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0DMRULWDWHD� UHJXODWRDUHORU� DXWRPDWH� IRORVLWH� vQ� LQVWDOD LLOH� SHQWUX� FRQVWUXF LL� VXQW�

clasice, de tipul P, 2P, 3P, PI, PD sau PID1. Alte regulatoare care mai pot fi folosite sunt de 

WLSXULOH�� DGDSWLY�� QHXUDO�� IX]]\�� QHOLQLDU�� FX� PRGHUQ� LQWHUQ�� HWF�� 5HJXODWRDUHOH� FDUH� FRQ LQ�

explicit un model intern2� DO� LQVWDOD LHL� DXWRPDWL]DWH�� DS�UXWH� vQ� XOWLPLL� ]HFH� DQL�� DX� R� úDQV��

PDUH�V��FXQRDVF��R�XWLOL]DUH�PDL�ODUJ��GHRDUHFH�VXQW�UHODWLY�VLPSOH��SHUPLW�HOLPLQDUHD�WRWDO��D�

SHUWXUED LHL� úL�XUP�ULUHD�H[DFW�� D� UHIHULQ HL� úL�SRW� IL� LPSOHPHQWDWH�FX�DMXWRUXO� UHJXODWRDUHORU�

FODVLFH�GH� WLS�3,'��)RORVLUHD� ORU�SHUPLWH� vQ HOHJHUHD�PDL�XúRDU�� D� IRORVLULL� UHJXODWRDUHORU�FX�

GRX��JUDGH�GH�OLEHUWDWH��D�UREXVWH HL�VWDELOLW� LL�úL�SHUIRUPDQ HORU�VLVWHPXOXL��FRQVLGHU��HURDUHD�

GH�PRGHODUH� úL� SHUPLWH� HYLWDUHD� VDWXU�ULL� FRPHQ]LL� I�U��P�VXUL� VSHFLDOH� DQWLVDWXUDUH��$FHVWH�

UHJXODWRDUH� SRW� IL� SURLHFWDWH� VLPEROLF� I�U�� DMXWRUXO� XQRU� PHWRGH� JUDILFH cum este metoda 

ORFXOXL� U�G�FLQLORU� úL� GLQ� DFHDVW�� FDX]�� SURLHFWDUHD� ORU� HVWH� PDL� LQWXLWLY�� úL� DUH� R� YDORDUH�

HGXFD LRQDO�� PDL�PDUH�� $O�WXUL� GH� IHHGIRUZDUG� úL� UHJODUHD� vQ� FDVFDG��� UHJODUHD� SH� ED]�� GH�

PRGHO�LQWHUQ�UHSUH]LQW��R�DUKLWHFWXU��DOWHUQDWLY��OD�EXFOD�FODVLF��GH�UHJODUH� 

Fig. 1�%XFO��FX�UHJXODWRU�FODVLF�FX�GRX��JUDGH�GH�OLEHUWDWH� 

%XFOD� GH� UHJODUH� FODVLF�� GLQ�Fig. 1� HVWH� HFKLYDOHQW�� FX� EXFOD� FX� UHJXODWRU� FX�PRGHO�

intern din Fig. 2� GDF�� HVWH� UHVSHFWDW�� XUP�WRDUHD� UHOD LH� GLQWUH� FRPSHQVDWRUXO� FODVLF� .� úL�

compensatorul Q al buclei cu model intern: 

                                                 
1�3URSRU LRQDO��ELSR]L LRQDO��WULSR]L LRQDO��3URSRU LRQDO-,QWHJUDWLY��3URSRU LRQDO-Derivativ sau 
3URSRU LRQDO-Integrativ-Derivativ. 
2&RQGXFHUH�SH�ED]��GH�PRGHO�LQWHUQ�- Internal Model Control - IMC 
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sau 

 

(2) 

în care Gm�HVWH�PRGHOXO�LQVWDOD LHL�DXWRPDWL]DWH�*� 

ÌQ�SUDFWLF��VH�SURLHFWHD]��FRPSHQVDWRUXO�4�úL�DSRL�VH�GHWHUPLQ��FX�DMXWRUXO�UHOD LHL�(1) 

FRPSHQVDWRUXO�FODVLF�.��'DF��QX�UH]XOW��XQ�FRPSHQVDWRU�3,'�VH�IDFH�R�DSUR[LPDUH� 

6��YHGHP�FXP�VH�SURLHFWHD]��FRPSHQVDWRUXO�4�DO�UHJXODWRUXOXL�FX�PRGHO�LQWHUQ�*m. 

