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Atât VFKLPEXULOH� GH� HQHUJLH FkW� úL� VFKLPEXULOH� GH� LQIRUPD LH VH� IDF� FHO� PDL�IUHFYHQW�SH�VXSRUWXO�P ULPLORU�HOHFWURPDJQHWLFH� D�F URU�P VXUDUH�SUHFLV FRQGL LRQHD]GHVI úXUDUHD�QRUPDO D SURFHVHORU�LPSOLFDWH��
� 6H�SRDWH�DILUPD��I U H[DJHUDUH��F DPSORDUHD�P VXU ULORU�HOHFWULFH úL�HOHFWURQLFHHVWH� DVW ]L� FRPSDUDELO FX� DFHHD� D�P VXU ULL� WXWXURU� FHORUODOWH�P ULPL� IL]LFH� OD� XQ� ORF��2GDW FX�H[WLQGHUHD�P VXU ULORU�HOHFWULFH�D�FUHVFXW�úL�SUHFL]LD�DFHVWRU��DMXQJkQGX�VH�OD�R�SUHFL]LH�GH������ SHUIRUPDQ H FDUH�PDL�GHPXOW�DSDU LQHDX�QXPDL�HWDORDQHORU��
� 2 DOW WHQGLQ D SURJUHVXOXL� P VXU ULORU� HOHFWULFH� HVWH� O UJLUHD� LQWHUYDOXOXL� GH�P VXUDUH� vQ�VSHFLDO�F WUH�YDORUL�PLFL�úL�IRDUWH�PLFL�DOH�WHQVLXQLL�úL�FXUHQWXOXL��
� 0 VXU ULOH�HOHFWULFH� vQ�úWLLQ D úL� WHKQRORJLD�FRQWHPSRUDQ VXQW�FDUDFWHUL]DWH�SULQ�SUHFL]LH�� VHQVLELOLWDWH�� QHFHVLWDWHD� GH� D� VH� HIHFWXD�P VXU WRUL� UDSLGH�� UHSHWDWH� vQ� SXQFWH�PXOWLSOH úL� vQ� JHQHUDO� P VXU UL� vQ� FDUH� IDFWRUXO� WLPS� LQWHUYLQH� WRW� WLPSXO�� 0 VXU ULOH�HOHFWULFH�UHSUH]LQW GRPHQLXO�vQ�FDUH�SUHFL]LD��SUDJXO�GH�VHQVLELOLWDWH�úL�YLWH]D�GH�P VXUDUH�DMXQJ�FHO�PDL�DSURDSH�GH�OLPLWHOH�WHRUHWLFH��
� 0 VXU ULOH� SRW� IL� FODVLILFDWH� GXS PDL� PXOWH� FULWHULL� $FWXDOPHQWH� HVWH�SUHGRPLQDQW FODVLILFDUHD� GXS QDWXUD� P ULPLL� P VXUDWH� ÌQ� DFHVW� VHQV� SULQ� P VXU UL�HOHFWULFH� VH� vQ HOHJH� P VXUDUHD� P ULPLORU� HOHFWURPDJQHWLFH� SULQ� RULFH� PLMORDFH��HOHFWURPHFDQLFH�� HOHFWURWHUPLFH�� HOHFWURRSWLFH�� HOHFWURWHUPLFH� HWF�� 'HVLJXU�� VHSDUDUHD�P ULPLORU�HOHFWURPDJQHWLFH�vQ�P ULPL�HOHFWULFH�úL�vQ�P ULPL�PDJQHWLFH�HVWH�vQ�EXQ SDUWH�DUELWUDU � 2� vPS U LUH� PXOW� PDL� DYDQWDMRDV SHQWUX� P VXU UL� DU� IL� DFHHD� vQ� P ULPL� GH�FLUFXLW� P ULPL�GH�FkPS úL�P ULPL�GH�PDWHULDO�8QLL�DXWRUL�FODVLILF P ULPLOH�GLQ�SXQFW�GH�YHGHUH�DO�P VXU ULORU�vQ��� P ULPL�GH�JUDGXO�]HUR��UH]LVWHQ � LQGXFWDQ � LPSHGDQ HWF���� P ULPL�GH�JUDGXO�XQX��WHQVLXQH��FXUHQW���� 0 ULPL�GH�JUDGXO�GRL��SXWHUH��HQHUJLH�HWF���
� 2 DOW REVHUYD LH�HVHQ LDO HVWH�DFHHD�F vQ�FDGUXO�P VXU ULORU�HOHFWULFH��P VXUDUHD�P ULPLORU� GH� FLUFXLW� HVWH� HVHQ LDO � 0 VXUDUHD� P ULPLORU� GH� FkPS� úL� D� P ULPLORU� GH�PDWHULDO�SUH]LQW QXPHURDVH�SDUWLFXODULW L úL�DFHVWHD�GHSHQGHQW�GH�GRPHQLLOH�GH�DSOLFD LH�FRQFUHWH��6H�YD�HYLWD�SUH]HQWDUHD� vQ�FDGUXO�FXUVXOXL�D�XQRU�P VXU UL�SDUWLFXODUH�FDUH�IDF�RELHFWXO�GH�DFWLYLWDWH�DO�XQRU�GLVFLSOLQH�VSHFLILFH��SDUWLFXODUH���GHVF UF UL�vQ�JD]H��WHKQLFD�

tensiunilor înalte etc.�&D� úL� vQ� DOWH� GRPHQLL� úL� vQ� FHO� DO� P VXU WRULORU� HOHFWULFH� VH� GLVWLQJH� DOWHUQDQ D��PHWRG – DSDUDW �GH�P VXUDUH�� VDX� FXP� VH� IRORVHúWH� D]L în unanimitate VRIW�– KDUG. În DFHVWH�FRQGL LL�VH�SRDWH�DILUPD�F �
• 6RIW� UHSUH]LQW DQVDPEOXO� PHWRGHORU�� WHKQLFLORU� úL� SURFHGHHORU� GH� P VXUDUH��FRUHFWD�DOHJHUH�úL�XWLOL]DUH�D�DSDUDWXULL��HYDOXDUHD�HURULORU�GH�P VXUDUH�HWF��
• +DUG� UHSUH]LQW DQVDPEOXO�PLMORDFHORU�GH�P VXUDUH��D�DSDUDWHORU�úL�FLUFXLWHORU�FRPSRQHQWH��WHKQRORJLD�úL�FRQVWUXF LD�DSDUDWXULL�GH�P VXUDW�HWF��
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'H]YROWDUHD� ORU�HVWH� vQ� JHQHUDO�SDUDOHO � ÌQ�XOWLPXO� WLPS� vQV � RGDW FX�FUHúWHUHD�SHUIRUPDQ HORU�úL�FRPSOH[LW LL�DSDUDWHORU��VH�DFRUG R DWHQ LH�VSRULW VRIWXOXL�&H� vQVHDPQ GH� IDSW�D�P VXUD�� DGLF D HIHFWXD�R�P VXU WRDUH"�$�P VXUD�FRUHFW�vQVHDPQ vQ�SULQFLSDO�D�UHDOL]D�MXGLFLRV�VLQWH]D�úL�DQDOL]D�SURFHVXOXL�GH�P VXUDUH� DGLF DDOHJH�DSDUDWHOH�FRUHVSXQ] WRDUH�úL�D�IL[D�FRQGL LLOH�HODERUkQG�FHD�PDL�SRWULYLW PHWRG �(VHQ LDO�vQWU�R�P VXU WRDUH� vQ�FRQFHSHUHD�DFHVWHLD�HVWH�P ULPHD�FH�XUPHD] V ILH�P VXUDW � GH�OD�DFHDVWD�VH�SRUQHúWH�úL�DSRL�XUPHD] PHWRGD�GH�P VXUDUH�úL�vQ�ILQH�VH�DOHJ�DSDUDWHOH�GH�P VXUDUH��
� 8Q� DVSHFW� XUP ULW� vQ� SURFHVXO� GH� P VXUDUH�� DVSHFW� FDUH� FRQGL LRQHD] GH� IDSW�FRUHFWLWXGLQHD�RSHUD LHL HVWH�UHGXFHUHD�HURULORU�GH�P VXUDUH�(YLGHQW� DFHVWH� HURUL� SRW� SURYHQL� QX� QXPDL� GH� OD� DSDUDWXO� GH�P VXUDW� FL� úL� GH� OD�RELHFWXO�VXSXV�P VXU ULL��GH�OD�LQWHUDF LXQHD�DSDUDW�– RELHFW VDX�FD�XUPDUH�D�XQRU�IDFWRUL�GH�LQIOXHQ H[WHULRUL��

În cadrul prezentului curs, FHQWUXO�GH�JUHXWDWH YD�IL�SXV�GH�SDUWHD�GH�VRIW � DGLF SH�DFHHD� D� GHVFULHULL� PHWRGHORU� GH� P VXUDUH� $SDUDWXO� YD� IL� SULYLW� QXPDL� FD� XQ� PLMORF��QHFHVDU�UHDOL] ULL�SURFHVXOXL�GH�P VXUDUH�$FHDVW RULHQWDUH�D�IRVW�GHWHUPLQDW úL�GH�IDSWXO�F PHWRGD�GH�P VXUDUH�UHSUH]LQWvQ�HVHQ HOHPHQWXO�FHO�PDL�VWDELO��vQ�FRPSDUD LH�FX�DSDUDWXO�GH�P VXUDW��FDUH�HVWH�VXSXV�XQRU�VFKLPE UL�PXOW�PDL�UDSLGH��
� 5HIHULWRU�OD�DSDUDWHOH�GH�P VXUDUH� WUHEXLH�PHQ LRQDW�F LQVWDOD LLOH�úL�VLVWHPHOH�GH�P VXUDUH� VXQW� IRDUWH� YDULDWH� úL� HOH� VXQW� DGDSWDWH� XQRU� VFRSXUL� SDUWLFXODUH� �� DVWIHO� FSUH]HQWDUHD�ORU�GHS úHúWH�FDGUXO�FXUVXOXL��3HQWUX� GHVFULHUHD� XQXL� DSDUDW� GH�P VXUDW�� DFHVWD� HVWH� SUH]HQWDW� FD� XQ� DQVDPEOX�IXQF LRQDO� GH� FLUFXLWH� 8QGH� GLQ� FLUFXLWH� VXQW� SUHVXSXVH� FXQRVFXWH�� FD� GH� H[HPSOX��DPSOLILFDWRDUHOH�� GHWHFWRDUH�� GLYL]RDUH� UH]LVWLYH� VDX� FDSDFLWLYH� úL� DOWHOH�� 7RDWH� DFHVWHD�DSDU� vQ� VFKHPD� IXQF LRQDO D DSDUDWXOXL� FD� VLPSOH�GUHSWXQJKLXUL�� WULXQJKLXUL� VDX�FHUFXUL�FX�LQGLFDUHD�IXQF LXQLL�UHVSHFWLYH��$OWHOH�vQV � VSHFLILFH��VXQW�GHVFRPSXVH�SkQ OD�QLYHOXO�GH�FRPSRQHQWH��SHQWUX�FD�IXQF LRQDUHD�ORU�V ILH�H[SOLFDW �
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����� 0 VXU UL�� ÌQ�HOHFWURWHKQLF úL� HOHFWURQLF LQWHUYLQ�QXPHURDVH�P ULPL� IL]LFH��WHQVLXQL�� FXUHQ L�� SXWHUL�� HQHUJLL�� UH]LVWHQ H HWF�� FDUH� VH� FDUDFWHUL]HD] SULQ� GLPHQVLXQL�IL]LFH�úL�DQXPLWH�UDSRUWXUL�vQWUH�HOH��$SUHFLHUHD�FDQWLWDWLY D SURSULHW LORU�DFHVWRU�P ULPL�VH�UHDOL]HD] SULQ�P VXUDUH�$ P VXUD R P ULPH� vQVHDPQ D R�FRPSDUD�FX�R�DOW P ULPH��GH�DFHHDúL� QDWXU �OXDW FRQYHQ LRQDO� FD� XQLWDWH� GH� FRPSDUD LH� úL� GHQXPLW XQLWDWH� GH� P VXU � 5DSRUWXO�GLQWUH� P ULPHD� GH� P VXUDW� $� úL� XQLWDWHD� GH� P VXU D UHSUH]LQW YDORDUHD� QXPHULF DP ULPLL� � DGLF �

a

A=α � ������
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'HFL�P ULPHD�HVWH�HJDO FX�SURGXVXO�GLQWUH�XQLWDWHD�GH�P VXU úL�YDORDUHD�VD��0 ULPHD� úL� XQLWDWHD� VXQW� QR LXQL� IL]LFH� SH� FkQG� YDORDUHD� ILLQG� XQ� UDSRUW� GLQWUH�GRX P ULPL�GH�DFHODúL�IHO��HVWH�XQ�VLPSOX�QXP U I U GLPHQVLXQL��0 ULPHD�QX�YDULD] FX�XQLWDWHD� GH� P VXU FRQVLGHUDW � U PkQH� DFHHDúL�� pe când valoarea G úL� DQXPH� VHQV�SURSRU LRQDO��ÌQWUH�XQLW LOH�GH�P VXU H[LVW UHOD LD�5��vQWUH�P ULPLOH�H[SULPDWH�vQ�XQLW LGH�P VXU H[LVW UHOD LD�5���
([HPSOX� XQ� FXUHQW� GH� �$� SRDWH� IL� H[SULPDW� úL� vQ� P$�� DGLF ����P$��

mAA 3101 = . Curentul exprimat în amperi este de 10���PDL�PLF�DGLF ][10][ 3 mAIAI −= �
3HQWUX� D� P VXUD� R� P ULPH� WUHEXLH� V ILH� VWDELOLW XQLWDWHD� GH� P VXU D DFHOHL�P ULPL�úL�VD�H[LVWH�PLMORDFH�GH�P VXUDUH� FDUH�V SUH]LQWH�FRPSDUDUHD�P ULPLL�FX�XQLWDWHD�HL��SULQ�DQXPLWH�PHWRGH�GH�P VXUDUH�

���� 8QLWDWHD�GH�P VXU � 8QLWDWHD�GH�P VXU WUHEXLH�V ILH�GH�DFHHDúL�QDWXU FX�P ULPHD� GH� P VXUDW� úL� V SRDWH� IL� UHSURGXV IL]LF� SHQWUX� D� VH� SXWHD� FRPSDUD� FX� HD�P ULPLOH�GH�P VXUDW��'LPHQVLXQHD�XQLW LL�SRDWH�IL�DOHDV RDUHFDUH�GDU��RGDW DFFHSWDW HD�WUHEXLH�V U PkQ QHVFKLPEDW �7RWDOLWDWHD�XQLW LORU�GH�P VXU IRORVLWH�vQWU�XQ�GRPHQLX�RDUHFDUH�GH�P VXUDUH�VH�QXPHúWH� VLVWHP� GH� XQLW L� 8QLW LOH� GH� P VXU VH� VWDELOHVF� vQ� ILHFDUH� DU SULQ� OHJL�VSHFLDOH��LDU�JHQHUDOL]DUHD�ORU�SH�VFDU PRQGLDO VH�DVLJXU SULQ�DFRUGXUL�LQWHUQD LRQDOH���6LVWHPXO� GH� XQLW L GH� P VXU OHJDO� úL� REOLJDWRULX� vQ� 5RPkQLD� HVWH� 6LVWHPXO�,QWHUDQ LRQDO��6,���VLVWHP�FDUH�D�IRVW�DGRSWDW�SH�R�VFDU LQWHUQD LRQDO vQ�DQXO������OD�;,�D�&RQIHULQ *HQHUDO GH�0 VXU úL�*UHXW L GH�OD�3DULV��8QLW LOH�IXQGDPHQWDOH�DOH�DFHVWXL�VLVWHP�VXQW��PHWUXO �P��SHQWUX�OXQJLPH� NLORJUDPXO��NJ��SHQWUX�PDV � VHFXQGD �V��SHQWUX�WLPS�úL�DPSHUXO �$��SHQWUX�LQWHQVLWDWHD�FXUHQWXOXL�HOHFWULF��SUHVFXUWDW�6,�VH�PDL�QRWHD] úL�FX�0.6$��0 ULPLOH� FRQVLGHUDWH� VXQW� IXQGDPHQWDOH��'LQ�XQLW LOH� IXQGDPHQWDOH� UH]XOWXQLW L GHULYDWH�
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���� 0LMORDFH� GH� P VXUDUH�� 0LMORDFHOH� GH� P VXUDUH� VXQW� PLMORDFH� WHKQLFH� FX�DMXWRUXO�F URUD�VH�GHWHUPLQ FDQWLWDWLY�P ULPHD�GH�P VXUDW��6H�GHRVHEHVF�GRX FDWHJRULL�GH�PLMORDFH�GH�P VXUDUH�úL�DQXPH��
• 0 VXUL� FDUH� PDWHULDOL]HD] XQLW LOH� GH� P VXU VDX� YDORULOH� PXOWLSOH� VDX�VXEPXOWLSOH�DOH�DFHVWRUD��
• $SDUDWH�GH�P VXUDW� FDUH�VHUYHVF�OD�FRPSDUDUHD�GLUHFW VDX�LQGLUHFW D P ULPLL�GH�P VXUDW�FX�XQLWDWHD�GH�P VXU �'HSHQGHQW�GH�UROXO�úL�SUHFL]LD�ORU��PLMORDFHOH�GH�P VXUDUH�VH�vPSDUW�vQ���� PLMORDFHOH� GH�P VXUDUH� GH� OXFUX� FDUH� VHUYHVF� OD� P VXU ULOH� FXUHQWH� úL� FDUH� OD�

rândul lor pot fi mijloacH GH�P VXUDUH�GH�ODERUDWRU �FX�R�SUHFL]LH�PXOW�PDL�PDUH��úL�PLMORDFH�GH�P VXUDUH�WHKQLFH �FX�R�SUHFL]LH�PDL�PLF ���� PLMORDFH�GH�P VXUDUH�HWDORQ�VDX�HWDORDQH��FDUH�PDWHULDOL]HD] XQLW LOH�GH�P VXUFX�SUHFL]LH�PD[LP � OH�S VWUHD] úL�OH�WUDQVPLW�PLMORDFHORU�GH�P VXUDUH�FX�SUHFL]LH�LQIHULRDU �
���� 0HWRGH�GH�P VXUDUH��0HWRGD�GH�P VXUDUH��UHSUH]LQW PRGXO��SURFHGHXO��GH�FRPSDUDUH�D�P ULPLL�GH�P VXUDW�FX�XQLWDWHD�GH�P VXU �0HWRGHOH�GH�P VXUDUH�GLIHU vQWUH�HOH�GXS PRGXO�GH�RE LQHUH� D�YDORULL�P ULPLL�P VXUDWH��IRUPD�GH�LQGLFDUH�D�YDORULL�P VXUDWH�VDX�SUHFL]LD�GH�P VXUDUH�'XS PRGXO�GH�RE LQHUH�D�YDORUL�P ULPLL�P VXUDWH VH�GHRVHEHVF��� PHWRGH�GH�P VXUDUH�GLUHFWH� vQ� FDUH�YDORDUHD�P ULPLL� GH�P VXUDW� VH�RE LQH�SULQ�P VXUDUHD� QHPLMORFLW D P ULPLL� GH� P VXUDW�� IRORVLQG� DSDUDWH� GH� P VXUDW� VDX�P VXUL�� VSUH� H[HPSOX�� P VXUDUHD� FXUHQWXOXL� HOHFWULF� FX� DPSHUPHWUXO� VDX� D�WHQVLXQLL�FX�YROWPHWUXO��� PHWRGH�GH�P VXUDUH�LQGLUHFWH� vQ�FDUH�YDORDUHD�P ULPLL�GH�P VXUDW�VH�RE LQH�SULQ���P VXUDUHD�� FDOFXO� GLQ� YDORULOH� P VXUDWH� GLUHFW� DOH� DOWRU� P ULPL�� GH� FDUH� HVWH�OHJDW SULQWU�R� DQXPLW UHOD LH� IL]LF � VSUH� H[HPSOX�� GHWHUPLQDUHD� UH]LVWHQ HL� vQ�FXUHQW� FRQWLQXX� SULQ� FDOFXO� GLQ� P VXUDUHD� WHQVLXQLL� OD� ERUQH� úL� D� FXUHQWXOXL� FH�
VWU EDWH�UH]LVWHQ D��DSHOkQG�OD�H[SUHVLD�PDWHPDWLF D OHJLL�OXL�2KP�� IUR /= ���/D� IHO� úL� P VXUDUHD� LPSHGDQ HL�� vQ� FXUHQW� DOWHUQDWLY� DSHOkQG� OD� OHJHD� OXL� 2KP�

H[WLQV � IUZ /= �
������� 0HWRGH� GH� P VXUDUH� GLUHFW � 6XQW� FHOH� PDL� QXPHURDVH�� GHSHQGHQW� GH�WHKQLFD�P VXU ULL��DFHVWH�PHWRGH�VH�vPSDUW�vQ�GRX JUXSH�úL�DQXPH��� PHWRGH�GH�FLWLUH�vQ�FDUH�YDORDUHD�P ULPLL�GH�P VXUDW�VH�RE LQH�SULQ�FLWLUHD�GLUHFWD LQGLFD LHL�XQXL�DSDUDW�GH�P VXUDW�HWDORQDW�vQ�XQLW L GH�P ULPL�GH�P VXUDW��� PHWRGH� GH� FRPSDUD LH� OD� FDUH� YDORDUHD� P ULPLL� GH� P VXUDW� VH� RE LQH� SULQ�FRPSDUDUHD�GLUHFW D DFHVWHLD�FX�XQD�VDX�PDL�PXOWH�P VXUL��0HWRGHOH� GH� FRPSDUD LH� GLIHU vQWUH� HOH� vQ� IXQF LH� GH� PRGXO� FXP� VH� FRPSDUP ULPLOH�GH�P VXUDW�FX�P VXULOH��6H�GHRVHEHVF�DVWIHO��

¾ 0HWRGH� GH� ]HUR �GH� FRPSHQVD LH�� vQ� FDUH�P ULPHD� GH�P VXUDW� VH� FRPSDU FX� R�P VXU VDX�FX�R�P ULPH�FXQRVFXW GH�DFHHDúL�QDWXUD��FDUH�DF LRQkQG�DVXSUD�DSDUDWXOXL�GH�P VXUDW�VH�YDULD] SkQ FRPSHQVHD] �UHGXFH�OD�]HUR��HIHFWXO�P ULPLL�GH�P VXUDW��&kQG� HIHFWHOH� FHORU� GRX P ULPL� DVXSUD� DSDUDWXOXL� GH� P VXUDW� VH� FRPSHQVHD]�HFKLOLEUHD] ��� LQGLFD LD� DFHVWXLD� HVWH� ]HUR� úL� FHOH� GRX P ULPL� VXQW� HJDOH� VDX�SURSRU LRQDOH�� FD�H[HPSOX�GH�PHWRG GH� ]HUR� HVWH�P VXUDUHD�PDVHORU�FX�EDODQ D FX�
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EUD H VDX� P VXUDUHD� WHQVLXQLL� HOHFWULFH� SULQ� FRPSHQVDUH� FX� WHQVLXQHD� XQXL� HOHPHQW�HWDORQ�FXQRVFXW��$úD�FXP�VH�YD�YHGHD��PHWRGD�GH�]HUR�HVWH�XQ�FD]�SDUWLFXODU�DO�PHWRGHL�GLIHUHQ LDOH�vQ�DFUH�GLIHUHQ D GLQWUH�YDORDUHD�P VXUDQGXOXL�úL�YDORDUHD�GH�UHIHULQ HVWH�UHGXV OD�]HUR��(YLGHQW��vQ�DFHVW�FD]�DSDUDWXO�GH�P VXUDW�HVWH�IRORVLW�GRDU�FD�LQGLFDWRU�GH�]HUR LDU�HURDUHD�VD�QX�LQWHUYLQH�vQ�P VXUDUH��
¾ 0HWRGD� GLIHUHQ LDO vQ� FDUH� FRPSDUD LD� VH� UHDOL]HD] P VXUkQG� GLIHUHQ D GLQWUH�P ULPHD� GH� P VXUDW� úL� P VXUD� VDX� P ULPHD� FXQRVFXW � FDUH� DF LRQHD] VLPXOWDQDVXSUD� DSDUDWXOXL� GH�P VXUDW�� SUHFL]LD� DFHVWHL�PHWRGH� HVWH� FX atât mai mare cu cât GLIHUHQ D GLQWUH�FHOH�GRX P ULPL�HVWH�PDL�PLF �
¾ 0HWRGD� GH� VXEVWLWX LH� vQ� FDUH�P ULPHD� GH�P VXUDW� VH� VXEVWLWXLH� vQ�PRQWDMXO� GH�P VXUDUH� FX�P VXUD� VDX�P ULPHD�GH� FRPSDUD LH� FXQRVFXW � FDUH� VH�YDULD] SkQ VH�RE LQH� DFHODúL� HIHFW DVXSUD� DSDUDWXOXL� GH�P VXUDW� FD� úL� vQ� FD]XO�P ULPLL� GH�P VXUDW��LQGLFD LD�DSDUDWXOXL�HVWH�DFHHDúL���FkQG�FHOH�GRX P ULPL�VXQW�HJDOH���5HIHULWRU�OD�PHWRGD�GLIHUHQ LDO VH�SRDWH�VFULH�F �

ξ+= 0xx �
XQGH��

x HVWH�YDORDUHD�P VXUDQGXOXL��P ULPHD�GH�P VXUDW���
0x � YDORDUHD�GH�UHIHULQ FXQRVFXW �

ξ � GLIHUHQ D P VXUDW GLUHFW��
&RQWULEX LD� HURULL� DSDUDWXOXL� GH� P VXUDW� OD� HURDUHD� WRWDO D P VXU ULL� HVWH�

QHJOLMDELO � GDF YDORULOH� x úL� 0x VXQW�VXILFLHQW�GH�DSURSLDWH��$VWIHO�VFULLQG��
�
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x

x

x ξ∆+∆=∆ 0
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xx
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x

x ξ
ξ
ξ ⋅∆+∆=∆ 0 �

VH�REVHUY F GDF UDSRUWXO� x/ξ HVWH�VXILFLHQW�GH�PLF��LQIOXHQ D HURULL�UHODWLYH� ξξ /∆ HVWH�
QHJOLMDELO vQ�HURDUHD� xx /∆ D P VXU ULL��5H]XOWDWXO�VH�RE LQH�GHFL�SUDFWLF�FX�DFHHDúL�HURDUH�FX�FDUH�VH�FXQRDúWH�YDORDUHD�GH�
UHIHULQ 0x �

5HIHULWRU�OD�PHWRGD�VXEVWLWX LHL��OD�SULPD�P VXUDUH��vQWU�XQ�EUD VH�DSOLF P ULPHD�
GH� UHIHULQ 0x � LDU� vQ� FHO ODOW� EUD R P ULPH� FRQVWDQW �QXPLW WDU ��� FDUH� QX� WUHEXLH�
FXQRVFXW � GDU�FDUH�WUHEXLH�V ILH�VWDELO vQ�FXUVXO�P VXU ULL� 6H�RE LQH�DVWIHO��
� txkKx ⋅+= )( 10 � ������
XQGH��� . HVWH�UDSRUWXO�FRPSDUDWRUXOXL��

1k � R�PLF YDULD LH�GDW OXL�.��
/D�D�GRXD�P VXUDUH� 0x HVWH�VXEVWLWXLW�SULQ� x � DGLF �

txkKx ⋅+= )( 20 � ������
XQGH��
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2k HVWH�QRXD�YDULD LH�D�OXL�.�SHQWUX�HFKLOLEUDUHD�FRPSDUDWRUXOXL��
9D�UH]XOWD�FD�XUPDUH��
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VDX�GDF VH�DUH�vQ�YHGHUH�F Kk <<1 úL� Kk <<2 � UH]XOW �
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kk
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'DF [ HVWH�DSURSLDW�GH� 0x � P ULPHD� Kkk /)( 12 − HVWH�PLF ID GH���úL�HURDUHD��
LQWURGXV GH�FRPSDUDWRU�HVWH�QHJOLMDELO �

