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,Q�OXFUDUH�VH�SUH]LQW���GRX��FD]XUL�vQ�FDUH�PHWRGHOH�LQJLQHUHúWL�FODVLFH�GH�SURLHFWDUH�D�

VLVWHPHORU�DXWRPDWH�QX�FRQGXF�OD�UH]XOWDWH�VDWLVI�F�WRDUH��(ste vorba de folosirea indicatorilor 

PDUJLQH�GH�DPSOLILFDUH�0$�úL�PDUJLQH�GH�ID]��0)�úL�GH�HIHFWXO�DSUR[LP�ULL�3DGH�GH�RUGLQXO�

GRL�D�WLPSXOXL�PRUW�D�SURFHVXOXL�LQVWDOD LHL�DXWRPDWL]DWH�DVXSUD�VWDELOLW� LL�VLVWHPXOXL�DXWRPDW�

SURLHFWDW�SULQ�PHWRGD�ORFXOXL�U�G�FLQLORU�� 

2ULFH� VLVWHP� WHKQLF� SURLHFWDW� úL� H[HFXWDW� SUH]LQW�� ULVFXO�� SHULFROXO�� LQFRQYHQLHQWXO�

SRVLELO�� FD� SHUIRUPDQ HOH� VDOH� V�� QX� FRLQFLG�� FX� FHOH� SUHY�]XWH��5LVFXO� WHKQLF� DO� VLVWHPXOXL�

GHSLQGH� GH� VWUXFWXUD� VLVWHPXOXL� úL� GH� LQFHUWLWXGLQHD� DVXSUD� YDORULORU� SHUWXUED LLORU� úL�

HOHPHQWHORU� VDOH� FRPSRQHQWH��2� LPSRUWDQ �� DSDUWH�SUH]LQW�� VWXGLXO� ULVFXOXL� SHQWUX� VLVWHPHOH�

DXWRPDWH� FDUDFWHUL]DWH� GH� R� VWUXFWXU�� WLS� UHDF LH� QHJDWLY��� $FHVWHD� SUH]LQW�� FDUDFWHULVWLFD�

UHPDUFDELO�� D� XQXL� ULVF� PDL� PLF� GHFkW� ULVFXO� HOHPHQWHORU� FRPSRQHQWH� SH� FDOHD� GLUHFW�� D�

VLVWHPXOXL��8Q�VLVWHP�DXWRPDW�VH�QXPHúWH�UREXVW�GDF��DUH�XQ�ULVF��SHULFRO��PLF�vQ�UHDOL]DUHD�

VWDELOLW� LL� úL� SHUIRUPDQ HORU� SUHY�]XWH� vQ� FRQGL LLOH� SUH]HQ HL� XQXL� ULVF� VHPQLILFDWLY� DO�

procesului condus. Schema bloc a unXL� VLVWHP� DXWRPDW�PRGHUQ� IRORVLW� vQ� LQVWDOD LLOH� SHQWUX�

FRQVWUXF LL� HVWH�SUH]HQWDW�� vQ�Fig. 1��'DF�� FRQVLGHU�P�SHQWUX� VLPSOLILFDUH�F��'� ��úL�'� ��

DWXQFL� UHOD LD� GLQWUH� LHúLUHD� VLVWHPXOXL� <�V�� úL� FHOH� WUHL� LQWU�UL� DOH� VDOH�� UHIHULQ D� 5�V���

SHUWXUED LD�3�V��úL�]JRPRWXO�1�V���HVWH�XUP�WRDUHD� 

 

(1) 

6H�REVHUY��F��GDF��FRPSHQVDWRUXO�SHUWXUED LHL�DUH�IXQF LD�GH�WUDQVIHU�& $�%*�DWXQFL�

LQIOXHQ D�SHUWXUED LHL�HVWH�QXO���'LQ�S�FDWH�IXQF LLOH�GH�WUDQVIHU�*�V��úL�vQ�VSHFLDO A(s) nu sunt 

FXQRVFXWH� úL� FRPSHQVDWRUXO� &�V�� QX� SRDWH� IL� GHWHUPLQDW� FX� SUHFL]LH�� 7RW� GLQ� UHOD LD� (1) se 

FRQVWDW�� vQV��� F��GDF��FRPSHQVDWRUXO�HURULL�H[LVW�� úL�DUH�R� IXQF LH�GH� WUDQVIHU�.�V��GHVWXO�GH�

PDUH�� HIHFWXO�SHUWXUED LHL� HVWH�GUDPDWLF� VF�]XW�FKLDU� vQ�SUH]HQ D�XQXL� ULVF�GH�QHFXQRDúWHUH� D�

SURFHVHORU� FRQGXVH�� 'LQ� DFHDVW�� FDX]�� YRP� FRQVLGHUD� vQ� FRQWLQXDUH� QXPDL� HIHFWXO� UHDF LHL�

QHJDWLYH�vQ�HOLPLQDUHD�SHUWXUED LHL�3�V��SH�ED]D�VFKHPHL�EORF�GLQ�Fig. 2.  

