HEQp� KRGQRW\� �2EU������� NWHUp�
GRVD]XMHPH�GR�S�tVOXãQêFK�HPSLULFNêFK�Y]WDK$��7DE������7DE�������� 
3UR�S�tNODG������NGH�UHJXORYDQi�VRXVWDYD�MH�SRSViQD�S�HQRVHP�������MVPH�SURvedli srovnání 

S�HNPLW$� XYiG�QêFK� WDEXONDPL� D� S�HNPLW$� VNXWHþQêFK� �7DE�������7DE�������� 3�HNPLW\� VH�
YêUD]Q�ML� OLãt�X�PHWRGLN\�&+5���8�PHWRGLN\�&+5�� MH� UR]GtO� WDEXORYDQêFK�D�VNXWHþQêFK�
S�HNPLW$�QLåãt�� 
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7DE�������6URYQiQt�VNXWHþQêFK�S�HNPLW$�V uvedenými v tabulkách pro 

PI regulátor  

  
3�HNPLW\�XYHGHQp�Y�

tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

CHR1  %0max =∆y   %43max =∆y  

   %20max =∆y   %65max =∆y  

CHR2 %0max =∆y    %7max =∆y  

   %20max =∆y   %24max =∆y  

 

7DE�������6URYQiQt�VNXWHþQêFK�S�HNPLW$�V uvedenými v tabulkách pro 

PID regulátor  

  
3�HNPLW\�XYHGHQp�Y�

tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

CHR1  %0max =∆y   %62max =∆y  

   %20max =∆y   %72max =∆y  

CHR2 %0max =∆y    %18max =∆y  

   %20max =∆y   %24max =∆y  
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3 METODY STANDARDNÍCH 79$5# 

3.1 Whiteleyovy standardní tvary 

3.1.1 Popis metodiky 

Metoda vychází z XUþLWêFK� Y]RURYêFK� W\S$� S�HQRVRYêFK� IXQNFt� X]DY�HQpKR� UHJXODþQtKR�
REYRGX�� R� NWHUêFK� YtPH�� åH� GiYDMt� Y\KRYXMtFt� UHJXODþQt� SRFKRG�� D� SRGOH� QLFK� XSUDYXMH�
VH�t]HQtP� SDUDPHWU$� UHJXOiWRU$� KRGQRW\� NRHILFLHQW$� S�HQRVRYp� IXQNFH� D� IXQNFH� Y]RURYp�
QDY]iMHP� URYQDO\�� 7DNRYp� Y]RURYp� � S�HQRVRYp� IXQNFH� QD]êváme standardními tvary 

S�HQRVRYp�IXQNFH� 
%\O\�Y\SUDFRYiQ\�WDEXON\�NRHILFLHQW$�VWDQGDUGQtKR�WYDUX�SUR�S�HQRVRYp�IXQNFH�W\SX�� 
 ( )

01

0
,

... asasa

b
sG

n
n

yw +++
=    viz. Tab.3.1  (36)                                         

( )
01

01
,

... asasa

bsb
sG

n
n

yw +++
+

=     viz. Tab.3.11 (37)                                         

( )
01

01
2

2
,

... asasa

bsbsb
sG

n
n

yw +++
++

=     viz. Tab.3.12 (38)                                         

( )
01

0
,

...
)()(

asasa

b

bqap

bq

p

q

a

b
sGsGsG

n
n

Ryw +++
=

+
=⋅=⋅=  (39)                                         

viz [1]   

 7DE������6WDQGDUGQt�WYDU\�S�HQRVRYp�IXQNFH��YL]�>�@ 

Koeficienty 

Charakteristické 

hodnoty 

regulovaného pochodu 

Stupe

��Q 

6a  5a  4a  3a  2a  1a  0a  [ ]tab sτ  [ ]tab
rt s  [ ]max %y∆  

2     1 1,4 1 2,65 7 5 

3    1 2 2 1 3,35 9,5 8,7 

4   1 2,6 3,4 2,6 1 4,25 15 11,7 

5  1 3,2 5,2 5,2 3,2 1 4,95 >18 13 

6 1 3,7 7,5 9,1 7,5 3,7 1 5,55  13,3 

 7DE�������6WDQGDUGQt�WYDU\�S�HQRVRYp�IXQNFH��YL]�[1] 
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Koeficienty 

charakteristické 

hodnoty 

regulovaného pochodu 

6WXSH��
n 

6a  5a  4a  3a  2a  1a  0a  [ ]tab sτ  [ ]tab
rt s  [ ]max %y∆  

2     1 2,5 1 2  10 

3    1 5,1 6,3 1 4,1  10 

4   1 7,2 16 12 1 5,5  10 

5  1 9 29 38 18 1 6,8  10 

6 1 11 43 83 73 25 1 8  10 

 

 7DE�������6WDQGDUGQt�WYDU\�S�HQRVRYp�IXQNFH��YL]�>�@ 

Koeficienty 

charakteristické 

hodnoty 

regulovaného pochodu 

Stupe

��Q 

6a  5a  4a  3a  2a  1a  0a  [ ]tab sτ  [ ]tab
rt s  [ ]max %y∆  

3    1 6,7 6,7 1 3,5  10 

4   1 7,9 15 7,9 1 5,4  15 

5  1 18 69 69 18 1 6,5  20 

6 1 36 251 485 251 36 1 8  20 

 

3.1.2 9]RURYp�S�tNODG\ 

3�tNODG����� 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�� ��

�
� ++

=
s

G(s) V   (40)                                         

=YROtPH�VL�3,�UHJXOiWRU��S�HQRV�UHJXOiWRUX�MH�WHG\��
s

rsr 10 −+
=(s)GR  (41)                                         

3�HQRV��t]HQt�� ( )
10

23
10

,
5)52(3

55

−

−

++++
+

=
rsrss

rsr
sG yw  (42)                                         
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1Dãt�VQDKRX�MH�]tVNDW�FKDUDNWHULVWLFNRX�URYQLFL�S�HQRVX��t]HQt�YH�VWDQGDUGQtP�WYDUX��SURWR 

S�HQRV� �t]HQt� SRG�OtPH� NRHILFLHQWHP� �D = �� −U , tedy na pozici koeficientu �D  získáme 

MHGQLþNX�� 

 ( )
1

5

)52(

5

3

5

1

1
5

5

1

02

1

3

1

1

0

,

+
+

++

+
=

−−−

−

s
r

r
s

r
s

r

s
r

r

sG yw    (43)                                         

  

Nyní zavedeme  substituci TUV �
�

� ��� −= � D� GRViKQHPH� WRKR�� åH� L� QD� SR]LFL� NRHILFLHQWX�
�D bude 1. 

 ( )
1)5(

5

)52(
)5(

5

3
)5(

5

1

1)5(
5

5

3

1

1
1

023

2

1
1

33

3

1
1

3

1

1
1

0

,

+⋅
+

+⋅+⋅

+⋅
=

−
−

−
−

−
−

−
−

qr
r

r
qr

r
qr

r

qr
r

r

qG yw   (44)                                           

  

Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 
 �� =  (45)                                           

 �
�

�
�

����
���� −

−

⋅= UU  (46)                                           

 �
�

�
�

� ����
������� −

−

⋅
+

= UU
U

 (47) 

 ��=  (48)                                           

Z URYQLFH�������Y\SRþWHPH� �−U : 

 
������

�������
�

�
�

�
=

=⋅

−

−

U
U   (49)                                            

Dosazením do rovnice (47)  dostaneme: 

 

������
����������������

�������
�

�
�

�

=

⋅⋅
⋅

+
=

U

U
  (50)                                           

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ������������ �� == −UU  
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'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ������������ +=(s)GR  (51)                                           

 

3�tNODG������ 
3RXåLMHPH�VWHMQê�S�HQRV�������DOH�SUR�QiYUK�3,'�UHJXOiWRUX� 
3�HQRV�3,'�UHJXOiWRUX�� V

UVUVU ��
�

� −++
=(s)GR  (52)                                           

3�HQRV��t]HQt�� ( )
10

2
1

3
10

2
1

, 5)52()51(

555

−

−

+++++
++

=
rsrsrs

rsrsr
sG yw  (53)                                           

%XGHPH� SRVWXSRYDW� REGREQêP� ]S$VREHP� MDNR� X� S�tNODGX� ����� 3�HQRV� �t]HQt� Y\G�OtPH�
koeficientem �D = �� −U D�SRXåLMHPH�VXEVWLWXFL TUV �

�
� ��� −= . 