¾ 0HWRGD� SHUPXW ULL UHSUH]LQW R DOW SRVLELOLWDWH� GH� HOLPLQDUH� D� HURULL�FRPSDUDWRUXOXL�� � vQ� FD]XO� XQHL� FRPSDUD LL� ����� vQ� DFHVW� FD]�� UDSRUWXO� .� DO�FRPSDUDWRUXOXL�WUHEXLH�V DLE R YDORDUH�DSURSLDW GH��� GDU�QX�WUHEXLH�FXQRVFXW FX�
SUHFL]LH��6H�IDF�GRX P VXU UL��/D�SULPD�P VXUDUH��P ULPLOH�GH�FRPSDUDW� x úL� 0x VH�
DSOLF OD�FHOH�GRX LQWU UL�DOH�FRmparatorului rezultând astfel:�

( ) 01 xkKx ⋅+= � ������
XQGH��FD�úL�vQDLQWH� 1k HVWH�R�PLF YDULD LH�D�UDSRUWXOXL�.��

/D�D�GRXD�P VXUDUH�VH�VFKLPE ORFXO�OXL� x FX� 0x úL�VH�RE LQH�
� ( ) xkKx ⋅+= 20 � ������
XQGH� 2k HVWH�QRXD�YDULD LH�GDW OXL�.��'LQ�UHOD LLOH�������úL��������VH�GHGXFH�
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sau, punâQG� 1=K vQ�WHUPHQXO�GH�FRUHF LH�UH]XOW �
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7HUPHQXO� 2/)( 21 kk − ILLQG�PLF� ID GH� ��� FD� úL� OD� PHWRGD� VXEVWLWX LHL�� HURDUHD�
LQGXV GH�FRPSDUDWRU�HVWH�QHJOLMDELO �0HWRGD�VXEVWLWX LHL�úL�PHWRGD�SHUPXW ULL�VXQW�IRORVLWH�GHVHRUL�SHQWUX�P VXUDUHD�FX�FHD� PDL� PDUH� SUHFL]LH� D� UH]LVWHQ HL�� FDSDFLW LL� úL� LQGXFWLYLW LL�� 'H� UHPDUFDW� F DWkW�PHWRGD� VXEVWLWX LHL�� FkW� úL� DFHHD� D� SHUPXW ULL� QX� VXQW�� ULJXURV� YRUELQG� FRPSDUD LL�VLPXOWDQH��(OH�VXQW�vQV FX�R�FRPSDUD LH�VLPXOWDQ � GDF vQ�WLPSXO�FHORU�GRX RSHUD LL�GH�
P VXUDUH�WRDWH�P ULPLOH�FDUH�LQWHUYLQ�� x � 0x úL� tx � SRW�IL�FRQVLGHUDWH�FRQVWDQWH��

'XS IRUPD�GH�LQGLFDUH�D�YDORULL�P VXUDWH��PHWRGHOH�GH�P VXUDUH�VH�vPSDUW�vQ�



�

R 0 VXU UL� DQDORJLFH�� OD� FDUH� P ULPHD� GH� P VXUDW� VH� P VRDU vQ� PRG� FRQWLQXX��YDORDUHD�DFHVWHLD�ID GH�LQGLFD LD�DSDUDWXOXL�GH�P VXUDW��GH�RELFHL�GHULYD LD�XQXL�GLVSR]LWLY�LQGLFDWRU��XUP ULQG�FRQWLQXX�YDULD LD�P ULPLL�GH�P VXUDW��
R 0 VXU UL� QXPHULFH �GLVFUHWH��� vQ� FDUH� P ULPHD� GH� P VXUDW� HVWH� GHVFRPSXV �FXDQWLILFDW vQ�PRQWDMXO�GH�P VXUDUH�vQ�P ULPL�GLVFUHWH��FDUH�VH�P VRDU QXPDL�OD�DQXPLWH�LQWHUYDOH�GH�WLPS��YDORDUHD�HL��LQGLFDW GH�DSDUDWXO�GH�P VXUDW�VXE�IRUPFLIULF � XUP ULQG� vQ� PRG� GLVFRQWLQXX� YDULD LD� GH� RELFHL� FRQWLQX D P ULPLL� GH�P VXUDW��'XS SUHFL]LD�GH�P VXUDUH�VH�GHRVHEHVF�� P VXU UL�GH� ODERUDWRU��XQGH�VH�IRORVHVF�PHWRGH�úL�PLMORDFH�GH�P VXUDUH�GH�PDUH�SUHFL]LH�úL�VH�GHWHUPLQ HURULOH�GH�P VXUDUH��� P VXU UL�LQGXVWULDOH��FDUH�VH�H[HFXW FX�PHWRGH�úL�PLMORDFH�GH�P VXUDUH�PDL�SX LQ�SUHFLVH�úL�I U D VH� LQH�VHDPD�GH�HURULOH�GH�P VXUDUH���



�

&DS�����$3$5$7(�'(�0 685$7�(/(&75,&(��
� ������ 3ULQFLSLXO�GH�IXQF LRQDUH�DO�DSDUDWHORU�GH�P VXUDW�HOHFWULFH�$SDUDWHOH� GH� P VXUDW� HOHFWULFH� VXQW� PLMORDFH� GH� P VXUDUH� FDUH� SHUPLW�GHWHUPLQDUHD� FDQWLWDWLY D P ULPLL� IL]LFH� GH�P VXUDW� SULQ� WUDQVIRUPDUHD� DFHVWHLD� vQWU�R�P ULPH�SHUFHSWLELO � SULQ�LQWHUPHGLXO�XQXL�VHPQDO�HOHFWULF�)XQF LRQDUHD�DSDUDWHORU�GH�P VXUDW�HOHFWULFH�VH�ED]HD] SH�XWLOL]DUHD�IHQRPHQHORU�IL]LFH� legate de trecerea curentului electric sau de formarea câmpului electromagnetic�FDUH� SURGXFH� GXS OHJL� FXQRVFXWH� HIHFWH� P VXUDELOH� VXE� IRUP GH� IRU H VDX� GH� FXSOXUL�PHFDQLFH� VDX� DQXPLWH� VW UL� DOH� HOHPHQWHORU� HOHFWURQLFH� VDX� PDJQHWLFH� 6XE� DF LXQHD�DFHVtora, folosind energia câmpului magnetic sau a celui electric, sau energia curentului HOHFWULF��VH�RE LQH�R�P ULPH�SHUFHSWLELO � FDUH�HVWH�GHSODVDUHD�XQXL�VLVWHP�PHFDQLF�PRELOVDX�XQ�VHPQDO�QXPHULF�ÌQWUH� P ULPHD� SHUFHSWLELO úL� P ULPHD� IL]LF GH� P VXUDW� WUHEXLH� V H[LVWH� R�FRUHVSRQGHQ ELQH� GHILQLW � $FHDVW FRUHVSRQGHQ HVWH� GHWHUPLQDW SH� GH� R� SDUWH� GH�GHSHQGHQ D P ULPLL�SHUFHSWLELOH� GH�VHPQDOXO�HOHFWULF�LQWHUPHGLDU�<��
� )(1 Yf=α �
LDU�SH�GH�DOW SDUWH��GH�GHSHQGHQ D P ULPLL�LQWHUPHGLDUH�<�GH�P ULPHD�IL]LF GH�P VXUDW�;��
� )(2 XfY = �

Eliminându�VH�GLQ�FHOH�GRX HFXD LL�P ULPHD�LQWHUPHGLDU <��VH�RE LQH�UHOD LD�GH�FRUHVSRQGHQ GLQWUH� P ULPHD� GH� P VXUDW� ;� úL� P ULPHD� SHUFHSWLELO � GHQXPLWFDUDFWHULVWLF GH�WUDQVIHU�VWDWLF VDX�FDUDFWHULVWLF VWDWLF D DSDUDWXOXL�GH�P VXUDW��
� [ ] )()( 321 XfXff ==α �

&DUDFWHULVWLFD� VWDWLF D DSDUDWHORU� GH� P VXUDW� SRDWH� IL� OLQLDU VDX� QHOLQLDU úL�DFHDVWD�GHSHQGHQW�GH�HOHPHQWHOH�FRQVWUXFWLYH�DOH�DFHVWRUD���3UDFWLF��FDUDFWHULVWLFLOH�VWDWLFH�DOH�WXWXURU�HOHPHQWHORU�VXQW�PDL�PXOW�VDX�PDL�SX LQ�QHOLQLDUH���
Traductor
(convertor)

Y

0 ULPHD�HOHFWULFLQWHUPHGLDU
Dispozitivul deP VXUDW

α
0 ULPHD�SHUFHSWLELO

X

0 ULPHD�GH�P VXUDW
)LJXUD�������6FKHPD�SULQFLSLDO GH�IXQF LRQDUH�D�XQXL�DSDUDW�HOHFWULF�)LHF UHL�YDORUL�D�P ULPLL�GH�P VXUDW�;��vQ�QXPLWH�FRQGL LL�H[WHULRDUH��WUHEXLH�V �L�FRUHVSXQG R VLQJXU YDORDUH�D�P ULPLL�SHUFHSWLELOH�ELQH�GHWHUPLQDW � În caz contrar, LQGLFD LLOH�DSDUDWXOXL�VXQW�JUHúLWH��3HQWUX�DFHDVWD�HVWH�QHFHVDU�FD�P ULPHD�SHUFHSWLELO VGHSLQG QXPL�GH�P ULPHD�GH�P VXUDW��FD�DPEHOH� IXQF LL�GH� WUDQVIHU�V ILH�XQLIRUPH� FD�YDULD LD�SDUDPHWULORU�HOHPHQWHORU�FRQVWUXFWLYH�D�DSDUDWXOXL�SURGXV GH�YDULD LD�GLIHUL LORU�IDFWRUL� H[WHUQL� �WHPSHUDWXU � XPLGLWDWH� VDX� SUHVLXQHD� PHGLXOXL� vQFRQMXU WRU�� FkPSXUL�PDJQHWLFH�úL�HOHFWULFH�H[WHULRDUH��IUHFYHQ D P ULPLORU�GH�P VXUDW�HWF����V GXF OD�YDULD LL�DOH�LQGLFD LLORU�DSDUDWXOXL�SH�FkW�SRVLELO�PDL�PLFL���



�

������ (OHPHQWH�FRPSRQHQWH�DOH�DSDUDWHORU�GH�P VXUDW�HOHFWULFH�
$úD�FXP�UH]XOW GLQ�ILJXUD������RULFH�DSDUDW�GH�P VXUDW�HOHFWULF�VH�FRPSXQH�GLQWU�XQ�WUDGXFWRU�úL�XQ�GLVSR]LWLY�GH�P VXUDW��7UDGXFWRUXO DUH�UROXO�GH�D�WUDQVIRUPD�P ULPHD�IL]LF GH�P VXUDW�;�vQWU�XQ�VHPQDO�HOHFWULF�LQWHUPHGLDU�<��FDUH�GH�RELFHL�HVWH�FXUHQWXO VDX�WHQVLXQHD�HOHFWULF �7UDGXFWRDUHOH�HOHFWULFH�VXQW�H[WUHP�GH�GLYHUVH�FD�VHPQDOH�GH�LHúLUH��FHOH�DQDORJLFHIXUQL]HD] XQ�VHPQDO�FRQWLQXX�YDULDELO�FX�P ULPHD�P VXUDW �YDULD LD�XQHL�LPSHGDQ H��R�WHQVLXQH�� YDULD LD� IUHFYHQ HL� VDX� ID]HL� XQHL� RVFLOD LL� VLQXVRLGDOH�� YDULD LD� GHELWXOXL� VDX�GXUDWHL� XQRU� LPSXOVXUL� HWF���� FHOH� QXPHULFH IXUQL]HD] XQ� VHPQDO� GLVFRQWLQXX�� R�VXFFHVLXQH� GH� LPSXOVXUL� VDX� R� FRPELQD LH� GH� WHQVLXQL� FDUH�� GXS XQ� DQXPLW� FRG��UHSUH]LQW YDORDUHD�QXPHULF D P ULPLL�P VXUDWH��/D� XQHOH� DSDUDWH� GH� P VXUDW� HOHFWULFH� WUDGXFWRUXO� SRDWH� OLSVL�� 3HQWUX� P VXUDUHD�WHPSHUDWXULORU�� GH� H[HPSOX�� VH� IRORVHúWH� XQ� WUDGXFWRU� HOHFWULF� �WHUPRUH]LVWHQ VDX�WHUPRFXSOX��� SH� FkQG� SHQWUX� P VXUDUHD� WHQVLXQLL� VDX� FXUHQWXOXL� QX� HVWH� QHFHVDU�WUDGXFWRUXO��'LVSR]LWLYXO� GH� P VXUDW UHSUH]LQW SDUWHD� DFWLY D DSDUDWXOXL� DVXSUD� F UXLD�DF LRQHD] VHPQDOXO�HOHFWULF�FDUH�HVWH�SUHOXDW��GkQG�QDúWHUH�XQHL�P ULPL�SHUFHSWLELOH��FX�DMXWRUXO�F UHLD�VH�GHWHUPLQ YDORDUHD�P ULPLL�P VXUDWH��0 ULPHD� SHUFHSWLELO SRDWH� IL� GHSODVDUHD� OLQLDU VDX� XQJKLXODU D XQXL� VLVWHP�PHFDQLF�PRELO VDX�XQ�VHPQDO�FRGLILFDW� GH�RELFHL�HOHFWULF��H[SULPDW�VXE�IRUPD�QXPHULF �

������ &ODVLILFDUHD�DSDUDWHORU�GH�P VXUDW�HOHFWULFH��
$SDUDWHOH� GH� P VXUDW� HOHFWULFH� VXQW� GH� FRQVWUXF LH� IRDUWH� GLIHULWH�� GLYHUVLWDWHD�SURYHQLQG�GLQ��� PHWRGHOH�GH�P VXUDUH�IRDUWH�GLYHUVH��� SULQFLSLLOH�GH�IXQF LRQDUH��� SUHFL]LD�GH�P VXUDUH��� QDWXUD�P ULPLL�P VXUDWH��� GXS XWLOL]DUH��&ODVLILFDUHD�DSDUDWHORU�GH�P VXUDUH�VH�SUH]LQW VLQWHWLF�FD�vQ�ILJXUD������



��

Aparate de P VXUDW
electrice

Metode deP VXUDUH

Principiul deIXQF LRQDUH

Precizia deP VXUDUH

Utilizare

NaturaP ULPLLP VXUDWH

aparate
indicatoare

�IXUQL]HD] YDORDUHD�P ULPLL�P VXUDWH
sub forma unei 

 pe un dispozitiv de citire 
GLUHFW LQGLFD LL
vizuale

aparate
comparatoare

� GHWHUPLQ P ULPHD�GH�P VXUDW
 prin  cu una
� VDX�PDL�PXOWH�P VXUL

FRPSDUDUH�GLUHFW

aparate
analogice

� VHPQDOXO�HOHFWULF�DF LRQHD]GLVSR]LWLYXO�GH�P VXUDW�vQ�� ��YDORDUHD�P ULPLL�GH�
� P VXUDW�ILLQG�LQGLFDW VXE�IRUPD
 unei  sau 

� vQ�ID D XQHL�VF UL�JUDGDWH

mod
continuu

GHSODV UL�XQJKLXODUH OLQLDUH
a echipamentului (indicatorului) mobil

aparate
numerice

- semnalul electric este discreditat,� DF LRQkQG� ��OD�DQXPLWH
 intervale de timp) dispozitivul de � P VXUDW��YDORDUHD�P ULPLL�GH�P VXUDW� HVWH�DILúDW QXPHULF

discontinuu

FODV GH�SUHFL]LH����
0,2
0,5
1,0
1,5; 2,5; 5

ampermetre
voltmetre
wattmetre
varmetre

aparate de laborator (clasele 0,1 - 0,5)
aparate tehnice (clasele 1 - 5)
aparate de tablou (clasele 0,5 - 5)

)LJXUD�������&ODVLILFDUHD�DSDUDWHORU�GH�P VXUDW�HOHFWULFH��2%6(59$ ,,��
În generaO��P ULPHD�GH�LHúLUH�QX�GHSLQGH�QXPDL�GH�P ULPHD�GH�LQWUDUH�FL�úL�GH�DOWH�P ULPL� FDUH� DIHFWHD] LQGLFD LD� DSDUDWXOXL�� $FHVWH� P ULPL� VXQW� QXPLWH� P ULPL� GH�LQIOXHQ � &RPSRQHQ D P ULPLORU�GH�LQIOXHQ HVWH�UHGDW vQ�ILJXUD������



��

0 ULPL�GH�LQIOXHQ

0 ULPL�
caracteristice

mediului

0 ULPL
perturbatoare

electromagnetice

Temperatura

Presiunea

Umiditatea etc.

&kPSXUL�HOHFWULFH�úL�PDJQHWLFH

Semnale perturbatoare transmiseSULQ�UH HDXD�GH�DOLPHQWDUH
0 ULPL�SURSULL�RELHFWXOXL�VXSXVP VXU ULL��GDU�QHGRULWH�vQ�SURFHVXOGH�P VXUDUH

)LJXUD�������6WUXFWXUD�P ULPLORU�GH�LQIOXHQ �3H� GH� DOW SDUWH�� P ULPHD� GH� LHúLUH� D� DSDUDWXOXL� GH� P VXUDW� GHSLQGH� úL� GH�FRPHQ]LOH� FDUH� DX� IRVW� GDWH� DSDUDWXOXL� SULQ� RUJDQHOH� GH� FRPDQG FX� FDUH� DFHVWD� HVWH�SUHY ]XW��2 UHSUH]HQWDUH�PDL�JHQHUDO D DSDUDWXOXL�GH�P VXUDW�DUH�IRUPD��

Aparat de P VXUDW0 ULPH�GH�P VXUDW Semnale deLHúLUH

Comenzi0 ULPL�GHLQIOXHQ

)LJXUD�������5HSUH]HQWDUHD�JHQHUDO D DSDUDWXOXL�GH�P VXUDW��0 ULPLOH�GH�LQWUDUH�DOH�DSDUDWXOXL�VXQW�FDUDFWHUL]DWH�SULQ��o QDWXUD�P ULPLL��WHQVLXQH��FXUHQW��UH]LVWHQ HWF�����o LQWHUYDOXO�GH�YDORUL�P VXUDELOH��YDORDUHD�PLQLP � YDORDUHD�PD[LP ���o YDULD LD�vQ�WLPS��P ULPL�FRQVWDQWH��YDULDELOH�SHULRGLF�VDX�YDULDELOH�QHSHULRGLF��HWF��0 ULPLOH�GH�P VXUDW�VXQW�DSOLFDWH�OD�ERUQHOH�GH�LQWUDUH �VDX�ERUQHOH�GH�P VXUDUH��DOH� DSDUDWXOXL��'H� RELFHL�� SHQWUX�P VXUDUHD�P ULPLORU� GH� JUDGXO� �� �WHQVLXQH� úL� FXUHQW���DSDUDWHOH�VXQW�SUHY ]XWH�FX�GRX ERUQH�GH�LQWUDUH��SHQWUX�P VXUDUHD�P ULPLORU�GH�JUDGXO�� �SXWHUH�� HQHUJLH��� FX�SDWUX�ERUQH�GH� LQWUDUH� LDU� SHQWUX�P VXUDUHD�P ULPLORU� GH� JUDGXO�]HUR� �UH]LVWHQ � FDSDFLWDWH�� LQGXFWLYLWDWH�� IDFWRU�GH�SXWHUH��FX�GRX � WUHL�VDX�SDWUX�ERUQH�GH�LQWUDUH��'LQ�SXQFW�GH�YHGHUH�SUDFWLF��SUH]LQW LPSRUWDQ L]RODUHD�ERUQHORU�ID GH�PDVD�DSDUDWXOXL� �FDUFDVD�PHWDOLF ���$SDUDWHOH� OD� FDUH� XQD�GLQ�ERUQH� HVWH� FRQHFWDW HOHFWULF� OD�PDV VH�QXPHVF�DSDUDWH�FX� LQWUDUH�QHVLPHWULF � %RUQHOH� L]RODWH� ID GH�PDV VH�QXPHVF�ERUQH�IORWDQWH� $SDUDWHOH�PRGHUQH�VXQW�SUHY ]XWH�FX�ERUQH�IORWDQWH��GHRDUHFH�vQ�DFHVW�IHO�HVWH�GLPLQXDW OD�PD[LPXP�LQIOXHQ D XQRU�IDFWRUL�SHUWXUEDWRUL��'DF HVWH�QHFHVDU HFUDQDUHD�HOHFWURVWDWLF FRPSOHW D FLUFXLWXOXL�GH�P VXUDUH�VH�IRORVHVF� ERUQH� DX[LOLDUH �VDX� FRQHFWRDUH� FRD[LDOH��� 'HRDUHFH� FRQH[LXQLOH�� DGLFFRQGXFWRDUHOH� GH� OHJ WXU GLQWUH� DSDUDWXO� GH� P VXUDW� úL� RELHFWXO� VXSXV� P VXU ULL� SRW�LQIOXHQ D P VXUDUHD� HVWH� LPSRUWDQW�� PDL� DOHV� OD� P VXU ULOH� GH� PDUH� SUHFL]LH� V VH�SUHFL]H]H�XQ�SODQ�GH� UHIHULQ � WUDQVYHUVDO�SH�FRQH[LXQL�� OD� FDUH� VH� UDSRUWHD] UH]XOWDWXO�P VXU ULL��



��

6HPQDOHOH� GH� LHúLUH� DOH� DSDUDWXOXL� SRW� IL� DGUHVDWH� RSHUDWRUXOXL� XPDQ� VDX� XQXL�VLVWHP� WHKQLF �FDOFXODWRU�� LQWHUFRQHFWDW� FX� DSDUDWXO� �SHQWUX� SUHOXFUDUH� XOWHULRDU �vQUHJLVWUDUH�� FRPDQG HWF���� ÌQ�SULPXO� FD]�� VHPQDOHOH�GH� LHúLUH� VXQW� GH�RELFHL� YL]XDOH� úL�PDL�UDUD�DXGLWLYH��VHPQDOHOH�YL]XDOH�DX�IRUP DQDORJLF �LQGLFDWRUL�úL�VFDU JUDGDW � VDX�QXPHULF � ÌQ�DO�GRLOHD�FD]��VHPQDOHOH�GH�LHúLUH�VXQW�GH�RELFHL�HOHFWULFH úL�SRW�IL�OD�UkQGXO�ORU�DQDORJLFH �GH�FHOH�PDL�PXOWH�RUL�WHQVLXQH�FRQWLQX � VDX�GLJLWDOH (tensiune în impulsuri SH�ED]D�XQXL�DQXPLW�FRG���&RPHQ]LOH�FHOH�PDL�LPSRUWDQWH�SRW�IL�GLQ�XUP WRDUHOH�P VXU WRUL��
� IXQF LXQH�� GH� H[HPSOX� P VXUDUHD� WHQVLXQLL�� D� FXUHQWXOXL� úL� D� UH]LVWHQ HL� OD� XQ�PXOWLPHWUX��
� JDPH�GH�P VXUDUH��
� FDOLEUDUH�LQWHUQ �
� UHJODUHD�]HURXOXL��
� HFKLOLEUDUH��
� UHSHWDUHD�P VXU ULL��$SDUDWHOH�VSHFLDOL]DWH�GH�P VXUDUH�SRW�DYHD�GLIHULWH�FRPHQ]L��(OH�SRW�IL�vPS U LWH�vQ�GRX FDWHJRULL�úL�DQXPH��

→ SHQWUX�LQWURGXFHUH�GH�GDWH��
→ SHQWUX�PDQHYUDUHD�DSDUDWXOXL��$FHVWHD� GLQ� XUP SRW� IL� DXWRPDWL]DWH� FRPSOHW� �GH� H[HPSOX� SHQWUX� HFKLOLEUDUHD�XQHL�SXQ L���&RPHQ]LOH� GH� LQWURGXFHUH�D�GDWHORU� SRW� IL� DXWRPDWL]DWH�SDU LDO� �GH�H[HPSOX�EDOHLHUHD�OD�XQ�DQDOL]DWRU�GH�VSHFWUX��VDX�FRPSOHW��VSUH�H[HPSOX�OD�XQ�VLVWHP�GH�P VXUDUH�PXOWLSO FX�H[SORUDUH�DXWRPDW ���5HOXkQG�VWUXFWXUD�DSDUDWHORU�GH�P VXUDW��WUHEXLH�PHQ LRQDW�F VWUXFWXUD�SUH]HQWDWvQ�ILJXUD�����SRDWH�IL�JHQHUDOL]DW SULQ�VFKHPD�GLQ�ILJXUD�����XQGH�VWDELOLUHD�UHOD LHL�GLQWUH�P ULPLOH� GH� LHúLUH� úL� GH� LQWUDUH� DOH� DSDUDWXOXL� VH� UHDOL]HD] SULQ� PDL� PXOWH� FRQYHUVLL�

VXFFHVLYH�vQ�FDUH�LQWHUYLQ�P ULPL�LQWHUPHGLDUH� ix � ),1( ni = �

f1 fnf2 fn+1

x X1 Xn
Xn-1X2

y

)LJXUD�������6FKHP GH�LQWHUFRQHFWDUH�D�FRQYHUWRDUHORU�vQ�EXFO GHVFKLV �
0 ULPLOH� nxxx ,...,, 21 SRW�IL�P ULPL�IL]LFH�GH�DFHHDúL�QDWXU VDX�GLIHULWH��FRQVWDQWH�

sau variabile în timp. Fiecare conversie are loc în traductor (sau conductor). Schema de 
mai sus este în EXFO GHVFKLV � GDU� DGHVHD� VH� XWLOL]HD] úL� VFKHPHOH� vQ� EXFO vQFKLV �6FKHPHOH�vQ�EXFO vQFKLV FRQ LQ�SUDFWLF�FRQYHUWRDUH�OLQLDUH��ILJ���������3HQWUX�DSDUDWXO�GLQ�ILJXUD������VH�SRW�VFULH�HFXD LLOH��

AX X+Xr

Xr

+

y

yβ

)LJXUD�������6FKHPD�VWUXFWXUDO D XQXL�DSDUDW�GH�P VXUDW�vQ�EXFO vQFKLV �
3HQWUX� RE LQHUHD� IXQF LHL� GH� WUDQVIHU� D� DSDUDWXOXL� HVWH� QHFHVDU VWDELOLUHD�

GHSHQGHQ HL�GLQWUH�<�úL�;��ÌQ�DFHVW�VFRS�VH�HOLPLQ P ULPHD� rx � $VWIHO��
� yAxAy ⋅⋅+⋅= β VDX�� xAAy ⋅=⋅− )1( β � GH�XQGH��
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x
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A
y ⋅
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β1
�

2ELúQXLW� A⋅β HVWH�QHJDWLY�úL�vQ�PRGXO�PXOW�PDL�PDUH�FD�XQLWDWHD�DVWIHO�F SUDFWLF�
VH�SRDWH�VFULH��
� xy ⋅−=

β
1 �

GHFL� IXQF LD� GH� WUDQVIHU� D� DSDUDWXOXL� GHSLQGH� QXPDL� GH� SURSULHW LOH� FRQYHUWRUXOXL� GH�UHDF LH�� �
&HOH� GRX VWUXFWXUDOH� SUH]HQWDWH� vQ� ILJXUD� ���� UHVSHFWLY� vQ� ILJXUD� ���� VXQW�FDUDFWHULVWLFH� DSDUDWHORU� FX� FLWLUH� GLUHFW �FRQYHUVLH� GLUHFW � UHVSHFWLY� DSDUDWHORU� FX�FRPSHQVDUH �VDX� DSDUDWHORU� FX� HFKLOLEUDUH��� /D� DSDUDWHOH� FX� FRQYHUVLH� GLUHFW � IOX[XO�LQIRUPD LHL�GH�P VXUDUH�DUH�XQ�VLQJXU�VHQV��GH�OD�LQWUDUH�F WUH�LHúLUH��6HQVLELOLWDWHD�JOREDOD DSDUDWXOXL� HVWH� HJDO FX� SURGXVXO� VHQVLELOLW LORU� HOHPHQWHORU� FRPSRQHQWH� LDU� HURDUHD�JOREDO FRQWULEXL�GHRSRWULY HURULORU�WXWXURU�HOHPHQWHORU�FRPSRQHQWH�DOH�DSDUDWXOXL�
/D� DSDUDWHOH� FX� FRPSHQVDUH� H[LVW XQ� GXEOX� VHQV� DO� LQIRUPD LHL�� GDWRULW