Func LD�GH�WUDQVIHU�Hu(s) a sistemului automat din Fig. 2�vQ�UHJLP�GH�XUP�ULUH�HVWH�GDW��

GH�UHOD LD�(2). 
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Fig. 1�6FKHPD�EORF�D�XQHL�LQVWDOD LL�DXWRPDWL]DWH 

)XQF LD�GH�VHQVLELOLWDWH�6�V��D�VLVWHPXOXL�DXWRPDW�DUDW��FkW�GH�PXOW�VH�PRGLILF��IXQF LD�

GH�WUDQVIHU�vQ�UHJLP�GH�XUP�ULUH�+u�V��DWXQFL�FkQG�IXQF LD�GH�WUDQVIHU�D�LQVWDOD LHL�DXWRPDWL]DWH�

*�V��vúL�VFKLPE��SX LQ�YDORDUHD�FX�G*�V���)XQF LD�GH�VHQVLELOLWDWH�HVWH�GHILQLW��GH�UHOD LD�(3). 

 

(3) 

 

 

'LQ�UHOD LLOH�(2)�úL�(3)�UH]XOW��H[SUHVLD�(4) a IXQF LHL�GH�VHQVLELOLWDWH�6�V�. 

 

(4) 

în care L(s)=K(s)G(s) HVWH�IXQF LD�GH�WUDQVIHU�FX�EXFOD�GHVFKLV�� 

3H� OkQJ�� IXQF LD� GH� VHQVLELOLWDWH� 6�V�� VH� GHILQHúWH� úL� IXQF LD� GH� VHQVLELOLWDWH�

FRPSOHPHQWDU��7�V� a sistemului automat din Fig. 2�FX�DMXWRUXO�UHOD LHL�(5). 
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(5) 

6H�REVHUY��F��DUH�ORF�UHOD LD�(6)�vQWUH�FHOH�GRX��VHQVLELOLW� L� 

(6) 

Fig. 2 Schema bloc pentru proiectarea unui sistem automat 

Folosind func LLOH� GH� VHQVLELOLWDWH� 6�V�� úL� 7�V�� VH� RE LQ� GLQ� (1)� LHúLUHD�� HURDUHD� úL�

comanda pentru schema bloc din Fig. 2 

(7) 

 

(8) 

 

(9) 

5HIHULQ D�5�V���SHUWXUED LD�3�V��úL�]JRPRWXO�1�V��SRW�IL�JHQHUDWH�FX�DMXWRUXO�DFHOXLDúL�

PRGHO�FDUDFWHUL]DW�GH�UHOD LD�(10). 

(10) 

în care #*(s) este transformata Laplace a unui semnal tip, 

            W(s) –�R�IXQF LH�GH�WUDQVIHU�SURSULH�ILHF�UXL�VHPQDO�5�V���3�V��VDX�1�V�� 
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'H�H[HPSOX��GDF��VHPQDOXO�WLS�HVWH�LPSXOVXO�'LUDF�/�W���DWXQFL�WUDQVIRUPDWD�VD�/DSODFH�

HVWH� #*(s)=1. Pentru W(s)=1/s modelul (10)� JHQHUHD]�� XQ� VHPQDO� WUHDSW�� LDU� SHQWUX�

W(s)=1/(as+1) geQHUHD]��XQ�VHPQDO�H[SRQHQ LDO� 

'DF��VH�FRQVLGHU��VHSDUDW1� UHJLPXO�GH�XUP�ULUH�� UHJODUH2�úL� ILOWUDUH�DWXQFL�HURDUHD�(8) 

SRDWH�IL�H[SULPDW��vQWU-XQ�PRG�IRDUWH�JHQHUDO�SULQ�UHOD LD� 

(11) 

3HQWUX�FD]XO�#*(s)=1, analizat mai înainte, eroarea este: 

(12) 

vQ�FDUH�6�V��úL�:�V��VXQW�IXQF LL�GH�WUDQVIHU� 

2�P�VXU��PDWHPDWLF��D�HURULL�VH�SRDWH�IDFH�FX�DMXWRUXO�QRUPHL�+2�GHILQLW��GH�(13) sau 

a normei H��GHILQLW��GH�(14) . 