 ( )
1)5(

5

)52(
)5(

5

)51(
)5(

5

1

1)5(
5

5
)5(

5

5

3

1

1
1

023

2

1
1

133

3

1
1

3

1

1
1

023

2

1
1

1

,

+⋅
+

+⋅
+

+⋅

+⋅+⋅
=

−
−

−
−

−
−

−
−

−
−

qr
r

r
qr

r

r
qr

r

qr
r

r
qr

r

r

qG yw   (54)                                           

Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 
 �� =  (55)                                           

         �
�

�
�
� ����
������� −

−

⋅
+

= UU
U

 (56)                                            

 �
�

�
�

� ����
������� −

−

⋅
+

= UU
U

 (57)                                           

 �� =   (58)                                                 

   

'RVWiYiPH���URYQLFH�R�W�HFK�QH]QiPêFK��0\�Y\XåLMHPH�SRGPtQN\�VWDELOLW\��WHG\�SRVOHGQt�
W�L� NRHILFLHQW\� FKDUDNWHULVWLFNpKR� SRO\QRPX�� Y QDãHP� S�tSDG�� VH� MHGQi� R� SRO\QRP��

( ) ��
�

�
� ��������� −+++++= UVUVUVV1 , musí být kladné - vycházíme z Routhovo-

Schurova kritéria stabilit y:  

����
������

����������

�

��

���

U
UU

UUU

+
−⋅

+

++

−

−
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�
�

���
� �����

������������� −
−

+
−+⋅+

+ UU
UUUU  

Musí platit: �������
�������������� �

�
���

� >>
+

−+⋅+
>+ −

− UU
UUUU  

0\�VL�]YROtPH��åH� �−U  = 1   , z URYQLFH�������Y\SRþWHPH� �U : 

 ����
��������

�

�
=

+=
U

U
 (59)                             

A z URYQLFH�������Y\SRþWHPH� �U : 

 ����
��������

�

�
=

+=
U

U
 (60)                                            

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ��������� ��� === − UUU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
VV ��������� � ++=(s)GR    (61)                                            

 

 

2EU������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$�SUR�S�tNODG\�����D����� 
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3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�� VVVVV �����

�
����

�
��� ++

=
+

=G(s)    (62)                                            

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR   (63)                                            

3�HQRV��t]HQt�� ( )
10

234
10

,
2210020

22

−

−

++++
+

=
rsrsss

rsr
sG yw     (64)                                            

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = �� −U D�SRXåLMHPH�VXEVWLWXFL TUV �
�

� ��� −= : 

( )
1)2(

2

2
)2(

2

100
)2(

2

20
)2(

2

1

1)2(
2

2

4

1

1
1

022

1

1
1

34

3

1
1

44

4

1
1

4

1

1
1

0

,

+⋅+⋅+⋅+⋅

+⋅
=

−
−

−
−

−
−

−
−

−
−

qr
r

r
qr

r
qr

r
qr

r

qr
r

r

qG yw  (65)                            

Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������� 

 �� =  (66) 

   �
�

�
�

����
����� −

−

⋅= UU  (67) 

   �
�

�
�

����
����� −

−

⋅= UU  (68) 

     �
�

�
�

� ����
��� −

−

⋅= UU
U

 (69) 

  �� =  (70) 

Z URYQLFH�������Y\SRþWHPH� �−U : 

   
������

��������
�

�
�

�
=

=⋅

−

−

U
U   (71) 

'RVD]HQtP�GR�������URYQLFH��Y\SRþWHPH� �U : 

 �����
��������

�

�
=

=
U

U
   (72) 

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ����������� �� == −UU  
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Parametr regulátoru �−U  l]H�Y\SRþtWDW�WDNp�] rovnice (68): 

 
������

��������
�

�
�

�
=

=⋅

−

−

U
U    (73)

  

3UR�WHQWR�SDUDPHWU�GRVD]HQtP�GR�URYQLFH�������Y\SRþWHPH� �U : 

 ������
��������

�

�
=

=
U

U
   (74) 

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXlátoru: ������������ �� == −UU  

'RVWDOL�MVPH�WHG\��GYD�S�HQRV\�UHJXOiWRUX�� V
V ����������� +=(s)GR  (75) 

a  V
V ������������ +=(s)GR   (76)  

3UR� RE�� �HãHQt� SURYHGHPH� NRQWUROX� VWDELOLW\�� 8� SUYQtKR� S�tSDGX�� SUR� SDUametry 

����������� �� == −UU ��SRXåLMHPH�5RXWKRYR-Schurova kritéria stabilit y: 

Charakteristický polynom: 

( ) ����������������������� ���
��

��� ++++=++++= − VVVVUVUVVVV1   (77) 

��
��������

�����������������

−⋅
 

�����
�������������

�������������������

−⋅
 

tVWDEL OQ������������������ ⇒  

8�GUXKpKR��HãHQt��SUR�SDUDPHWU\� ������������ �� == −UU ����SRXåLMHPH�+XUZLW]RYR�
kritérium stabilit y: 

Charakteristický polynom: 

( ) ������������������������� ���
��

��� ++++=++++= − VVVVUVUVVVV1  

����������
����������
����������

=+  
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tVWDEL+++ OQ��� ��� ⇒>>>  

3UR� S�HQRV� � � GRVWiYiPH� GY�� �HãHQt�� 3UYQt� V S�HQRVHP� UHJXOiWRUX� SRSVDQpP� URYQLFt� ������
druhé s S�HQRVHP�Uegulátoru popsaném rovnicí (76). 

 

2EU������3U$E�K�UHJXODFH�SUR�RE���HãHQt 
 

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�� �������

������
�� +++
+=

s
G(s) VV

V    (78)

  

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR   (79) 

3�HQRV��t]HQt�� ( )
110

2
0

34
101

2
0

, 2.0)2.02.01.0()2.03(5.2

2.0)2.02.0(2.0

−−

−−

+++++++
+++

=
rsrrsrss

rsrrsr
sG yw    (80)  

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = ���� −U D�SRXåLMHPH�VXEVWLWXFL� TUV �
�

� ����� −= : 

( )
1)2.0(

2.0

)2.02.01.0(
)2.0(

2.0

)2.03(
)2.0(

2.0

5.2
)2.0(

2.0

1

1)2.0(
2.0

)2.02.0(
)2.0(

2.0

2.0

4

1

1
1

1022

1

1
1

034

3

1
1

44

4

1
1

4

1

1
1

0122

1

1
1

0

,

+⋅+++⋅++⋅+⋅

+⋅++⋅
=

−
−

−
−

−
−

−
−

−

−
−

−
−

−

qr
r

rr
qr

r

r
qr

r
qr

r

qr
r

rr
qr

r

r

qG yw
 (81)  
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Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������� 

  �� =      (82)

  �
�

�
�

��������
������ −

−

⋅= UU    (83) 

  �
�

�
�

� ��������
�������� −

−

⋅
+

= UU
U

    (84) 

 �
�

�
�

�� ��������
�������������� −

−

− ⋅
++

= UU
UU

    (85) 

 �� =    (86) 

Z URYQLFH�������Y\SRþWHPH� �−U : 

 
����

�����������
�

�
�

�
=

=⋅

−

−

U
U     (87)

  

1\Qt�PiPH�GY��PRåQRVWL�YêSRþWX� �U  .  

/]H�MHM�Y\SRþtWDW�] URYQLFH������GRVD]HQtP�Y\SRþWHQpKR� �−U  : 

 
5.7

2.0315

0

0

−=
+=

r

r
   (88)

  

Nebo z rovnice(85): 

 �����
���������

�

�
=

=
U

U
    (89)

  

8� SUYQtKR� S�tSDGX�� URYQLFH� ������ MVPH� GRViKOL� MHKR� ]iSRUQp� KRGQRW\�� )\]LNiOQt� Yê]QDP�
nastavení záporné hodnoty nemá smysl. 

9\SRþWHQp�SDUDPHWU\�UHJXOiWRUX�WHG\�MVRX�� ��������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWoru: V
V ��������� +=(s)GR       (90) 
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2EU�������3U$E�K�UHJXODFH�QDYUåHQpKR�UHJXOiWRUX 

3.1.3 Zhodnocení 

3�L� VURYQiQt� VNXWHþQêFK� S�HNPLW$� V S�HNPLW\� XYHGHQêPL� Y tabulkách pro jednotlivé 

S�tNODG\� �7DE������� 7DE������� 7DE������� YLGtPH�� åH� VNXWHþQp� S�HNPLW\� RGSRYtGDMt�
S�HNPLW$P�Y WDEXONiFK��5R]GtOQp�MVRX�MHQ�X�S�tNODGX�������7DE��������NGH�SUR�SUYQt��HãHQt�
þLQQt�UR]GtO����D�SUR�GUXKp���� 

7DE�������6URYQiQt�VNXWHþQêFK�S�HNPLW$�V uvedenými v tabulkách pro 

S�tNODG���������� 

   
3�HNPLW\�XYHGHQé v 

tabulkách  

2GSRYtGDMtFt�VNXWHþQp�
S�HNPLW\ 

PI  ���PD[ ≤∆\    %0max =∆y  

PID  ���PD[ ≤∆\   %5max =∆y  
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7DE�������6URYQiQt�VNXWHþQêFK�S�HNPLW$�V uvedenými v tabulkách pro 

S�tNODG����� 

   
3�HNPLW\�XYHGHQp�Y�

tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

PI –��HãHQt� ���PD[ ≤∆\    ���PD[ =∆\  

PI –��HãHQt�  ���PD[ ≤∆\   ���PD[ =∆\  

 

7DE�������6URYQiQt�VNXWHþQêFK�S�HNPLW$�V uvedenými v tabulkách pro 

S�tNODG����� 

  
3�HNPLW\�XYHGHQé v 

tabulkách  

2GSRYtGDMtFt�VNXWHþQp�
S�HNPLW\ 

PI   ���PD[ ≤∆\   ��PD[ =∆\  

3.2 Butterwor thovy standardní tvary 

3.2.1 Popis metodiky 

9tFH� DXWRU$� Y\SUDFRYDOR� XUþLWp� VWDQGDUGQt� WYDU\� FKDUDNWHULVWLFNp� URYQLFH��0\ãOHQNRX� S�L�
návrhu stavitelných parameWU$�UHJXOiWRUX�VSRþtYi�Y WRP��åH�SRPRFt�YROLWHOQêFK�SDUDPHWU$�
VH�VQDåtPH�GRViKQRXW�VWDYX��NG\�FKDUDNWHULVWLFNi�URYQLFH�X]DY�HQpKR�UHJXODþQtKR�REYRGX�
se co nejvíc podobá na standardní tvar. 

 

 Tab.3.2: Butterworthovy standardní tvary charakteristické rovnice  viz [2] 

Koeficienty 6WXSH��Q 

6a  5a  4a  3a  2a  1a  0a  

2     1 1,4 1 

3    1 2 2 1 

4   1 2,6 3,4 2,6 1 

5  1 3,2 5,2 5,2 3,2 1 

6 1 3,7 7,5 9,1 7,5 3,7 1 
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3.2.2 9]RURYp�S�tNODG\ 

3�tNODG����� 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�� ��

�
� ++

=
s

G(s) V        (91)

  

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR     (92) 

3�HQRV��t]HQt�� ( )
10

23
10

,
5)52(3

55

−

−

++++
+

=
rsrss

rsr
sG yw       (93)

  

6WHMQ�� MDNR� X� PHWRG\� :KLWHOH\RYêFK� VWDQGDUGQtFK� WYDU$� VH� EXGHPH� VQDåLW� ]tVNDW�
charakteristickou rovnici ve standardním tvaru. 