Fig. 2�%XFO��FX�UHJXODWRU�FX�GRX��JUDGH�GH�OLEHUWDWH�úL�PRGHO�LQWHUQ�H[SOLFLW�*m. 

5HOD LD�GLQWUH�LQWU�ULOH�5��UHIHULQ D���3��SHUWXUED LD��úL�1��]JRPRWXO��úL�LHúLUHD�<�HVWH� 

 

(3) 

Pentru proiectarea compensatorului Q se LDX� vQ� FRQVLGHUDUH� GRX�� FD]XUL�� D��PRGHOXO�

Gm�HVWH�LGHQWLF�FX�SURFHVXO�*�úL�E�PRGHOXO�*m�HVWH�GLIHULW�GH�SURFHVXO�*��6��OH�H[DPLQ�P�SH�

rând. 
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a) Modelul Gm este identic cu procesul G. 

ÌQ�DFHDVW��VLWXD LH�H[LVW��UHOD LD� 

(4) 

&X�DFHDVW��FRQGL LH�(3) devine: 

(5) 

&RPDQGD�8�úL�HURDUHD�(�YRU�DYHD�XUP�WRDUHOH�H[SUHVLL� 

(6) 

(7) 

'DF��HVWH�FRPSHQVDWRUXO�4�HVWH�GHWHUPLQDW�FX�UHOD LD� 

(8) 

 

atXQFL� SHUWXUED LD� 3� HVWH� HOLPLQDW�� vQ� (5)� LDU� LHúLUHD� <� VLVWHPXOXL� DXWRPDW� GHSLQGH�

QXPDL�GH�5�úL�1� 

(9) 

'DF��QX�H[LVW��]JRPRW��1 ���DWXQFL�VH�SRDWH�DOHJH�SUHILOWUXO�)�DVWIHO�vQFkW�LHúLUHD�<�V��

XUP�UHDVF��vQ�PRGXO�GRULW�UHIHULQ D�5��'LQ�Fig. 2�VH�REVHUY��F��GDFD�PRGHOXO�HVWH�SHUIHFW�úL�

(4)�HVWH�vQGHSOLQLW��DWXQFL�VLVWHPXO�HVWH�vQ�EXFO��GHVFKLV��vQ�UHJLP�GH�XUP�ULUH��&X�DOWH�FXYLQWH�

UHDF LD� DSDUH� QXPDL� GDF�� SHUWXUED LD� 3� HVWH� GLIHULW�� GH� ]HUR�� 'HFL� VLQJXUXO� HOHPHQW� FDUH�

DIHFWHD]��XUP�ULUHD�HVWH�SUHILOWUXO�)� 

Pentru un model Gm�SHUIHFW�VLVWHPXO�DXWRPDW�IXQF LRQHD]��LGHDO�vQ�UHJLP�GH�XUP�ULUH�

D�UHIHULQ HL�5�úL�vQ�UHJLP�GH�vQO�WXUDUH�D�SHUWXUED LHL�3�GDF��FRPSHQVDWRUXO�4�HVWH�R�IXQF LH�GH�

modelul Gm�FRQIRUP�UHOD LHL�(8). 

b) Modelul Gm este diferit de procesul G. 

ÌQ�DFHVW� FD]�DWkW�SHUWXUED LD�3�FkW� úL� HURDUHD�GH�PRGHODUH� VXQW� WUDQVPLVH�SULQ� UHDF LD�

QHJDWLY��OD�LQWUDUH�FD�vQ�Fig. 2�úL�FRPSHQVDWRUXO�4�WUHEXLH�V��ILH�GH]DFRUGDW�SHQWUX�D�IDFH�ID ��

QRLL�VLWXD LL��5HOD LD�(8)�QX�PDL�HVWH�YDODELO���'LQ�S�FDWH�SURLHFWDUHD�FRPSHQVDWRUXOXL�4�FKLDU�

vQ�FD]XO�D��DO�PRGHOHORU�SUHIHFWH�FX�DMXWRUXO�UHOD LHL�(8)�QX�HVWH�SRVLELO���vQ�SUDFWLF���GHRDUHFH�

FRQGXFH�OD�XQ�FRPSHQVDWRU�4�FDUH�SRDWH�V��ILH�LQVWDELO��VDX�QHUHDOL]DELO3 fizic, sau neadecvat, 

VDX�V��QX�FRQGXF��OD�SHUIRUPDQ HOH�GRULWH4�SHQWUX�<��(�úL�8��(YLWDUHD�DFHVWRU�VLWXD LL�VH�IDFH�vQ�

patru etape. 