 

(13) 

Norma H2�HVWH�HJDO��FX�HQHUJLD�VHPQDOXOXL�GH�HURDUH� 

 

(14) 

Norma H� a erorii (14)�HVWH�HJDO��FX�YDORDUHD�FHOXL�PDL�PDUH�YkUI�SRVLELO��6H�IRORVHúWH�

sup în loc de max peQWUX�F��DFHVW�YkUI�SRDWH�DSDUH�OD�LQILQLW� 

(YDOXDUHD�SHUIRUPDQ HORU�VH�IDFH�úL�vQ�GRPHQLXO�IUHFYHQ ��úL�GLQ�DFHDVW��FDX]��H[LVWD�

norma H2�úL�QRUPD�+��D�XQHL�IXQF LL�GH�WUDQVIHU��'DF��FRQVLGHU�P�vQ�(7) numai efectul lui P: 

(15) 

atunci norma H2 a lui S(s) este 

 

(16) 

 

úL�SRDWH�IL�LQWHUSUHWDW��GLQ�(15)�GUHSW�YDORDUHD�HILFDFH�D�LHúLULL�<�D�VLVWHPXOXL�SHQWUX�R�

intrare P de tip zgomot alb. Norma H��D�OXL�6�V��VH�GHILQHúWH�Dstfel: 

 

(17) 

                                                 
1�3HQWUX�VLVWHPHOH�OLQLDUH�VH�SRDWH�DSOLFD�SULQFLSLXO�VXSHUSR]L LHL� 
2 Stabilizare. 
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$SOLFkQG�WHRUHPD�OXL�3DUFHYDO�VH�RE LQH�R�IRUP��HFKLYDOHQW��SHQWUX�(17): 

(18) 

8OWLPD� UHOD LH� DUDW�� F�� QRUPD� +�� D� OXL� 6�V�� HVWH� HJDO�� FX� YDORDUHD� GH� YkUI� 0s a 

U�VSXQVXOXL�vQ�IUHFYHQ ��6�M&��D�VLVWHPXOXL� 

3URLHFWDUHD� LQJLQHUHDVF�� D� VLVWHPHORU�DXWRPDWH�QHFHVLW�� UH]ROYDUHD�D�GRX��SUREOHPH��

��VWDELOLWDWHD����DVLJXUDUHD�SHUIRUPDQ HORU�LPSXVH� 

$ERUGDUHD� FODVLF�� D� SURLHFW�ULL� LQJLQHUHúWL� FRQVLGHU�� F�� FHOH� GRX�� SUREOHPH� VXQW�

rezolvate intr-R�SULP��DSUR[LPDUH�GDF�� LQGLFDWRULL�marginea de amplificare MA úL�marginea 

GH�ID]�
3 MF DX�YDORUL�FDUH�VDWLVIDF�XUP�WRDUHOH�FRQGL LL�� 

(19) 

(20) 

. 'LQ� S�FDWH� H[LVW�� VLWXD LL� vQ� FDUH� DFHúWL� LQGLFDWRUL� QX� GDX� LQIRUPD LL� FRUHFWH�� 8Q�

H[HPSOX�YD�O�PXULL�VLWXD LD� 

ÌQ�UHOD LD�(2)�V��FRQVLGHU�P�IXQF LD�GH�WUDQVIHU�(21)�SHQWUX�SDUWHD�IL[�4�D�LQVWDOD LHL�úL�

IXQF LD�GH�WUDQVIHU�(22) pentru compensatorul PID serie cu filtrare5. 

 

(21) 

 

(22) 

 

'DF��QRW�P�FX�L(s)�IXQF LD�GH�WUDQVIHU�D�VLVWHPXOXL�FX�EXFOD�GHVFKLV��GHILQLW��vQ�(4), 

atunci marginea de amplificare MA�úL�PDUJLQHD�GH�ID]��MF  pot fi determinate pe diagrama 

Nyquist a lui /�M&��din Fig. 3 . 