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = �� −U D�SRXåLMHPH�VXEVWLWuci TUV �
�

� ��� −= : 

 ( )
1)5(

5

)52(
)5(

5

3
)5(

5

1

1)5(
5

5

3

1

1
1

023

2

1
1

33

3

1
1

3

1

1
1

0

,

+⋅
+

+⋅+⋅

+⋅
=

−
−

−
−

−
−

−
−

qr
r

r
qr

r
qr

r

qr
r

r

qG yw       (94)

  

Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE����� 
 �� =      (95) 

 �
�

�
�

����
�� −

−

⋅= UU       (96) 

 �
�

�
�

� ����
����� −

−

⋅
+

= UU
U

     (97) 

 ��=      (98) 

Z URYQLFH�������Y\SRþWHPH� �−U : 

 
�����

�����
�

�
�

�
=

=⋅

−

−

U
U      (99)
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Dosazením do rovnice (97)  dostaneme: 

 

���
��������������

�����
�

�
�

�

=

⋅⋅
⋅
+

=

U

U
     (100)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� �������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V �������� +=(s)GR        (101) 

 

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� VVVVV �����

�
����

�
��� ++

=
+

=G(s)     (102) 

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR       (103)

  

3�HQRV��t]HQt�� ( )
10

234
10

, 2210020

22

−

−

++++
+

=
rsrsss

rsr
sG yw       (104)

  

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = �� −U D�SRXåLMHPH�VXEVWLWXFL� TUV �
�

� ��� −= : 
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1
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1
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1
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,
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qr
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qr
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    (105) 

Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 

 �� =      (106)

 �
�

�
�

����
����� −

−

⋅= UU       (107) 

 �
�

�
�

����
������ −

−

⋅= UU        (108) 

      �
�

�
�

� ����
���� −

−

⋅= UU
U

      (109) 

 �� =        (110) 
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Z URYQLFH��������Y\SRþWHPH� �−U : 

 
������

��������
�

�
�

�
=

=⋅

−

−

U
U        (111)

  

'RVD]HQtP�GR�URYQLFH�������Y\SRþWHPH� �U : 

 ���
�������

�

�
=

=
U

U
      (112)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ��������� �� == −UU  

 

Parametr regulátoru �−U �O]H�Y\SRþtWDW�WDNp�] rovnice (108): 

 
�����

���������
�

�
�

�
=

=⋅

−

−

U
U       (113)

  

3UR�WHQWR�SDUDPHWU�GRVD]HQtP�GR�URYQLFH��������Y\SRþWHPH� �U : 

 ������
������

�

�
=

=
U

U
     (114)

  

9\SRþHWli j sme parametry regulátoru: ����������� �� == −UU  

 

'RVWDOL�MVPH�WHG\��GYD�S�HQRV\�UHJXOiWRUX�� V
V ��������� +=(s)GR      (115) 

a  V
V ����������� +=(s)GR      (116) 

2EGREQêP� ]S$VREHP� MDNR� Y S�tNODGX� ����� SURYHGHPH� NRQWUROX� VWDELOLW\� UHJXODþQtKR�
REYRGX�SUR�RE��GYRMFH�QDVWDYLWHOQêFK�SDUDPHWU$� UHJXOiWRU$��3UYQt�VH�t]HQt� MH�QHVWDELOQt�D�
druhé stabilní. 
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3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� �����

������
�� +++

+=
s

G(s) VV
V      (117) 

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR     (118) 

3�HQRV��t]HQt�� ( )
110

2
0

34
101

2
0

, 1.0)3.01.01.0()3.03(3

1.0)1.03.0(3.0

−−

−−

+++++++
+++

=
rsrrsrss

rsrrsr
sG yw     (119) 

 

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = ���� −U �D�SRXåLMHPH�VXEVWLWuci TUV �
�

� ����� −= : 
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    (120) 

Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 

  �� =      (121)

  4

3

1
1

)1.0(
1.0

3
6.2 −

−

⋅= r
r

      (122) 

  �
�

�
�
� ��������
��������� −

−

⋅
+

= UU
U

           (123) 

 �
�

�
�

�� ��������
�������������� −

−

− ⋅
++

= UU
UU

      (124) 

 �� =      (125) 

Z URYQLFH��������Y\SRþWHPH� �−U : 

 
�����

���������
�

�
�

�
=

=⋅

−

−

U
U      (126) 

1\Qt�PiPH�GY��PRåQRVWL�YêSRþWX� �U  .  
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/]H�MHM�Y\SRþtWDW�]�URYQLFH�������GRVD]HQtP�Y\SRþWHQpKR� �−U  : 

 �
�������

�

�
=

+=
U

U
     (127) 

Nebo z rovnice (124) : 

 ����
��������

�

�
−=

=−
U

U
    (128) 

8� GUXKpKR� S�tSDGX� YêSRþWX� �U  jsme dosáhli j eho záporné hodnoty. Fyzikální význam 

nastavení záporné hodnoty nemá smysl. 

9\SRþWHQp�SDUDPHWU\�UHJXOiWRUX�WHG\�MVRX�� ������ �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ������ +=(s)GR      (129) 

3.3 Grahamovy a Lathropovy standardní tvary 

3.3.1 Popis metodiky 

0HWRGD�RS�W�Y\FKi]t�] XUþLWpKR�VWDndardního tvaru charakteristické rovnice jako tomu je u 

PHWRG�%XWWHUZRUWKRYêFK�VWDQGDUGQtFK�WYDU$�D�:KLWHOH\RYêFK�VWDQGDUGQtFK�WYDU$� 
 Tab.3.3: Grahamovy a Lathropovy standardní tvary charakteristické rovnice  viz [2] 

Koeficienty ��6WXSH��Q 

6a  5a  4a  3a  2a  1a  0a  

2     1 1,4 1 

3    1 2,15 1,75 1 

4   1 2,7 3,4 2,1 1 

5  1 3,4 5,5 5,0 2,8 1 

6 1 3,95 7,45 8,6 6,6 3,35 1 
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3.3.2 9]RURYp�S�tNODG\ 

3�tNODG���3: 

5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� ��
�

� ++
=

s
G(s) V       (130)

  

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR     (131) 

3�HQRV��t]HQt�� ( )
10

23
10

,
5)52(3
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−

−

++++
+

=
rsrss

rsr
sG yw      (132)

  

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = �� −U D�SRXåLMHPH�VXEVWLWXFL� TUV �
�

� ��� −= : 
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qG yw      (133)

  

Koeficienty charakteristické rovnice nyní srovnáme s koeficienty standarGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE����� 
  �� =      (134) 

 3

2

1
1

)5(
5

3
15.2 −

−

⋅= r
r

      (135) 
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�

�
�
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�������� −
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⋅
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= UU
U

     (136) 

 ��=       (137) 

Z URYQLFH��������Y\SRþWHPH� �−U : 
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Dosazením do rovnice (136)  dostaneme: 
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��������
�
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U
      (139)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ���������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ���������� +=(s)GR      (140) 
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3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = �� −U D�SRXåLMHPH�VXEVWLWXFL� TUV �
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Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 

  �� =      (145) 
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      �
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      (148) 

 �� =       (149) 

Z URYQLFH�������Y\SRþWHPH� �−U : 
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'RVD]HQtP�GR�URYQLFH��������Y\SRþWHPH� �U : 
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=
U

U
       (151)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ������� �� == −UU  

 

Parametr regulátoru �−U �O]H�Y\SRþtWDW�WDNp�] URYQLFH��������NWHUi�MH�WRWRåQi�V rovnicí (108)  

v S�tNODGX������ 
Parametry regulátoru tedy jsou: ����������� �� == −UU  

'RVWDOL�MVPH�WHG\��GYD�S�HQRV\�UHJXOiWRUX�� V
V ������� +=(s)GR     (152) 

 a  V
V ����������� +=(s)GR      (153) 

2EGREQêP� ]S$VREHP� MDNR� Y S�tNODGX� ����� SURYHGHPH� NRQWUROX� VWDELOLW\� UHJXODþQtKR�
obvRGX�SUR�RE��GYRMFH�QDVWDYLWHOQêFK�SDUDPHWU$� UHJXOiWRU$��3UYQt�VH�t]HQt� MH�QHVWDELOQt�D�
druhé stabilní. 

 

3�tNODG������ 
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=(s)GR       (155)
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Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 
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Z URYQLFH��������Y\SRþteme �−U : 
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1\Qt�PiPH�GY��PRåQRVWL�YêSRþWX� �U  .  

/]H�MHM�Y\SRþtWDW�] URYQLFH��������GRVD]HQtP�Y\SRþWHQpKR� �−U  : 
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Nebo z rovnice (161) : 
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U
U

    (165)

  

8� GUXKpKR� S�tSDGX� YêSRþWX� �U  jsme dosáhli j eho záporné hodnoty. Fyzikální význam 

nastavení záporné hodnoty nemá smysl. 

VypoþWHQp�SDUDPHWU\�UHJXOiWRUX�WHG\�MVRX�� ������ �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ������ +=(s)GR       (166) 

 

 

 

 

2EU������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$�SUR�S�tNODG\�����D���� 
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$�SUR�S�tNODG\������D����� 

 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$�SUR�S�tNODG\������D����� 
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3.3.3 Zhodnocení 

9tFH� DXWRU$� Y\SUDFRYDOR� XUþLWp� VWDQGDUGQt� WYDU\� FKDUDNWHULVWLFNp� URYQLFH�� 8� PHWRGLN�
Grahamovy a Lathropovy standardní tvary a Butterworthovy standardní tvary dosahujeme 

REGREQêFK�YêVOHGN$� UHJXODFH�QDYUåHQêFK�UHJXOiWRU$�� MDN�O]H�YLG�W�QD�2EU�����D�2EU�������
1D�2EU������YLGtPH��åH�SU$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$�MH�X�RERX�PHWRG��WRWRåQê� 
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4 PARAMETRICKÉ METODY 

4.1 Naslinova metoda 

4.1.1 Popis metodiky 

0�MPH�S�HQRV��
��

��
���
���

DVDVD
EVEVE

Q
Q

P
P

+++
++

=G(s) �D�S�HQRV�UHJXOiWRUX�
s

rsr 10 −+
=(s)GR . 