FRQYHUVLXQLL� GLUHFWH SULQ� HOHPHQWXO� $ úL� FRQYHUVLXQLL� LQYHUVH SULQ� HOHPHQWXO� β�
6HQVLELOLWDWHD� úL� HURDUHD� JOREDO D DFHVWRU� DSDUDWH� VXQW� GHWHUPLQDWH� DSURDSH� LQWHJUDO� GH�HOHPHQWXO�β úL�QX�GHSLQG�SUDFWLF�GH�HOHPHQWXO�$�

([LVW VFKHPH�VWUXFWXUDOH�PDL�FRPSOicate, cu convertoare legate în paralel, serie�SDUDOHO� VDX� FRPELQD LL� DOH� DFHVWRUD�� 6SUH� H[HPSOX� OD� DSDUDWHOH� FDUH�P VRDU SXWHUL� VDX�HQHUJLL� LQWHUYLQ� FRQYHUWRDUH� PXOWLSOLFDWRDUH� FX� GRX LQWU UL� úL� R� LHúLUH�� vQ� DFHVW� FD]�� R�SRU LXQH�GLQ�VFKHPD�VWUXFWXUDO se poate prezenta ca în figura 3.7.�

X

Xa Xa1

Xb1

Xb

f1

f2

y=kX Xa1 b1

�

)LJXUD�������6FKHPD�VWUXFWXUDO D XQXL�DSDUDW�FX�GRX LQWU UL��

������ 7LSXUL�SULQFLSDOH�GH�FRQYHUWRDUH�GH�P VXUDUH��
)LHFDUH� FRQYHUWRU� SRDWH� IL� SULYLW� FD� XQ� HOHPHQW� GLSRUW� �R� LQWUDUH� úL� R� LHúLUH��� XQ�WULSRUW��GRX LQWU UL�úL�R�LHúLUH��VDX�XQ�FXDGULSRO�3URFHVXO�GH�FRQYHUVLH�HVWH�FDUDFWHUL]DW�SULQ�IXQF LH�GH�WUDQVIHU��FDUH�FDUDFWHUL]HD]FRQYHUWRUXO�úL�VDUFLQD�DFHVWXLD��3HQWUX�FRQYHUWRUXO�GLSRUW��FX�R� LQWUDUH�úL� LHúLUH�HOHFWULF �VH�SRW�VFULH�HFXD LLOH�JHQHUDOH�DOH�FXDGULSROXOXL��ILJ������

A, B, C, D

I2I1

U1 U2

)LJXUD�������&XDGULSROXO�HFKLYDOHQW�XQXL�FRQYHUWRU�GLSRUW��
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u � FXDGULSROXO� VH� QXPHúWH�
UHFLSURF� &RQGL LD�GH�UHFLSURFLWDWH�HVWH� 1=⋅−⋅ CBDA �&RQYHUWRDUHOH� FRQVWLWXLWH� GLQ� HOHPHQWH� GH� FLUFXLW� SDVLYH� OLQLDUH� GLSRODUH��UH]LVWRDUH��FRQGHQVDWRDUH��ERELQH��úL�GLQ�WUDQVIRUPDWRDUH�VXQW�UHFLSURFH��&RQYHUWRDUHOH� UHFLSURFH VXQW� GHFL� WUDQVIRUPDWRDUHOH� GH� P VXU � GLYL]RDUHOH�UH]LVWLYH�� LQGXFWLYH� úL� FDSDFLWLYH�� úXQWXULOH� HWF�� 2� SURSULHWDWH� JHQHUDO D FRQYHUWRDUHORU�
este aceea de a transmite semnale în ambelH VHQVXUL�� &RQYHUWRDUHOH� FDUH� FRQ LQ� úL�HOHPHQWH�GH�FLUFXLW�DFWLYH VDX�QHOLQLDUH �DPSOLILFDWRDUH��GLRGH��GLVSR]LWLYH�WHUPRHOHFWULFH�
etc.) sunt în general nereciproce.�&ODVLILFDUHD�FRQYHUWRDUHORU�SRDWH�IL�HIHFWXDW GXS PDL�PXOWH�FULWHULL��ILJ������

Clasificarea
convertoarelor

Locul pe care-l RFXS vQ�VFKHP

,]RO ULL�HOHFWULFHvQWUH�LQWUDUH�úL�LHúLUH

'XS QDWXUD�P ULPLORULQWUDUH�LVúLUH

convertoare de intrare

convertoare intermediare

FRQYHUWRDUH�GH�LHúLUH

FRQYHUWRDUH�FX�R�ERUQ FRPXQ
FX�LHúLUHD�L]RODW GH�LQWUDUH

GLIHULW �FRQYHUWRDUH
traductoare)

DFHHDúL�QDWXU
(convertoare RSHUD LRQDOH�

curent - tensiune

tensiune - curent

putere - tensiune

WHQVLXQH���IUHFYHQ
SURSRU LRQDOH��GH�VFDU
liniare
_________

radical

integrator, derivator etc.

)LJXUD�������&ODVLILFDUHD�FRQYHUWRDUHORU�������� $SDUDWH�DQDORJLFH�úL�DSDUDWH�GLJLWDOH�
5H]XOWDWXO� XQHL� P VXU UL� VH� H[SULP WRWGHDXQD� SULQWU�XQ� QXP U ILQLW� GH� FLIUH�VHPQLILFDWLYH�� 'HFL� UH]XOWDWXO� P VXU WRULL� YDULD] GLVFUHW�� VSUH� GHRVHELUH� GH� YDORDUHD�P VXUDQGXOXL��FDUH�GH�FHOH�PDL�PXOWH�RUL�YDULD] FRQWLQXX��$VWIHO�SURFHVXO�GH�P VXUDUH�

cuprinde în mod REOLJDWRULX�HWDSD�GH�GLVFUHGLWDUH�$FHDVW RSHUD LH�SRDWH�IL�HIHFWXDW GH�RSHUDWRUXO�XPDQ�VDX�GH�DSDUDWXO�GH�P VXUDW��ÌQ� SULPXO� FD]�� DSDUDWXO� GH� P VXUDW� IXUQL]HD] LQIRUPD LD� GH� P VXUDUH� VXE� IRUPD� XQHL�P ULPL�IL]LFH�YDULDELOH�FRQWLQXH��D�F UHL�YDORDUH�HVWH�XúRU�VHVL]DELO GH�RSHUDWRUXO�XPDQ��
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HVWH�YRUED�GH� DSDUDWHOH� DQDORJLFH, iar în al doilea caz aparatul furnizea] LQIRUPD LH�GH�P VXUDUH�GLUHFW�VXE�IRUPD�XQXL�QXP U FDUH�HVWH�FLWLW�GH�RSHUDWRUXO�XPDQ��$FHVW�DSDUDW�GH�P VXUDW�VH�QXPHúWH�DSDUDW�GLJLWDO �VDX�DSDUDW�QXPHULF���$SDUDWXO� GH� P VXUDW� DQDORJLF� DUH� vQ� VWUXFWXUD� VD� QXPDL� HOHPHQWH� DQDORJLFH�FDUDFWHUL]DWH�SULQ�YDULD LD�FRQWLQX D P ULPLORU�GH�LQWUDUH�úL�GH�LHúLUH� (O�SRDWH�IL�SULYLW�FD�XQ� LQVWUXPHQW�GH� VLPSO WUDQVIRUPDUH� D�P VXUDQGXOXL� vQWU�R� DOW P ULPH� IL]LF � D� F UXL�YDORDUH�HVWH�VHVL]DELO GH�RP��$SDUDWXO� GH� P VXUDW� GLJLWDO� DUH� vQ� VWUXFWXUD� VD� úL� HOHPHQWH� FDUDFWHUL]DWH� SULQ�YDULD LH�GLVFRQWLQX �GLVFUHW � D�P ULPLORU��0 VXUDQGXO��GXS FRQYHUWLUHD� vQWU�R�P ULPH�IL]LF FRQYHQDELO HVWH� FXDQWLILFDW� DGLF HVWH� GLULMDW� vQ� WUHSWH� GH� R� DQXPLW ILQH H �ILJ���������� 1XP UXO� WUHSWHORU� G YDORDUHD� P VXUDQGXOXL�� $FHDVW RSHUD LH� HVWH� GHQXPLWFRQYHUVLH�DQDORJ�GLJLWDO �

x

y

0 x

y

0

)LJXUD��������)XQF LD�GH�WUDQVIHU�D�XQXL�DSDUDW��D��DQDORJLF��E��GLJLWDO��� ������ 6WUXFWXUD�WLSLF D XQXL�DSDUDW�GH�P VXUDW�
ÌQ� DSDUDWHOH�GH�P VXUDW� DQDORJLFH�SHQWUX�SUHOXFUDUHD� LQIRUPD LHL� GH�P VXUDUH� VH�IRORVHúWH�FHO�PDL�IUHFYHQW�R�WHQVLXQH�FRQWLQX FD�P ULPH�IL]LF LQWHUPHGLDU �ILJ���������SDUWHD�GH�LQWUDUH�D�DSDUDWXOXL�GH�P VXUDW��FRQYHUWRUXO�GH�LQWUDUH��FRQYHUWHúWH�P ULPHD�GH�P VXUDW�vQ�WHQVLXQH�FRQWLQX FDUH�HVWH�DSRL�DPSOLILFDW � GLYL]DW VDX�VXSXV DOWRU�RSHUD LL��9DORDUHD�DFHVWHL�WHQVLXQL�HVWH�GRDU�SURSRU LRQDO FX�P VXUDQGXO���

AdaptorConvertoare

intermediare

Convertor
m•surand - 

tensiune continu•

AFI• ARE

)LJXUD��������6FKHPD�WLSLF D XQXL�DSDUDW�GH�P VXUDW�DQDORJLF��/D�DSDUDWHOH�GH�P VXUDW�GLJLWDOH�VH�IRORVHúWH�FD�P ULPH�IL]LF LQWHUPHGLDU ILH�R�WHQVLXQH�FRQWLQX � ILH�XQ�LQWHUYDO�GH�WLPS VDX�R�IUHFYHQ �
Bloc de stocare

a informa•iei •i
conversiune

Convertor

tensiune-cod

Convertor

m•surand - 

tensiune continu•

1 7 3 2 6

Afi•are

D��
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Num•r•tor
electronic

Circuit

poart•

Generator de

intervale de 
timp constante

Convertor

m•surand - 

interval de timp
4 1 8 3 0

Afi•are

E��
Num•r•tor

electronic
Circuit

poart•

Generator de

intervale de 

timp constante

Convertor
m•surand - 

frecven••
7 0 9 2 8

Afi•are

F��
)LJXUD��������6WUXFWXUL�WLSLFH�DOH�XQRU�DSDUDWH�GH�P VXUDW�GLJLWDOH��IRORVLQG�FD�P ULPH�LQWHUPHGLDU � D��R�WHQVLXQH�FRQWLQX � E��XQ�LQWHUYDO�GH�WLPS��F��R�IUHFYHQ �

În primul caz (fig� ������D��SDUWHD�GH�LQWUDUH�D�DSDUDWXOXL�HVWH�DVHP Q WRDUH�FX�FHD�D DSDUDWXOXL� DQDORJLF�� 8UPHD] XQ� FRQYHUWRU� WHQVLXQH�FRG�� FDUH� JHQHUHD] XQ� JUXS� GH�LPSXOVXUL� vQ� FRUHVSRQGHQ FX� YDORDUHD� WHQVLXQLL� FRQWLQXH�� SH� ED]D� XQXL� DQXPLW� FRG��,QIRUPD LD�FRQ LQXW vQ�JUXSXO�GH�LPSXOVXUL�HVWH�VWRFDW vQWU�XQ�EORF�GH�PHPRULH�úL�DSRL�FRQYHUWLW vQ�FRG�]HFLPDO�SHQWUX�DILúDUH��ÌQ� DO� GRLOHD� FD]� �ILJ�� ������ E�� OD� LQWUDUHD� DSDUDWXOXL� VH� DIO XQ� FRQYHUWRU�� FDUH�JHQHUHD] ILH�XQ� LQWHUYDO�GH� WLPS�GH�GXUDW SURSRU LRQDO FX�YDORDUHD�P VXUDQGXOXL�� ILH�XQ�VHPQDO�SHULRGLF�GH�IUHFYHQ SURSRU LRQDO FX�P VXUDQGXO��ÌQ�DPEHOH�FD]XUL��XQ�FLUFXLW�SRDWH�SHUPLWH�WUHFHUHD�XQXL�QXP U GH�LPSXOVXUL�SURSRU LRQDO�FX�YDORDUHD�P VXUDQGXOXL�OD�XQ�QXP U WRU�HOHFWURQLF�úL�OD�XQLWDWHD�GH�DILúDUH��������� $ILúDUHD�DQDORJLF úL�DILúDUHD�GLJLWDO �
$ILúDUHD�DQDORJLF HVWH�FDUDFWHUL]DW SULQ�OXQJLPHD�VF ULL�JUDGDWH��ILQH HD�GLYL] ULL�QXP UXO�GH�GLYL]LXQL��úL�PRELOLWDWHD� LQGLFDWRUXOXL� 7RDWH�DFHVWH�FDUDFWHULVWLFL�GHWHUPLQUH]ROX LD�DILú ULL �FDSDFLWDWHD�HL���H[SULPDW SULQ�QXP UXO�GH�SR]L LL�FDUH�SRW�IL�DSUHFLDWH��5H]ROX LD� DILú ULL� DQDORJLFH� HVWH� GH� UHJXO GH� RUGLQXO� D� ���� FHHD� FH� vQVHDPQ ���� GH�SXQFWH��WUHSWH��GH�P VXUDUH��$ILúDUHD� GLJLWDO HVWH� FDUDFWHUL]DW SULQ� QXP UXO� GH� FLIUH� ]HFLPDOH� DILúDWH� FDUH�GHWHUPLQ UH]ROX LD�DILú ULL��'DF FLIUHOH�GH�RULFH�UDQJ�SRW�OXD�WRDWH�YDORULOH�GH�OD���OD����UH]ROX LD� HVWH� GH� ���Q� HFKLYDOHQ FX� ��Q SXQFWH� GH� P VXUDUH� XQGH� Q� HVWH� QXP UXO�UDQJXULORU�GH�FLIUH�]HFLPDOH�DILúDWH���
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$ILúDUHD VH� QXPHúWH� vQ� DFHVW� FD]� FX� Q� FLIUH VDX� FX� ��Q SXQFWH� GH�P VXUDUH� 'H�H[HPSOX�� GDF 4=n � HVWH� YRUED� GH� R� DILúDUH� GLJLWDO FX� �� FLIUH�� QXP UXO�PD[LP� FDUH�SRDWH� IL� DILúDW� HVWH� ������ LDU� UH]ROX LD� HVWH� ����� ������� SXQFWH� GH� P VXUDUH��� 'HVHRUL��SULPD�FLIU D DILú ULL��UDQJXO�]HFLPDO�FHO�PDL�vQDOW��SRDWH�DYHD�XQ�QXP U OLPLWDW�GH�YDORUL��
GH�H[HPSOX�QXPDL���úL���VDX�������������'DF � GH�SLOG 4=n úL�SULPD�FLIU DILúDW HVWH���
VDX����QXP UXO�PD[LP�DILúDELO�HVWH������úL�DILúDUHD�VH�QXPHúWH�FX�

2

1
3 FLIUH��VDX�FX������

SXQFWH�GH�P VXUDUH���������� &DUDFWHULVWLFL�PHWURORJLFH�DOH�DSDUDWHORU�GH�P VXUDW��
$FHVWH� FDUDFWHULVWLFL� VH� UHIHU OD� FRPSRUWDUHD� DSDUDWHORU� GH�P VXUDW� vQ� UDSRUW� FX�RELHFWXO�VXSXV�P VXU ULL� FX�PHGLXO�DPELDQW úL�FX�RSHUDWRUXO�XPDQ� (OH�VH�H[SULP SULQ�SDUDPHWULL�IXQF LRQDOL�UHIHULWRU�OD�P ULPLOH�GH�LQWUDUH��GH�LHúLUH�úL�GH�LQIOXHQ � SUHFXP�úL�OD�FRPHQ]LOH�DSDUDWXOXL��I U D LPSOLFD�VWUXFWXUD�VD�LQWHUQ �D�� ,QWHUYDOXO� GH� P VXUDUH� (VWH� GRPHQLXO�� LQWHUYDOXO� GLQWUH� YDORDUHD� PLQLP úL�YDORDUHD�PD[LP P VXUDELOH�FX�XQ�DSDUDW�GH�P VXUDW���8QLL�vQ HOHJ�SULQ�LQWHUYDO�GH�P VXUDUH�QXPDL�LQWHUYDOXO�vQ�FDUH�P VXUDUHD�VH�IDFH�FX�R�HURDUH�FDUH�QX�GHS úHúWH�DQXPLWH�OLPLWH��,QWHUYDOXO�GH�P VXUDUH�SRDWH�IL�vPS U LW�vQ�JDPH�GH�P VXUDUH��VF UL�GH�P VXUDUH���0DMRULWDWHD� DSDUDWHORU� GH� P VXUDW� GH� ODERUDWRU� VXQW� DSDUDWH� FX� PDL� PXOWH� JDPH� GH�P VXUDUH��$SDUDWHOH�GH�P VXUDW�WHKQLFH�DX�GH�UHJXO R VLQJXU JDP GH�P VXUDUH���E�� 5H]ROX LD� 6H� vQ HOHJH� FH� D� PDL� PLF YDULD LH� D� P VXUDQGXOXL�� FDUH� SRDWH� IL�DSUHFLDW SH� LQGLFDWRUXO� DSDUDWXOXL� GH� P VXUDW�� 1R LXQHD� GH� UH]ROX LH� HVWH� OHJDW GH�GLVSR]LWLYXO�GH�DILúDUH�D�UH]XOWDWHORU� $VWIHO��vQ�FD]XO�DILú ULL�DQDORJLFH�FX�VFDU JUDGDW úL�LQGLFDWRU��UH]ROX LD�HVWH�FRQVLGHUDW GH�RELFHL�R�GLYL]LXQH��XQHRUL�GH����VDX�����GLYL]LXQL��SUHVXSXQkQG� F XQ� RSHUDWRU� SRDWH� DSUHFLD� FRUHFW� úL� IUDF LXQL� GH� GLYL]LXQH��� ÌQ� FD]XO�DILú ULL�QXPHULFH��UH]ROX LD�HVWH�HJDO FX�R�FLIU D XOWLPXOXL�UDQJ�]HFLPDO��XQ�GLJLW���5H]ROX LD�VH�H[SULP GH�RELFHL�vQ�XQLW L GH�P ULPL�P VXUDWH VDX�XQLW L UHODWLYH�F�� 6HQVLELOLWDWHD� (VWH� UDSRUWXO� GLQWUH� YDULD LD� P ULPLL� GH� LHúLUH� úL� YDULD LD�FRUHVSXQ] WRDUH�D�P ULPLL�GH�LQWUDUH��

�
dx

dy
S = �

/D�DSDUDWHOH�DQDORJLFH�\�VH�H[SULP vQ�GLYL]LXQL��vQ�XQJKL�GH�URWD LH�D�VLVWHPXOXL�
mobil sau în deplasarea indicatoruOXL�� ÌQ�FD]XO�DSDUDWHORU� FX� VHPQDO�HOHFWULF�GH� LHúLUH� \�HVWH�P ULPHD�GH�LHúLUH��WHQVLXQH�VDX�FXUHQW���/D�DSDUDWHOH�GH�P VXUDW�GLJLWDOH�QR LXQHD�GH�VHQVLELOLWDWH�QX�HVWH�IRORVLW �ÌQ� FD]XO� DSDUDWHORU� GH�P VXUDW� FX� VFDU OLQLDU vQWUH� ]HUR� úL� R� YDORDUH�PD[LP �VHQVLELOLWDWHD� HVWH� GDW GH� UDSRUWXO� xyS /= úL� HVWH� GH� IDSW� LQGHSHQGHQW GH� [�� 3HQWUX�
DFHVWH�DSDUDWH�VH�GHILQHúWH�úL�FRQVWDQWD�DSDUDWXOXL úL�HD�HVWH�LQYHUV VHQVLELOLW LL� DGLF �

y

x

S
c == 1 � ,...]/,/[ divamperidivvolti

G�� 3UDJXO� GH� VHQVLELOLWDWH� (VWH� FHD�PDL�PLF YDULD LH� D�P VXUDQGXOXL� FDUH� SRDWH� IL�SXV vQ�HYLGHQ FX�DMXWRUXO�DSDUDWXOXL�GH�P VXUDW� (D�HVWH�LPSRUWDQW vQWUXFkW�GHWHUPLQ
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SUHFL]LD� PD[LP SH� FDUH� R� SRDWH� DYHD� XQ� DSDUDW� GH� P VXUDW� úL� YDORDUHD� PLQLPQHP VXUDELO D P VXUDQGXOXL��3UDJXO�GH�VHQVLELOLWDWH�HVWH�GHWHUPLQDW�GH�XQXO�VDX�PDL�PXO L GLQ�XUP WRULL�IDFWRUL��
→ 5H]ROX LD�DSDUDWXOXL�GH�P VXUDW��
→ )OXFWXD LLOH�GDWRULW SHUWXUED LLORU�SURSULL�úL�H[WHULRDUH�DOH�DSDUDWXOXL��
→ 6HQVLELOLWDWHD�LQGLFDWRUXOXL�GH�QXO��5H]ROX LD� XQXL� DSDUDW� GH� P VXUDW� SRDWH� IL� P ULW WHRUHWLF� QHOLPLWDWH� SULQ�H[WLQGHUHD�VF ULL�JUDGDWH��PXOWLSOLFDUHD�RSWLF D GHYLD LHL�LQGLFDWRUXOXL�DILúDUHD�XQRU�FLIUH�VXSOLPHQWDUH�HWF���1X� DFHODúL� OXFUX� VH� SRDWH� DILUPD� GHVSUH� SUDJXO� VH� VHQVLELOLWDWH�� 8OWLPD� OLPLW DDFHVWXLD�HVWH�LPSXV GH�]JRPRWXO�GH�DJLWD LH�WHUPLF � GDW�GH�IRUPXOD�OXL�1\TXLVW�H�� 3UHFL]LD� $SDUDWXO�GH�P VXUDW�HVWH�FDUDFWHUL]DW�SULQ�SUHFL]LD�LQVWUXPHQWDO � FDOLWDWH�D DSDUDWXOXL� GH� D� GD� UH]XOWDWH� FkW�PDL� DSURSLDWH� GH� YDORDUHD� DGHY UDW D P VXUDQGXOXL��3UHFL]LD� LQVWUXPHQWDO HVWH� GHVFULV GH� HURDUHD� LQVWUXPHQWDO � FDUH� LQFOXGH� HURDUHD�VLVWHPDWLF úL�HURDUH�DOHDWRDUH SURSULH�DSDUDWXOXL�GH�P VXUDW��3UHFL]LD�LQVWUXPHQWDO DUH�GRX FRPSRQHQWH��MXVWH H úL�ILGHOLWDWH�-XVWH HD� HVWH� GDW GH� HURDUHD� GH� MXVWH H VDX� VLVWHPDWLF � )LGHOLWDWHD� �VDX�UHSHWDELOLWDWHD��HVWH�FDUDFWHUL]DW GH�HURULOH� LQVWUXPHQWHORU��(URDUHD�GH�MXVWH H UHSUH]LQWDEDWHUHD� YDORULL�PHGLL� D� XQXL� QXP U PDUH� GH� YDORUL� LQGLFDWH� GH� DSDUDW� ID GH� YDORDUHD�UHDO D P VXUDQGXOXL��(URDUHD� GH� UHSHWDELOLWDWH �ILGHOLWDWH�� HVWH� DEDWHUHD� UH]XOWDWXOXL� XQHL� P VXU WRUL�LQGLYLGXDOH�ID GH�YDORDUHD�PHGLH�D�LQGLFD LLORU��(URULOH�GH�MXVWH H VH�GDWRUHD] FDOLEU ULL��vPE WUkQLULL� SLHVHORU�� X]XULL� vQ� WLPS� úL� FX� WHPSHUDWXUD� HWF�� HURULOH� GH� UHSHWDELOLWDWH� VH�GDWRUHD] LPSHUIHF LXQLORU� FRQVWUXFWLYH�� IOXFWXD LLORU� LQHUHQWH� DOH� FRPSRQHQWHORU�HOHFWURQLFH��SHUWXUED LLORU�H[WHULRDUH�HWF��

Câteva tipuri de erori instrumentale:�
→ (URDUHD�GH�]HUR��FRQVWDQW vQ�WRW�LQWHUYDOXO�GH�P VXUDUH���
→ (URDUHD�GH�SURSRU LRQDOLWDWH��PXOWLSOLFDWLY ���HVWH�SURSRU LRQDO FX�P VXUDQGXO��
→ (URDUHD�GH�OLQLDULWDWH��
→ (URDUHD�GH�KLVWHUH]LV��

Sintetizând FHOH�DILUPDWH�PDL�VXV�VH�SRW�VFULH�XUP WRDUHOH��
¾ FDUDFWHULVWLFLOH� PHWURORJLFH� DOH� XQXL� DSDUDW� VXQW� SURSULHW LOH� FDUH� GHWHUPLQFDOLW LOH�DFHVWXLD��$FHVWH�SURSULHW L GHSLQG�GH�XUP WRDUHOH�DVSHFWH��

R FRQGL LLOH�vQ�FDUH�VH�DIO DSDUDWXO��
R FRQGL LLOH� vQ� FDUH� VH� HIHFWXHD] P VXU WRDUHD�� úL� VXQW� LQIOXHQ DWH� GH� IDFWRUL�H[WHUQL��� WHPSHUDWXU �� XPLGLWDWH��� FkPSXUL�HOHFWULFH�úL�PDJQHWLFH��� SR]L LD�DSDUDWXOXL��� GHIRUPD LD� UHPDQHQW D HOHPHQWHORU� HODVWLFH�� FDUH� GDX� FXSOXO� UH]LVWHQW�HWF��&X�FkW�LQIOXHQ D DFHVWRU�IDFWRUL�HVWH�PDL�PLF � FX�DWkW�úL�DSDUDWXO�DUH�FDUDFWHULVWLFL�PHWURORJLFH�PDL�EXQH��$FHVWHD�VXQW��

¾ SUHFL]LD��FDUH�H[SULP JUDGXO�GH�H[DFWLWDWH�DO�UH]XOWDWHORU�vQ�P VXU WRUL��
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¾ ILGHOLWDWHD�� FDUH� HVWH� SURSULHWDWHD� DSDUDWXOXL� GH� DYHD� R� YDULD LH� FkW� PDL� PLF DLQGLFD LLORU�OD�GLIHULWH�P VXU UL�DOH�DFHOHLDúL�P ULPL��
¾ MXVWH HD��FDUH�HVWH�SURSULHWDWHD�DSDUDWXOXL�GH�LQGLFD LL�DSURSLDWH�GH�YDORDUHD�HIHFWLYD P ULPLL�P VXUDWH��
¾ VHQVLELOLWDWHD�� HVWH� FDOLWDWHD� DSDUDWXOXL� GH� D� SHUFHSH� FHOH� PDL� PLFL� YDULD LL� DOH�P ULPLL� P VXUDWH�� VH� H[SULP SULQ� UDSRUWXO� GLQWUH� YDULD LD� LQGLFD LHL� úL� YDULD LD�FRUHVSXQ] WRDUH�D�P ULPLL�P VXUDWH��
¾ PRELOLWDWHD��HVWH�SURSULHWDWHD�DSDUDWXOXL�GH�D�DYHD�R�LQVHU LH�FkW�PDL�PLF � XUP ULQG�FkW�PDL�UDSLG�YDULD LLOH�P VXUDWH���� ������ (URUL�GH�P VXUDUH��

3ULQ�HIHFWXDUHD�XQHL�P VXU WRUL��RULFkW�GH�SUHFLVH�DU�IL�PLMORDFHOH�GH�P VXUDUH�úL�PHWRGHOH� GH� P VXUDUH�� QX� VH� SRDWH� RE LQH� QLFLRGDW YDORDUHD� DGHY UDW D P ULPLL� GH�P VXUDW��ÌQWUH�YDORDUHD�RE LQXW SULQ�P VXUDUH�úL�YDORDUHD�DGHY UDW D P ULPLL�P VXUDWH�H[LVW R GLIHUHQ FDUH�VH�QXPHúWH�HURDUH�GH�P VXUDUH�&DX]HOH�FDUH�GHWHUPLQ HURULOH�úL�FDUDFWHUXO�ORU�VXQW�H[WUHP�GH�GLIHULWH��(URULOH�VH�GDWRUHVF�LPSHUIHF LXQLL�PLMORDFHORU�GH�P VXUDUH VDX�PHWRGHORU�GH�P VXUDUH��LQFRQVWDQ HL�vQ� FDUH� VH� HIHFWXHD] P VXUDUHD�� LQIOXHQ HL� PHGLXOXL� H[WHULRU� �WHPSHUDWXU � XPLGLWDWH��FkPSXUL� HOHFWULFH� úL� PDJQHWLFH� HWF��� OLSVHL� GH� H[SHULHQ úL� JUHúHOLORU� DSDUDWXOXL� HWF��3HQWUX� RE LQHUHD� XQRU� UH]XOWDWH� FkW� PDL� DSURSLDWH� GH� YDORDUHD� DGHY UDW D P ULPLL� GH�P VXUDW��HVWH�QHFHVDU�FD�LQIOXHQ D DFHVWRU�FDX]H�V ILH�FkW�PDL�PXOW�PLFúRUDW � VDX�HURULOH�V ILH�HOLPLQDWH�SULQ�FDOFXO�(URULOH�P VXU WRULORU�9DORDUHD� DGHY UDW D XQHL�P ULPL� � QHSXWkQG� IL� GHWHUPLQDW QLFLRGDW � GHILQLUHD�
HURULORU� GH� P VXUDUH� VH� IDFH� SULQ� UHIHULUHD� OD� R� YDORDUH� GH� UHIHULQ 0x � RE LQXW FX� R�
SUHFL]LH�VXSHULRDU YDORULL�P VXUDWH��FX�PLMORDFH�HWDORQ��$VWIHO�VH�GHRVHEHVF��

• (URDUHD�GH�P VXUDUH �HURDUHD� DEVROXW � x∆ D XQHL�P ULPL� UHSUH]LQW GLIHUHQ D
GLQWUH�YDORDUHD�P VXUDW x D P ULPLL�úL�YDORDUHD�GH�UHIHULQ 0x � DGLF �

0xxx −=∆ �
(URDUHD�GH�P VXUDUH�HVWH�GH�DFHHDúL�QDWXU FD�úL�P ULPHD�GH�P VXUDW�úL�FD�XUPDUH�VH�H[SULP vQ�DFHHDúL�XQLWDWH�GH�P VXU �(VWH� HYLGHQW� F � SHQWUX� DFHHDúL� YDORDUH� D� P ULPLL� P VXUDWH�� FX� FkW� HURDUHD� GH�P VXUDUH� HVWH� PDL� PLF FX� DWkW� P VXUDUHD� HVWH� PDL� SUHFLV � 3HQWUX� GLIHULWH� YDORUL� DOH�P ULPLL�P VXUDWH��HURDUHD�GH�P VXUDUH�QX�H[SULP vQV JUDGXO�GH�SUHFL]LH�DO�P VXU ULL��DFHVWD�HVWH�GDW�GH�HURDUHD�UHODWLY �
(URDUHD� UHODWLY rx∆ HVWH� UDSRUWXO�GLQWUH�HURDUHD�GH�P VXUDUH� x∆ úL�YDORDUHD�GH�

UHIHULQ 0x D P ULPLL�P VXUDWH��DGLF �

0

0

0 x

xx

x

x
xr

−=∆=∆ �
(URDUHD�UHODWLY VH�H[SULP GH�UHJXO � FX�FkW�PDL�PLF FX�DWkW�P VXUDUHD�HVWH�PDL�SUHFLV �
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• (URULOH� DSDUDWHORU� GH� P VXUDW� HOHFWULFH� 9DORULOH� LQGLFDWH� GH� LQVWUXPHQWHOH� GH�P VXUDW�VH�GHRVHEHVF�GH�YDORDUHD�DGHY UDW D P ULPLL�P VXUDWH�GDWRULW �� LPSHUIHF LXQLORU�FRQVWUXFWLYH�DOH�DSDUDWHORU��� LQIOXHQ HL�PHGLXOXL�H[WHULRU��� JUHúHOLORU�GH�FLWLUH�úL�PDQLSXODUH�DOH�RSHUDWRUXOXL��
• (URDUHD� GH� LQGLFD LH ix∆ D XQXL� DSDUDW� GH�P VXUDW� UHSUH]LQW GLIHUHQ D GLQWUH�

YDORDUHD�LQGLFD LHL� ix D DSDUDWXOXL�úL�YDORDUHD�GH�UHIHULQ 0x D P ULPLL�P VXUDWH�FX�XQ�
DSDUDW�PXOW�PDL�SUHFLV��DSDUDW�HWDORQ���
� 0xxx ii −=∆ �

• &RUHF LD�GH�LQGLFD LH & UHSUH]LQW HURDUHD�GH�LQGLFD LH� OXDW FX�VHPQ�VFKLPEDW��DGLF �
ii xxxC −=∆−= 0 �

$GXQkQG�FRUHF LD�OD�YDORDUHD�LQGLFD LHL�VH�RE LQH�YDORDUHD�GH�UHIHULQ D P ULPLL�P VXUDWH��
• (URDUHD� WROHUDW GH� LQGLFD LH� iadx∆ HVWH� HURDUHD� GH� LQGLFD LH� PD[LP D XQXL�

DSDUDW� GH�P VXUDW�� DGPLV GH�SUHYHGHULOH�XQXL� VWDQGDUG�GH� VWDW�� DOH�XQHL� LQVWUXF LXQL� GH�YHULILFDUH�VDX�DOH�XQHL�QRUPH�RILFLDOH��
• (URDUHD� UHODWLY D LQGLFD LHL� DSDUDWXOXL� αx∆ HVWH� UDSRUWXO� GLQWUH� HURDUHD� GH�

LQGLFD LH� ix∆ úL�YDORDUHD�GH�UHIHULQ 0x D P ULPLL�P VXUDWH�DGLF �

0

0

0 x

xx

x

x
x ii −=∆=∆ α �

• (URDUHD� UDSRUWDW D LQGLFD LHL� DSDUDWXOXL� HVWH� HURDUHD� GH� LQGLFD LH� UDSRUWDW OD�
OLPLWD��YDORDUHD��PD[LP GH�P VXUDUH� mx D DSDUDWXOXL��
�

m

i

m

i

x

xx

x

x
x 0−=∆=∆ α �

HD� FDUDFWHUL]HD] SUHFL]LD� DSDUDWXOXL� GH� P VXUDW�� $WkW� HURDUHD� UHODWLY FkW� úL� HURDUHD�UHSHWDW D LQGLFD LHL�VH�H[SULP vQ�SURFHQWH��
• &ODVD�GH�SUHFL]LH UHSUH]LQW UDSRUWXO�GLQWUH�HURDUHD�WROHUDW GH�LQGLFD LH� iadx∆ úL�

OLPLWD�PD[LP GH�P VXUDUH� mx D DSDUDWXOXL��H[SULPDW vQ�SURFHQWH�
� [%]100⋅∆=

m

iad

x

x
C �

&ODVD�GH�SUHFL]LH�FRQVWLWXLH�R�FDUDFWHULVWLF D DSDUDWHORU�GH�P VXUDW�HOHFWULFH�GXSFDUH� VH� IDFH� FODVLILFDUH� ORU� GLQ� SXQFW� GH� YHGHUH� DO� SUHFL]LHL��&RQIRUP� VWDQGDUGHORU� FDUH�IXQF LRQHD] vQ� DUD�QRDVWU � FODVHOH�GH�SUHFL]LH�DOH�DSDUDWHORU�GH�P VXUDW�HOHFWULFH�VXQW����������������������������������������
Cunoscându�VH�FODVD�GH�SUHFL]LH�D�DSDUDWXOXL�GH�P VXUDW��VH�SRDWH�GHGXFH�HURDUHD�

WROHUDW GH�LQGLFD LH� iadx∆ FX�DMXWRUXO�UHOD LHL��
� [%]

100 miad x
C

x ⋅=∆ H[SULPDW vQ�XQLW LOH�VFULVH�SH�VFDUD�VD��
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&DS�����$3$5$7(�'(�0 685$7�$1$/2*,&(��
� ������ 3ULQFLSLL�GH�IXQF LRQDUH��

)XQF LRQDUHD� DSDUDWHORU� GH� P VXUDW� DQDORJLFH� VH� ED]HD] SH� WUDQVIRUPDUHD�HQHUJLHL�HOHFWULFH�VDX�PDJQHWLFH�D�P ULPLL�GH�P VXUDW��VDX�VHPQDOXO�HOHFWULF�LQWHUPHGLDU��vQ�HQHUJLH�PHFDQLF � HQHUJLH�FDUH�SURGXFH�P ULPHD�SHUFHSWLELO VXE�IRUPD�XQHL�GHSODV UL�XQJKLXODUH�VDX�OLQLDUH�D�XQL�HFKLSDM�PRELO��7UDQVIRUPDUHD�HQHUJLHL�DUe loc în conformitate FX�IHQRPHQXO�IL]LFD�FDUH�VW OD�ED]D�FRQVWUXF LHL�úL�IXQF LRQ ULL�GLVSR]LWLYXOXL�GH�P VXUDW�'LVSR]LWLYHOH�GH�P VXUDW� DOH�DSDUDWHORU� DQDORJLFH� VH�FRPSXQ�� vQ� JHQHUDO��GLQWU�R�SDUWH�IL[ úL�R�SDUWH�PRELO � 3DUWHD�PRELO VH�GHSODVHD] VXE�DF LXQHD�XQXL�FXSOX�GH�IRU H��
GHQXPLW� FXSOX� DFWLY aM � FDUH� DSDUH� FD� XUPDUH� D� LQWHUDF LXQLL� GLQWUH� P ULPLOH� IL]LFH�
�GLQWUH�FDUH�XQD�HVWH�P ULPHD�GH�P VXUDW�VDX�VHPQDOXO�HOHFWULF�LQWHUPHGLDU��H[LVWHQWH�vQ�FHOH�GRX S U L���&XSOXO�DFWLY depinde de valoarea energiei câmpului magnetic sau electric produs 
GH�VHPQDOXO�HOHFWULF�SULPLW��GHFL�GH�P ULPHD�GH�P VXUDW� x úL�GH�SULQFLSLXO�GH�IXQF LRQDUH�DO� GLVSR]LWLYXOXL� GH�P VXUDW�� )LHF UHL� YDORUL� D�P ULPLL� GH�P VXUDW� vL� FRUHVSXQGH�SHQWUX�DSDUDWXO�GDW�R�YDORDUH�FRPSOHW�GHWHUPLQDW D FXSOXOXL�DFWLY��DGLF

)(xfM a = �
'DF DVXSUD� HFKLSDMXOXL� PRELO� DO� GLVSR]LWLYXOXL� GH� P VXUDW� DF LRQHD] QXPDL�FXSOXO�DFWLY��DFHVWD�V�DU�GHSODVD�SkQ OD�OLPLWD�H[WUHP � LQGLIHUHQW�GH�YDORDUHD�P ULPLL�GH�P VXUDW��3HQWUX� FD� ILHF UHL� YDORUL� D� P ULPLL� GH� P VXUDW� V vL� FRUHVSXQG R DQXPLWGHSODVDUH��FXSOXO�DFWLY�HVWH�HFKLOLEUDW�GH�XQ�FXSOX�GH�VHQV�FRQWUDU��SURSRU LRQDO�FX�XQJKLXO�

GH�URWD LH α� D�HFKLSDMXOXL�PRELO��GHQXPLW�FXSOX�UH]LVWHQW� rM �
α⋅= DM r �

XQGH��'�HVWH�R�FRQVWDQW FRQVWUXFWLY � GHQXPLW FXSOX�UH]LVWHQW�VSHFLILF�
&XSOXO� UH]LVWHQW� SRDWH� IL� FUHDW� SH� FDOH� PHFDQLF � FX� DMXWRUXO� XQRU� HOHPHQWH�HODVWLFH� SH�FDOH�PDJQHWLF VDX�HOHFWULF �3ULQ�XUPDUH�HFKLSDMXO�PRELO�VH�URWHúWH�VXE�DF LXQHD�VLPXOWDQ D FXSOXOXL�DFWLY�úL�D�FXSOXOXL� UH]LVWHQW�� SkQ FkQG� DFHVWD� GLQ� XUP � FUHVFkQG� FX� XQJKLXO� GH� URWLUH�� HJDOHD]FXSOXO� DFWLY�� 8QJKLXO� GH� URWLUH� SHQWUX� FDUH� VH� RE LQH� HFKLOLEUXO� VH� QXPHúWH� GHYLD LH�SHUPDQHQW � 3R]L LD�GH�HFKLOLEUX�VH�FDUDFWHUL]HD] GHFL�SULQ�DFHHD�F VXPD�FXSOXULORU�FDUH�DF LRQHD] DVXSUD� HFKLSDMXOXL� PRELO� HVWH� QXO � 'DF VH� QHJOLMHD] vQWU�R� SULPDSUR[LPD LH�FXSOXO�GH�IUHFDUH��DFHDVW FRQGL LH�VH�VFULH��

� 0=− ra MM � VDX��
� 0)( =⋅− αDxf � GH�XQGH� )(/)( 1 xfDxf ==α

)XQF LD� )(1 xf H[SULP GHSHQGHQ D GHYLD LHL�α D HFKLSDMXOXL�PRELO�GH�P ULPHD�GH�
P VXUDW� x úL� UHSUH]LQW FDUDFWHULVWLFD� GH� WUDQVIHU� VWDWLF D DSDUDWHORU� GH� P VXUDW�



��

DQDORJLFH��3H�GH�DOW SDUWH��HD�SRDWH�IL�FRQVLGHUDW úL�FD�R�FDUDFWHULVWLF D VF ULL��GHRDUHFH�GHWHUPLQ DúH]DUHD�UHODWLY D UHSHUHORU�SH�VFDU �/D�DSDUDWHOH� OD� FDUH�HFKLSDMXO�PRELO� VH� UHD]HP SH� ODJ UH� DSDU� IUHF UL�� FDUH�GDX�QDúWHUH�XQXL�FXSOX�GH�IUHFDUH� orientat în sens opus rotirii. �&D�HIHFW�DO�DFHVWXL�FXSOX��HFKLSDMXO�PRELO�VH�VWDELOHúWH�OD�SR]L LD�GH�HFKLOLEUX�FHYD�PDL�vQDLQWH�GHFkW�vQ�OLSVD�IUHF ULL��9DORDUHD�FXSOXOXL�GH�IUHF UL�VH�VWDELOHúWH�H[SHULPHQWDO��úL�HVWH�GHWHUPLQDW GH�JUHXWDWHD�HFKLSDMXOXL�PRELO��GH�PDWHULDOXO�úL�GH�VWDUHD�VXSUDIH HORU�ODJ UHORU�úL�SLYR LORU��
�

������ &ODVLILFDUHD�DSDUDWHORU�GH�P VXUDW�DQDORJLFH��
$SDUDWHOH� GH� P VXUDW� DQDORJLFH� VXQW� GH� R� PDUH� GLYHUVLWDWH� FRQVWUXFWLY �GHWHUPLQDW vQ�SULPXO�UkQG�GH�QDWXUD�IHQRPHQXOXL�IL]LF�FDUH�VW OD�ED]D� IXQF LRQ ULL� ORU�$VWIHO�VH�GHRVHEHVF�XUP WRDUHOH�JUXSH�GH�DSDUDWH�DQDORJLFH��FODVLILFDWH�GXS SULQFLSLXO�GH�IXQF LRQDUH��

→ $SDUDWH�PDJQHWRHOHFWULFH� FDUH�IRORVHVF�LQWHUDF LXQHD�GLQWUH�FkPSXO�XQXL�PDJQHW�SHUPDQHQW� úL� XQD� VDX� PDL� PXOWH� ERELQH� SDUFXUVH� GH� FXUHQ L FRQWLQXL�� GXS FXP� HVWH�PRELO ERELQD�VDX�PDJQHWXO�SHUPDQHQW��DFHVWH�DSDUDWH�VH�VXEvPSDUW�vQ�DSDUDWH�FX�FDGUX�PRELO úL�DSDUDWH�FX�PDJQHW�PRELO�
→ $SDUDWH�IHURPDJQHWLFH �FX�ILHU�PRELO��FDUH�FRQ LQ�R�SLHV PRELO GLQ�ILHU�VXSXVDF LXQLL�FkPSXOXL�XQHL�ERELQH�IL[H�SDUFXUV GH�FXUHQW�VDX�D�HFKLSDMXOXL�XQHL�SLHVH�IL[H�GLQ�ILHU�PDJQHWL]DW GH�FXUHQW��
→ $SDUDWH� HOHFWURGLQDPLFH� IRORVHVF� DF LXQHD� IRU HORU� HOHFWURGLQDPLFH� FDUH� VH�PDQLIHVW vQWUH�ERELQHOH�IL[H�úL�PRELOH�SDUFXUVH�GH�FXUHQ L��
→ $SDUDWH� IHURGLQDPLFH� IXQF LRQDO� VXQW� LGHQWLFH� FX� FHOH� HOHFWURGLQDPLFH�� GRDU� FSHQWUX�vQW ULUHD�FkPSXOXL�PDJQHWLF�IRORVHVF�QLúWH�SLHVH�IHURPDJQHWLFH��
→ $SDUDWH�GH�LQGXF LH� IRORVHVF�LQWHUDF LXQHD�GLQWUH�FkPSXULOH�PDJQHWLFH�SURGXVH�GH�XQD�VDX�PDL�PXOWH�ERELQH�IL[H�SDUFXUVH�GH�FXUHQ L DOWHUQDWLYL�úL�FXUHQ L LQGXúL�GH�DFHúWLD�

în piese conductoare mobile;�
→ $SDUDWH� HOHFWURVWDWLFH� FDUH� IXQF LRQHD] VXE� DF LXQHD� IRU HORU� HOHFWURVWDWLFH�FDUH�VH� H[HUFLW vQWUH� SLHVHOH� PHWDOLFH� IL[H� úL�PRELOH� vQWUH� FDUH� H[LVW GLIHUHQ GH� SRWHQ LDO�HOHFWULF��
→ $SDUDWH� WHUPLFH� FX� ILU� FDOG� IXQF LRQHD] VXE� DF LXQHD� IRU HORU� GH� WHQVLXQH��DOXQJLUH��FDUH�LDX�QDúWHUH�FD�XUPDUH�D�GLODW ULL�ILUHORU�vQF O]LWH�GH�FXUHQWXO�GH�P VXUDW���
→ $SDUDWH� ELPHWDOLFH� vQ� FDUH� VH� IRORVHúWH� GHIRUPDUHD� XQHL� ODPHOH� GLQ� ELPHWDO�GDWRULW vQF O]LULL�GLUHFWH�VDX�LQGLUHFWH�GH�F WUH�FXUHQWXO�GH�P VXUDW��
→ $SDUDWH�FX�WHUPRFXSOX� vQ�FDUH�VH�P VRDU FX�DMXWRUXO�XQXL�DSDUDW�PDJQHWRHOHFWULF�WHQVLXQHD�HOHFWURPRWRDUH�D�XQXL�WHUPRFXSOX�vQF O]LW�GH�FXUHQWXO�GH�P VXUDW��
→ $SDUDWH�FX�UHGUHVRU� FDUH�VXQW�IRUPDWH�GLQWU�XQ�DSDUDW�GH�P VXUDW�PDJQHWRHOHFWULF�DVRFLDW� FX� XQ� GLVSR]LWLY� UHGUHVRU�� FX� DMXWRUXO� F URUD� VH� P VRDU FXUHQ L VDX� WHQVLXQL�DOWHUQDWLYH��
→ $SDUDWH� FX� ODPH� YLEUDQWH� D� F URU� IXQF LRQDUH� VH� ED]HD] SH� DF LXQHD� XQXL�HOHFWURPDJQHW�GH�FXUHQW�DOWHUQDWLY��FRPELQDW�VDX�QHFRPELQDW�FX�XQ�PDJQHW��DVXSUD�XQRU�ODPHOH�PHWDOLFH�FDUH�LQWU vQ�UH]RQDQ �3ULQFLSLXO� GH� IXQF LRQDUH� D� GLVSR]LWLYXOXL� GH� P VXUDW� HVWH� LQGLFDW� SH� FDGUDQXO�ILHF UXL�DSDUDW�GH�P VXUDW�SULQ�GLIHULWH�VLPEROXUL��ILJ��������
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)LJXUD�������&DGUDQXO�XQXL�YROWPHWUX�3H�FDGUDQ�VH�PDL�LQVFULS LRQHD] �� XQLWDWHD�GH�P VXU �� QDWXUD�FXUHQWXOXL��� FODVD�GH�SUHFL]LH��� SR]L LD�QRUPDO GH�IXQF LRQDUH��� WHQVLXQHD�GH�vQFHUFDUH�GLHOHFWULF �� YDORULOH�QRPLQDOH�DOH�P ULPLL��� PDUFD�IDEULFLL��6LPEROXULOH�DSDUDWHORU�GH�P VXUDW�HOHFWULFH

3ULQFLSLXO�GH�IXQF LRQDUH�
0DJQHWRHOHFWULF��FX�FDGUX�PRELO��
0DJQHWRHOHFWULF��FX�PDJQHW�PRELO��

/RJRPHWUX�PDJQHWRHOHFWULF�
)HURPDJQHWLF�

/RJRPHWUX�IHURPDJQHWLF�
(OHFWURGLQDPLF�
)HURGLQDPLF�

/RJRPHWUX�HOHFWURGLQDPLF�
'H�LQGXF LH��

(OHFWURVWDWLF�

7HUPLF�FX�ILU�FDOG�



��

%LPHWDOLF�
0DJQHWRHOHFWULF�FX�WHUPRFXSOX�

0DJQHWRHOHFWULF�FX�UHGUHVRU�
1DWXUD�FXUHQWXOXL�&XUHQW�FRQWLQXX�

&XUHQW�DOWHUQDWLY�
&RQWLQXX�úL�DOWHUQDWLY�PRQRID]DW�

&ODVD�GH�SUHFL]LH�����������������������������������
9DORDUHD�PD[LP D GRPHQLXOXL� 0,5

/XQJLPHD�VF ULL�JUDGDWH� 0,5
3R]L LD�QRUPDO GH�IXQF LRQDUH�

9HUWLFDO
2UL]RQWDO

ÌQFOLQDW ID GH�RUL]RQWDO OD���� 60 �7HQVLXQHD�GH�vQFHUFDUH�GLHOHFWULF
����9�

3HVWH�����9��GH�H[HPSOX���N9� 2

) U vQFHUFDUH�GLHOHFWULF 0

������ 3 U LOH�FRPSRQHQWH�DOH�DSDUDWHORU�GH�P VXUDW�DQDORJLFH��
'HúL�VXQW�GH�R�PDUH�GLYHUVLWDWH�GLQ�SXQFW�GH�YHGHUH�DO�FRQVWUXF LHL�úL�SULQFLSLXOXL�GH� IXQF LRQDUH�� DSDUDWHOH� GH� P VXUDW� DQDORJLFH� DX� R� VHULH� GH� HOHPHQWH� FRPSRQHQWH�FRPXQH��FDUH�GLIHU vQWUH�HOH�QXPDL�FRQVWUXFWLY��IXQF LH�GH�WLSXO�DSDUDWXOXL��GHVWLQD LD�OXL�úL�GH�FRQGL LLOH�GH�H[SORDWDUH��$SDUDWHOH� DQDORJLFH VH� FRPSXQ� FD� RULFH� DSDUDW� HOHFWULF� GH� P VXUDW� GLQ��GLVSR]LWLYXO�GH�P VXUDW��WUDGXFWRUXO�úL�DFFHVRULL���������� 'LVSR]LWLYXO�GH�P VXUDW�
(VWH�IRUPDW�GLQ�DQVDPEOXO�GH�RUJDQH�GLQ�D�F URU�LQWHUDF LXQH�UH]XOW �DSDU��IRU HPHFDQLFH� FDUH� GHWHUPLQ PLúFDUHD� XQXL� HFKLSDM� PRELO�� DOH� F UXL� GHSODV UL�� OLQLDUH� VDX�XQJKLXODUH�UHSUH]LQW YDORDUHD�P ULPLL�P VXUDWH��



��

&RQVWUXFWLY�� HOH�GLIHU GH� OD�XQ� WLS�GH�DSDUDW� OD� DOWXO�GHSHQGHQW�GH�SULQFLSLX�GH�IXQF LRQDUH��ÌQ�JHQHUDO��HO�VH�FRPSXQ�GLQWU�R�SDUWH�IL[ úL�R�SDUWH�PRELO � DOF WXLWH�ILHFDUH�GLQ�HOHPHQWH�DFWLYH�úL�HOHPHQWH�DX[LOLDUH��
• HOHPHQWHOH� DFWLYH� DOH� GLVSR]LWLYXOXL� GH� P VXUDW� 6XQW� DFHOHD� FDUH� vQ� SUH]HQ DP ULPLL� HOHFWULFH� GH� P VXUDW� LQWHUDF LRQHD] SURGXFkQG� GHSODVDUHD� S U LL� PRELOH�� 6H�GHRVHEHVF�FD�HOHPHQWH�DFWLYH��HFKLSDMXO�IL[ úL�HFKLSDMXO�PRELO�

→ (FKLSDMXO� IL[ produce câmpul magnetic sau electric ce detHUPLQ PLúFDUHD�HFKLSDMXOXL�PRELO��(O�SRDWH�IL�DOF WXLW�GLQ�XQXO�VDX�PDL�PXO L PDJQH L SHUPDQHQ L�OD� DSDUDWHOH� PDJQHWRHOHFWULFH��� GLQ� XQD� VDX� PDL� PXOWH� ERELQH� �OD� DSDUDWHOH�IHURPDJQHWLFH��HOHFWURGLQDPLFH�úL� IHURGLQDPLFH���XQ� VLVWHP�GH�SO FL�FRQGXFWRDUH��OD� DSDUDWHOH� HOHFWURVWDWLFH��� FRQGXFWRDUH� GH� FXUHQW� �OD� DSDUDWHOH� WHUPLFH� FX� ILU�FDOG���
→ (FKLSDMXO�PRELO SURGXFH�XQ�FkPS�GH�DFHHDúL�QDWXU FX�FHO�SURGXV�GH�HFKLSDMXO�IL[��FX� FDUH� LQWHUDF LRQHD] úL� G QDúWHUH� IRU HORU� VDX� FXSOXOXL� PHFDQLF�� (FKLSDMXO�PRELO� SRDWH� IL� FRQVWUXLW� GLQ� ERELQH� PRELOH� vQ� IRUP GH� FDGUX� �OD� DSDUDWHOH�PDJQHWRHOHFWULFH�� HOHFWURGLQDPLFH�� IHURGLQDPLFH��� SO FL�PHWDOLFH� �IHURPDJQHWLFH�úL�HOHFWURVWDWLFH���GLVFXUL�QHPDJQHWLFH��OD�DSDUDWHOH�GH�LQGXF LH��VDX�SkUJKLL�PRLOH��OD� DSDUDWHOH� WHUPLFH� FX� ILU� FDOG��� (FKLSDMXO� PRELO� HVWH� IL[DW� SH� XQ� D[� FDUH� VH�VSULMLQ vQ�ODJ UH��VDX�HVWH�VXVSHQGDW�SH�EHQ]L�WHQVLRQDWH�VDX�SH�ILUH�GH�WRUVLXQH��

N S N S

2
3
1

��� &DGUX�PRELO���� )LUXO�GH�WRUVLXQH���� 2JOLQG

)LJXUD�������(FKLSDM�PRELO�FX�ILU�GH�WRUVLXQH�
• (OHPHQWHOH� DX[LOLDUH� DOH� GLVSR]LWLYXOXL� GH� P VXUDW� $FHVWH� HOHPHQWH� FRQFXUDO WXUL� GH� FHOH� DFWLYH� OD� RE LQHUHD� XQHL� GHSODV UL� D� HFKLSDMXOXL� PRELO� SURSRU LRQDO FX�P ULPHD�GH�P VXUDW�� OD� LQGLFDUHD�YDORULL� DFHVWHLD�� OD� UHJDODUHD� úL� IXQF LRQDUHD�RSWLP DGLVSR]LWLYXOXL� GH� P VXUDW�� SUHFXP� úL� OD� IL[DUHD� úL� FRQVROLGDUHD� GLYHUVHORU� HOHPHQWH�FRPSRQHQWH��3ULQFLSDOHOH�HOHPHQWH�DX[LOLDUH�VXQW��D�� 'LVSR]LWLYXO�GH�SURGXFHUH�D�FXSOXOXL�UH]LVWHQW��E�� &RUHFWRUXO�GH�]HUR��F�� 'LVSR]LWLYXO�GH�FLWLUH��G�� $PRUWL]RUXO��'LVSR]LWLYXO�GH�SURGXFHUH�D�FXSOXOXL�UH]LVWHQW VH�RSXQH�úL�HFKLOLEUHD] IRU HOH�VDX�
cuplul mecanic care apar între elementele active pe cale PHFDQLF � HOHFWULF VDX�PDJQHWLF �&XSOXO� UH]LVWHQW� HVWH� FUHDW� OD� PDMRULWDWHD� DSDUDWHORU� GH� DUFXUL� VSLUDOH�� LDU� OD�DSDUDWHOH�FX�HFKLSDM�PRELO�VXVSHQGDW�SH�EHQ]L�VDX�ILUH�GH�WRUVLXQH�– FKLDU�GH�EHQ]LOH�VDX�ILUHOH�GH�VXVSHQVLH��SULQ�U VXFLUHD�VDX�GH]U VXFLUHD�ORU�RGDW FX�URWLUHD�HFKLSDMXOXL�PRELO��



��

1
6
4
2

7

5
3

��� $FXO�LQGLFDWRU���� $[XO�HFKLSDMXOXL�PRELO���� &RQWUDJUHXWDWH���� $UFXO�VSLUDO���� &RUHFWRUXO���� $QWUHQRUXO�FRUHFWRUXOXL���� /DJ UXO�

)LJXUD�������'LVSR]LWLYXO�GH�SURGXFHUH�D�FXSOXOXL�UH]LVWHQW�SH�FDOH�PHFDQLF �'DF GHIRUP ULOH� VXQW� PLFL�� VXE� OLPLWD� GH� HODVWLFLWDWH� D� PDWHULDOXOXL�� FXSOXO�
UH]LVWHQW�PHFDQLF�HVWH�SURSRU LRQDO�FX�XQJKLXO�GH�URWD LH�α D HFKLSDMXOXL�PRELO��DGLF �

α⋅= DM r �
XQGH�� '� HVWH� R� FRQVWDQW FRQVWUXFWLY D HOHPHQWXOXL� HODVWLF�� GHQXPLW FXSOX� UH]LVWHQW�VSHFLILF��$UFXULOH� VSLUDOH� FD� úL� EHQ]LOH� úL� ILUHOH� GH� VXVSHQVLH� VHUYHVF� úL� OD� UHYHQLUHD�HFKLSDMXOXL� PRELO� OD� ]HUR� GXS HIHFWXDUHD� P VXU ULL�� LDU� OD� XQHOH� DSDUDWH� OD� DGXFHUHD�FXUHQWXOXL�OD�ERELQD�PRELO �$UFXULOH�VSLUDOH�VXQW�IL[DWH�FX�XQ�FDS W GH�D[XO�HFKLSDMXOXL�PRELO�� LDU�FX�FHO ODOW�FDS W GH�úDVLXO�GLVSR]LWLYXOXL�GH�P VXUDW�GDX�GH�R�SLHV PRELO QXPLW FRUHFWRU�GH�]HUR��&XSOXO� UH]LVWHQW� HOHFWULF� HVWH� SURGXV� vQ� DFHODúL�PRG�FD� úL� FXSOXO� DFWLY�GH� IRU HOH�HOHFWURPDJQHWLFH��'LVSR]LWLYHOH�GH�P VXUDW�FX�FXSOXO�UH]LVWHQW�HODVWLF�DX�HFKLSDMXO�PRELO�UHY ]XW� FX� GRX ERELQH� vQFUXFLúDWH� VXE� XQ� DQXPLW� XQJKL�� IL[DWH� SH� DFHODúL� D[�� DVXSUD�F URUD�DF LRQHD] FXSOXUL�RULHQWDWH�vQ�VHQVXUL�FRQWUDUH��GLQWUH�FDUH�XQXO�HVWH�FXSOXO�DFWLY��LDU�FHO ODOW�HVWH�FXSOXO�UH]LVWHQW��&XSOXO� UH]LVWHQW�PDJQHWLF�HVWH�FUHDW�GH� LQWHUDF LXQHD�GLQWUH�FXUHQ LL� LQGXúL�GH�XQ�
magnet permanent într�XQ� GLVF� GH� DOXPLQLX�� FDUH� VH� URWHúWH� vQWUH� SROLL� V L úL� FkPSXO�PDJQHWXOXL��&RUHFWRUXO�GH�]HUR VHUYHúWH�OD�UHJODUHD�SR]L LHL�GH�]HUR�D�GLVSR]LWLYXOXL�GH�FLWLUH�DO�DSDUDWXOXL��(O� FRQVW GLQWU�XQ� úXUXE�SUHY ]XW�FX�R� WLM H[FHQWULF ID GH� D[D�GH� URWD LH��FDUH�SRDWH�GHSODVD�SULQ�LQWHUPHGLXO�XQXL�DQWUHQRU�SXQFWXO�GH�IL[DUH�D�XQXLD�GLQWUH�DUFXULOH�VSLUDOH��'LVSR]LWLYXO�GH�FLWLUH HVWH�DOF WXLW�GLQ�DQVDPEOXO�HOHPHQWHORU�FDUH�LQGLF YDORDUHD�P ULPLL�P VXUDWH��(O�HVWH�DOF WXLW�GLQWU�XQ� LQGLFDWRU�� VROLWDU� FX� HFKLSDMXO�PRELO�� FDUH� VH�PLúF vQ�ID D XQHL�VF UL�JUDGDWH��WUDVDW SH�XQ�FDGUDQ��6FDUD�JUDGDW � UHSUH]LQW WRWDOLWDWHD�UHSHUHORU�úL�FLIUHORU�GLVSXVH�GH�D� OXQJXO�XQHL�
linii drepte sau curbe, cuprinzând (coresSXQ]kQG�� XQXL� úL� GH� YDORUL� DOH� P ULPLL� GH�P VXUDW��6F ULOH�SRW�IL�JUDGDWH�XQLIRUP�VDX�QHXQLIRUP��GXS FXP�LQWHUYDOHOH�GLQWUH�UHSHUH�
(diviziuni) sunt egale sau nu între ele.�&DGUDQXO�HVWH�VXSUDID D �GH�RELFHL�PHWDOLF � SH�FDUH�HVWH� WUDVDW VFDUD�JUDGDW úL�VXQW� vQVFULVH� VLPEROXULOH� úL� FDUDFWHULVWLFLOH� GLVSR]LWLYXOXL� GH�P VXUDW�� )RUPD� FDGUDQHORU�HVWH�GLIHULW vQ�IXQF LH�GH�IRUPD�DSDUDWXOXL�úL�GH�XQJKLXO�PD[LP�GH�GHYLD LH�D�HFKLSDMXOXL�
mobil (între 90° úL����°���



��

,QGLFDWRUXO� DUDW GHSODVDUHD� HFKLSDMXOXL�PRELO��El este în general un ac rigid de DOXPLQLX�� FX� YkUIXO� vQ� IRUP GH� V JHDW VDX� FX LW�� IL[DW� SH� D[XO� HFKLSDMXOXL� PRELO� úL�HFKLOLEUDW� FX� GRX FRQWUDJUHXW L SODVDWH� vQ� SDUWHD� RSXV � /D� DSDUDWHOH� GH� PDUH�VHQVLELOLWDWH� VH� IRORVHVF� LQGLFDWRDUH� FX� VSRW� OXPLQRV� $FHVWHD� FRQVWDX� GLQWU�R� PLFRJOLQG IL[DW SH� HFKLSDMXO�PRELO�� FDUH� UHIOHFW R UD] GH� OXPLQ SULPLW GH� OD� R� VXUVDIODW vQ�LQWHULRUXO�VDX�vQ�DIDUD�DSDUDWXOXL��WULPL kQG�R�VXE�IRUPD�XQXL�VSRW�OXPLQRV�SH�R�ULJO JUDGDW H[WHULRDU VDX�SH�XQ�FDGUDQ�LQWHULRU��$PRUWL]RUXO – WHPSHUHD] PLúFDUHD� LQGLFDWRUXOXL� VWDELOLQGX�O� vQ� SR]L LD� GH�HFKLOLEUX��DVWIHO�vQFkW�V VH�HYLWH�RVFLOD LLOH��&D�GLVSR]LWLYH�GH�DPRUWL]DUH�VH�IRORVHVF�FHOH�FX�DHU úL�DPRUWL]RDUHOH�PDJQHWLFH�$PRUWL]RDUHOH� FX� DHU VXQW� DOF WXLWH� GLQWU�XQ� WXb închis la capete, în interiorul F UXLD�VH�PLúF R SDOHW VDX�XQ�SLVWRQ�VROLWDU�FX�D[XO�HFKLSDMXOXL�PRELO��3ULQ�UH]LVWHQ D SH�FDUH�R�RSXQH�PLúF ULL�SDOHWHL�VH�DPRUWL]HD] RVFLOD LLOH�HFKLSDMXOXL�PRELO��$PRUWL]RDUHOH� PDJQHWLFH� VXQW� DOF WXLWH� GLQWU�XQ� GLVF� �VDX� VHFWRU�� GLQ� PDWHULDO�QHPDJQHWLF�� IL[DW� SH� D[XO� HFKLSDMXOXL� PRELO�� FDUH� VH� PLúF vQWUH� SROLL� XQXL� PDJQHW�SHUPDQHQW��ILJ�������

)LJXUD�������$PRUWL]RU�'DWRULW LQWHUDF LXQLL�GLQWUH�FXUHQ LL� WXUELRQDUL� FH� LDX�QDúWHUH� vQ�GLVF� OD�PLúFDUHD�DFHVWXLD� vQ� FkPSXO� PDJQHWLF� SHUPDQHQW� úL� IOX[XO� PDJQHWLF� DO� DFHVWXLD�� VH� SURGXFH� XQ�FXSOX� FDUH� VH� RSXQH�PLúF ULL� GLVFXOXL�� 6H� RE LQH� DVWIHO� IUkQDUHD� GLVFXOXL� úL� DPRUWL]DUHD�UDSLG D RVFLOD LLORU�HFKLSDMXOXL�PRELO��������� 7LSXUL�GH�DSDUDWH�GH�P VXUDUH�DQDORJLFH�
ÌQ� FHOH� FH� XUPHD] YRU� IL� SUH]HQWDWH� FkWHYD� WLSXUL� SULQFLSDOH� GH� DSDUDWH� GH�P VXUDUH�DQDORJLFH���������� $SDUDWH�PDJQHWRHOHFWULFH�
)XQF LRQHD] SH�ED]D� LQWHUDF LXQLL�GLQWUH�FkPSXO�PDJQHWLF�SURGXV�GH�XQ�PDJQHW�SHUPDQHQW� úL� XQ� FXUHQW� HOHFWULF� FH� VWU EDWH� R� ERELQ � GH� UHJXO PRELO FXSODW SH�HFKLSDPHQWXO�PRELO��([LVW GRX YDULDQWH�GH�UHDOL]DUH�SUDFWLF D GLVSR]LWLYXOXL�úL�DQXPH��

• PDJQHWXO�SHUPDQHQW�HVWH�IL[�LDU�ERELQD�PRELO �
• ERELQD�IL[ úL�PDJQHWXO�HVWH�PRELO��ILLQG�VROLGDU�FX�D[XO�HFKLSDMXOXL�PRELO��ÌQ�SULPD�YDULDQW � VLWXD LH�PDL�GHV�vQWkOQLW �ILJ������PDJQHWXO�SHUPDQHQW�HVWH�IL[�úL� HVWH� GLVSXV� vQ� H[WHULRU�� ILLQG� SUHY ]XW� FX� GRX SLHVH� SRODUH� úL� FX� XQ� PLH]� GH� ILHU��

Echipamentul activ al echipajului mobil îl constituie ERELQD� PRELO FDUH� vQFRQMRDU
miezul putându�VH�URWL�vQ�vQWUHILHUXO�FLOLQGULF�GLQWUH�SLHVHOH�SRODUH�úL�PLH]��VSULMLQLQGX�VH�



��

SH�GRX ODJ UH�SULQ� LQWHUPHGLXO�XQRU� VHPLD[H��3H� VHPLD[H� VXQW� IL[DWH�DFXO� LQGLFDWRU�FX�FRQWUDJUHXW LOH�GH�HFKLOLEUDUH�úL�GRX UHVRDUWH�VSLUDOH�vQI úXUDWH�vQ�VHQVXUL�RSXVH�SHQWUX�D�FRPSHQVD�HIHFWHOH�YLEUD LLORU�GH�WHPSHUDWXU � 5HVRDUWHOH�VSLUDOH�VHUYHVF�úL�OD�DOLPHQWDUHD�FX�HQHUJLH�HOHFWULF D ERELQHL�PRELOH��
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���PDJQHW�IL[�����SROL�PDJQHWLFL�����ERELQ PRELO � ���FRQWUDJUHXW L�����D[�LQGLFDWRU������DUFXUL�VSLUDOH�����ERUQH�DOLPHQWDUH�����DUF�VSLUH�����ODJ U������D[�HFKLSDPHQW�PRELO������GLVSR]LWLY�FRUHFWRU�GH�]HUR������VFDOJUDGDW)LJXUD�������6FKHPD�SULQFLSLDO D GLVSR]LWLYXOXL�PDJQHWRHOHFWULF��� 'H� PHQ LRQDW� F PDJQHWXO� SHUPDQHQW� VH� FRQIHF LRQHD] GLQ� DOLDM� PDJQHWLF� GXU��DOQLFR��PDJQLFR�HWF��� �úL�VH�FDUDFWHUL]HD] SULQ�LQGXF LH�UHPDQHQW úL�FkPS�FRHUFLWLY�GH�
valori relativ mari, pentru a produce în întrefier un câmp magQHWLF�SXWHUQLF������– ����7���%RELQD�PRELO VH�UHDOL]HD] SULQ�vQI úXUDUHD�XQXL�FRQGXFWRU�VXE LUH��GH�GLDPHWUX�PLQLP� XWLOL]DW� GH� ����� PP�� GLQ� FXSUX� VDX� GLQ� DOXPLQLX� HPDLODW�� SH� XQ� FDGUX�GUHSWXQJKLXODU�GLQ�WDEO GH�DOXPLQLX��&DGUXO� UHSUH]LQW R VSLU vQ� VFXUWFLUFXLW� úL� VHUYHúWH� OD� DPRUWL]DUHD� RVFLOD LLORU�GLVSR]LWLYXOXL�PRELO�GDWRULW LQWHUDF LXQLL�GLQWUH�FXUHQ LL�LQGXúL�GH�HO�vQ�WLPSXO�PLúF ULL�úL�LQGXF LD�PDJQHWLF GLQ�vQWUHILHU��&XSOXO� DFWLY�HVWH�SURSRU LRQDO� FX� LQGXF LD�PDJQHWLF B vQ� vQWUHILHU� FX� VXSUDID DDFWLY D ERELQHL� lbS ⋅= �XQGH� b HVWH� O LPHD� úL� l � OXQJLPHD� S U LL� DFWLYH� D� VSLUHORU�
ERELQHL���FX� n QXP UXO�GH�VSLUH�DO�ERELQHL�úL�FXUHQWXO� I FDUH�WUHFH�SULQ�ERELQ � DGLF �

InSBbInlB
b

FM a ⋅⋅⋅=⋅⋅⋅⋅=⋅⋅=
2

2 �
%RELQD� PRELO VH� URWHúWH� SkQ FkQG� FXSOXO� UH]LVWHQW� GDW� GH� DUFXULOH� VSLUDOH�

� α⋅= DM r ��� FUHVFkQG� FX� XQJKLXO� GH� URWLUH�� HJDOHD] FXSOXO� DFWLY� � ar MM = ��� 'LQ�
HJDOLWDWHD� H[SUHVLLORU� FHORU� GRX FXSOXUL� UH]XOW HFXD LD� FDUDFWHULVWLF D VF ULL�� FDUH� GYDORDUHD�XQJKLXOXL�GH�GHYLD LH�úL�DQXPH��
� ISI

D

nSB
I ⋅=⋅⋅⋅=α �



��

5DSRUWXO�
D

nSB
SI

⋅⋅= HVWH� FRPSXV� QXPDL� GLQ�P ULPL� FRQVWUXFWLYH� FRQVWDQWH� úL�
UHSUH]LQW VHQVLELOLWDWHD� GLVSR]LWLYXOXL� ID GH� FXUUHQW�� DGLF GHYLD LD� HFKLSDMXOXL�PRELO�SHQWUX�XQ�FXUHQW�HJDO�FX�XQLWDWHD��&DUDFWHULVWLFL�

• FDUDFWHULVWLFD�VFDOHL�DUDW F OD�GLVSR]LWLYHOH�GH�P VXUDW�PDJQHWRHOHFWULFH�GHYLD LD�HFKLSDMXOXL� PRELO� HVWH� SURSRU LRQDO FX� FXUHQWXO� GH� P VXUDW� úL� GHFL� VFDUD� JUDGDW DDSDUDWXOXL�HVWH�XQLIRUP �
• DFHVWH�DSDUDWH�VH�folosesc numai în curent continuu. În curent alternativ echipajul PRELO�QX�SRDWH�XUP UL�YDULD LLOH�DFHVWXLD�GLQ�XUP � GLQ�FDX]D�PRPHQWXOXL�V X GH�LQHU LH�UHODWLY�PDUH��DVWIHO�F GHYLD LD�VD�HVWH�GHWHUPLQDW GH�FXSOXO�DFWLY�PHGLX�SHQWUX�SHULRDGD�FXUHQWXOXL� FDUH�SHQWUX�XQ�FXUHQW�VLQXVRLGDO�HVWH�HJDO�FX�]HUR��
• DFHVWH� DSDUDWH� VXQW� LQIOXHQ DWH� GH� WHPSHUDWXU úL� GH� FkPSXULOH� PDJQHWLFH�H[WHULRDUH�� ,QIOXHQ D WHPSHUDWXULL� VH� PDQLIHVW SULQ� YDULD LD� UH]LVWHQ D ERELQHL�� YDULD LD�HODVWLFLW LL� DUFXULORU� VSLUDOH�� GHFL� úL� D� FXSOXOXL� UH]LVWHQW� úL� YDULD LD� LQGXF LHL� vQ� vQWUHILHU��DGLF D FXSOXOXL� DFWLY�� &XSOXO� UH]LVWHQW� úL� FHO� DFWLY� YDULD] SUDFWLF� vQ� DFHHDúL� P VXU �PRWLY�SHQWUX�FDUH�HIHFWHOH�VH�FRPSHQVHD] � ,PSRUWDQW HVWH�YDULD LD� UH]LVWHQ HL�SHQWUX�D�F UHL� FRPSHQVDUH� VH� IRORVHVF� VFKHPH� VSHFLDOH� GH� FRPSHQVDUH� ,QIOXHQ D FkPSXULORU�PDJQHWLFH� H[WHULRDUH� HVWH� QHvQVHPQDW � GHRDUHFH� FkPSXO� PDJQHWLF� SURSULX� DO�LQVWUXPHQWHORU�PDJQHWRHOHFWULFH�HVWH�IRDUWH�SXWHUQLF��
• DX�XQ�FRQVXP�VSHFLILF�SURSULX�IRDUWH�UHGXV��Fk LYD�P:���
• DX� GH]DYDQWDMXO� F QX� IXQF LRQHD] GHFkW� în curent continuu úL� QX� VXSRUWVXSUDvQF UF UL�GLQ�FDX]D�DUFXULORU�VSLUDOH�
������� 'LVSR]LWLYH�GH�P VXUDW�IHURPDJQHWLFH�

)XQF LRQDUHD� DFHVWRU� GLVSR]LWLYH� VH� ED]HD] SH� LQWHUDF LXQHD� GLQWUH� FkPSXO�PDJQHWLF� DO� XQHL� ERELQH� IL[H� SDUFXUV GH� FXUHQWXO� GH� P VXUDW� úL� XQXO� VDX� PDL� PXOWH�PLH]XUL�PDJQHWLFH�PRELOH�UHDOL]DWH�GLQWU�XQ�PDWHULDO�IHURPDJQHWLF��(FKLSDMXO�PRELO�WLQGH�V VH�DúH]H�DVWIHO încât V vQW UHDVF FkPSXO�PDJQHWLF�DO�ERELQHL�'LQ� SXQFW� GH� YHGHUH� DO� LQWHUDF LXQLL� HOHPHQWHORU� VDOH�� GLVSR]LWLYHOH� GH� P VXUIHURPDJQHWLFH�VXQW�GH�GRX WLSXUL��� GH�DWUDF LH� OD�FDUH�echipajul mobil este atras de câmpul magnetic DO�ERELQHL��� GH�UHSXOVLH� Oa care echipajul mobil este respins din câmpul magnetic al bobinei.�$�� 'LVSR]LWLYHOH�GH�P VXUDW� IHURPDJQHWLF� GH� DWUDF LH� VXQW� FRQVWUXLWH�GLQWU�R�ERELQSODW FX�R�IHUHDVWU vQJXVW vQ�LQWHULRUXO�F UHLD�SRDWH�S WUXQGH�PLH]XO�GLQ�PDWHULDO�PDJQHWLF�PRDOH� IL[DW� H[FHQWULF� SH� D[XO� HFKLSDMXOXL�PRELO�� 3H� D[� VXQW� IL[DWH� GH�DVHPHQHD� DFXO� LQGLFDWRU� FX� FRQWUDJUHXW L�� DUFXO� VSLUDO� SHQWUX� FUHDUHD� FXSOXOXL�UH]LVWHQW� OHJDW� FX� FHO ODOW� FDS W OD� FRUHFWRUXO� GH� ]HUR� úL� SDOHWD� DPRUWL]RUXOXL��/D�WUHFHUHD� FXUHQWXOXL� SULQ� vQI úXUDUHD� ERELQHL�� VXE� DF LXQHD� FkPSXOXL� PDJQHWLF� DO�
acestuia, miezul este atras în interiorul bobinei.�
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��� DF�LQGLFDWRU���� VFDU JUDGDW��� ERELQ IL[��� PLH]XO�PDJQHWLF���� FRUHFWRUXO�GH�]HUR���� ODJ UH���� úXUXEXO�GH�DF LRQDUH�D�FRUHFWRUXOXL���� DPRUWL]RU�FX�SDOHW��� FRQWUDJUHXW L

)LJXUD�������'LVSR]LWLY�GH�P VXUDW�IHURPDJQHWLF�GH�DWUDF LH��� %�� 'LVSR]LWLYHOH� GH� P VXUDW� IHURPDJQHWLFH� GH� UHSXOVLH �PDL� GHV� IRORVLWH�� VXQW�FRPSXVH�GLQWU�R�ERELQ FLOLQGULF vQ�LQWHULRUXO�F UHLD�VH�J VHVF�GRX SLHVH�GLQ�R HO�PDJQHWLF�PRDOH��XQD�IL[ úL�DOWD�PRELO IL[DW SH�D[ �ILJ�������SH�DFHODúL�D[�VXQW�IL[DWH� GH� DVHPHQHD� DFXO� LQGLFDWRU�� DPRUWL]RUXO� úL� DUFXO� VSLUDO� SHQWUX� FUHDUHD�FXSOXOXL� UH]LVWHQW�� %RELQD� HVWH� vQFRQMXUDW GH� XQ� HFUDQ� PDJQHWLF� GLQ� R HO� /D�WUHFHUHD�FXUHQWXOXL�SULQ�ERELQ � FHOH�GRX VSLUDOH�VH�PDJQHWL]HD] vQ�DFHODúL�IHO�úL�FD� XUPDUH� VH� UHVSLQJ�� SLHVD�PRELO vPSUHXQ FX� D[XO� GLVFXOXL� URWLQGX�VH� FX� XQ�XQJKL�RDUHFDUH��&XSOXO� DFWLY� DO� GLVSR]LWLYHORU� GH� P VXUDW� IHURPDJQHWLFH� HVWH� SURSRU LRQDO� FX�S WUDWXO�FXUHQWXOXL�FDUH�WUHFH�SULQ�ERELQ � DGLF �
2IkM a ⋅= �

$FHVW�FXSOX�HVWH�HFKLOLEUDW�GH�FXSOXO�UH]LVWHQW�GDW�GH�DUFXULOH�VSLUDOH�� α⋅= DM r ���
DVWIHO�F UH]XOW FDUDFWHULVWLFD�VF ULL���
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��� ERELQ IL[��� SLHV IHURPDJQHWLFIL[��� SLHV IHURPDJQHWLFPRELO��� DF�LQGLFDWRU���� DPRUWL]RU�FX�DUF���� VFDO JUDGDW