Marginea de amplificare MA HVWH� LQYHUVXO� GLVWDQ HL� GH� OD� RULJLQH� OD� SXQFWXO� GH�

LQWHUVHF LH�D�KRGRJUDIXOXL6 lui /�M&��FX�D[D�UHDO��úL�UHSUH]LQW��IDFWRUXO�FX�FDUH�WUHEXLH�vQPXO LW�

modulul lui /�M&��SHQWUX�FD�VLVWHPXO�DXWRPDW�V��GHYLQ��LQVWDELO7.  

                                                 
3�5H]HUYD�GH�DPSOLILFDUH��UH]HUYD�GH�ID]�� 
4�(OHPHQWXO�GH�H[HFX LH��SURFHVXO�FRQGXV�úL�WUDGXFWRUXO� 
5 Pentru a fi realizabil fizic. 
6�&XUED�IXQF LHL�GH�WUDQVIHU�JUDGDW��vQ�IUHFYHQ H��SXOVD LL���$FHDVW��UHSUH]HQWDUH�VH�PDL�
QXPHúWH�úL�loc (hodograf) Nyquist. 
7 Hodograful lui /�M&��V��WUHDF��SULQ�SXQFWXO�GH�FRRUGRQDWH��-1, j0). 
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0DUJLQHD� GH� ID]��MF � HVWH� XQJKLXO� GLQWUH� D[D� UHDO�� QHJDWLY�� úL� GUHDSWD� FDUH� XQHúWH�

RULJLQHD�FX�SXQFWXO�GH�LQWHUVHF LH�D�FHUFXOXL�XQLWDU8 cu hodograful lui /�M&���0DUJLQHD�GH�ID]��

repre]LQW��GHID]DMXO�VXSOLPHQWDU�DO�OXL�/�M&��SHQWUX�FD�VLVWHPXO�DXWRPDW�V��GHYLQ��LQVWDELO� 

 

Fig. 3�'HWHUPLQDUHD�PDUJLQLL�GH�DPSOLILFDUH�0$��PDUJLQLL�GH�ID]��0)�úL�D�PDUJLQLL�

de modul 

3HQWUX�H[HPSOXO�FRQVLGHUDW�UH]XOW��GLQ�Fig. 3 o margine de amplificare MA=2,03 úL�R�

PDUJLQH�GH�ID]��MF=83,5º. 

Conform regulilor (19)�úL�(20)�VLVWHPXO�DXWRPDW�HVWH�ELQH�SURLHFWDW��7RWXúL��VH�REVHUY��

în Fig. 3 F�� KRGRJUDIXO� OXL�/�M&) se apropie în mod periculos de punctul critic (-1, j0) úL�

sistemul poate deveni instabil.  

$ERUGDUHD�PRGHUQ� vQ� SURLHFWDUHD� LQJLQHUHDVF�� D� VLVWHPHORU� DXWRPDWH� FRQVLGHU�� XQ�

LQGLFDWRU�PDL�EXQ�DO�UREXVWH LL�VWDELOLW� LL��$FHVWD�HVWH�R�GLVWDQ ��PLQLP���QXPLW��margine de 

modul MM , dintre hodograful lui /�M&��úL�SXQFWXO�FULWLF� 

                                                 
8 Cercul cu raza R=1. 



 

Marginea de modul MM  este raza cecului cu centrul în punctul critic (-���M���úL�WDQJHQW�

la hodograful lui /�M&���9HFWRUXO�FDUH�XQHúWH�SXQFWXO�FULWLF��-1, j0) cu punctul cel mai apropiat 

de pe hodograful lui /�M&��DUH�PRGXOXO�GDW�GH�UHOD LD�(23). 

 

(23) 

 

 

 

 

Fig. 4�0RGXOXO�IXQF LHL�GH�VHQVLELOLWDWH�6�M&��D�VLVWHPXOXL�DXWRPDW�FX�SDUWHD�IL[��(21��úL�

compensatorul PID (22). 

2�QRX��GHILQL LH�(24) a marginii de modul MM �UH]XOW��GLQ�UHOD LLOH�(4)�úL�(23). 