                                                 
3�1X�UHVSHFW��SULQFLSLXO�FDX]DOLW� LL�FDUH�VSXQH�F��HIHFWXO�WUHEXLH�V��QX�DQWLFipeze cauza. 
4�'H�H[HPSOX�QX�vQO�WXU��]JRPRWXO�1�VDX�QX�HVWH�VXILFLHQW�GH�UDSLG� 
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Etapa1.ÌQ� SULPXO� UkQG� WUDQVIRUP�P� FRPSHQVDWRUXO� 4� DVWIHO� vQFkW� V�� ILH� IRUPDW� GLQ�

GRX��EORFXUL�41�úL�)1 ca în Fig. 2. Noul compensator va fi: 

(10) 

Etapa 2. 6H�GHWHUPLQ��41�vQ�IXQF LH�GH�PRGHOXO�SURFesului Gm�DVWIHO�vQFkW�DFHVWD�V��ILH�

VWDELO�úL�UHDOL]DELO�IL]LF��2�YDULDQW�5�R�FRQVWLWXLH�IRORVLUHD�XUP�WRDUHL�UHOD LL� 

 

(11) 

în care Gm1�HVWH�XQ�PRGHO�DO�SURFHVXOXL�DXWRPDWL]DW�FDUH�FRQ LQH�WRDWH�FRPSRQHQWHOH�

GH�ID]��PLQLP��DOH�OXL�*m��DGLF��SROLL�úL�]HURXULOH�GLQ�VHPLSODQXO�VWkQJ� 

'DWRULW��PRGXOXL� vQ� FDUH� D� IRVW� DOHV��*m1 este invertibil iar Q1 calculat cu (11) este 

VWDELO�úL�UHDOL]DELO�IL]LF� 

Etapa3. ,Q� DFHDVW�� HWDS�� LPSXQHP� FRQGL LD� FD� 4� V�� ILH� adecvat� úL� V�� VDWLVIDF��

SHUIRUPDQ HOH�GRULWH�SULQ�LQWURGXFHUHD�XQHL�ILOWU�UL�VXSOLPHQWDUH�D�HURULL�(�FX�DMXWRUXO�ILOWUXOXL�

F1 din Fig. 2��3HQWUX�XQ�U�VSXQV�DSHULRGLF�DO�VLVWHPXOXL�DXWRPDW�VH�DOHJH�)1 astfel: 

 

(12) 

în care �� HVWH�XQ�SDUDPHWUX�GH� WLS� FRQVWDQW�� GH� WLPS�FX� FDUH� VH�SRW� DVLJXUD� DQXPLWH�

SHUIRUPDQ H�FXP�DU� IL�GXUDWD�SURFHVXOXL� WUDQ]LWRULX� VDX�EDQGD�GH� WUHFHUH��&X�FkW��� HVWH�PDL�

PDUH�FX�DWkW�HVWH�PDL�PDUH�úL�UREXVWH HD�VLVWHPXOXL�DXWRPDW� 

Ordinul n al filtrului F1 este ales suficient de mare astfel încât compensatorul Q 

determinat de (11)�V��ILH�adecvat��DGLF��RUGLQXO�QXPLWRUXOXL�OXL�4�V��ILH�PDL�PDUH�VDX�FHO�PXOW�

HJDO�FX�RUGLQXO�QXP�U�WRUXOXL�OXL�4� 

Etapa 4. Înlocuind (11)� úL� (12) în (10)� VH� RE LQH� FX� DMXWRUXO� UHOD LHL� (1) expresia 

DQDOLWLF��D�FRPSHQVDWRUXOXL�FODVLF�GRULW� 

 

(13) 

 

în care G=Gm1.Gm2 iar Gm1�HVWH�SDUWHD�GH�ID]��PLQLP��D�PRGHOXOXL�LDU�Gm2 respectiv 

SDUWHD� GH� ID]�� QHPLQLP�� D� PRGHOXOXL� SURFHVXOXL�� DGLF�� SDUWHD� FDUH� FRQ LQH� ]HURXULOH� GLQ�

VHPLSODQXO�GUHSW�úL�vQWkU]LHULOH�FX�WLPS�PRUW� 

Dezvoltând în (13) pe f(s)�vQ�VHULH�7D\ORU�VH�RE LQH�SULQ�aproximare un regulator PID 

 

                                                 
5�([LVW��úL�DOWH�SRVLELOLW� L� 
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(14) 

FX�DFRUGDUHD�XUP�WRDUH� 

(15) 

 

(16) 

 

(17) 