9êSRþWHP� S�HQRVX� �t]HQt� ( ) ( )
( ) ( )sGsG

sGsG

R

R

⋅+
⋅

=
1

(s)G yw, � GRVWDQHPH� YH� MPHQRYDWHOL� S�HQRVX�
�t]HQt�FKDUDNWHULVWLFNRX�URYQLFL�X]DY�HQpKR�UHJXODþQtKR�REYRGX��1DVOLQ�GRNi]DO��åH�SRNXG�
pro její koeficienty platí nerovnosti  �� +− ⋅⋅≥ LLL DDD α  pro i=1, 2, 3, … (n-1), potom pro 

PD[LPiOQt� S�HUHJXORYiQt� �S�HNPLW�� [ ]�PD[\∆ � ]iYLVt� QD� KRGQRW�� NRHILFLHQWX� α  podle 

7DE������7R�SODWt�VDPR]�HMP��L�SUR�Rstatní typy regulátoru. 

 Tab.4.1: Závislost [ ]�PD[\∆  na α dle Napsána  viz [1] 

ù 1,75 1,8 1,9 2 2,2 2,4 

maxy∆  16 12 8 5 3 1 

 

4.1.2 9]RURYp�S�tNODG\ 

3�tNODG����� 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� ��

�
� ++

=
s

G(s) V    (167)    

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR       (168)

  

3�HQRV��t]HQt�� ( )
10

23
10

,
5)52(3

55

−

−

++++
+

=
rsrss

rsr
sG yw       (169)

  

&KDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� O]H� Y\þtVW� ]H� MPHQRYDWHOH�
S�HQRVX��t]HQt��� 
 05)52(3 10

23 =++++ −rsrss      (170)  
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Pro ni platí následující nerovnice pro i=2, pro koeficient α  ���þHPXå�RGSRYtGi�PD[LPiOQt�
S�HNPLW� ��PD[ ≤∆\ (viz. Tab.4.1)  : 

 Pro i=1: 

352)52( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α     (171)

  

 Pro i=2: 
1)52(23 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
    (172)  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

���
����

�������

�

�

�

=
+=

⋅+⋅=

U
U
U

       (173)

  

Dosadíme do podmínky pro i=1: 

  

�����
�������

�������

�

�

�
�

�

=
=

⋅⋅=+

−

−

−

U
U

UU
       (174)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� �������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V �������� +=(s)GR        (175) 

 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=2, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ��PD[ ≤∆\ (viz 

Tab.4.1): 

 Pro i=1: 

354.2)52( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α       (176)

  

 Pro i=2: 
1)52(4.23 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
      (177)
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Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

35.0

128.49

1)52(4.29

0

0

0

=
+=

⋅+⋅=

r

r

r

       (178)

  

Dosadíme do podmínky pro i=1: 

  

�����
���������

���������

�

�

�
�

�

=
=

⋅⋅=+

−

−

−

U
U

UU
       (179) 

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ��������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ��������� +=(s)GR       (180) 

 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=2, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ���PD[ ≤∆\ (viz 

Tab.4.1): 

 Pro i=1: 

358.1)52( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α      (181)

  

 Pro i=2: 
1)52(8.13 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
      (182)

  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

���
�����

���������

�

�

�

=
+=

⋅+⋅=

U
U

U
       (183)
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Dosadíme do podmínky pro i=1: 

  

�����
����

���������

�

�

�
�

�

=
=

⋅⋅=+

−

−

−

U
U

UU
      (184)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� �������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V �������� +=(s)GR       (185) 

 

 

 

Obr.4.1: PU$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 
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2Y��LOL�MVPH�]GD�S�HNPLW\�XYHGHQp�Y 7DE�����RGSRYtGDMt�VNXWHþQêP� 
7DE������� 6URYQiQt� VNXWHþQêFK� S�HNPLW$� V uvedenými 

v tabulkách 

3�HNPLW\�XYHGHQp�Y�
tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

��PD[ ≤∆\   ��PD[ =∆\   

 ��PD[ ≤∆\  ���PD[ =∆\   

 ���PD[ ≤∆\  ���PD[ =∆\   

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� ���

�
�� +++

=
s

G(s) VV      (186)

  

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR       (187)

  

3�HQRV��t]HQt�� ( )
10

234
10

,
)1(33 −

−

+++++
+

=
rsrsss

rsr
sG yw      (188)

  

&KDUDNWHULVWLFNi�URYQLFH�X]DY�HQpKR�UHJXODþQtKR�REYRGX�� 
 ������ ��

��� =+++++ −UVUVVV       (189)

  

Pro chaUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=3, pro koeficient α  ��� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ��PD[ ≤∆\  (viz. 

Tab.4.1): 

                                               Pro i=1: 

32)1( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α      (190)
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 Pro i=2: 
3)1(23 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
     (191)                                                              

Pro i=3: 
13232

42
2

3

⋅⋅≥

⋅⋅≥ aaa α
     (192)

  

3RGPtQND�L ��MH�VSOQ�QD�YåG\� 
Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

���
���

������

�

�

�

=
+=

⋅+⋅=

U
U
U

       (193)

  

Dosadíme do podmínky pro i=1: 

  

�����
�����

�����

�

�

�
�

�

=
=

⋅⋅=+

−

−

−

U
U

UU
      (194)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� �������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V �������� +=(s)GR     (195) 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFe 

pro i=3, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ��PD[ ≤∆\ (viz. 

Tab.4.1): 

 Pro i=1: 

34.2)1( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α       (196)

  

 Pro i=2: 
3)1(4.23 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
      (197)

  

                                                 Pro i=3: 
134.232

42
2

3

⋅⋅≥

⋅⋅≥ aaa α
      (198)
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3RGPtQND�L ��MH�VSOQ�QD�YåG\� 
Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

����
�������

��������

�

�

�

=
+=

⋅+⋅=

U
U
U

      (199)

  

Dosadíme do podmínky pro i=1: 

  

�����
���������

�������

�

�

�
�

�

=
=

⋅⋅=+

−

−

−

U
U

UU
      (200)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ��������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ��������� +=(s)GR      (201) 

 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=3, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ���PD[ ≤∆\ (viz. 

Tab.4.1): 

 Pro i=1: 

38.1)1( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α       (202)

  

 Pro i=2: 
3)1(8.13 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
       (203)

  

                                                 Pro i=3: 
138.132

42
2

3

⋅⋅≥

⋅⋅≥ aaa α
      (204)

  

PodmtQND�L ��MH�VSOQ�QD�YåG\� 
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Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

�����
�������

��������

�

�

�

=
+=

⋅+⋅=

U
U
U

      (205)

  

Dosadíme do podmínky pro i=1: 

  

�����
��������

�������

�

�

�
�

�

=
=

⋅⋅=+

−

−

−

U
U

UU
     (206)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� 514.0667.0 10 == −rr  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ���������� +=(s)GR      (207) 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 
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2Y��LOL�MVPH�]GD�S�HNPLW\�XYHGHQp�v 7DE�����RGSRYtGDMt�VNXWHþQêP� 
7DE������6URYQiQt� VNXWHþQêFK� S�HNPLW$� V uvedenými 

v tabulkách 

3�HNPLW\�XYHGHQp�Y�
tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

 ��PD[ ≤∆\  �����PD[ =∆\   

��PD[ ≤∆\    �����PD[ =∆\  

���PD[ ≤∆\   ���PD[ =∆\   

 

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�

0.1sss

0.3s
G(s)

23 +++
+=

33

1.0      (208) 

  

3�HQRV�3,�UHJXOiWRUX��
s

rsr 10 −+
=(s)GR     (209)

  

3�HQRV��t]HQt��
����

���
�����������������U���

�����������
−−

−−

+++++++
+++= UVUU

UUU
234

0
yw, )sss

s0.3r
(s)G    (210)

  

&KDUDNWHULVWLFNi�URYQLFH�X]DY�HQpKR�UHJXODþQtKR�REYRGX� 
���������������U��� ��� =+++++++ −− UVU0

234 r0.1)sss   (211)                          

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGující nerovnice 

pro i=3, pro koeficient α  ��� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ��PD[ ≤∆\ (viz. 

Tab.4.1): 

 

 Pro i=1: �������������� ��
�

�

��
�

�
UUU

DDD
+⋅⋅≥+++

⋅⋅≥

−1-0.3r(0.1

α
   (212)

  



87%�YH�=OtQ���)DNXOWD�WHFKQRORJLFNi 62 

 

 Pro i=2: ������������������� ��
�

�

��
�

�
⋅++⋅≥+

⋅⋅≥

−UUU
DDD α

   (213)

  

                                         Pro i=3: 
��������� �

�
��

�
�

⋅+⋅≥

⋅⋅≥

U
DDD α

    (214)

  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

�
�����

���������

�

�

�

=
+=

⋅+⋅=

U
U

U
    (215)

  

Dosadíme do podmínky pro i=2: 

  ����
�����������

�

�
=

+=

−

−

U
U

    (216)

  

Dosadíme do podmínky i=1: 

 
����������

�������������������� ��
�

��
>

+⋅⋅≥++ −− UUUU(     (217)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ����� �� == −UU  

DosWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ����� +=(s)GR     (218) 

 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=3, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPit ��PD[ ≤∆\ (viz. 