 

(24) 

min
)(1 ωjLMM +=
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în care Ms _6�M&�_max este valoarea9 cea mai mare dintre vârfurile modului lui 6�M&�� 

5HGXFHUHD�VHQVLELOLW� LL�PD[LPH�YD�FRQGXFH�OD�FUHúWHUHD�PDUJLQLL�GH�PRGXO�� 

&D� úL� vQ� FD]XO� PDUJLQLL� GH� DPSOLILFDUH� VDX� D� PDUJLQLL� GH� ID]�� H[LVW�� R� UHJXO�� (25) 

pentru valoarea marginii de modul MM FDUH�DVLJXU��UREXVWH HD�VWDELOLW� LL�VLVWHPXOXL�DXWRPDW� 

(25) 

0DUJLQHD� GH� PRGXO� VH� FDOFXOHD]�� XúRU� FX� UHOD LD� (24). Pentru exemplul considerat 

PRGXOXO�IXQF LHL�Ge sensibilitate este prezentat în Fig. 4��9DORDUHD�VD�PD[LP��HVWH�0s �����úL�

GHFL�UH]XOW��GLQ�(24) valoarea MM � ��������6LVWHPXO�DXWRPDW�QX�vQGHSOLQHúWH�FRQGL LD�(25)�úL�

nu este staELO�UREXVW��$FHDVW��FRQFOX]LH�FRLQFLGH�úL�FX�VLWXD LD�YL]LELO��vQ�Fig. 3. 

0DUJLQHD� GH� PRGXO� HVWH� IRDUWH� LPSRUWDQW�� úL� SHQWUX� F�� IDFH� OHJ�WXUD� FX� FULWHULXO�

cercului de stabilitate al lui Popov pentru sistemele neliniare. 

&RQGL LD� GH� UREXVWH H� (25)� LPSOLF�� úL� UHDOL]DUHD� FRQGL LLORU� GH� UREXVWH H� (19)� úL� (20) 

'XS��FXP�DP�Y�]XW�GLQ�H[HPSOXO�SUH]HQWDW�UHFLSURFD�QX�HVWH�YDODELO�� 

&UHúWHUHD� XQRU� SHUIRUPDQ H� DOH� VLVWHPXOXL� DXWRPDW� LPSOLF�� PLFúRUDUHD� UREXVWH HL�

VWDELOLW� LL�VDOH��0DUJLQHD�GH�PRGXO�HVWH�FHO�PDL�EXQ�LQGLFDWRU�DO�IDSWXOXL�F��R�DQXPLW��OLPLW��D�

UREXVWH LL��GH�H[HPSOX�FHD�LQGLFDW��GH�UHOD LD�(25)��QX�HVWH�GHS�úLW�� 

Pericolul datorat XQXL� JUDG� GH� LQFHUWLWXGLQH� vQ� FXQRDúWHUHD� LQVWDOD LHL� *�V�� SRDWH� IL�

DGLWLY�VDX�PXOWLSOLFDWLY��5LVFXO�DGLWLY�D�M&��HVWH�GHILQLW�DVWIHO� 

(26) 

în care Gm�M&��HVWH�PRGHOXO�LQVWDOD LHL� 

3HQWUX� vQOHVQLUHD� SURLHFW�ULL� VH� LQWURGXFH� R� FRQVWDQW�� GHSHQGHQW�� GH� IUHFYHQ �� D�&��

astfel încât: 

(27) 

$VHP�Q�WRU�VH�GHILQHúWH�ULVFXO�PXOWLSOLFDWLY�O�M&�� 

 (28) 

în care: 

(29) 

úL�DSDUH�GLQ�QRX�R�FRQVWDQW��O�&��GHSHQGHQW��GH�IUHFYHQ ��LQWURGXV��SHQWru specificarea 

VDUFLQLORU�XUP�ULWH�OD�SURLHFWDUH� 

'HRDUHFH�DPEHOH�GHVFULHUL�WUHEXLH�V��ILH�HFKLYDOHQWH�HVWH�QHFHVDU�FD� 

 

                                                 
9�$FHDVW��YDORDUH�FRUHVSXQGH�QRUPHL�+� (18) a modulului lui 6�M&��úL�VH�QRWHD]��FX�0s. 

)()()( ωωω jajGjG m +=

)()( ωω aja ≤

[ ])(1)()( ωωω jljGjG m +=

)()( ωω ljl ≤

)8(4,0)6(5.0 dBputinceldBMM −−≥



 

 

(30) 

 

'DF�� VH�FXQRDúWH�R�PDUJLQH�VXSHULRDU�� O�&�� (29)�D� LQFHUWLWXGLQLL�PRGHO�ULL� LQVWDOD LHL�

DXWRPDWL]DWH� VH� SRDWH� VWDELOLL� XQ� FULWHULX� GH� VWDELOLWDWH� UREXVW��PDL� EXQ� GHFkW� FULWHULLOH� (19), 

(20) sau (25)�� ,Q� DFHVW� VFRS� VH� FRQVLGHU�� XQ� H[HPSOX� vQ� FDUH� R� LQVWDOD LH� HVWH�PRGHODW�� FX�

DMXWRUXO�IXQF LHL�GH�WUDQVIHU�(31). 