Exemplu.�6��FRQVLGHU�P�XQ�PRGHO�GH� WLS�6WUHMF�SHQWUX� LQVWDOD LD�FDUH�XUPHD]�� V�� ILH�

DXWRPDWL]DW��úL�FDUH�DUH�IRUPD�XUP�WRDUH� 

 

(18) 

3DUWHD�GH�ID]��PLQLP��D�PRGHOXOXL�SURFHVXOXL�*m�FDUH�FRQ LQH�QXPDL�SROLL�úL�]HURXULOH�

din semiplanul stâng este: 

 

(19) 

Partea Q1 a compensatorului Q din Fig. 2� FDUH� HVWH� R� IXQF LH� GH� PRGHOXO� LQWHUQ� DO�

SURFHVXOXL�VH�FDOFXOHD]��vQ�DFHVW�FD]�FX�(11) rezultând: 

 

(20) 

 

2UGLQXO�QXP�U�WRUXOXL�OXL�41 este mai mare cu doi decât ordinul numitorului, deci Q1 

este neadecvat. Ordinul n al filtrului F1�DU�WUHEXLL�V��ILH�DOHV�HJDO�FX�GRL�VDX�PDL�PDUH�SHQWUX�

ca Q determinat de (10)� V�� ILH�adecvat��9RP�DOHJH� WRWXúL� vQ�(12)�Q ��SHQWUX�RE LQHUHD�XQXL�

regulator mai simplu iar problePD�DGHFY�ULL�R�UH]ROY�P�PDL�WkU]LX��'HFL� 

 

 

(21) 

 

Compensatorul Q din Fig. 2�YD�IL�FRQIRUP�UHOD LHL�(10)�XUP�WRUXO� 
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(22) 

 

&X�UHOD LD�(1) VH�RE LQH�FRPSHQVDWRUXO�FODVLF�.�DO�VLVWHPXOXL�DXWRPDW�GLQ�Fig. 1. 

 

(23) 

 

$FHVW�FRPSHQVDWRU�HVWH�XQ�SUHGLFWRU�6PLWK��6H�SRDWH�IDFH�XUP�WRDUHD�DSUR[LPDUH6: 

(24) 

úL�(23) devine: 

 

(25) 

 

în care 

(26) 

SRDWH�IL�GH]YROWDW��vQ�VHULH�7D\ORU 

 

(27) 

Înlocuind pe f în (25)�VH�RE LQH� 

 

(28) 

 

care este un regulator PID ideal de forma 

 

 

(29) 

cu acordarea 
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(30) 

 

(31) 

 

(32) 

Compensatorul ideal PID (29) este neadecvat� GHRDUHFH� DUH� XQ� GHULYDWRU� LGHDO� úL�

RUGLQXO� QXP�U�WRUXlui este mai mare decât ordinul numitorului. La acest rezultat s-a ajuns 

deoarece nu am ales în (21) pentru F1� IRUPD�DGHFYDW���$FHVW�QHDMXQV�VH� vQO�WXU�� vQ�SUDFWLF��

alegând un compensator PID ideal cu filtrarea componentei derivative astfel 

 

(33) 

 

Din (5), (6), (18)�úL�(22)�UH]XOW��LHúLUHD�úL�FRPDQGD�VLVWHPXOXL�vQ�UHJLP�GH�XUP�ULUH� 

 

(34) 

 

(35) 

'DF�� UHJXODWRUXO� DUH� XQ� VLQJXU� JUDG� GH� OLEHUWDWH�� GHFL� SUHILOWUXO� ) ��� GLQ� UHOD LLOH�

SUHFHGHQWH�VH�FRQVWDW��F��SDUDPHWUXO���GHWHUPLQ��SHUIRUPDQ HOH�VLVWHPXOXL�DXWRPDW��3HQWUX�D�

QX�DYHD�FRPHQ]L�8�SUHD�HQHUJLFH�UH]XOW��GLQ�(34)�úL�(35)�F��HVWH�QHFHVDU�FD�EDQGD�GH�WUHFHUH�D�

VLVWHPXOXL� DXWRPDW� V�� ILH� PDL� PLF�� VDX� HJDO�� FX� EDQGD� GH� WUHFHUH� D� SURFHVXOXL�� $VWIHO� XQ�

compromis7� UH]RQDELO� D� YDORULL� OXL� �� în (30) din puncW� GH� YHGHUH� D� UREXVWH LL� VWDELOLW� LL� úL�

UREXVWH LL�SHUIRUPDQ HORU�HVWH� 

(36) 

3HQWUX� D� LOXVWUD� FkW� GH� EXQ�� HVWH� DFRUGDUHD� SURSXV�� SHQWUX� PRGHOXO� 6WUHMF� V��

FRQVLGHU�P�SURFHVXO�FX�PRGHOXO�SDUWLFXODU 

 