)LJXUD�������'LVSR]LWLY�GH�P VXUDW�IHURPDJQHWLF�GH�UHSXOVLH���
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&DUDFWHULVWLFL�
• 6FDUD� JUDGDW D GLVSR]LWLYXOXL�GH�P VXUDW� IHURPDJQHWLF�HVWH�S WUDW � 6H�RE LQH�R�XQLIRUPL]DUH� D� VF ULL� JUDGDWH� vQFHSkQG� GH� OD� ������� GLQ� YDORDUHD� OLPLW VXSHULRDU DP ULPLL� GH� P VXUDW�� SULQ� PRGLILFDUHD� IRUPHL� SLHVHORU� IHURPDJQHWLFH� úL� D� SR]L LHL� ORU�LQL LDOH�ID GH�ERELQ �
• ÌQ� FXUHQW� DOWHUQDWLY�� RGDW FX� VFKLPEDUHD� VHQVXOXL� FXUHQWXOXL� VH� VFKLPE DWkW�GLUHF LD� IOX[XOXL� PDJQHWLF� FkW� úL� SRODULWDWHD� SLHVHORU� IHURPDJQHWLFH� FXSOXO� DFWLY�DF LRQHD] WRW� WLPSXO� vQ�DFHODúL�VHQV��(FKLSDMXO�PRELO�DYkQG�R� LQHU LH�PDUH�GHYLD] VXE�DF LXQHD� YDORULL�PHGLL� D� FXSOXOXL� DFWLY în cursul XQHL� SHULRDGH� úL� SULQ� XUPDUH� GHYLD LD�HFKLSDMXOXL� PRELO� HVWH� SURSRU LRQDO FX� S WUDWXO� YDORULL� HIHFWLYH D P ULPLL� GH�P VXUDW��5H]XOW GHFL�F GLVSR]LWLYHOH�GH�P VXUDW�IHURPDJQHWLFH�SRW�IL�vQWUHEXLQ DWH�DWkW în curent FRQWLQXX�FkW�úL� vQ�FXUHQW�DOWHUQDWLY��GHYLD LD�ILLQG�GHSHQGHQW GH�S WUDWXO�FXUHQWXOXL�FDUH�WUHFH�SULQ�ERELQ �
• ,QGLFD LLOH�GLVSR]LWLYHORU�GH�P VXUDW�IHURPDJQHWLFH�VXQW�LQIOXHQ DWH�GH�IHQRPHQXO�GH� KLVWHUH]LV� úL� GH� FXUHQ LL� WXUELRQDUL� FDUH� LQWHUYLn în piesele feromagnetice� /D�IXQF LRQDUHD�vQ�FXUHQW�FRQWLQXX�GDWRULW IHQRPHQXOXL�GH�KLVWHUH]LV DO�SLHVHL�IHURPDJQHWLFH�PRELOH��DSDUDWHOH�GDX�LQGLFD LL�GLIHULWH��PDL�PLFL�FX������GLQ�OXQJLPHD�VFDOHL��OD�YDORULOH�FUHVF WRDUH�úL�GHVFUHVF WRDUH�DOH�FXUHQWXOXL� $O�IXQF LRQDUHD�vQ�FXUHQW�DOWHUQDWLY��GDWRULWFXUHQ LORU� WXUELRQDUL� LQGXúL� vQ�SLHVHOH� IHURPDJQHWLFH� FDUH� DX�R� DF LXQH�GHPDJQHWL]DQW �LQGLFD LLOH�aparatelor sunt cu ceva mai mici decât în curent continuu�
• &kPSXULOH� PDJQHWLFH� H[WHULRDUH� LQIOXHQ HD] SXWHUQLF� GLVSR]LWLYHOH� DFHVWHD��

deoarece câmpul magnetic propriu al acestor aparate este foarte redus. Reducerea acestei LQIOXHQ H VH�UHDOL]HD] SULQ�HFUDQDUHD�GLVSR]LWLYHORU�GH�P VXUDW�FX�vQYHOLúXO�IHURPDJQHWLF�VDX� SULQ� FRQVWUXF LD� DVWDWLF D GLVSR]LWLYHORU� GH� P VXUDW� 'LVSR]LWLYHOH� DVWDWLFH� VXQW�
SUHY ]XWH�FX�GRX ERELQH�LGHQWLFH�FRQHFWDWH�vQ�VHULH��URWLWH�XQD�ID GH�FHDODOW FX����° úL�
DOH� F URU� FkPSXUL� PDJQHWLFH� VXQW� HJDOH�� GDU� GH� VHQVXUL� FRQWUDUH�� %RELQHOH� DX� PLH]XUL�VHSDUDWH�� LGHQWLFH� úL� IL[DWH�SH�XQ� D[�FRPXQ��&kPSXO�H[WHULRU�QX� LQIOXHQ HD] LQGLFD LLOH�DSDUDWXOXL� DVWDWLF�� GHRDUHFH� vQ� P VXUD� vQ� FDUH� VO EHúWH� FkPSXO� XQHL� ERELQH�� vQ� DFHHDúL�P VXU vQW UHúWH�SH�FHO ODOW��DVWIHO�F � FkPSXO�PDJQHWLF�UH]XOWDQW�U PkQH�QHVFKLPEDW�

• 5H]LVW OD�VXSUDVDUFLQL�IRDUWH�ELQH��VLPSOLWDWH�úL�SUH GH�FRVW�VF ]XW�
• &RQVXP�SURSULX�PDUH� VA5.75.0 ÷ �
• 6HQVLELOLWDWHD�HVWH�UHGXV LDU�LQGLFD LLOH�GHSLQG�GH�FkPSXULOH�PDJQHWLFH�H[WHULRDUH���������� 'LVSR]LWLYH�GH�P VXUDW�HOHFWURGLQDPLFH�úL�IHURGLQDPLFH�

/D�DFHVWH�GLVSR]LWLYH�GH�P VXUDW�SHQWUX�GHSODVDUHD�VLVWHPXOXL�PRELO�VH�IRORVHúWH�
energia câmpului magnetic a sistemului format din una sau mai multe bobine fixe (care SURGXF� FkPSXO�PDJQHWLF�� úL� XQD� VDX�PDL�PXOWH� ERELQH�PRELOH� �FDUH� VH�PLúF vQ� DFHVW�
câmp).�'LVSR]LWLYHOH� GH� P VXUDW� HOHFWURGLQDPLFH� VXQW� FRQVWUXLWH� GLQWU�R� ERELQ IL[FLOLQGULF FRPSXV GLQ�GRX MXP W L LGHQWLFH��OHJDWH� vQ�VHULH�VDX�vQ�SDUDOHO��úL�R�ERELQPRELO � FDUH� VH� PLúF vQ� LQWHULRUXO� ERELQHL� IL[H� vQ� FkPSXO� SURGXV� GH� DFHDVWD�� %RELQD�PRELO HVWH�IL[DW SH�D[XO�HFKLSDPHQWXOXL�PRELO��GH�FDUH�PDL�VXQW�SULQVH�DFXO�LQGLFDWRU��FRQWUDJUHXW LOH� úL� SDOHWD� DPRUWL]RUXOXL�� &XUHQWXO� HVWH� DGXV� OD� ERELQD�PRELO SULQ� GRXDUFXUL�VSLUDOH� FDUH�VHUYHVF�úL�OD�FUHDUHD�FXSOXOXL�UH]LVWHQW��
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)LJXUD�������'LVSR]LWLY�GH�P VXUDW�HOHFWURGLQDPLF��� 'LVSR]LWLYHOH�IHURGLQDPLFH�6H� GHRVHEHVF� GH� FHOH� HOHFWURGLQDPLFH� SULQ� DFHHD� F DX� FLUFXLWXO� PDJQHWLF� DO�ERELQHL� IL[H� DOF WXLW� vQ� FHD� PDL� PDUH� SDUWH� GLQ�PDWHULDO� IHURPDJQHWLF� FHHD� FH� SHUPLWH�RE LQHUHD�XQXL�FkPS�PDJQHWLF�LQWHQV�úL�D�XQXL�FXSOX�PDJQHWLF�PXOW�PDL�PDUH��&RQVWUXF LD�GLVSR]LWLYHORU�GH�P VXUDW�IHURGLQDPLFH HVWH�vQ�PDUH�SDUWH�DVHP Q WRDUH�FX�GLVSR]LWLYHOH�PDJQHWRHOHFWULFH FX�GHRVHELUHD�F magnetul permanent este înlocuit cu un electromagnet�ÌQ� vQWUHILHUXO� DFHVWRU� DSDUDWH�� VH� FUHHD] GH asemenea un câmp PDJQHWLF� XQLIRUP� úL�YDULDELO��D�F UXL�LQGXF LH�HVWH�SURSRU LRQDO FX�FXUHQWXO�GLQ�ERELQD�IL[ �/D� WUHFHUHD� FXUHQWXOXL� SULQ� ERELQH� FD� XUPDUH� D� LQWHUDF LXQLL� DFHVWRU� FXUHQ L FX�IOX[XULOH�PDJQHWLFH��LD�QDúWHUH�XQ�FXSOX�DFWLY��FDUH�WLQGH�V URWHDVF ERELQD�vQWU�R�SR]L LH��vQ� FDUH� SULQ� ERELQ V WUHDF XQ� IOX[�PDL�PDUH� D� IOX[XOXL� ERELQHL� IL[H�� DGLF IOX[XULOH�FHORU�GRX ERELQH�V FRLQFLG �/D� IXQF LRQDUHD� în curent continuu� FXSOXO� DFWLY� HVWH� SURSRU LRQDO� FX� SURGXVXO�
FXUHQ LORU� 1I úL� 2I SULQ�FHOH�GRX ERELQH��DGLF �

21 IIkM a ⋅⋅= �
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)LJXUD�������'LVSR]LWLYXO�HFKLSDMXOXL�PRELO��
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&XSOXO�DFWLY�URWHúWH�SkQ FkQG�HVWH�HFKLOLEUDW�GH�FXSOXO�UH]LVWHQW� α⋅= DM r � GDW�
GH� DUFXULOH� VSLUDOH��'LQ� FRQGL LD� GH� HFKLOLEUX� ra MM = � UH]XOW HFXD LD� FDUDFWHULVWLF D
VF ULL�úL�DQXPH��
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3ULQ�XUPDUH�vQ�FXUHQW�FRQWLQXX�GHYLD LD�HVWH�SURSRU LRQDO FX�SURGXVXO�FXUHQ LORU�SULQ�FHOH�GRX ERELQH�
'DF ERELQHOH�VH�vQVHULD] � FXUHQWXO�SULQ�HOH�YD�IL�DFHODúL��DGLF III == 21 úL�FD�

XUPDUH�GHYLD LD�HVWH�SURSRU LRQDO FX�S WUDWXO�DFHVWXL�FXUHQW��DGLF 2Ik ⋅=α � GHFL�VFDUD�DSDUDWXOXL� HVWH� S WUDWLF � 3ULQ� DOHJHUHD� FRUHVSXQ] WRDUH� D� GLPHQVLXQLORU� ERELQHORU� úL� D�SR]L LHL�ORU�UHFLSURFH��VH�SRDWH�RE LQH�XQLIRUPL]DUHD�VF ULL�SH�DSURDSH�WRDW OXQJLPHD�HL��/D� IXQF LRQDUHD� vQ� FXUHQW� FRQWLQXX� OD� VFKLPEDUHD� FRQFRPLWHQW D VHQVXULORU�
FXUHQ LORU� � 1I úL� 2I � VHQVXO� FXSOXOXL� DFWLY� QX� VH� PRGLILF � DVWIHO� F GLVSR]LWLYHOH� GH�
P VXUDW�HOHFWURGLQDPLFH�úL�IHURGLQDPLFH�SRW�IXQF LRQD�úL�vQ�FXUHQW�DOWHUQDWLY��/D�WUHFHUHD�FXUHQWXOXL� DOWHUQDWLY�� GDWRULW LQHU LHL� VDOH�� HFKLSDMXO� PRELO� QX� SRDWH� XUP UL� YDULD LLOH�FXSOXOXL� DFWLY� LQVWDQWDQHX�� GHYLD LD� OXL� ILLQG� GHWHUPLQDW GH� YDORDUHD� PHGLH� D� FXSOXOXL�
DFWLY� amedM într�R�SHULRDG � FDUH�SHQWUX�FXUHQ LL�VLQXVRLGDOL�DUH�H[SUHVLD��

),cos(’)()(
1

2121

0

21 IIIIkdtktiti
T

M
T

amed ∠⋅⋅⋅=⋅⋅⋅= ∫
'LQ� FRQGL LD� GH� HFKLOLEUX� ra MM = � UH]XOW HFXD LD� FDUDFWHULVWLF D VF ULL� úL�

DQXPH��
KIIIIKIIII

D

k =∠⋅⋅⋅=∠⋅⋅⋅= ),cos(),cos( 21212121α

&DUDFWHULVWLFL�
• 'LVSR]LWLYHOH� GH�P VXUDW� HOHFWURGLQDPLFH� úL� IHURGLQDPLFH� SRW� IL� XWLOL]DWH� DWkW� vQ�FXUHQW�FRQWLQXX��FkW�úL�vQ�FXUHQW�DOWHUQDWLY��
• ,QGLFD LLOH� GLVSR]LWLYHORU� GH� P VXUDW� HOHFWURGLQDPLFH� úL� IHURGLQDPLFH� VXQW�LQIOXHQ DWH� GH� FkPSXULOH� PDJQHWLFH� H[WHULRDUH�� GH� YDULD LD� IUHFYHQ HL� FXUHQWXOXL� úL� D�WHPSHUDWXULL� PHGLXOXL�� 3HQWUX� HOLPLQDUHD� LQIOXHQ HL� FkPSXULORU� H[WHULRDUH�� GLVSR]LWLYHOH�GH�P VXUDW�HOHFWURGLQDPLFH�VH�HFUDQHD] �
• 3UHFL]LH� IRDUWH� ULGLFDW úL� FRPSRUWDUHD� LGHQWLF vQ� FXUHQW� FRQWLQXX� úL� FXUHQW�DOWHUQDWLY��0DUHD�ORU�SUHFL]LH�VH�GDWRUHD] DEVHQ HL�R HOXOXL� vQ� LQWHULRUXO�ERELQHORU� FHHD�FH�vQO WXU LQIOXHQ D KLVWHUH]LVXOXL�PDJQHWLF�úL�D�FXUHQ LORU�WXUELRQDUL�DVXSUD�LQGLFD LLORU�$SDUDWHOH�HOHFWURGLQDPLFH�VXQW�XWLOL]DWH�FD�DSDUWH�GH�ODERUDWRU��FODVD����������úL�FD�DSDUDWH�HWDORQ�SHQWUX�FLUFXLWHOH�GH�FXUHQW�DOWHUQDWLY�
• &RQVXP�VSHFLILF�ULGLFDW��������:��úL�UH]LVWHQ VF ]XW OD�VXSUDVDUFLQ � SUH GH�FRVW�UHODWLY�ULGLFDW�úL�VFDU QHXQLIRUP �
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������� 'LVSR]LWLYH�GH�P VXUDW�GH�LQGXF LH�
3ULQFLSLXO� GH� IXQF LRQDUH� DO� DFHVWRU� GLVSR]LWLYH� FRQVW vQ� LQWHUDF LXQHD� GLQWUH�IOX[XULOH�PDJQHWLFH�FUHDWH�GH�XQD�VDX�PDL�PXOWH�ERELQH�úL�FXUHQ LL�LQGXúL�GH�DFHVWH�IOX[XUL�vQ�VLVWHPXO�PRELO�VDX�vQ�DQXPLWH�S U L PHWDOLFH�DOH�DFHVWXLD��3ULQ�XUPDUH�VXQW�GLVSR]LWLYH�FH� SRW� IXQF LRQD� vQ� FXUHQW� DOWHUQDWLY�� ILLQG� ED]DWH� SH� IHQRPHQXO� GH� LQGXF LH�HOHFWURPDJQHWLF � 6LPEROL]DUHD�ORU�GH�IDFH�FRQIRUP�������

)LJ��������6LPEROL]DUHD�GLVSR]LWLYXOXL�GH�LQGXF LH�
&RQVWUXFWLY�GLVSR]LWLYXO�GH�LQGXF LH�SRDWH�IL�UHDOL]DW�FX�XQ�IOX[�VDX�FX�PDL�PXOWH�IOX[XUL��QXP UXO�GH�IOX[XUL�VH�GHGXFH�GLQ�QXP UXO�GH�LQWHUVHF LL�SH�FDUH�vO�DVLJXU IOX[XO�PDJQHWLF�FX�HFKLSDMXO�PRELO���ILJ�������
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D�� E��)LJ��������'LVSR]LWLY�GH�P VXUDW�GH�LQGXF LH��D��FX�XQ�IOX[��E��FX�WUHL�IOX[XUL��'LVSR]LWLYXO� FX� XQ� IOX[�� IXQF LRQHD] DVWIHO�� FXUHQWXO� ,� SURGXFH� IOX[XO� �� FDUH�
LQGXFH�FXUHQ LL�WXUELRQDUL� *

1I vQ�GLVF��&XSOXO�PRWRU�HVWH�SURGXV�GH�LQWHUDF LXQHD�GLQWUH� �

úL� *
1I � DPEHOH�GHSHQGHQWH�GH�,�� GHFL�GHYLD LD�LQVWUXPHQWXOXL�YD�GHSLQGH�GH�,���

În cazul cu mai multe fluxuri, se produc mDL� PXOWH� LQWHUDF LXQL� IOX[�FXUHQ LWXUELRQDUL�LQGXúL��FDUH�GHWHUPLQ FXSOXO�PRWRU�UH]XOWDQW��)OX[XULOH�VXQW�GHFDODWH�vQ�WLPS�úL�vQ�VSD LX��SXWkQG�SURGXFH�XQ�FkPS�PDJQHWLF�UH]XOWDQW�vQYkUWLWRU�VDX�GH�IXJ �'HGXFHUHD� H[SUHVLHL� FXSOXOXL� PRWRU� VH� YD� HIHFWXD� SHQWUX� XQ� GLVSR]LWLY� FX� GRXIOX[XUL�� � úL� � SURGXVH� GH� FXUHQ LL� VLQXVRLGDOL� ,� úL� ,� FX� XQJKLXO� FDUH� DOLPHQWHD]ERELQHOH�%� úL�%� DOH�HOHFWURPDJQH LORU���úL����ILJ�������D�úL�E��)OX[XULOH� � úL� � vQ� ID] FX� FXUHQ LL� L� úL� L� induc în disc tensiunile HOHFWURPRWRDUH�H� úL�H� �GHFDODWH�FX� ���vQ�XUPD�DFHVWRUD���FDUH�SURGXF�FXUHQ L WXUELRQDUL�
*
1i úL� *

2i vQ�ID] FX�H� úL�H�� SUHVXSXQkQG�GLVFXO�QHUHDFWLY��)RU D LQVWDQWDQHH�GH�LQWHUDF LXQH�
vQWUH�IOX[XUL�úL�FXUHQ LL�WXUELRQDUL�HVWH�GH�IRUPD��

)sin(* gtikF m −Φ⋅⋅= ω XQGH��
N HVWH�R�FRQVWDQW �

tIi m ωsin* = �
J – XQJKLXO�GH�GHFDODM�GLQWUH�FXUHQW�úL�IOX[XO� �'LVFXO� QX� SRDWH� DF LRQD� VXE� DF LXQHD� IRU HL� LQVWDQWDQHH�� FL� D� FHOHL� PHGLL�� DVWIHO�LQWHUDF LXQLOH�SRVLELOH�VXQW��

)( *
11 Φ−Φ � )( *

12 I−Φ � )( *
21 I−Φ � )( *

22 I−Φ



��

GLQ�FDUH��GHRDUHFH� ∞=g UH]XOW 0)()( *
222

*
111 =−Φ=−Φ IFIF

)RU D PHGLH�UH]XOWDQW HVWH��
ψsin)()()( *

122
*
211

*
122

*
211 ICICIFIFFm ⋅Φ⋅+⋅Φ⋅=−Φ+−Φ=

'DU� 2,12,1
*

2,2 Φ⋅⋅= fkI LDU� 2,1
*

2,12,1 Ik ⋅=Φ �
$VWIHO�F �

ψsin21 ⋅⋅⋅⋅=⋅= IIfkdFM m � XQGH�I�HVWH�IUHFYHQ D GH�YDULD LH�D�IOX[XOXL��
'HFL�� SHQWUX� FUHDUHD� FXSOXOXL� VXQW� QHFHVDUH� GRX IOX[XUL�� GHFDODWH� vQ� WLPS� úL� vQ�VSD LX� LDU� SHQWUX� XQ� GHID]DM� GH� ��� FXSOXO� HVWH�PD[LP�� ,QGLFD LLOH� GHSLQG� GH� IUHFYHQ �GHYLD LD�OD�HFKLOLEUX�VWDWLF�ILLQG��

ϕ
ωω

α sin
’

21 ⋅⋅⋅⋅== II
fkM �

'LVSR]LWLYHOH�FX�LQGXF LH�VH�SRW�IRORVL�OD�P VXUDUHD�FXUHQWXOXL��PRQWDWH�vQ�VHULH�vQ�
circuit iar bobinele în serie sau în paralel între ele. Pentru a reduce consumul proSULX��VH�LPSXQH�FD�ERELQHOH�V ILH�UHDOL]DWH�FX�UH]LVWHQ RKPLF FkW�PDL�PLF � ÌQ�DPEHOH�VLWXD LL�
GH�PRQWDM�D�ERELQHORU��GHSHQGHQ D GHYLD LHL�HVWH�GH�WLSXO�� ϕα sin2 ⋅⋅= ICSS � DGLF HVWH�
SURSRU LRQDO FX�S WUDWXO�YDORULL�HIHFWLYH�D�FXUHQWXOXL��

i1 i2

Φ2 Φ1

d
i1

* i2
*

)LJ�������'LVSR]LWLY�GH�LQGXF LH�FX�GRXIOX[XUL��

(URULOH�DFHVWRU�GLVSR]LWLYH�SRW�SURYHQL�GLQ��� YDULD LLOH�GH�WHQVLXQH��PRGLILF SR]L LH�SXQFWXOXL�GH�IXQF LRQDUH��� YDULD LLOH�GH�IUHFYHQ � PRGLILF HIHFWXO�FXUHQW�IOX[��� YDULD LLOH�GH�WHPSHUDWXU � PRGLILF UH]LVWHQ D GLVFXOXL��3URSULHW L��� FODV GH�SUHFL]LH�UHGXV �� FXSOX�PRWRU�PDUH��� UH]LVWHQ OD�VXSUDVDUFLQL��� GHYLD LH�PD[LP ������� câmp magnetic propriu puternic;�� VFDO QHXQLIRUP �



��

Φ1

i1

i2

Φ2

i, Φ

t

I1

I1
*

I2
*

I2

Φ2

Φ1

j

0

ϕ

ϕ

D�� E��)LJ�������6LWXD LD�IOX[XULORU�úL�D�FXUHQ LORU�OD�FRQWRUXO�FX���IOX[XUL��D��YDULD LD�vQ�WLPS�E��GLDJUDPD�ID]RULDO �
�������&RQWRUXO�PRQRID]DW�GH�LQGXF LH�� 3H�ED]D�GLVSR]LWLYXOXL�GH� LQGXF LH�V�D�UHDOL]DW�úL�FRQWRUXO�GH� LQGXF LH�PRQRID]DW��6LPEROXO�V X HVWH�&$0��&RQWRU�GH�HQHUJLH�$FWLY 0RQRID]DW����'LQ� SXQFW� GH� YHGHUH� FRQVWUXFWLY� FRQWRUXO� GH� LQGXF LH� PRQRID]DW� VH� FRPSXQH� GLQWU�XQ�GLVSR]LWLY� ZDWWPHWULF�� DO� F UXL� FXSOX� HVWH� SURSRU LRQDO� FX� SXWHUHD� DFWLY úL� GLQWU�XQ� PHFDQLVP�LQWHJUDWRU��FDUH�SHUPLWH�RE LQHUHD�HQHUJLHL�vQWU�XQ�DQXPLW�LQWHUYDO�GH�WLPS��'LVSR]LWLYXO�HVWH�DOF WXLW�GLQ�GRL� HOHFWURPDJQH L OD� FXUHQW� DOWHUQDWLY�� ��– GH� FXUHQW� úL� DOWXO� ��– GH� WHQVLXQH� úL� XQ�GLVF�GH�DOXPLQLX��UHSUH]HQWDUHD�VLPEROLF úL�PRGXO�GH�OHJDUH�OD�UH HD�Vunt prezentate în figura 4.17.�

A1 B1A2

B2

~ Zsarcina

)LJ��������VFKHPD�GH�FRQHFWDUH�GLUHFW D FRQWRUXOXL�vQWU�XQ�FLUFXLW�PRQRID]DW��&XUHQ LL�DOWHUQDWLYL�FDUH�VWU EDW�ERELQD�GH�FXUHQW�,�úL�DFHHD�GH�WHQVLXQH�,8 SURGXF�
fluxuri variabile în timp , úL� 8� )OX[XULOH� PDJQHWLFH� , úL� 8� VWU E WkQG� GLVFXO� GH�
aluminiu induc în acesta tensiuni electromotoare, E, úL�(8� WHQVLXQL� FDUH� YRU� GHWHUPLQD�DSDUL LD�vQ�GLVF�D�XQRU�FXUHQ L WXUELRQDUL�LQGXúL��&D�UH]XOWDW�DO�LQWHUDF LXQLL�GLQWUH�IOX[XUL�úL�FXUHQ L WXUELRQDUL� LQGXúL� vQ� GLVF�� YRU� DSDUH� IRU H /DSODFH�� FDUH� SURGXF� XQ� FXSOX� DFWLY�GLVFXOXL�R�PLúFDUH�GH�URWD LH��0RPHQWXO�FXSOXOXL�DFWLY�HVWH��

),(sin IUIUaa KM ΦΦ∠⋅Φ⋅Φ⋅= �
'H�PHQ LRQDW�F vQ�FRQVWDQWD� aK VH�LQFOXG�IUHFYHQ D GLVFXOXL�úL�UH]LVWHQ D VD��
6XE�DF LXQHD�FXSOXOXL�DFWLY��GLVFXO�vQFHSH�V VH�URWHDVF úL�LQWHUVHFWHD] OLQLLOH�GH�FkPS�PDJQHWLF�GLQ� vQWUHILHUXO� HOHFWURPDJQH LORU� GH� FXUHQW� úL� GH� WHQVLXQH��&D�XUPDUH� vQ�

GLVF�VH� LQGXF�WHQVLXQL�HOHFWURPRWRDUH�SULQ�PLúFDUH� *
UE úL� *

IE � FDUH�YRU�SURGXFH�FXUHQ LL�



��

*
II úL� *

UI � 'LQ�LQWHUDF LXQHD�GLQWUH�FXUHQ LL�LQGXúL�SULQ�PLúFDUHD�vQ�GLVF�úL�IOX[XULOH�FDUH�L�
DX�SURGXV�DSDU�FXSOXUL�VXSOLPHQWDUH�FDUH�VH�RSXQ�PLúF ULL��&XSOXO�Ge autofrânare în câmpul electromagnetului de curent are expresia�

rIIIIfI K
dt

d
KM ωα ⋅Φ⋅−=⋅Φ⋅−= 22 �

XQGH� rω HVWH�YLWH]D�XQJKLXODU GH�URWD LH�D�GLVFXOXL��
 Cuplul de autofrânare în câmpul electromagnetului de tensiune are expresia: �

rUUUUfU K
dt

d
KM ωα ⋅Φ⋅−=⋅Φ⋅−= 22 �

&D� XUPDUH� D� H[LVWHQ HL� FXSOXULORU� VXSOLPHQWDUH� UH]LVWHQWH�� GLVFXO� FRQWRUXOXL� GH�LQGXF LH�VH�YD�URWL�VXE�DF LXQHD�XQXL�FXSOX�UH]XOWDQW��
fUfIar MMMM ++= �

Întrucât fluxul în întrefierul electromagnetului de curent IΦ HVWH�SURSRU LRQDO�FX�
FXUHQWXO� ,�� FDUH�FLUFXO SULQ� UHFHSWRU�� LDU� IOX[XO� UΦ HVWH�SURSRU LRQDO� FX� WHQVLXQHD�8� OD�
ERUQHOH�UHFHSWRUXOXL��VH�RE LQH�SHQWUX�FXSOXO�DFWLY�0D H[SUHVLD��

),(sin’
IUaa UIKM ΦΦ∠⋅⋅⋅=

ϕβ

ψ

U

I

ΦI

ΦU

IU

)LJ��������'LDJUDPD�ID]RULDO D FRQWRUXOXL�PRQRID]DW�GH�LQGXF LH��

ÌQ�ILJXUD�������VH�SUH]LQW GLDJUDPD�ID]RULDO D FRQWRUXOXL�PRQRID]DW�GH�LQGXF LH��
'DF VH�QHJOLMHD] SLHUGHULOH�vQ�ILHU��IOX[XO� IΦ HVWH�vQ�ID] FX�FXUHQWXO�,�LDU�IOX[XO� UΦ în 

ID] FX� UI � &XUHQWXO� UI HVWH�GHID]DW�vQ�XUP FX�XQ�XQJKL� ID GH�WHQVLXQHD�8�GDWRULW
UHDFWDQ HL�LQGXFWLYH�D�FLUFXLWXOXL�GH�WHQVLXQH��(O�HVWH�QXPLW�GHID]DM�LQWHUQ�DO�FRQWRUXOXL��&D�XUPDUH�UHOD LD�GH�PDL�VXV�PDL�SRDWH�IL�VFULV VXE�IRUPD��

)sin(’ ϕβ −⋅⋅⋅= UIKM aa �
3HQWUX� D� RE LQH� SURSRU LRQDOLWDWHD� GLQWUH� FXSOXO� aM úL� SXWHUHD� DFWLY 3 HVWH�

QHFHVDU�FD� °= 90β � DGLF �
PKUIKM aaa ⋅=−°⋅⋅⋅= ’’ )90sin( ϕ �

6XE�DF LXQHD�FXSOXOXL�DFWLY�GLVFXO�VH�URWHúWH��0LúF ULL�GLVFXOXL�L�VH�RSXQH�XQ�FXSOX�
GH�IUkQDUH�SURGXV�GH�XQ�PDJQHW�SHUPDQHQW��DO�F UXL� IOX[�PDJQHWLF�HVWH� MΦ � 0RPHQWXO�
cuplului de frânare este:�

NKKM MrMMf ⋅−=⋅Φ⋅−= ’2 ω
XQGH�1�HVWH�QXP UXO�GH�URWD LL�SH�VHFXQG D GLVFXOXL��

/D� HFKLOLEUXO� FHORU� GRX FXSOXUL� 0=+ fa MM � UH]XOW NKPK Ma ⋅=⋅ ’’ � UHOD LH�
FH� QH� DUDW F YLWH]D� GH� UHJLP� SHUPDQHQW� HVWH� SURSRU LRQDO FX� SXWHUHD� DFWLY 3FRQVXPDW GH�UHFHSWRU��



��

)DFWRULL�FDUH�LQIOXHQ HD] FRQWRUXOXL�GH�LQGXF LH�VXQW��
• QHUHDOL]DUHD� FRUHFW D GHID]DMXOXL� LQWHUQ� °= 90β � DVWIHO� SHQWUX� °≠ 90β

PRPHQWXO�FXSOXOXL�DFWLY�UH]XOW �
[ ]

ββ
βϕϕβϕβ

cossin

cossincossin)sin(
’’

’’

⋅⋅−⋅⋅=

=⋅−⋅⋅⋅⋅=−⋅⋅⋅=

QKPK

IUKIUKM

aa

aaa

'HFL�PRPHQWXO�FXSOXOXL�DFWLY�UH]XOW SURSRU LRQDO�FX�R�FRPELQD LH�GH�SXWHUH�DFWLY 3 úL�UHDFWLY 4��FDUH�UHSUH]LQW R VXUV VHQVLELO GH�HURUL��&D�XUPDUH�FRQWRUXO�WUHEXLH�SUHY ]XW�FX�XQ�
GLVSR]LWLY�GH�UHJODM�DO�XQJKLXOXL�LQWHUQ� °= 90β � 5HJODMXO�XQJKLXOXL� SHQWUX�VDUFLQD�QRPLQDO VH�
IDFH�FX�R�VSLU vQ�VFXUWFLUFXLW�SODVDW SH�FLUFXLWXO�PDJQHWLF�GH�WHQVLXQH��

• )UHF ULOH� vQ� SDOLHUH� úL� vQ� PHFDQLVPXO� LQWHJUDWRU�� OD� VDUFLQL� UHGXVH�� FXSOXO� DFWLY�VFDGH� IRDUWH� PXOW� úL� vQFHS� V FRQWH]H� IUHF ULOH�� 3HQWUX� PLúFDUHD� FXSOXOXL� GH� IUHFDUH� VH�XWLOL]HD] SDOLHUH�VSHFLDOH�FX�ELO GH�R HO�VLWXDW vQWUH�GRX VDILUH�VLQWHWLFH�VDX�VXVSHQVLD�PDJQHWLF �
• ,QIOXHQ H H[WHULRDUH�GDWRUDWH�WHPSHUDWXULL�úL�FkPSXULORU�PDJQHWLFH���9DULD LLOH�WHPSHUDWXULL�SURGXF�YDULD LL�DOH�UH]LVWHQ HL�GLVFXOXL�DOH�IOX[XOXL�PDJQHWLF�SHUPDQHQW�úL�DOH�UH]LVWHQ HL�ERELQHL�GH�WHQVLXQH��3ULPXO�HIHFW�HVWH�SUDFWLF�I U LPSRUWDQ �GHRDUHFH� DUH� ORF� R� YDULD LH� vQ� DFHHDúL� P VXU D FXSOXOXL� DFWLY� úL� GH� IUkQDUH�� 6F GHUHD�IOX[XOXL� PDJQHWLF� SHUPDQHQW� FX� FUHúWHUHD� WHPSHUDWXULL� SURGXFH� HURUL� SR]LWLYH� FDUH�� OD�XQHOH� VH� FRPSHQVHD] SULQ�XWLOL]DUHD�XQRU� úXQWXUL� WHUPRPDJQHWLFH�GLVSXVH�SH�PDJQHWXO�SHUPDQHQW�� 9DULD LD� UH]LVWHQ HL� ERELQHL� GH� WHQVLXQH� D� FRQWRUXOXL� IDFH� V VH� PRGLILFH�XQJKLXO� � GHFL�V DSDU HURUL�FDUH�SRW�DYHD�YDORUL�GLIHULWH�vQ�IXQF LH�GH�XQJKLXO�GH�GHID]DM�DO�FXUHQWXOXL�GH�VDUFLQ � ,QIOXHQ D FkPSXULORU�PDJQHWLFH�H[WHULRDUH�HVWH�UHGXV � FRQWRUXO�

fiind închis de obicei într�R�FDUFDV GH�WDEO GH�DOXPLQLX�VDX�R HO��
• ,QIOXHQ D UHJLPXOXL�GHIRUPDQW�DIHFWHD] LQGLFD LD�FRQWRUXOXL�GH�LQGXF LH�úL�DFHDVWD�GDWRULW GHSHQGHQ HL� GH� IUHFYHQ D LQGXF LLORU� XWLOH� D� GHSODV ULL� FDUDFWHULVWLFLORU� GH�IXQF LRQDUH�D�FLUFXLWHORU�PDJQHWLFH��D�SUH]HQ HL�DUPRQLFHORU�vQ�IOX[XULOH�XWLOH��DPRUWL] ULOH�VXSOLPHQWDUH�DOH�GLVFXOXL�GDWRUDWH�DUPRQLFHORU���
������� 'LVSR]LWLYH�GH�P VXUDW�ORJRPHWULFH�

/RJRPHWUHOH�VXQW�GLVSR]LWLYH�GH�P VXUDW��FDUH�P VRDU UDSRUWXO�D�GRL�FXUHQ L VDX�GRX WHQVLXQL� 2ULFDUH�GLQ� WLSXULOH�GH�GLVSR]LWLYH�GH�P VXUDW�SRW� IL� UHDOL]DWH� ORJRPHWULF��GDF FXSOXO�UH]LVWHQW�HVWH�FUHDW�LGHQWLF�FD�DFHOD�DFWLY��GH�IRU H HOHFWURPDJQHWLFH��/RJRPHWUHOH� FRQ LQ� WRWGHDXQD� �� HOHPHQWH� PRELOH�� DVXSUD� ILHF UXLD� GLQWUH� HOH�DF LRQkQG�XQXO�GLQWUH�FXUHQ L��6HQVXO�FXUHQ LORU�HVWH�DVWIHO�vQFkW�FXSOXULOH�FUHDWH�GH�ILHFDUH�GLQWUH�HL�V ILH�vQGUHSWDWH�vQ�VHQVXUL�FRQWUDUH��&XSOXULOH�GHSLQG�GH�XQJKLXO�GH�URWD LH��XQXO�FUHúWH�úL�DVWIHO�VFDGH�FX�FUHúWHUHD�XQJKLXOXL��'DF GHSHQGHQ D FHORU� GRX FXSOXUL� GH� XQJKLXO� GH� URWD LH� HVWH� GLIHULW � GHYLD LD�
HFKLSDMXOXL�PRELO� DO� ORJRPHWUHORU� HVWH� IXQF LH� GH� UDSRUWXO� FXUHQ LORU� 1I úL� 2I SULQ� FHOH�
GRX ERELQH�PRELOH��DGLF )/( 21 IIf=α �

Deoarece logometrele nu au cuplu rezistent mecanic când echipajul mobil nu este SDUFXUV�GH�FXUHQW��DVXSUD�HFKLSDMXOXL�PRELO�QX�DF LRQHD] QLFL�XQ�FXSOX�úX�DFHVWD�SRDWH�RFXSD�RULFH�SR]L LH��



��

/D��ORJRPHWUHOH�FX�ERELQH�PRELOH��FXUHQ LL�VXQW�DGXúL�SULQ�EHQ]L�IOH[LELOH�GH�DUJLQW�VDX�DXU� FDUH�QX�FUHHD] FXSOXUL�UH]LVWHQWH��

N S
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4
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D�� E��
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F�� G��
)LJXUD��������/RJRPHWUH�– WLSXUL�FRQVWUXFWLYH��D��PDJQHWRHOHFWULF��E��HOHFWURGLQDPLF��F��IHURGLQDPLF��G��IHURPDJQHWLF��
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&DS�����0 685$5($�&85(1 ,/25�ù,�$�7(16,81,/25�
� &XUHQ LL� úL� WHQVLXQLOH�FDUH� VH�P VRDU vQ�SUDFWLFD� LQGXVWULDO VDX�GH� ODERUDWRU�DX�YDORUL� IRDUWH� GLIHULWH�� GH� OD� PLFUR� SkQ OD� VXWH� úL� PLL�� FX� IUHFYHQ H YDULLQG� GH� OD� ]HUR��FXUHQW� FRQWLQXX��SkQ OD� VXWH�GH�PHJDKHUW]L� 0HWRGHOH� úL� DSDUDWHOH�GH�P VXUDUH� GLIHUIRDUWH�PXOW��HOHPHQWXO�FKHLH�ILLQG�SUHFL]LD�FX�FDUH�WUHEXLH�I FXW P VXU WRDUHD��'H�UHJXO �FXUHQ LL� úL� WHQVLXQLOH� VH� P VRDU SULQ� PHWRGH� GH� FLWLUH� FX� DSDUDWH� LQGLFDWRDUH�JDOYDQRPHWUH��DPSHUPHWUH� úL�YROWPHWUH��GH�GLIHULWH� WLSXUL��GXS GRPHQLXO�GH�P VXUDUH��ÌQ�P VXU WRULOH�GH�PDUH�SUHFL]LH�VH�XWLOL]HD] PHWRGH�GH�FRPSHQVD LH�

������ 0 VXUDUHD�FXUHQ LORU�úL�WHQVLXQLORU�IRDUWH�PLFL�FX�JDOYDQRPHWUXO��
&XUHQ LL� úL� WHQVLXQLOH� IRDUWH�PLFL� ��������������$�úL�������������9��VH�P VRDU úL� VH�GHWHFWHD] FX�DMXWRUXO�JDOYDQRPHWUHORU�GH�FXUHQW�FRQWLQXX úL�FXUHQW�DOWHUQDWLY�*DOYDQRPHWUHOH VXQW�DSDUDWH�GH�IRDUWH�PDUH�VHQVLELOLWDWH�������������PP�$��FDUH�VH�XWLOL]HD] FD� DSDUDWH� LQGLFDWRDUH� SHQWUX� P VXUDUHD� YDORULORU� IRDUWH� PLFL� DOH� FXUHQ LORU��WHQVLXQLORU� VDX� FDQWLW LORU� GH� HOHFWULFLWDWH�� ILH� ca aparate de zero în PHWRGHOH� GH�FRPSDUD LH� SHQWUX�D�LQGLFD�lipsa curentului sau tensiunii într�XQ�FLUFXLW�

)L[H��LQGLFDWRU�FX�RJOLQG � VSRW�OXPLQRV�úL�ULJO JUDGDW H[WHULRDU3R]L LD�ORU�
3RUWDWLYH��FDGUDQ�OXPLQRV�LQWHULRU�

6SRW�OXPLQRV�0RGXO�GH�LQGLFDUH� &X�DF�LQGLFDWRU�
&XUHQW�FRQWLQXX�&X�ERELQ PRELO &XUHQW�DOWHUQDWLY�

&ODVLILFDUH�*DOYDQRPHWUH
3ULQFLSLXO�GLVSR]LWLYXOXL�GH�P VXUDUH�PDJQHWRHOHFWULF� &X�PDJQHW�PRELO� &XUHQW�DOWHUQDWLY�

ÌQ�FRQWLQXDUH�VH�YD�SUH]HQWD�JDOYDQRPHWUXO�PDJQHWRHOHFWULF�FX�ERELQ PRELO �&RQVWUXFWLY� HOH� VH� DVHDP Q IRDUWH� PXOW� FX� GLVSR]LWLYXO� GH� P VXUDW�PDJQHWRHOHFWULF�� 'LIHUHQ HOH� FRQVWDX� QXPDL� vQ� SDUWLFXODULW LOH� FDUDFWHULVWLFH� WXWXURU�
galvanometrelor. În acest sens, în figura 5.1. este reprezentat un galvanometru PDJQHWRHOHFWULF�GH�PDUH�VHQVLELOLWDWH�FX�VXVSHQVLH�OLEHU � FX�LQGLFDWRU��FX�RJOLQG úL�VSRW�OXPLQRV�úL�ULJO JUDGDW H[WHULRDU �
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4 ��� PDJQHW�SHUPDQHQW���� PLH]�FLOLQGULF���� ERELQ PRELO��� ILU�GH�WRUVLXQH���� RJOLQG��� úXUXE�FRUHFWRU�GH�]HUR���� FRQGXFWRU�DUJLQW��DXU��

)LJXUD�������*DOYDQRPHWUX�PDJQHWRHOHFWULF��'LVSR]LWLYXO� GH�P VXUDUH� FRQVW GLQWU�XQ�PDJQHW� SHUPDQHQW� D� F UXL� LQGXF LH� vQ�vQWUHILHU�SRDWH�IL�UHJODW vQWUH�OLPLWH�ODUJL��FX�DMXWRUXO�XQXL�úXQW�PDJQHWLF��PLH]XO�FLOLQGULF�úL�ERELQD�PRELO � VXVSHQGDW GH�ILUXO�GH�WRUVLXQH��SH�FDUH�HVWH�IL[DW RJOLQGD���'H�UHJXO ILUXO�GH�VXVSHQVLH�HVWH�DúH]DW�vQWU�XQ�WXE�SURWHFWRU��FDS WXO�V X VXSHULRU�ILLQG� SULQV� GH� úXUXEXO� FRUHFWRUXOXL� GH� ]HUR� )LUXO� GH� VXVSHQVLH� VHUYHúWH� WRWRGDW OD�SURGXFHUHD� FXSOXOXL� UH]LVWHQW� úL� OD� DGXFHUHD� FXUHQWXOXL� OD� ERELQD� PRELO � ,HúLUHD�FXUHQWXOXL� SULQ� ERELQ VH� IDFH� SULQWU�XQ� FRQGXFWRU� GLQ� DXU� VDX� DUJLQW� IRDUWH� VXE LUH� úL�EXFODW� SHQWUX�D�QX�LQIOXHQ D PLúFDUH�HFKLSDMXOXL�PRELO���)XQF LRQDUHD� JDOYDQRPHWUXOXL� PDJQHWLF� FX� ERELQ PRELO HVWH� GHWHUPLQDW GH�YDORDUHD� UH]LVWHQ HL� FLUFXLWXOXL� GH� P VXUDUH� vQ� FDUH� HVWH� FRQHFWDW�� /D� vQFKLGHUHD� VDX�GHVFKLGHUHD�FLUFXLWXOXL�GH�P VXUDUH��DOLPHQWDW�GH�OD�R�VXUV GH�FXUHQW�FRQWLQXX��HFKLSDMXO�PRELO� DO� JDOYDQRPHWUXOXL� VH� RSUHúWH� OD� QRXD� SR]L LH� GH� HFKLOLEUX�� SULQWU�R�PLúFDUH� FDUH�SRDWH�IL��
• RVFLODWRULH�DPRUWL]DW � FkQG�UH]LVWHQ D H[WHULRDU HVWH�PDUH��
• DSHULRGLF � FkQG�UH]LVWHQ D HVWH�VXE�R�DQXPLW YDORDUH��QXPLW FULWLF �

������ 0 VXUDUHD�FXUHQ LORU�úL�WHQVLXQLORU�FX�DPSHUPHWUH�úL�YROWPHWUH��
În FLUFXLWHOH� GH� FXUHQW� FRQWLQXX� úL� GH� FXUHQW� DOWHUQDWLY�� FXUHQ LL� FDUH� GHS úHVF�YDORULOH� GH� ����� $� VH� P VRDU FX� DPSHUPHWUXO�� LDU� WHQVLXQLOH� PDL� PDUL� GH� ����9 FX�YROWPHWUH���$PSHUPHWUHOH� VH� OHDJ vQ� FLUFXLWHOH� GH� P VXUDUH�� LDU� YROWPHWUHOH� vQ� SDUDOHO��'HSHQGHQW�G�P ULPHD�FXUHQ LORU�úL� UHVSHFWLY� WHQVLXQLL��VH�IRORVHVF�úXQWXUL�VDX�UH]LVWHQ HDGL LRQDOH��&XUHQ LL� úL� WHQVLXQLOH� IRDUWH�PDUL� VH�P VRDU SULQ� LQWHUPHGLXO� WUDQVIRUPDWRDUHORU�GH�P VXUDW���
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)LJXUD�������6FKHPHOH�GH�P VXUDUH�DOH�WHQVLXQLL�úL�FXUHQWXOXL�FX�DMXWRUXO�
WUDQVIRUPDWRDUHORU�GH�P VXU �

Prin conectarea lor în FLUFXLWHOH�GH�P VXUDUH��DPSHUPHWUHOH�úL�YROWPHWUHOH�GDWRULWFRQVXPXOXL� SURSULX� GH� SXWHUH� PRGLILF UHJLPXO� GH� OXFUX� DO� FLUFXLWHORU� úL� FD� XUPDUH�YDORDUHD�P ULPLL�GH�P VXUDW��LQWURGXFkQG�R�HURDUH�VLVWHPDWLF GH�PHWRG � ÌQWUH�YDORDUHD�P ULPLL�GH�P VXUDW�úL�FHD�DGHY UDW � FDUH�H[LVW vQDLQWH�GH�FRQHFWDUHD�DFHVWRUD�vQ�FLUFXLWXO�GH�P VXUDUH��H[LVW R GLIHUHQ GHWHUPLQDW GH�IDSWXO�F UH]LVWHQ D DPSHUPHWUHORU�QX�HVWH�HJDO FX� ]HUR� LDU� UH]LVWHQ D YROWPHWUHORU� QX� HVWH� LQILQLW � $FHDVW GLIHUHQ HVWH� FX� DWkW�PDL�PDUH�FX�FkW�FRQVXPXO�GH�SXWHUH�DOD�SDUDWHORU�GH�P VXUDW�HVWH�PDL�PDUH�FRPSDUDWLY�FX�SXWHUH�LQ�FLUFXLWXO�vQ�FDUH�VH�IDFH�P VXUDUHD��3HQWUX� FD� LQIOXHQ D FRQVXPXOXL� DSDUDWHORU� GH� P VXUDW� úL� FD� XUPDUH�� HURDUHD�VLVWHPDWLF GH�PHWRG V ILH�FkW�PDL�PLF � UH]LVWHQ D DPSHUPHWUHORU�WUHEXLH�V ILH�FkW�PDL�PLF LDU� UH]LVWHQ D YROWPHWUHORU� FkW�PDL�PDUH� vQ� FRPSDUD LH� FX� UH]LVWHQ D FLUFXLWXOXL� GH�P VXUDUH�3HQWUX�D�VXV LQH�DILUPD LLOH�GH�PDL�VXV�VH�FRQVLGHU XQ�DPSHUPHWUX�úL�UHVSHFWLY�XQ�YROWPHWUX� vQ� FXUHQW� FRQWLQXX� úL� FRUHVSXQ] WRU� VH� YD� VFULH� HURDUHD� VLVWHPDWLF HIHFWXDWSULQ�LQWURGXFHUHD�vQ�FLUFXLWXO�GH�DOLPHQWDUH�D�UHFHSWRUXOXL��D�LQVWUXPHQWXOXL�GH�P VXUDUH��0 VXUDUHD�FXUHQWXOXL� 0 VXUDUHD�WHQVLXQLL�
I

R~~ E, r

�
rR

E
I

+
=

A

RA

R~~ E, r

I’

�
arrR

E
’I

++
=

I

’I

I

’II
I −=−=ε 1

rR

rrrR

rR

aa
I

+
+

−=
++

+−=ε
1

1
11

R~E, r U

R

r
E

R
rR

E
U

+
=⋅

+
=

1

VrV R~E, r U

( )V
V

V

V

V

V rR
rR

r
E

rR

rR

rR

rR
r

E
’U

+
⋅

+
=

+
⋅

⋅

+
⋅

+
=

1

V

V
U

r

rR

R

r
R

r

U

’U

U

’UU
+

⋅+

+
−=−=−=ε

1

1
11



��

'DF rRra +<< � 0→
+ rR

ra LDU� 0→ε I 'DF RrV >> � 1→+

V

V

r

rR LDU� 0→εU

5HIHULWRU�OD�WLSXULOH�GH�DSDUDWH�GH�P VXUDUH�IRORVLWH�VH�SRW�PHQ LRQD�XUP WRDUHOH��� FXUHQ LL� úL� WHQVLXQLOH� FRQWLQXH� VH� P VRDU FX� DSDUDWH� PDJQHWRHOHFWULFH� úL�HOHFWURGLQDPLFH��FHOH�PDJQHWRHOHFWULFH�VXQW�FHOH�PDL�SUHFLVH��� FXUHQ LL� úL� WHQVLXQLOH� DOWHUQDWLYH� GH� YDORDUH� PLF VH� P VRDU FX� DSDUDWH�PDJQHWRHOHFWULFH�FX�UHGUHVRU��)LJ�������VDX�FX�WHUPRFXSOX��ILJ��������

mA

LMDQJDQLQ
R

R1

Cupru �

mA

MDQJDQLQ
R1

R1

Cupru C

D�� E��

mA
R1

R

C

mA

LMDQJDQLQ

R

R1

Cupru �F�� G��)LJXUD�������$SDUDWH�PDJQHWRHOHFWULFH�FX�UHGUHVRU��D��DPSHUPHWUH�SHQWUX�FXUHQ L PLFL��E��
DPSHUPHWUH�SHQWUX�FXUHQ L PDUL��F��YROWPHWUX�SHQWUX�WHQVLXQL�PLFL�G��YROWPHWUH�SHQWUX�WHQVLXQL�PDUL��

mA
mA mA mA

D�� E�� F�� G��
)LJXUD�������$SDUDWH�PDJQHWRHOHFWULFH�FX�WHUPRFXSOH�D���E��FX�FRQWDFW��F���G��I U FRQWDFW��� DPSHUPHWUHOH� úL� YROWPHWUHOH� IHURPDJQHWLFH� VXQW� FHOH� PDL� XWLOL]DWH� DSDUDWH� GH�P VXUDUH��GDWRULW VLPSOLW LL�úL�VLJXUDQ HL�vQ�IXQF LRQDUH��HOH�VH�IDEULF vQ�JHQHUDO�FD� DSDUDWH� GH� WDEORX� GH� FODV ��������� SUHFXP� úL� FD� DSDUDWH� SRUWDWLYH� úL� GH�ODERUDWRU��FODV ������������ DPSHUPHWUHOH�úL�YROWPHWUHOH�HOHFWURGLQDPLFH�úL�IHURGLQDPLFH�VXQW�DSDUDWH�GH�PDUH�SUHFL]LH�� FRQVWUXLQGX�VH� GH� RELFHL� FD� DSDUDWH� GH� ODERUDWRU� GH� FODV ���� úL� �����DFHVWH� DSDUDWH� VXQW� IRORVLWH� DWkW� vQ� FXUHQW� FRQWLQXX� FkW� úL� vQ� FXUHQW� DOWHUQDWLY��LQGLFD LLOH� ORU� ILLQG� LGHQWLFH�� FHOH� IHURGLQDPLFH� VXQW� PDL� SX LQ� SUHFLVH�� DYkQG�FODVHOH� GH� SUHFL]LH� FXSULQVH� vQWUH� �� úL� ����� GDU� VXQW� PDL� SX LQ� UREXVWH�� 3HQWUX�
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DPSHUPHWUH�� IXQF LH� GH� P ULPHD� FXUHQWXOXL� VH� SUDFWLF GLIHULWH� VFKHPH� GH�FRQH[LXQL�DOH�ERELQHORU��ILJ�������'H�UHPDUFDW�F LQGLIHUHQW�GH�PRGXO�GH�OHJDUH�DO�ERELQHORU� �IL[ VDX� PRELO ��� LQGLFD LLOH� DPSHUPHWUXOXL� VXQW� SURSRU LRQDOH� FX�S WUDWXO�FXUHQWXOXL�GH�P VXUDW��9ROWPHWUHOH�HOHFWURGLQDPLFH�VH�FRQVWUXLHVF�FX�PDL�PXOWH�GRPHQLL�GH�P VXU �
�
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F�� G��)LJXUD�������6FKHPHOH�GH�FRQH[LXQL�DOH�ERELQHORU�DPSHUPHWUHORU�HOHFWURGLQDPLFH��D��
legarea în serie a bobinelor� E� legarea în paralel a bobinelor, F��ERELQD�PRELO OHJDW vQ�SDUDOHO�FX�XQ�úXQW�OHJDW�vQ�VHULH�FX�ERELQD�IL[ � G��I U FRQWDFW��

�&D� DPSHUPHWUXO� VDX� FD� YROWPHWUXO� SRDWH� IL� IRORVLW� RULFDUH� GLQ� GLVSR]LWLYHOH� GH�P VXUDW�FX�H[FHS LD�FHORU�HOHFWURVWDWLFH�FDUH�QX�SRW�IL�IRORVLWH�GHFkW�FD�YROWPHWUH��$VWIHO�� GHRDUHFH� GHYLD LD� VLVWHPXOXL�PRELO� HVWH� IXQF LH� GH� FXUHQWXO� I FDUH� WUHFH�
SULQ�GLVSR]LWLYXO�GH�P VXUDW� )(If=α GDF DSDUDWXO�HVWH�FRQHFWDW�FD�YROWPHWUX�� úL�GDF
UH]LVWHQ D VD� VR HVWH�FRQVWDQW � FXUHQWXO�SULQ�GLVSR]LWLYXO�GH�P VXUDW�GHSLQGH�QXPDL�GH�
WHQVLXQHD� XU GH�P VXUDW��
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3ULQ�XUPDUH��DPSHUPHWUHOH�úL�YROWPHWUHOH�DX�GLVSR]LWLYHOH�GH�P VXUDW�GH�DFHHDúL�FRQVWUXF LH��GHRVHELQGX�VH�GRDU�SULQ�SDUDPHWULL�� VFKHPD� LQWHULRDU úL�PRGXO�GH�OHJDUH� OD�FLUFXLWXO�GH�P VXUDUH�
������ 0 VXUDUHD�FXUHQ LORU�úL�WHQVLXQLORU�FX�WUDQVIRUPDWRDUH�GH�P VXUDUH�
7UDQVIRUPDWRUXO� PRQRID]DW� HVWH� FRQVWUXLW� GLQWU�XQ� PLH]� PDJQHWLF� SH� FDUH� VXQW�

GLVSXVH� GRX vQI úXU UL�� SULPDU �FX� 1N VSLUH�� úL� VHFXQGDU �FX� 2N spire). Aplicând 
vQI úXU ULL�SULPDUH�R�WHQVLXQH�DOWHUQDWLY 1u �YDORDUH�HIHFWLY 1U � HD�YD�SURGXFH�FXUHQWXO�
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1I . În miezul magnetLFD�DSDUH�XQ�IOX[�PDJQHWLF�DOWHUQDWLY� �YDULDELO�GHFL�în timp) care 