Tab.4.1): 

 Pro i=1: ���������������������� ��
�

��

��
�

�
UUUU

DDD
+⋅⋅≥++

⋅⋅≥

−−(

α
   (219)
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 Pro i=2: ��������������������� ��
�

�

��
�

�
⋅++⋅≥+

⋅⋅≥

−UUU
DDD α

   (220)

  

                                 Pro i=3: 
����������� �

�
��

�
�

⋅+⋅≥

⋅⋅≥

U
DDD α

   (221)

  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

����
��������

�����������

�

�

�

=
+=

⋅+⋅=

U
U
U

   (222)  

Dosadíme do podmínky pro i=2: 

  �����
���������������

�

�
=

+=

−

−

U
U

   (223)

  

Dosadíme do podmínky i=1: 

 
����������

���������������������� ��
�

��
>

+⋅⋅≥++ −− UUUU(   (224)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ��������� �� == −UU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ��������� +=(s)GR    (225) 

 

Pro charakteristickou� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=3, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ���PD[ ≤∆\  (viz. 

Tab.4.1): 

 Pro i=1: ���������������������� ��
�

��

��
�

�
UUUU

DDD
+⋅⋅≥++

⋅⋅≥

−−(

α
  (226) 

 Pro i=2: 3)3.01.01.0(8.1)3.03( 10
2

0

31
2

2

⋅++⋅≥+

⋅⋅≥

−rrr

aaa α
    (227)
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                                    Pro i=3: 
����������� �

�
��

�
�

⋅+⋅≥

⋅⋅≥

U
DDD α

     (228)

  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  

667.6

54.04.59

1)3.03(8.19

0

0

0

=
+=

⋅+⋅=

r

r

r

      (229)       

Dosadíme do podmínky pro i=2: 

  
877.12

62.114018.4001.25

1

1

=
+=

−

−

r

r
    (230)

  

Dosadíme do podmínky i=1: 

 
�����������

���������������������� ��
�

��
>

+⋅⋅≥++ −− UUUU(     (231)

  

9\SRþHWli j sme parametry regulátoru: 877.12667.6 10 == −rr  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
V ����������� +=(s)GR    (232) 

 

2EU��������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 



87%�YH�=OtQ���)DNXOWD�WHFKQRORJLFNi 65 

 

 

2Y��LOL�MVPH�]GD�S�HNPLW\�XYHGHQp�Y 7DE�����RGSRYtGDMt�VNXWHþQêP:  

7DE������� 6URYQiQt� VNXWHþQêFK� S�HNPLW$� V uvedenými 

v tabulkách 

3�HNPLW\�XYHGHQp�Y�
tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

    

    

    

 

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP� ����

�
���

�
���� ++++

=
+

=
s

G(s) VVVV    (233)

  

3�HQRV�3,'�UHJXOiWRUX�� V
UVUVU ��

�
� −++

=(s)GR    (234)  

3�HQRV��t]HQt�� ( )
10

2
1

345
10

2
1

, )1()4(64 −

−

+++++++
++

=
rsrsrsss

rsrsr
sG yw     (235)

  

&KDUDNWHULVWLFNi�URYQLFH�X]DY�HQpKR�UHJXODþQtKR�REYRGX�� 
 ��������� ��

�
�

��� =+++++++ −UVUVUVVV    (236)

  

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=4, pro koeficient α  ��� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ��PD[ ≤∆\  (viz. 

Tab.4.1): 

 Pro i=1: 

)4(2)1( 11
2

0

20
2

1

rrr

aaa

+⋅⋅≥+

⋅⋅≥

−

α     (237)

  

 Pro i=2: 
6)1(2)4( 0

2
1

31
2

2

⋅+⋅≥+

⋅⋅≥

rr

aaa α
   (238)

  

%3max ≤∆y

%5max ≤∆y

%12max ≤∆y

%8,29max =∆y

%31max =∆y

%37max =∆y
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                                              Pro i=3: 
4)4(26 1

2

42
2

3

⋅+⋅≥

⋅⋅≥

r

aaa α
   (239)

  

                                              Pro i=4: 
16242

53
2

4

⋅⋅≥

⋅⋅≥ aaa α
   (240)

  

3RGPtQND�L ��MH�VSOQ�QD�YåG\� 
Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  ���
�����

�

�
=

+=
U

U
   (241) 

DosDGtPH�GR�SRGPtQN\�SUR�L ��D�Y\SRþWHPH� �U  : 

  

������
���������

��������

�

�

�
�

�

=
+=

⋅+⋅=+

U
U
UU

   (242) 

'RVD]HQtP�GR�SRGPtQN\�SUR�L ��Y\SRþWHPH� �−U  : 

  

������
�������

�������

�

�

��
�

�

=
=

+⋅⋅=+

−

−

−

U
U

UUU
    (243) 

9\SRþHWOL�MVPe parametry regulátoru: ��������������� ��� === − UUU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
VV ��������������� � ++=(s)GR    (244) 

 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=4, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ��PD[ ≤∆\ (viz. 

Tab.4.1): 
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 Pro i=1: 

)4(2.2)1( 11
2

0

20
2

1

rrr

aaa

+⋅⋅≥+

⋅⋅≥

−

α    (245)  

 Pro i=2: 
6)1(2.2)4( 0

2
1

31
2

2

⋅+⋅≥+

⋅⋅≥

rr

aaa α
    (246)

  

                                                Pro i=3: 
4)4(2.26 1

2

42
2

3

⋅+⋅≥

⋅⋅≥

r

aaa α
    (247)

  

                                               Pro i=4: 
162.242

53
2

4

⋅⋅≥

⋅⋅≥ aaa α
   (248)

  

3RGPtQND�L ��MH�VSOQ�QD�YåG\� 
Z SRGPtQN\�SUR�L ��Y\SRþWHme �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

  ������
���������

�

�
=

+=
U

U
   (249)

  

'RVDGtPH�GR�SRGPtQN\�SUR�L ��D�Y\SRþWHPH� �U  : 

  

������
���������������

����������

�

�

�
�

�

=
+=

⋅+⋅=+

U
U

UU
   (250)

  

Dosazením�GR�SRGPtQN\�SUR�L ��Y\SRþWHPH� �−U  : 

 

������
�����������

���������

�

�

��
�

�

=
=

+⋅⋅=+

−

−

−

U
U

UUU
    (251)

  

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� ������������������ ��� === − UUU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
VV ������������������ � ++=(s)GR   (252) 
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3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=4, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� ���PD[ ≤∆\  (viz. 

Tab.4.1): 

 Pro i=1: 

)4(8.1)1( 11
2

0

20
2

1

rrr

aaa

+⋅⋅≥+

⋅⋅≥

−

α    (253) 

  

 Pro i=2: 
6)1(8.1)4( 0

2
1

31
2

2

⋅+⋅≥+

⋅⋅≥

rr

aaa α
    (254)

  

                                             Pro i=3: 
4)4(8.16 1

2

42
2

3

⋅+⋅≥

⋅⋅≥

r

aaa α
    (255)

  

                                             Pro i=4: 
168.142

53
2

4

⋅⋅≥

⋅⋅≥ aaa α
    (256)

  

3RGPtQND�L ��MH�VSOQ�QD�YåG\� 
Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

 �
���������

�

�
=

+=
U

U
   (257)

  

Dosadíme do pRGPtQN\�SUR�L ��D�Y\SRþWHPH� �U  : 

 

������
����������

����������

�

�

�
�

�

=
+=

⋅+⋅=+

U
U

UU
    (258)

  

'RVD]HQtP�GR�SRGPtQN\�SUR�L ��Y\SRþWHPH� �−U  : 

 

������
�������

���������

�

�

��
�

�

=
=

+⋅⋅=+

−

−

−

U
U

UUU
   (259)
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9\SRþHWOL�MVPH�SDUDPHWUy regulátoru: ������������� ��� === − UUU  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX�� V
VV ������������� ++=(s)GR    (260) 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

2Y��LOL�MVPH�]GD�S�HNPLW\�XYHGHQp�Y 7DE�����RGSRYtGDMt�VNXWHþQêP� 
Tab.4.14: SrovQiQt� VNXWHþQêFK� S�HNPLW$� V uvedenými 

v tabulkách 

3�HNPLW\�XYHGHQp�Y�
tabulkách  

Odpovídaj ící 

VNXWHþQp�S�HNPLW\ 

 ��PD[ ≤∆\   ����PD[ =∆\  

��PD[ ≤∆\    �����PD[ =∆\  

 ���PD[ ≤∆\  �����PD[ =∆\   

4.1.3 Zhodnocení 

8� MHGQRWOLYêFK� S�tNODG$� MVPH� SURYHGOL� VURYQiQt�� ]GD� VNXWHþQp� S�HNPLW\� ]tVNDQp� VLPXODFt�
QDYUåHQêFK� UHJXOiWRU$� RGSRYtGDMt� KRGQRWiP� S�HNPLW$� XYiG�QêFK literaturou (Tab.4.11, 

7DE�������7DE�������7DE��������SRGOH�QLFKå�XUþXMHPH�NRHILFLHQW�α  �7DE��������-DN�P$åHPH�
YLG�W� KRGQRW\�S�HNPLW$� VL� QHRGSRYtGDMt��9êMLPNRX� MH� UHJXOiWRU�SRSVDQê�S�HQRVHP��������
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v S�tNODGX�������NGH�SRþtWiPH�V�UHJXORYDQRX�VRXVWDYRX�þWYUWpKR��iGX�SRSVDQRX�S�HQRVHP�
�������SUR�PD[LPiOQt�S�HNPLW� ��PD[ ≤∆\  (Tab.4.14). 