                                                                                                                                                         
6�([LVW��úL�DSUR[LP�UL�PDL�EXQH��ÌQ�PRG�FXUHQW�VH�IRORVHVF�DSUR[LP�UL�3DGH�GH�RUGLQXO�XQX�
sau doi. 
7�&RQGL LLOH�GH�UREXVWH H�D�VWDELOLW� LL�úL�GH�UREXVWH H�D�SHUIRUPDQ HORU�VXQW�FRQWUDGLFWRULL� 
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(37) 

Parametrii�SURSXúL�SHQWUX�UHJXODWRU�(30), (31)��úL�(32) sunt:  

 

(38) 

 

Regulatorul PID (33)�FX�ILOWUDUHD�DF LXQLL�GHULYDWLYH�YD�IL�DWXQFL 

 

(39) 

 

Fig. 3�5�VSXQVXO�LQGLFLDO�DO�VLVWHPXOXL�DXWRPDW�FX�SURFHVXO�(37)�úL�UHJXODWRUXl (39). 

ÌQ� SULYLQ D� SHUIRUPDQ HORU� VLVWHPXOXL� DXWRPDW� VH� FRQVWDW�� GLQ� U�VSXQVXO� LQGLFial 

prezentat în Fig. 3�F��GXUDWD�UHJLPXOXL�WUDQ]LWRULX�HVWH�GH������VHFXQGH��DGLF��FHD�LPSXV��SULQ�

FRQGL LD� (36). Marginea de amplificare GM din Fig. 4 pentru sistemul automat este 3,28 , 

PDUJLQHD�GH� ID]��30�HVWH������JUDGH��PDUJLQHD�GH� vQWkU]LHUH�û2�2� HVWH������ LDU�YDORDUHD�GH�

YkUI� D� VHQVLELOLW� LL� 0s este 3,82 dB. Din Fig. 4� VH� REVHUY�� F�� PDUJLQHD� GH� ID]�� QX� HVWH�

VHPQLILFDWLY��� GDU� UHVWXO� YDORULORU� LQGLF�� R� UREXVWH H� D� VWDELOLW� LL� IRDUWH� EXQ��� 'DF�� VH�

GXEOHD]��YDORDUHD�FRQVWDQWHL�GH�SURSRU LRQDOLWDWH�D�UHJXODWRUXOXL�GLQ�(38) Kr �������VH�RE LQ�

XUP�WRDUHOH� SHUIRUPDQ H�� PDUJLQHD� GH� DPSOLILFDUH� *0 ����� �� PDUJLQHD� GH� ID]�� 30 �����

grade, marginea de întârziere û2�2� ������VXSUDUHJODUHD�����úL�GXUDWD�SURFHVXOXL� WUDQ]LWRULX�

����� VHFXQGH�� 6LVWHPXO� QX� PDL� HVWH� UREXVW�� 0XO L� DXWRUL� FRQVLGHU�� UHJXODWRDUHOH� FX� PRGHO�

LQWHUQ�R�DOWHUQDWLY��YLDELO��OD�UHJXODWRDUHOH�FODVLFH��'XS��S�UHUHD�PHD�DFHVWH�regulatoare sunt 
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DYDQWDMRDVH� DWXQFL� FkQG� VH� vQFHDUF�� UH]ROYDUHD� VLPEROLF�� D� SUREOHPHL� SURLHFW�ULL�

compensatoarelor pentru modele ale proceselor diferite de cele clasice, de exemplu Modelul 

.XSIPXOOHU� VDX� PRGHOXO� 6WUHMN�� (FKLYDODUHD� SRVLELO�� D� DFHVWRU� FRPSHnsatoare cu 

FRPSHQVDWRDUHOH�FODVLFH�3,'�SHUPLWH�SURLHFWDUHD�LQJLQHUHDVF��D�VLVWHPHORU�DXWRPDWH�SH�ED]H�

PDL� LQWXLWLYH� úL� SULQ� OXDUHD� vQ� FRQVLGHUDUH� D� UREXVWH LL� VWDELOLW� LL� úL� SHUIRUPDQ HORU� VL� D�

YDORULORU�PDUL�SHQWUX�VHPQDOXO�GH�FRPDQG��8�� 

 

Fig. 4�+RGRJUDIXO�1\TXLVW�SHQWUX�VLVWHPXO�DXWRPDW�FX�EXFOD�GHVFKLV��DYkQG�SURFHVXO�(37)��úL�

regulatorul (39). 
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