 

(31) 

 

în care Gm�V��HVWH�IXQF LD�GH�WUDQVIHU�D�PRGHOXOXL�DGRSWDW�SHQWUX�LQVWDOD LH� 

&RPSHQVDWRUXO�HURULL�HVWH�GH�WLS�SURSRU LRQDO�úL�DUH�YDORDUHD�.�V� �� 

TraduFWRUXO�VLVWHPXOXL�DXWRPDW�SUH]LQW��XQ�ULVF�WHKQLF�GH�����SkQ��OD���UDG�V��3HQWUX�

IUHFYHQ H�PDL�PDUL�ULVFXO�FUHúWH�OLQLDU�SkQ��OD����UDG�V��LDU�GXS��DFHHD�U�PkQH�FRQVWDQW�úL�HJDO�

FX�������$FHDVW��GHVFULHUH�D�ULVFXOXL�HVWH�PXOWLSOLFDWLY���3HQWUX�IRORVLUHD�GLagramei Nyquist 

VH�GHWHUPLQ��ULVFXO�DGLWLY�FX�DMXWRUXO�UHOD LHL������,Q�Fig. 5�VH�SUH]LQW��JUDILF�IXQF LD�GH�WUDQVIHU�

D�VLVWHPXOXL�DXWRPDW�FX�EXFOD�GHVFKLV���5LVFXO�DGLWLY�DSDUH�VXE�IRUPD�XQRU�FHUFXUL�VXSUDSXVH� 

Criteriul de stabilLWDWH� 1\TXLVW� DUDW�� F�� GDF�� IXQF LLOH� GH� WUDQVIHU� SRVLELOH� DOH�

LQVWDOD LLORU�PRGHODWH�DX�DFHODúL�QXP�U�GH�SROL�vQ�VHPLSODQXO�GUHSW�úL�GDF��EDQGD�GH�FHUFXUL�QX�

include punctul (-1,0) atunci sistemul automat este stabil robust. Cu alte cuvinte stabilitatea 

eVWH�JDUDQWDW��GDF��GLVWDQ D�GH�OD�SXQFWXO��-�����OD�XQ�SXQFW�DO�JUDILFXOXL�.�M&�*�M&��HVWH�PDL�

PLF��GHFkW�ULVFXO�WHKQLF�UHSUH]HQWDW�GH�UD]D�FHUFXOXL� 

(32) 

Din Fig. 5� VH�REVHUY��F�� VLVWHPXO�DXWRPDW�QX�DUH� ULVF�GH�VWDELOLWDWH��DGLF��HVWH�VWDELO�

UREXVW��GHRDUHFH�UHOD LD�(32)�HVWH�VDWLVI�FXW�� 

'DF��VH�FRQVLGHU��VHQVLELOLWDWHD�FRPSOHPHQWDU��7m�V��SHQWUX�LQVWDOD LD�QRPLQDO�� 

 

(33) 

DWXQFL�FULWHULXO�GH�VWDELOLWDWH�UREXVW��UH]XOW��GLQ�(32)�úL�HVWH� 

 

(34) 

SHQWUX�WRDWH�YDORULOH�OXL�&� 
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Fig. 5 Diagrama Nyquist cu parametrii riscului de stabilitate. 

8Q�DOW�H[HPSOX�GH�DSUHFLHUH�DO�VWDELOLW� LL�UREXVWH�vO�FRQVWLWXH�FD]XO�PRGHO�ULL�WLPSXOXL�

mort Tm� DO�PRGHOXOXL� LQVWDOD LHL� DXWRPDWL]DWH� FX� DMXWRUXO� DSUR[LPD LHL� 3DGH� GH� RUGLQXO� GRL�

(35). 

 

(35) 

)XQF LD�GH�WUDQVIHU�D�SURFHVXOXL�HVWH�(36). 

 

(36) 

 

)XQF LD�GH�WUDQVIHU�D�PRGHOXOXL�SURFHVXOXL�HVWH�(37). 

 

(37) 

 

Înlocuind pe (35), (36)�úL�(37)în (28) se poate calcula riscul multiplicativ (38). 