4.2 6H�t]HQt�UHJXOiWRUX�SRPRFt�PHWRG\�SRORYLþQtKR�WOXPHQt 

4.2.1 Popis metodiky 

2VY�GþHQêP�]S$VREHP�GRViKQXWt�NYDOLWQtKR�UHJXODþQtKR�SURFHVX�MH�]DEH]SHþLW�GRVWDWHþQp�
WOXPHQt� SURFHVX�� 'RSRUXþXMH� VH� QDVWDYLW� WRWR� WOXPHQt� QD� SRORYLþQt� KRGQRWX�� NG\� SRP�U�
amplitudy dvou SR� VRE�� QiVOHGXMtFtFK� N\Y$� MH� URYHQ� ����� 3�HGSRNOiGHMPH�� åH� S�HQRV�
UHJXORYDQp� VRXVWDY\� MH� PRåQR� DSUR[LPRYDW� S�HQRVHP� sDe

sT

k −⋅
+

=
1

F(s) . Pro známé 

hodnoty K, D a T0� Y\SRþWHPH� SDUDPHWU\� UHJXOiWRUX� SRGOH� Y]WDK$� XYHGHQêFK� Y Tab.4.2, 

Tab.4.21, Tab.4.22.  

  

 

 7DE������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX��YL]�>�@ 
Typ 

regulátoru 
 Ziegler - Nichols 

     

P 

 

- - 

PI 

   

 

              - 

PID 

    

 

  

 

  

5N5 NN = ,7 '7

X
kRk

1=

XTI ⋅= 33,3

XTI 2=

X
kRk

9,0=

X
kRk

2,1= XTD 5,0=
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 7DE�������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX���YL]�>�@ 
Typ 

regulátoru 
Cohen - Coon 

     

P 

 

- - 

PI 

    

 

                    - 

PID 

      

 

 7DE�������2SWLPiOQt�KRGQRW\�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX���YL]�>�@ 
Typ 

regulátoru 
3C 

     

P 

 

- - 

PI 

  

- 

PID 

   

4.2.2 9]RURYp�S�tNODG\ 

3�tNODG����� 
Regulovaná VRXVWDYD�MH�GiQD�S�HQRVHP�

2

1
2 ++

=
s

G(s)
s

   (261) 

Soustavu aproximujme do tvaru sDe
sT

k −⋅
+

=
1

F(s)    (262) 

 

,7 '75N5 NN =

956,0

208,1
−=

X
kRk

95,0365,0 XTD ⋅=738,074,0 XTI ⋅=

583,0928,0 XTI ⋅=946,0

928,0
−=

X
kRk

95,03 7,1 Xk Rk ⋅=

⋅

,7 '75N5 NN =

333,0
1 +=
X

kRk

082,0
9,0 +=

X
kRk

27,0
35,1 +=
X

kRk

X

XX
TI 2,01

)111(33,3

+
+=

X

XX
TI 6,01

)51(5,2

+
+=

X

X
TD 2,01

37,0

+
=
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2EU�������3�HFKRGRYp�FKDUDNWHULVWLN\ 
 

2GHþWHQp�KRGQRW\�] Obr. 4.2: 5.03077.023.1 === KDT  

Dosazením do rovnice (262) tedy dostáváme 3077.0

23.11

5.0 se
s

−⋅
+

=F(s)    (263) 

'RVD]HQtP� GR� WDEXOHN� ����� ����� D� ����� GRVWiYiPH� KRGQRW\� VWDYLWHOQêFK� SDUDPHWU$�
regulátoru, kde  

T

D=X . 

9\SRþWHQp�SDUDPHWU\�SUR�3,�UHJXOiWor: 

Ziegler – Nichols: 32.46.3 10 == −rr    

Cohen – Coon: 238.1682.3 10 == −rr  

3C: 60.025.0 10 == −rr  
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

9\SRþWHQp�SDUDPHWU\�SUR�3,'�UHJXOiWRU� 
Ziegker – Nichols: 6.06.98.4 110 === − rrr  

Cohen - Coon: 499.0637.467.5 110 === − rrr   

3C: 036.038.1367.0 110 === − rrr  
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2EU��������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

3�tNODG������ 
5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�

6116

1
3 +++

=
ss 2s

G(s)    (264) 

Soustavu aproximujme stejným postupem jako v S�tNODGX��.2 do tvaru sDe
sT

k −⋅
+

=
1

F(s)   

 2EU�������3�HFKRGRYi�FKDUDNWHULVWLND�]DGDQp�UHJXORYDQp�VRXVWDY\� 
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2GHþWHQp�KRGQRW\�] Obr. 4.23: 14324.02703.2 === KDT  

Dosazením do rovnice (262) tedy dostáváme ������
�����

� VHV
−⋅

+
=F(s)    (265) 

DosazHQtP� GR� WDEXOHN� ����� ����� D� ����� GRVWiYiPH� KRGQRW\� VWDYLWHOQêFK� SDUDPHWU$�
regulátoru, kde 

T

D=X . 

9\SRþWHQp�SDUDPHWU\�SUR�3,�UHJXOiWRU� 
Ziegler – Nichols: 45.772.4 10 == −rr    

Cohen – Coon: 54.281.4 10 == −rr  

3C: 55.019.0 10 == −rr  

 

ObU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

 

9\SRþWHQp�SDUDPHWU\�SUR�3,'�UHJXOiWRU� 
Ziegker – Nichols: 599.0533.16299.6 110 === − rrr  

Cohen - Coon: 499.0816.8357.7 110 === − rrr   

3C: 021.0302.1284.0 110 === − rrr  
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 

4.2.3 Zhodnocení 

Metodika vychází z RGHþWHQt�KRGQRW�] S�HFKRGRYp�FKDUDNWHULVWLN\�D�SRVOp]H�MHMLFK�GRVD]HQt�
GR� S�tVOXãQêFK� WDEXOHN� �7DE������ 7DE������� 7DE�������� REVDKXMtFt� HPSLULFNp� Y]WDK\� SUR�
YêSRþHW�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX� 
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5 POROVNÁVACÍ ANALÝZA 

Pro porovnávDFt�DQDOê]X�SRXåLMHPH�UHJXORYDQRX�VRXVWDYX�W�HWtKR��iGX�GDQRX�S�HQRVHP��

���� +++
=

sss

6
G(s) 23

                                        (266)                                         

 

2EU����3�HFKRGRYi�FKDUDNWHULVWLND�]DGDQpKR�UHJXlovaného systému 

5.1 1DVWDYHQt�SDUDPHWU$�UHJXOiWRUX�SRPRFt�NULWLFNêFK�KRGQRW 
1HMSUYH�SUR�GDQê�V\VWpP�QDVWDYtPH�SRX]H�SURSRUFLRQiOQt�VORåNX�UHJXOiWRUX��SURWR�S�HQRV��
regulátoru bude: �U=(s)GR    (267)                                                                                                                       

  

  

3�HQRV��t]HQt�MH�SDN��
)66(116

6

)()(1

)()( 0

0
23yw, rsss

(s)G
++++

=
⋅+

⋅= r

sGsG

sGsG

R

R                (268)                                         

                                      

&KDUDNWHULVWLFNê�SRO\QRP�]tVNiPH�]H�MPHQRYDWHOH�S�HQRVX��t]HQt��� 
  

 ������� �
� UVV ++++= 3sF(s)  (269)                                         

3UR�XUþHQt�NULWLFNpKR�]HVtOHQt�UHJXOiWRUX� NU� SRXåLML�+XUZLWzova kritéria: 

    

������
����
������

�

�

U

U
+ V

+

+
=  
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  ���������
�����

��
�

� =⇒−−=
+

= UUU+  

1\Qt�WHG\�PXVtPH�VSRþtWDW�SHULRGX�NULWLFNêFK�NPLW$� N7 . 

8UþtPH�~KORYê�NPLWRþHW�GRVD]HQtP�� ωMV =  do charakteristického polynomu: 

 ��������� � +++= ωωωω MMM 3)F(j     (270)                                                                                       

 ��������� �� ωωωω −−−= M)F(j  

 ������ � =⇒=− Nωω  

Pro NU�  obvod kmitá:  ������� ==
N

N7 ω
π                                                                    

Pro parametry PI regulátoru podle Tab.2.1  platí: 

�������

��������

��

�
���

==

==

−

−

UU
7
UUUU
N

N
N

 

Pro parametry PID regulátoru podle Tab.2.1 platí:  

 

���������
�����������

���

��
�

���

===

===

−

−

UUU
7UU7

UUUU NN
N
N

N  

5.2 1DVWDYHQt�SDUDPHWU$�UHJXOiWRU$�QD�]iNODG��]QDORVWL�3&+ 

2GHþWHQtP� KRGQRW� GOH�2EU����� D jejich dosazením do Tab.2.2 dostáváme tyto parametry 

regulátoru: 

Parametry PI regulátoru: 299,4537,5 10 == −rr  

Parametry PID regulátoru: 415,1448,1069,7 110 === − rrr  

2GHþWHQtP�KRGQRW�GOH�2EU������D�MHMLFK�GRVD]HQtP�GR�7DE������GRVWiYiPH�W\WR�SDUDPHWU\�
regulátoru: 

Parametry PI regulátoru: 796,1389,5 10 == −rr  

Parametry PID regulátoru: 593,3593,3186,7 110 === − rrr  

 

5.3 1DVWDYHQt�SDUDPHWU$�UHJXOiWRU$�SRPRFt�PHWRG�&+5��D�&+5� 

2GHþWHQtP� KRGQRW� GOH� 2EU����� D� MHMLFK� GRVD]HQtP� GR� 7DE����� D� ����� GRVWiYiPH� W\WR�
parametry regulátoru: 
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CHR1: Parametry PI regulátoru 0%: 44,2593,3 10 == −rr  

CHR1: Parametry PID regulátoru 0%: 879,0747,6689,5 110 === − rrr  

CHR2: Parametry PI regulátoru 0%: 771,0096,2 10 == −rr  

CHR2: Parametry PID regulátoru 0%: 68,0587,1593,3 110 === − rrr  

 

2EU������3U$E�K�UHJXODFH�QDYUåHQêFK�3,�UHJXOiWRU$ 
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2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�3,'�UHJXOiWRU$ 