 

 

22

22

612

612
)(

sTsT

sTsT
sVe

mm

mmsTm

++
+−

=≅−

( )nf

sT

f
sT

e
KsG

m

1
)(

+
=

−

( )nf

fm
sT

sV
KsG

1

)(
)(

+
=



 

(38) 

'DF��DYHP�XQ�PRGHO�SHQWUX�SURFHV��GH�H[HPSOX�*m(s) dat de (37), se poate proiecta 

FRPSHQVDWRUXO� .�V�� úL� DSRL� FX� DMXWRUXO� UHOD LLORU� (33)� úL� (38)� VH� SRDWH� YHULILFD� FRQGL LD� GH�

VWDELOLWDWH�UREXVW��(34). Un exemplu va clarifica lucrurile. Pentru modelul procesului descris 

GH�UHOD LLOH�(35)�úL�(37)�DYHP�XUP�WRDUHOH�YDORUL�SHQWUX�SDUDPHWULL� 

(39) 

Acordarea Ziegler –� 1LFKROV� D� UHJXODWRUXOXL� FRQGXFH� OD� XUP�WRULL� SDUDPHWUL� DL�

compensatorului erorii: 

(40) 

Fig. 6�9DULD LD�FRQGL LHL�(34)�vQ�IXQF LH�GH�&�SHQWUX�YDORULOH�(39)�úL�(40) 

)XQF LD�GH�WUDQVIHU�D�UHJXODWRUXOXL�3,'�YD�IL� 

 

(41) 

Cu valorile numerice (39)�úL�(40)�FRQGL LD�(34) are valoarea din Fig. 6. Se observa ca 

HD� QX� HVWH� vQGHSOLQLW��� GHS�úLQG� YDORDUHD� �� FX� WRDWH� F�� UHJXODWRUXO� D� IRVW� DFRrdat Ziegler-

Nichols. 

5LVFXO� WHKQLF� OD� VLVWHPHOH� DXWRPDWH� LPSOLF�� vQ� DIDU�� GH� ULVFXO� LQVWDELOLW� LL� úL� ULVFXO�

GHWHULRU�ULL� SHUIRUPDQ HORU��8QD�GLQWUH� FHOH�PDL� LPSRUWDQWH�SHUIRUPDQ H� DSUHFLD]��PRGXO� vQ�

FDUH�VLVWHPXO�DXWRPDW�vQO�WXU��VDX�DWHQXHD]��HIHFWXO�SHUWXUED LLORU��3HQWUX�SHUWXUED LL�GLIHULWH�

HURDUHD� SRDWH� IL� H[SULPDW��� vQWU-XQ� PRG� IRDUWH� JHQHUDO�� FX� DMXWRUXO� UHOD LLORU� (11)� úL� (12). 
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'HRDUHFH� VH�FRQVLGHU�� F��SHUWXUED LD�HVWH�XQLWDU�� UH]XOW�� F�� U�VSXQVXO�sistemului automat la 

SHUWXUED LH�� DGLF�� HURDUHD�� WUHEXLH� V�� ILH� PDL� PLF� GHFkW� XQX�� )RORVLQG� QRUPD� +�� DSOLFDW��

UHOD LHL�(12)�UH]XOW��FRQGL LD�GH�SHUIRUPDQ ��QRPLQDO�� 

(42) 

3HQWUX�R�SHUIRUPDQ ��UREXVW��UHOD LD�(42)�WUHEXLH�V��ILH�VDWLVI�FXW��SHQWUX�FD]XO�FHO�PDL�

QHIDYRUDELO�DO�IXQF LHL�GH�WUDQVIHU�DO�SURFHVXOXL�GLQ�LQVWDOD LH��'HFL� 

(43) 

în care sup –�VXSUHPXP�vQVHDPQ��F��VH�FRQVLGHU��YDORDUHD�FHD�PDL�PDUH�D�PRGXOXOXL�IXQF LHL�

GH�VHQVLELOLWDWH�6�M&��SRQGHUDWH�FX�:�M&���SHQWUX�WRDWH�YDORULOH�OXL�&� 

6H�REVHUY��vQ�Fig. 5�F��SHQWUX�RULFH�IUHFYHQ ��IXQF LD�GH�WUDQVIHU�vQ�EXFO��GHVFKLV��GK 

VH�YD�J�VL�vQ�LQWHULRUXO�GLVFXULORU�FDUH�UHSUH]LQW��UHJLXQHD�GH�LQFHUWLWXGLQH��'LQ�DFHDVW��FDX]��

H[LVW��XUP�WRDUHD�UHOD LH�SHQWUX�WRDWH�YDORULOH�SRVLELOH�DOH�OXL�*� 

(44) 