5.4 1DVWDYHQt�SDUDPHWU$�UHJXOiWRU$�SRPRFt�PHWRG�VWDQGDUGQtFK�WYDU$ 

5HJXORYDQi�VRXVWDYD�MH�GiQD�S�HQRVHP�SRSVDQêP�URYQLFt������ 
3�HQRV�3,�UHJXOiWRUX��

s

rsr 10 −+
=(s)GR   (271) 

3�HQRV��t]HQt�� ( )
10

234
10

, 6)66(116

66

−

−

+++++
+=

rsrsss

rsr
sG yw    (272)  

3�HQRV��t]HQt�Y\G�OtPH�NRHILFLHQWHP� �D = 16 −r D�SRXåLMHPH�VXEVWLWXFL� qrs 4

1

1)6( −= : 

 ( )
1)6(

6

)66(
)6(

6

11
)6(

6

6
)6(

6

1

1)6(
6

6

4

1

1
1

022

1

1
1

34

3

1
1

44

4

1
1

4

1

1
1

0

,

+⋅
+

+⋅+⋅+⋅

+⋅
=

−
−

−
−

−
−

−
−

−
−

qr
r

r
qr

r
qr

r
qr

r

qr
r

r

qG yw  (273)  
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9êSRþHW�VWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRUX�SRPRFt�PHWRG\�Whiteleyových standardních 

WYDU$� 
Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������� 

  �� =      (274)

  4

3

1
1

)6(
6

6
2.7 −

−

⋅= r
r

   (275) 

  2

1

1
1

)6(
6

11
16 −

−

⋅= r
r

    (276) 

 4

1

1
1

0 )6(
6

)66(
12 −

−

⋅+= r
r

r     (277) 

 11=    (278) 

1\Qt�PiPH�GY��PRåQRVWL�YêSRþWX� 1−r  .  

Z URYQLFH��������Y\SRþWHPH� 1−r : 

 
08.0

6)6(2.7

1

4

1

1

=
=⋅

−

−

r

r     (279) 

Nebo z rovnice (276): 

 

08,0079,0

11)6(16
.
.

1

2

1

1

==

=⋅

−

−

r

r
   (280) 

'RVD]HQtP�Y\SRþWHQpKR� 1−r  do rovnice (277) získáme 0r : 

 
153,0

66)6(12

0

0
4

3

1

=
+=−

r

rr     (281) 

9\SRþWHQp�SDUDPHWU\�UHJXOiWRUX�WHG\�MVRX�� 08,0153,0 10 == −rr  

'RVWDOL�MVPH�S�HQRV�UHJXOitoru: 
s

s 085,0153,0 +=(s)GR       (282) 
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9êSRþHW�VWDYLWHOQêFK�SDUDPHWU$� UHJXOiWRUX�SRPRFt�PHWRG\�Butterwothových standardních 

WYDU$� 
Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
stupH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 

  �� =      (283)

  4

3

1
1

)6(
6

6
6,2 −

−

⋅= r
r

   (284) 

  2

1

1
1

)6(
6

11
4,3 −

−

⋅= r
r

    (285) 

 4

1

1
1

0 )6(
6

)66(
6,2 −

−

⋅+= r
r

r     (286) 

 �� =    (287) 

1\Qt�PiPH�GY��PRåQRVWL�YêSRþWX� 1−r  .  

Z URYQLFH��������Y\SRþWHPH� �−U : 

 
727,4

6)6(6,2

1

4

1

1

=
=⋅

−

−

r

r     (288) 

Nebo z rovnice (285): 

 
745,1

11)6(4,3

1

2

1

1

=
=⋅

−

−

r

r    (289) 

'RVD]HQtP�Y\SRþWHQpKR� 1−r  (288) do rovnice (286) získáme 0r : 

 
326,4

66)6(6,2

0

0
4

3

1

=
+=−

r

rr     (290) 

'RVD]HQtP�Y\SRþWHQpKR� 1−r  (289) do rovnice (286) získáme 0r : 

 
522,1

66)6(6,2

0

0
4

3

1

=
+=−

r

rr     (291)

  

9\SRþWHQp� SDUDPHWU\� UHJXOiWRUX� WHG\� MVRX�� 727,4326,4 10 == −rr , 

745,1522,1 10 == −rr . 
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2EGREQêP� ]S$VREHP� MDNR� Y S�tNODGX� ����� SURYHGHPH� NRQWUROX� VWDELOLW\� UHJXODþQtKR�
REYRGX�SUR�RE��GYRMFH�QDVWDYLWHOQêFK�SDUDPHWU$� UHJXOiWRU$��3UYQt�VH�t]HQt� MH�QHVWDELOQt�D�
druhé stabilní. 

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX��
s

s 745,1522,1 +=(s)GR       (292) 

 

9êSRþHW�VWDYLWHOQêFK�SDUDPHWU$� UHJXOiWRUX�SRPRFt�PHWRG\�Grahamových a Lathropových 

VWDQGDUGQtFK�WYDU$� 
Koeficienty charakteristické rovnice nyní srovnáme s NRHILFLHQW\�VWDQGDUGQtFK�WYDU$�SUR���
VWXSH��FKDUDNWHULVWLFNpKR�SRO\QRPX�SRGOH�7DE������ 

  �� =      (293)

  4

3

1
1

)6(
6

6
7,2 −

−

⋅= r
r

   (294) 

  2

1

1
1

)6(
6

11
4,3 −

−

⋅= r
r

    (295) 

 4

1

1
1

0 )6(
6

)66(
1,2 −

−

⋅+= r
r

r     (296) 

 �� =    (297) 

1\Qt�PiPH�GY��PRåQRVWL�YêSRþWX� 1−r  .  

Z URYQLFH��������Y\SRþWHPH� �−U : 

 
064,4

6)6(7,2

1

4

1

1

=
=⋅

−

−

r

r     (298) 

Nebo z rovnice (295): 

 
745,1

11)6(4,3

1

2

1

1

=
=⋅

−

−

r

r    (299) 

DosD]HQtP�Y\SRþWHQpKR� 1−r  (298) do rovnice (296) získáme 0r : 

 
84,2

66)6(6,2

0

0
4

3

1

=
+=−

r

rr     (300) 
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'RVD]HQtP�Y\SRþWHQpKR� 1−r  (299) do rovnice (296) získáme 0r : 

 
037,1

66)6(6,2

0

0
4

3

1

=
+=−

r

rr     (301) 

9\SRþWHQp� SDUDPHWU\� UHJXOiWRUX� WHG\� MVRX�� 064,484,2 10 == −rr , 

745,1037,1 10 == −rr . 

2EGREQêP� ]S$VREHP� MDNR� Y S�tNODGX� ����� SURYHGHPH� NRQWUROX� VWDELOLW\� UHJXODþQtKR�
REYRGX�SUR�RE��GYRMFH�QDVWDYLWHOQêFK�SDUDPHWU$�UHJXOiWRU$��2E��VH�t]HQt�MVRX�VWDELOQt�� 
'RVWiYiPH�GYD�S�HQRV\�UHJXOiWRUX��

s

s 064,484,2 +=(s)GR ,  
s

s 745,1037,1 +=(s)GR    

5.5 1DVWDYHQt�SDUDPHWU$�UHJXOiWRU$�SRPRFt�1DVOLQRY\�PHWRG\ 

3UR�UHJXORYDQRX�VRXVWDYX�SRSVDQRX�SRPRFt�S�HQRVX�������]tVNiPH�FKDUDNteristickou 

URYQLFL�X]DY�HQpKR�UHJXODþQtKR�REYRGX��NWHURX�O]H�Y\þtVW�]H�MPHQRYDWHOH�S�HQRVX��t]HQt��� 
 06)66(116 10

223 =+++++ −rsrsss      (302)  

Pro ni platí následující nerovnice pro i=2, pro koeficient α  ���þHPXå�RGSRvídá maximální 

S�HNPLW� ��PD[ ≤∆\ (viz. Tab.4.1)  : 

 Pro i=1: 

1162)66( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α     (303)

 Pro i=2: 
6)66(211 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
    (304)  

                                                 Pro i=3: 
111236

31
2

2

⋅⋅≥
⋅⋅≥ aaa α  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

 ����
���������

�

�
=

⋅+⋅=
U

U
       (305) 

Dosadíme do podmínky pro i=1: 

 
77,0

1162)66(

1

1
2

0

=
⋅⋅=+

−

−

r

rr
       (306)
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9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� 77.068.0 10 == −rr  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX��
s

s 77.068.0 +=(s)GR        (307) 

 

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=2, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� %1max ≤∆y (viz 

Tab.4.1): 

 Pro i=1: 

1164,2)66( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α     (308)

 Pro i=2: 
6)66(4,211 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
    (309)  

                                                Pro i=3: 
1114,236
31

2
2

⋅⋅≥
⋅⋅≥ aaa α

 

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

 
4,0

6)66(4,2121

0

0

=
⋅+⋅=

r

t
       (310) 

Dosadíme do podmínky pro i=1: 

 
446,0

1164,2)66(

1

1
2

0

=
⋅⋅=+

−

−

r

rr
       (311) 

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� 446.04.0 10 == −rr  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX��
s

s 446.04.0 +=(s)GR  

3UR� FKDUDNWHULVWLFNRX� URYQLFL� X]DY�HQpKR� UHJXODþQtKR� REYRGX� SODWt� QiVOHGXMtFt� QHURYQLFH�
pro i=2, pro koeficient α  ����� þHPXå� RGSRYtGi� PD[LPiOQt� S�HNPLW� %3max ≤∆y (viz 

Tab.4.1): 

 Pro i=1: 

1162,2)66( 1
2

0

20
2

1

⋅⋅≥+

⋅⋅≥

−rr

aaa α     (312)
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 Pro i=2: 
6)66(2,211 0

2

31
2

2

⋅+⋅≥

⋅⋅≥

r

aaa α
    (313)  

                                                Pro i=3: 
1112,236
31

2
2

⋅⋅≥
⋅⋅≥ aaa α

  

Z SRGPtQN\�SUR�L ��Y\SRþWHPH� �U ��Y\XåLMHPH�PH]QtKR�S�tSDGX�– rovnosti: 

 
528,0

6)66(2,2121

0

0

=
⋅+⋅=

r

t
       (314) 

Dosadíme do podmínky pro i=1: 

 
579,0

1162,2)66(

1

1
2

0

=
⋅⋅=+

−

−

r

rr
       (315) 

9\SRþHWOL�MVPH�SDUDPHWU\�UHJXOiWRUX�� 579.0528.0 10 == −rr  

'RVWDOL�MVPH�S�HQRV�UHJXOiWRUX��
s

s 579.0528.0 +=(s)GR  

 

 

2EU�������3U$E�K�UHJXODFH�QDYUåHQêFK�UHJXOiWRU$ 
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5.6 Zhodnocení 

Pro srovnávací analê]X�MVPH�]YROLOL�VRXVWDYX�W�HWtKR��iGX�SRSVDQRX�S�HQRVHP�������� 
3�L�VURYQiQt�UHJXODþQtFK�SRFKRG$�QDYUåHQêFK�UHJXOiWRU$��SRPRFt�PHWRG�QHSDUDPHWULFNêFK�
(Obr.5.1 a Obr.5.11), z KOHGLVND�U\FKORVWL�D�NPLWDYRVWL��P$åHPH�YLG�W��åH�GRMGH�N ustálení 

regulované velLþLQ\�QHMU\FKOHML�S�L�UHJXODFL�SRPRFt�UHJXOiWRUX�QDYUåHQpKR�PHWRGRX�&+5���
7HQWR� UHJXODþQt� SRFKRG� Y\ND]XMH� L� QHMPHQãt� NPLWDYRVW�� 1DRSDN� QHMGpOH� VH� UHJXODþQt�
YHOLþLQD�XVWDOXMH�SUR�UHJXOiWRU�QDYUåHQpKR�SRPRFt�QDVWDYHQt�QD�]iNODG��]QDORVWL�3&+��NGH�
vycházíme z RGHþWHQêFK� KRGQRW� GOH� 2EU������ 7HQWR� SRFKRG� Y\ND]XMH� WDNp� QHMY�Wãt�
kmitavost. 

3�L� VURYQiQt� UHJXODþQtFK� SRFKRG$� ] KOHGLVND� U\FKORVWL� UHJXODFH� QDYUåHQêFK� UHJXOiWRU$�
SRPRFt�PHWRG�SDUDPHWULFNêFK��2EU�������P$åHPH�YLG�W��åH�QHMU\FKOHML�GRFKi]t�N ustálení 

regulDþQt�YHOLþLQ\�S�L� �t]HQt�SRPRFt� UHJXOiWRUX�QDYUåHQpKR�PHWRGRX�1DVOLQRYRX��1DRSDN�
nejdéle dochází k XVWiOHQt� UHJXODþQt� YHOLþLQ\� S�L� �t]HQt� UHJXOiWRUX� QDYUåHQpKR� SRPRFt�
PHWRG\� :KLWHOH\RY\� VWDQGDUGQtFK� WYDU$�� 3�L� VURYQiQt� UHJXODþQtFK� SRFKRG$� ] hlediska 

kmitavRVWL� YLGtPH�� åH� QHMPpQ�� NPLWDYpKR� SRFKRGX� GRViKQHPH� SRPRFt� UHJXOiWRUX�
QDYUåHQpKR�PHWRGRX�:KLWHOH\RY\� VWDQGDUGQtFK� WYDU$��1HMYtFH� NPLWDYê� UHJXODþQt�SRFKRG�
QDRSDN� Y\ND]XMH� UHJXOiWRU� QDYUåHQê� SRPRFt� PHWRG\� *UDKDPRYêFK� D� /DWKURSRYêFK�
VWDQGDUGQtFK�WYDU$� 
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=È9�5 

([LVWXMH� �DGD� PHWRG� SUR� QDVWDYHQt� VWDYLWHOQêFK� SDUDPHWU$� 3,'� UHJXOiWRU$�� /]H� WDNp�
SURKOiVLW��åH�SRNXG�SUR�GDQê���t]HQê��V\VWpP�H[LVWXMH�MHGQR�QDVWDYHQt�UHJXOiWRUX��NWHUp�YH�
]S�WQRYD]HEQtP� ]DSRMHQt� VWDELOL]XMH�� SDN� WDNRYêFK� QDVWDYHQt� H[LVWXMH� QHNRQHþQ��PQRKo. 

2GOLãXMt� VH� S�HVQRVWt�� NYDOLWRX� UHJXODþQtKR� SRFKRGX� L� FKRYiQtP� Y$þL� SRWHQFLiOQtP�
poruchám. 

&tOHP� WpWR�SUiFH�E\OR�Y\WYR�HQt�Y]RURYêFK�S�tNODG$� D�SURWRNRO$� ] oblasti tzv. klasických 

PHWRG� QDVWDYHQt� SDUDPHWU$� 3,'� UHJXOiWRU$� ]S$VREHP�� NWHUê� E\� E\O� S�HKOHGQê a 

pochopitelný pro budoucí studenty. Byly zpracovány metody Ziegler – Nicholsosovy, 

PHWRG\� VWDQGDUGQtFK� WYDU$�� D� WR� :KLWHOH\RY\�� %XWWHUZRUWK�� *UDKDP� D� /DWKURS�� PHWRG\�
1DVOLQRYD�D�SRORYLþQtKR�WOXPHQt�� 
3�L�DQDOê]H�XYHGHQêFK�PHWRG�E\OR�RY��HQR��]GD�SUR�Y\EUDQp�V\VWpP\�]DMLã"XMt�W\WR�PHWRG\�
UHJXODþQt� FKRYiQt�� NWHUp� VH� RG� QLFK� GOH� OLWHUDWXU\� D� UHIHUHQFt� RþHNiYi�� 2Y��RYiQR� E\OR�
]HMPpQD�� ]GD� S�HNPLW\� UHJXODþQtFK� SRFKRG$� QDYUåHQêFK� UHJXOiWRU$� XYiG�Qp� OLWHUDWXURX�
RGSRYtGDMt� S�HNPLW$P� VNXWHþQêP�� ]HMPpQD� X� PHWRG� &+5, Whiteleyových standardních 

WYDU$� D� 1DVOLQRY\� PHWRG\�� 8� UHJXOiWRU$� QDYUåHQêFK� SRPRFt� PHWRG� &+5� MH� UR]GtO�
VNXWHþQêFK�S�HNPLW$�RG�S�HNPLW$�XYiG�QêFK�OLWHUDWXURX�Y\ããt�X�PHWRG\�&+5���X�PHWRG\�
&+5��MH�WHQWR�UR]GtO�QLåãt��8�UHJXODþQtFK�SRFKRG$�UHJXOiWRU$��QDYUåHQêFK�SRPRFt�PHWRG\�
:KLWHOH\RY\�VWDQGDUGQtFK�WYDU$��MVRX�VNXWHþQp�S�HNPLW\�Y toleranci, kterou uvádí literatura. 

=DMtPDYp� MH� ]MLãW�Qt�� åH� X� UHJXODþQtFK� SRFKRG$� UHJXOiWRU$� QDYUåHQêFK�SRPRFt�1DVOLQRY\�
PHWRG\�� S�HNPLW\� XYiG�Qp� OLWHUDWXURX�� SRGOH� QLFKå� XUþXMHme koeficient α � �SRW�HEQê� SUR�
YêSRþHW���QHRGSRYtGDMt�S�HNPLW$P�VNXWHþQêP����� 
3UR� VURYQiQt� MHGQRWOLYêFK� PHWRG� E\OD� Y\WYR�HQD� SRURYQiYDFt� DQDOê]D�� =GH� SUR� MHGLQê�
V\VWpP��D�WR�V\VWpP�W�HWtKR��iGX��E\O\�QDYUåHQ\�UHJXOiWRU\�SRPRFt�PHWRG�QHSDrametrických 

D� PHWRG� SDUDPHWULFNêFK�� -HGQRWOLYp� UHJXODþQt� SRFKRG\� E\O\� SRURYQiQ\� ] hlediska 

NPLWDYRVWL� D� GRE\� UHJXODFH��6LPXODþQt�RY��RYDFt�H[SHULPHQW\� MVRX�SURYHGHQ\�Y SURVW�HGt�
Simulink. 
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6(=1$0�328ä,7é&+�6<0%2/#�$�=.5$7(. 

)(th  -�S�HFKodová funkce                      

)(ti  - impulsní funkce                                              

)(sG  -�S�HQRV�VRXVWDY\ 
(s)GR  -�S�HQRV�UHJXOiWRUX 

(s)G yw,  -�S�HQRV��t]HQt 
P – propoUFLRQiOQt�VORåND�UHJXOiWRUX 

I –�LQWHJUDþQt�VORåND�UHJXOiWRUX 

D –�GHULYDþQt�VORåND�UHJXOiWRUX 

IT  -�LQWHJUDþQt�þDVRYi�NRQVWDQWD�UHJXOiWRUX 

DT  - GHULYDþQt�þDVRYi�NRQVWDQWD�UHJXOiWRUX 

Rk  - zesílení regulátoru 

Rkk  - kriti cké zesílení regulátoru 

kT  -�.ULWLFNi�SHULRGD�NPLW$ 

�U  - proporcionální konstanta regulátoru 

1−r  -�LQWHJUDþQt�NRQVWDQWD�UHJXOiWRUX 

1r  -�GHULYDþQt�NRQVWDQWD�UHJXOiWRUX 

maxy∆  -�S�HUHJXORYiQt��S�HNPLW� 
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6(=1$0�2%5È=.# 

2EU����6FKpPD�X]DY�HQpKR�UHJXODþQtKR�REYRG«««««««««««««««« 10 
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