'LQ�GHILQL LD�(4)�D�IXQF LHL�GH�VHQVLELOLWDWH�6�UH]XOW�� 

 

(45) 

 

&RQGL LD�GH perfRUPDQ ��UREXVW� (43)�SHQWUX�WRDWH�SXOVD LLOH�&�GHYLQH� 

 

(46) 

sau 

(47) 

6H� REVHUY�� F�� FRQGL LD� GH� SHUIRUPDQ �� UREXVW�� (47)� LPSOLF�� FRQGL LD� GH� VWDELOLWDWH�

UREXVW��(34)�úL�FRQGL LD�GH�SHUIRUPDQ ��QRPLQDO��(42)��6H�REVHUY��F��vPEXQ�W� LUHD�VWDELOLW� LL�

UREXVWH�SURYRDF��R�GHWHULRUDUH�D�SHUIRUPDQ HL�QRPLQDOH�úL�YLFH�YHUVD��3H�GH�DOW��SDUWH�IXQF LD�

de sensibilitate S(s) trebXLH�V��vQGHSOLQHDVF��úL�FRQGL LD�LQWHJUDO��(48) a lui Bode. 

 

(48) 

&RQVLGHUkQG�UHOD LLOH� (6), (47)� úL� (48)� úL� LPSXQkQG�GLIHULWH�FRQGL LL� OXL�6�V��úL�7�V��VH�

SRW� OXD� vQ� FRQVLGHUDUH� GLIHULWH� SHUIRUPDQ H� UHIHULWRDUH� OD� VWDELOLWDWHD� UREXVW��� HURDUHD�

VWD LRQDU���VXSUDUHJODUHD��GXUDWD�SURFHVXOXL�WUDQ]LWRULX��EDQGD�GH�WUHFHUH�vQ�EXFO��vQFKLV��úL�OD�

HOLPLQDUHD�SHUWXUED LLORU��D�]JRPRWXOXL�GH�P�VXUDUH��D�GHILFLHQ HORU�GH�PRGHODUH�úL�D�VDWXU�ULL�
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HOHPHQWXOXL�GH�H[HFX LH��'H�H[HPSOX��SHQWUX�VLVWHPXO�DXWRPDW�VWDQGDUG�GLQ�Fig. 2 T(s) definit 

GH�UHOD LD�(33)�UHSUH]LQW��IXQF LD�GH�WUDQVIHU�LQWUDUH�–� LHúLUH��'DF��DFHDVW��IXQF LH�GH�WUDQVIHU�

HVWH�GH�RUGLQXO�GRL��DúD�FXP�VH�FRQVLGHU��OD�HYDOXDUHD�SHUIRUPDQ HORU�VWDQGDUG��DWXQFL�YkUIXO�

Mt al diagramei Bode a modulului lui T(s) are valoarea: 

 

(49) 

în care ��HVWH�IUDF LXQHD�GH�DPRUWL]DUH�FULWLF�� 

6XSUDUHJODUHD� U�VSXQVXOXL� LQGLFLDO�� R� SHUIRUPDQ �� LPSRUWDQW�� SHQWUX� VLVWHPHOH�

DXWRPDWH��GHSLQGH�úL�HD�GH��� 

 

(50) 

Din (34), (49)� úL� (50) se poate stabilii o� OHJ�WXU�� vQWUH� UREXVWH HD� VWDELOLW� LL� úL�

LQGLFDWRULL�GH�SHUIRUPDQ ��VWDQGDUG��&kWHYD�YDORUL�IRORVLWH�IUHFYHQW�VXQW�XUP�WRDUHOH� 

Mt = 1,1   … 1,5 

��  0,54 … 0,36 

1�  0,13 … 0,29 

5HFXQRDúWHUHD� IDSWXOXL� F�� OD� SURLHFWDUHD� úL� H[SORDWDUHD� VLVWHPHORU� DXWRPDWe este 

QHFHVDU��FRQVLGHUDUHD�ULVFXOXL�WHKQLF�D�FRQGXV�OD�DSDUL LD�PDL�PXOWRU�PHWRGH�GH�SURLHFWDUH��vQ�

VSHFLDO�vQ�GRPHQLXO�IUHFYHQ ���SH�ED]D�FRQFHSWHORU�SUH]HQWDWH�vQ�DFHDVW��OXFUDUH�� 
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