YD� LQGXFH� vQ� vQI úXUDUHD� SULPDU WHQVLXQHD� HOHFWURPRWRDUH�
dt

d
Ne

Φ−= 11 în aceea 

VHFXQGDU
dt

d
Ne

Φ−= 22 �
5DSRUWXO� GLQWUH� FHOH� GRX WHQVLXQL� HOHFWURPRWRDUH� vQ� YDORUL� HIHFWLYH� HVWH� HJDO�

WRFPDL�FX�UDSRUWXO�GH�WUDQVIRUPDUH�DO�WUDQVIRUPDWRUXOXL�� nk � DGLF �
nk

N

N

E

E
==

2

1

2

1

3ULQFLSLDO� VFKHPD�HFKLYDOHQW D WUDQVIRUPDWRUXOXL� VH�SUH]LQW FD� vQ� ILJXUD�����E��
XQGH�FX� 1Z V�D�QRWDW�LPSHGDQ D SULPDUXOXL��LDU�FX� 2Z D vQI úXU ULL�VHFXQGDUH��&HOH�GRX
LPSHGDQ H FRUHVSXQG� UH]LVWHQ HORU� SURSULL� 1R úL� 2R úL� LQGXFWLYLW LORU� GH� GLVSHUVLH� DOH�
vQI úXU ULORU� 1L úL� 2L � ÌQWUH� FHOH� GRX vQI úXU UL� H[LVW FXSODMXO� PXWXDO� 12L F UXLD� vL�
FRUHVSXQG�WHQVLXQLOH�LQGXVH��$SOLFkQG� WHRUHPD� D� GRXD� D� OXL� .LUFKKRII� úL� VFULLQG� vQ� FRPSOH[� UHOD LLOH�FRUHVSXQ] WRDUH�VH�SRW�RE LQH�HFXD LLOH��
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D�� E��)LJXUD�������VFKHPD�HFKLYDOHQW D WUDQVIRUPDWRUXOXL��D� considerând cuplajul LQGXFWLY��E��FX�VHFXQGDUXO�UHGXV�OD�SULPDU���3HQWUX� PDL� PXOW FRPRGLWDWH� vQ� VWXGLX�� FXSODMXO� PXWXDO� VH� SRDWH� vQORFXL��
considerând în locul transformatorului real unul fictiv cu raportul de transformare egal cu ���FRUHVSXQ] WRU� VH� IDFH�DILUPD LD�F �VSUH�H[HPSOX�� vQI úXUDUHD� VHFXQGDU V�D� UHGXV� OD�
primar. În DFHVW�FD]� 2Z VH�vQORFXLHúWH�FX� ’Z 2 � 2

2
2 ZkZ n
’ ⋅= � FXUHQWXO� 2I FX� ’I 2 � 22

1
I

k
I

n

’ ⋅=

LDU� WHQVLXQHD� 2U FX� ’U 2 � 22 UkU n
’ ⋅= � (FKLYDOHQ D V�a efectuat considerând pentru cele 

GRX WUDQVIRUPDWRDUH�LGHQWLFH��SXWHULOH��SLHUGHULOH�GH�SXWHUH�úL�GHID]DMHOH��ÌQ�ILJXUD�����VH�
SUH]LQW GLDJUDPD� ID]RULDO D WUDQVIRUPDWRUXOXL�� &X� 0I V�D� QRWDW� FXUHQWXO� DEVRUELW� GH�
LPSHGDQ D GH�PDJQHWL]DUH�D�WUDQVIRUPDWRUXOXL��(VWH�HYLGHQW UHOD LD�� ’III 211 −= �

�������7UDQVIRUPDWRUXO�GH�WHQVLXQH��'DWHOH�QRPLQDOH�DOH�DFHVWXLD�VXQW� nU1 � nU 2 úL�FODVD�GH�SUHFL]LH��'H�PHQ LRQDW�F
nU1 HVWH�FXSULQV�vQWUH���úL�����N9�LDU� nU 2 HVWH�VWDQGDUGL]DW�OD�����9��
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)LJXUD�������'LDJUDPD�ID]RULDO D WUDQVIRUPDWRUXOXL��
7UDQVIRUPDWRDUHOH�GH�WHQVLXQH�SUH]LQW GRX FDWHJRULL�GH�HURUL���

� HURDUHD�GH�UDSRUW�� Uε � 100
1

12 ⋅−⋅=ε
U

UUkn
U �

� HURDUHD�GH�XQJKL�� Uδ FDUH�HVWH�GHID]DMXO�GLQWUH�WHQVLXQHD�SULPDU úL�FHD�VHFXQGDU
URWLW FX� $180 � 2ELúQXLW� HD� HVWH� FXSULQV vQWUH� ��100 minute. De aceea în secundarul WUDQVIRUPDWRUXOXL� GH� WHQVLXQH� VH� FRQHFWHD] XQ� YROWPHWUX�� LPSHGDQ D VHFXQGDU HVWH�
foarte mare, astfel încât regimul acestui transformator se apropie de unul de mers în gol.�7UDQVIRUPDWRUXO�GH� WHQVLXQH�VH�SURWHMHD] OD�VFXUWFLUFXLWH�SULQ�VLJXUDQ H IX]LELOH��LDU�OHJDUHD�OD�S PkQW�D�VHFXQGDUXOXL�HVWH�REOLJDWRULH�GLQ�PRWLYH�GH�SURWHF LH�D�PXQFLL���

�������7UDQVIRUPDWRUXO�GH�FXUHQW�
�6HUYHúWH� OD� H[WLQGHUHD� OLPLWHL� VXSHULRDUH� GH� P VXUDUH� D� LQWHQVLW LL� FXUHQWXOXL�HOHFWULF� DOWHUQDWLY��$PSHUPHWUHOH�� UHOHHOH�� HOHPHQWHOH�GH� DXWRPDWL]DUH�� WRDWH� VH� OHDJ vQ�

serie în secundarul transformatorului de curent. Datele nominale: AmiiI n ÷= 51 �
1A sau AI n 52 = � SXWHUHD�DSDUHQW QRPLQDO VASn 5= VDX� VA90 �

6H� PDL� GHILQHúWH� UDSRUWXO� QRPLQDO� GH� WUDQVIRUPDUH�
n

n
Inn I
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)k(k
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úL�FHD�GH�XQJKL� Iδ � FD�ILLQG�XQJKLXO�GLQWUH�FXUHQWXO�SULPDU�úL�FXUHQWXO�VHFXQGDU�URWLW�FX�
$180 � DUH� YDORUL� GH� ������ PLQXWH� GHSHQGHQW� GH� FODVD� GH� SUHFL]LH�� 7UDQVIRUPDWRUXO� GH�FXUHQW�VH�UHDOL]HD] FX�R�vQI úXUDUH�SULPDU úL�XQD�VDX�PXOWH�VHFXQGDUH��&ODVD� GH� SUHFL]LH� VH� GHILQHúWH� FD� ILLQG� HURDUHD� GH� UDSRUW� PD[LP OD� YDORUL� GH�

nI).( 2211 ÷ DOH�FXUHQWXOXL�VHFXQGDU�úL�vQF UFDWH�OD�SXWHUHD�GH� nS).( 21250 ÷ �
&ODVHOH� GH� SUHFL]LH� QRUPDOL]DWH� VXQW�� ����� ����� ����� ��� �� SHQWUX� ODERUDWRU� �������������������������

circuit magnetic

circuit primar

circuit secundar

bra  izolant mobil

PkQHU�L]RODQW

�)LJXUD�������&OHúWH�DPSHUPHWULF��7UDQVIRUPDWRUXO� GH� FXUHQW� HVWH� SURLHFWDW� úL� UHDOL]DW� SHQWUX� D� IXQF LRQD� vQ� UHJLP�DSURSLDW�GH�VFXUWFLUFXLW��GHRDUHFH�HOHPHQWHOH�GH�FXUHQW�DSURSLDWH�DSDUDWHORU�GLQ�VHFXQGDU�DX� LPSRUWDQ H IRDUWH� PLFL� �VXWLPL�� ]HFLPL� GH� RKPL��� 'LQ� GDWHOH� GH� FDWDORJ� DOH�
WUDQVIRUPDWRUXOXL� GH� FXUHQW� VH� SRDWH� FDOFXOD� LPSHGDQ D VHFXQGDU QRPLQDO

2
2

2
2

n

n
n

I

S
Z = �

7UDQVIRUPDWRUXO� GH� FXUHQW� IXQF LRQHD] FX� HURULOH� FRUHVSXQ] WRDUH� FODVHL� GH� SUHFL]LH��GDF VH� UHVSHFW FRQGL LD� FD� DSDUDWHOH� vQVHULDWH� vQ� VHFXQGDU� V DLE FRQVXPXO�PDL� PLF�GHFkW�SXWHUHD�QRPLQDO �)LLQG�WUDQVIRUPDWRU�GH�P VXU � FXUHQWXO�SULPDU�HVWH�LPSXV�GH�FLUFXLWXO�H[WHULRU�GH�P VXUDW��&X�VHFXQGDUXO�vQFKLV��IOX[XO�UH]XOWDQW�DO�WUDQVIRUPDWRUXOXL�GH�FXUHQW�G XQ�IOX[�
XWLO� UΦ � SHQWUX� FDUH� SXQFWXO� GH� OXFUX� HVWH� VLWXDW� vQ� ]RQD� OLQLDU D FDUDFWHULVWLFLL� GH�
PDJQHWL]DUH�� 'DF VHFXQGDUXO� VH� vQWUHUXSH�� IOX[XO� UH]XOWDQW� HVWH� HJDO� WRFPDL� FX� IOX[XO�
LQGXFWRU� úL� PXOW� PDL� PDUH� FD� UΦ � DVWIHO� F PLH]XO� VH� VDWXUHD] SXWHUQLF� DYkQG�
XUP WRDUHOH�FRQVHFLQ H��

� WHQVLXQHD�VHFXQGDU FDUH�QRUPDO�HVWH�GH� V. 110 ÷ FUHúWH�GH�VXWH�GH�RUL��� SLHUGHULOH� vQ� ILHU� FUHVF� IRDUWH� PXOW� GXFkQG� OD� vQF O]LUHD� H[FHVLY DWUDQVIRUPDWRUXOXL�GH�FXUHQW���5H]XOW F SHQWUX�WUDQVIRUPDWRUXO�GH�FXUHQW�UHJLPXO�GH�IXQF LRQDUH�vQ�JRO�HVWH�XQ�UHJLP�GH�DYDULH�FDUH�WUHEXLH�HYLWDW��'H�DVHPHQHD��vQI úXUDUHD�VHFXQGDU VH�OHDJ REOLJDWRULX�OD�S PkQW��
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&OHúWHOH� DPSHUPHWULF� HVWH� XQ� FD]� SDUWLFXODU� DO� WUDQVIRUPDWRUXOXL� GH� FXUHQW� �)LJ��������0LH]XO�V X PDJQHWLF�SRDWH�IL�GHVFKLV��SHUPL kQG�LQWURGXFHUHD�FRQGXFWRUXOXL�SDUFXUV�H FXUHQWXO�GH�P VXUDUH��'H� PHQ LRQDW� F SHQWUX� D� UHGXFH� HURDUHD� WUDQVIRUPDWRUXOXL� GH� FXUHQW� WUHEXLH�UHGXV YDORDUHD�FXUHQWXOXL�GH�PDJQHWL]DUH��IDSW�UHDOL]DELO�SULQ�DVLJXUDUHD�XQRU�PDWHULDOH�PDJQHWLFH�SHUIRUPDQWH��FRQVWUXF LH�FRPSDFW HWF���
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&DS�����92/70(75(�(/(&7521,&(�
� 6XQW� IRORVLWH� SHQWUX� P VXU UL� vQ� FXUHQW� FRQWLQXX� úL� vQ� FXUHQW� DOWHUQDWLY� ILLQG�VSHFLILFH�WHQVLXQLORU�GH�DXGLR�úL�UDGLRIUHFYHQ �

����� *HQHUDOLW L
/XFUHD] vQWU�R� JDP IRDUWH� ODUJ GH� WHQVLXQL� � Vµ � ]HFL� VDX� VXWH� GH� kV � úL�

IUHFYHQ H SkQ OD�VXWH�úL�PLL�GH�0+]� 6H�FDUDFWHUL]HD] SULQWU�R�VHQVLELOLWDWH�vQDOW � VFDUOLQLDU vQWU�XQ� GRPHQLX� ODUJ� GH� P VXUDUH�� FRQVXP�PLF� GH� SXWHUH�� UH]LVWHQ GH� LQWUDUH�PDUH� �VXWH�VDX�PLL�GH� ΩM � FDSDFLWDWH�PLF GH� LQWUDUH� pF205 ÷ � 3UHFL]LD� ORU�HVWH� vQV
UHGXV ����� úL� DFHDVWD� GDWRULW YDULD LHL� FX� WHPSHUDWXUD� D� SDUDPHWULORU� GLVSR]LWLYHORU�VHPLFRQGXFWRDUH�

Voltmetrele electronice constau în principal dintr�XQ� GLVSR]LWLY� GH� P VXUDUH�PDJQHWRHOHFWULF�úL�XQ�WUDGXFWRU�HOHFWURQLF�GH�GHWHF LH �UHGUHVRDUH��úL�DPSOLILFDUH. În plus XQ�FLUFXLW�GH�LQWUDUH�úL�R�VXUVD�GH�DOLPHQWDUH�&LUFXLWXO�GH�LQWUDUH DVLJXU P ULPHD�úL�FDUDFWHUXO�LPSHGDQ HL�GH�LQWUDUH��SUHFXP�úL�H[WLQGHUHD�GRPHQLXOXL�GH�P VXUDUH��6H�FRPSXQ�GLQ��ERUQH�GH�LQWUDUH��GLYL]RU�GH�WHQVLXQH�úL� XQHRUL� XQ� UHSHWRU� SH� HPLWRU�� $FHVWD� GLQ� XUP DUH� LPSHGDQ GH� LHúLUH�PLF � IDSW� FH�SHUPLWH� FXSODUHD� XQXL� FDEOX� GH� OHJ WXU FX� FDSDFLWDWH� PDUH�� I U UHGXFHUHD� EHQ]LL� GH�IUHFYHQ �'LYL]RUXO�GH�WHQVLXQH�DVLJXU H[WLQGHUHD�GRPHQLXOXL�GH�P VXUDUH��3HQWUX�WHQVLXQL�
SkQ OD� V200100 ÷ VH� XWLOL]HD] GLYL]RDUH� UH]LVWLYH� FX� FRPSHQVDUH� GH� IUHFYHQ � FX�LPSHGDQ D GH�LQWUDUH�PLF � SHQWUX�WHQVLXQL�GH�RUGLQXO�N9�VH�IRORVHVF�GLYL]RDUH�FDSDFLWLYH��/D� XQHOH� WLSXUL� GH� YROWPHWUH� H[WLQGHUHD� GRPHQLXOXL� GH� P VXUDUH� VH� HIHFWXHD] SULQ�YDULD LD�IDFWRUXOXL�GH�UHDF LH�QHJDWLY D DPSOLILFDWRUXOXL��������� 9ROWPHWUH�HOHFWURQLFH�GH�FXUHQW�FRQWLQXX�

3UH]LQW VFKHPHOH� SULQFLSLDOH� GH� IXQF LRQDUH� FRQIRUP� FHORU� SUH]HQWDWH� vQ� ILJXUD������
mA

µA

Circuit de 
intrare

Amplificator de 
curent continuu

sauUX

UX

Oscilator

Modulator
Amplificator de
curent alternativ

Circuit de GHWHF LH
=

=

)LJXUD�������6FKHPHOH�SULQFLSLDOH�DOH�YROWPHWUHORU�HOHFWURQLFH�GH�FXUHQW�FRQWLQXX��
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&kQG� WHQVLXQLOH� GH� P VXUDW� VXQW� IRDUWH� PLFL� VH� IRORVHVF� úL� DPSOLILFDWRDUH� FX�PRGXODUH�– UHGUHVDUH�� vQ�FDUH� WHQVLXQHD�FRQWLQX HVWH� WUDQVIRUPDW PDL� vQWkL� vQ� WHQVLXQH�DOWHUQDWLY úL�DSRL�DPSOLILFDW � ILLQG�vQ�FHOH�GLQ�XUP UHGUHVDW �
����� 9ROWPHWUH�HOHFWURQLFH�GH�FXUHQW�DOWHUQDWLY�
&RQVWDX�SULQFLSLDO�GLQWU�XQ�FLUFXLW�GH�GHWHF LH��XQ�DPSOLILFDWRU� úL�GLVSR]LWLYXO�GH�P VXUDW� PDJQHWRHOHFWULF�� $PSOLILFDWRUXO� VH� SRDWH� J VL� vQDLQWH� VDX� GXS FLUFXLWXO� GH�GHWHF LH��ILJ��������

mA

mA

Circuit de 
intrare

Circuit de 
intrare

Amplificator de 
curent continuu

Amplificator de 
curent alternativ

UX

UX

~

~
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�)LJXUD�������6FKHPHOH�EORF�DOH�YROWPHWUHORU�HOHFWURQLFH�GH�FXUHQW�DOWHUQDWLY�� 0DMRULWDWHD�YROWPHWUHORU�GH�FXUHQW�DOWHUQDWLY�VXQW�GH�WLSXO�GHWHFWRU�– DPSOLILFDWRU�OXFUHD] vQWU�R�EDQG ODUJ GH�IUHFYHQ � GDU�VXQW�SX LQ�VHQVLELOH�úL�SUHFLVH�
• FHOH�PDL�VLPSOH�YROWPHWUH�HOHFWURQLFH�VXQW�DFHOHD�FX�GLRGH��FDUH�SHUPLW�P VXUDUHD�YDORULL�PHGLL� valorii de vârf VDX�YDORULL�HIHFWLYH�
• 9ROWPHWUHOH� FDUH� P VRDU YDORDUHD� PHGLH� IRORVHVF� SHQWUX� FLUFXLWXO� GH� GHWHF LH�VFKHPH�FX�VLPSO UHGUHVDUH�VDX�GXEO �FX�WUDQVIRUPDWRU�FX�SUL] PHGLDQ VDX�vQ�SXQWH���$úD� FXP� GH� DOWIHO� V�D� PHQ LRQDW� DQWHULRU� DSDUDWXO� PDJQHWRHOHFWULF� P VRDU YDORDUHD�PHGLH�D�WHQVLXQLL�UHGUHVDWH��
• 9ROWPHWUHOH�GH�YkUI�SRW�P VXUD�YDORDUHD�GH�YkUI� D� WHQVLXQLL��GDF vQ�FLUFXLWXO�GH�GHWHF LH� VH� FRQHFWHD] XQ� FRQGHQVDWRU� GH�PDUH� FDSDFLWDWH�� 6FKHPD� GH� SULQFLSLX� D� XQXL�YROWPHWUX�GH�YkUI�VH�SUH]LQW vQ�ILJ�������$FHDVWD�VH�FRPSXQH�GLQWU�R�GLRG FRQHFWDW vQ�VHULH��ILJ������D��VDX�vQ�GHULYD LH��ILJ�������E��FX�GLVSR]LWLYXO�GH�P VXUDUH�PDJQHWRHOHFWULF�vPSUHXQ FX� R� UH]LVWHQ GH� VDUFLQ úL� FX� FRQGHQVDWRUXO�� ÌQ� DOWHUQDQ D SR]LWLY � GLRGD�FRQGXFH� LDU� FRQGHQVDWRUXO�&�VH� vQFDUF SkQ OD�YDORDUHD�GH�YkUI� D� WHQVLXQLL�GH�P VXUDW��

XU (punctul f din fig. 6.3 c). Din momentul în care valRDUHD� WHQVLXQLL�GH�P VXUDW� XU

devine mai mare decât tensiunea la bornele condensatorului CU � SURFHVXO�GHFXUJH�LQYHUV��
FRQGHQVDWRUXO� GHVF UFkQGX�VH� SULQ� UH]LVWHQ D 5 úL� PLOLDPSHUPHWUX� �ILJ�� ���� F���
'HVF UFDUHD�GHFXUJH�SkQ FkQG� CX uu < vQ�SXQFWXO�J�� vQ�FRQWLQXDUH� UHvQFHSH� vQF UFDUHD�
FRQGHQVDWRUXOXL�SkQ OD�R�YDORDUH�SUDFWLF�HJDO FX�DFHHD�GH�YkUI�D�WHQVLXQLL� Xu � GXS FDUH�
SURFHVXO�VH�UHLD��&D� XUPDUH� SULQ� DSDUDWXO� GH� P VXUDW� WUHFH� FXUHQW� vQ� VHQVXO� DPEHORU� DOWHUQDQ H��
'DF FRQVWDQWD�GH�WLPS�5& a circuitului este mult mai mare decât perioada tensiunii Xu �
WHQVLXQHD� Cu � WHQVLXQHD� OD� ERUQHOH� FRQGHQVDWRUXOXL� VFDGH� IRDUWH� SX LQ� vQ� WLPSXO�
GHVF UF ULL� FRQGHQVDWRUXOXL�� U PkQkQG�SUDFWLF� OD� YDORDUHD�PD[LP )max( Xu D WHQVLXQLL�
GH�P VXUDW��
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)LJXUD������ Voltmetru electronic de vârf cu diode: D��GLRGD�FRQHFWDW vQ�VHULH��E��GLRGD�FRQHFWDW vQ�GHULYD LH��F��SURFHVXO�GH�vQF UFDUH�úL�GHVF UFDUH�DO�FRQGHQVDWRUXOXL�&D�XUPDUH�� FXUHQWXO� FRQWLQXX� FH� WUHFH�SULQ�PLOLDPSHUPHWUX� HVWH�SURSRU LRQDO� FX�
YDORDUHD� GH� YkUI� D� WHQVLXQLL� P VXUDWH� � max0 ukI ⋅= ��� 'DF QH� UHIHULP� OD� WHQVLXQL�
VLQXVRLGDOH�YDORDUHD�HIHFWLY max707.0 uU ⋅= , astfel încât aparatul poate fi etalonat direct 

în valori efective.�9ROWPHWUHOH� HOHFWURQLFH� SUH]HQWDWH� SkQ vQ� SUH]HQW� HUDX� YROWPHWUH� I UDPSOLILFDUH�� ÌQ� VLWXD LD� vQ�FDUH�� VHPQDOXO� HVWH� VODE� VH�QHFHVLW DPSOLILFDUH��PRWLY�SHQWUX�FDUH�VH�SRW�IRORVL�VFKHPH�VDX�FLUFXLWH�GHGLFDWH��9ROWPHWUXO�HVWH�GH�UHJXO vQ�DFHVW�FD]�GH�WLS�GHWHFWRU�– DPSOLILFDWRU��
• 9ROWPHWUHOH�GHWHFWRU�– DPSOLILFDWRU� UHGUHVHD] PDL� vQWkL� WHQVLXQHD�DOWHUQDWLY GH�P VXUDW� vQ� FLUFXLWXO� GH� GHWHF LH�� FDUH� DSRL� HVWH� DPSOLILFDW GH� F WUH� XQ� DPSOLILFDWRU� GH�FXUHQW�FRQWLQXX��'H�UHJXO DFHVWH�YROWPHWUH�P VRDU YDORDUHD�GH�YkUI�IRORVLQGX�VH�SHQWUX�

tensiuni într�R�EDQG GH�YDORUL�IRDUWH�ODUJ � – VXWH�>9@��LDU�EDQGD�GH�IUHFYHQ H ���+]�–����0+]��ÌQ� ILJ�� ����� VH� SUH]LQW VFKHPD� GH� SULQFLSLX� D� XQXL� YROWPHWUX� HOHFWURQLF� G� WLS�GHWHFWRU�– DPSOLILFDWRU��
mA

UX ~

D

C1

R1

R2

C2

T

E

)LJXUD�������9ROWPHWUX�HOHFWURQLF�GH�WLS�GHWHFWRU�– DPSOLILFDWRU��6FKHPD�FXSULQGH�XQ�FLUFXLW�GH�GHWHF LH�FX�GLRG VHPLFRQGXFWRDUH�OHJDW vQ�VHULH�úL�
cu un amplificator de curent continuu; în circuitul de colectare este conectat dispozitivul GH�P VXUDW��'H� PHQ LRQDW� F vQWUH� FLUFXLWXO� GH� GHWHF LH� úL� LQWUDUHD� DPSOLILFDWRUXOXL� HVWH�
LQWHUFDODW� XQ� ILOWUX� 21 CR ⋅ �WUHFH� MRV�� FDUH� HOLPLQ FRPSRQHQWD� FRQWLQX D VHPQDOXOXL�
redresat, astfel încât pe baza tranzistorului 7 V VH�DSOLFH�SUDFWLF�R�WHQVLXQH�FRQWLQX �
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5H]LVWHQ D 2R HVWH�XQD�YDULDELO úL�HD�VHUYHúWH�OD�HWDORQDUHD�YROWPHWUXOXL��FDUH�VH�
SRDWH�PRGLILFD�vQ�WLPS�GDWRULW YDULD LHL�SDUDPHWULORU�WUDQ]LVWRUXOXL�FX�WHPSHUDWXUD��2 DOW YDULDQW GH� YROWPHWUX� HOHFWURQLF� GH� FXUHQW� DOWHUQDWLY� GH� WLS� GHWHFWRU� –DPSOLILFDWRU� HVWH� DFHOD� vQ� SXQWH� �ILJ�� ������9ROWPHWUXO� GLVSXQH� GH� XQ� FLUFXLW� GH� GHWHF LH�
�UHGUHVRU�� 1C � D � 1R FX�R�GLRG OHJDW vQ�GHULYD LH�úL�XQ�DPSOLILFDWRU�GH�FXUHQW�FRQWLQXX�
UHSHWRU�SH�HPLWRU�FX�UHDF LH�QHJDWLY SXWHUQLF � PRQWDW�vQWU�R�VFKHP GH�SXQWH�vQ�XQD�GLQ�GLDJUDPHOH� F UHLD� HVWH� FRQHFWDW� DSDUDWXO� GH�P VXUDW� P$�� ÌQWUH� FLUFXLWHOH� GH� GHWHF LH� úL�
DPSOLILFDWRU� HVWH� LQWHUFDODW� XQ� ILOWUX� WUHFH� MRV� 22 CR ⋅ � FDUH� HOLPLQ FRPSRQHQWHOH�
DOWHUQDWLYH�DOH�VHPQDOXOXL�GHWHFWDW��'DU�� FHOH� PDL� PXOWH� FX� XQ� VLQJXU� WUDQ]LVWRU� QX� UH]ROY SUREOHPD� DPSOLILF ULL��DVWIHO�F SUDFWLF�VH�IRORVHVF�PDL�PXOWH�HWDMH�GH�DPSOLILFDUH�GLVSXVH�vQ�PRQWDMH�VLPHWULFH��ILJ�������VDX�QHVLPHWULFH��

mA

UX ~ D

C1 R2

R1
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EC

Circuit de 
alimentare

�)LJXUD������ Voltmetru electronic în punte de curent alternativ de tip detector –�DPSOLILFDWRU��

µA

UX ~

R1

R3
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R4

R7

R5

R2

R8

T2

T1
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E

)LJXUD�������9ROWPHWUX�HOHFWURQLF�GH�FXUHQW�DOWHUQDWLY�GH�WLS�GHWHFWRU�– DPSOLILFDWRU�FX�GRX WUDQ]LVWRDUH�GLVSXVH�vQ�FRQWUDWLPS�
&HOH�GRX WUDQ]LVWRDUH�VXQW�SUDFWLF�LGHQWLFH��DVWIHO�vQFkW�FXUHQ LL�GH�UHSDXV� 01CI úL�

02CI úL� YDULD LLOH� ORU� FX� WHPSHUDWXUD� VXQW� SUDFWLF� DFHOHDúL�� &D� XUPDUH�� OD� YDULD LD�
WHPSHUDWXULL�PHGLXOXL�DPELDQW�HFKLOLEUXO�LQL LDO�DO�SXQ LL�VH�YD�S VWUD��FXUHQ LL�FHORU�GRX
tranzistoare parcurgând aparatul indicator în sensuri opuse.�
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• 9ROWPHWUH�HOHFWURQLFH�GH�FXUHQW�DOWHUQDWLY�DPSOLILFDWRU�– GHWHFWRU��$FHVWH�YROWPHWUH�DPSOLILF PDL�vQWkL�VHPQDOXO��WHQVLXQHD��GH�P VXUDW�FX�DMXWRUXO�XQXL� DPSOLILFDWRU� GH� FXUHQW� DOWHUQDWLY�� DSRL� FX� DMXWRUXO� XQXL� FLUFXLW� GH� GHWHF LH� R�UHGUHVHD] �'H�RELFHL�FHVWH�YROWPHWUH�P VRDU YDORDUHD�PHGLH�D�WHQVLXQLL��IRORVLQGX�VH�SHQWUX�
WHQVLXQL�PLFL�� V15.0 ÷ vQ�EDQGD�GH�IUHFYHQ MHzHz 550 ÷ �ÌQ� ILJXUD� ���� D�� VH� SUH]LQW VFKHPD� GH� SULQFLSLX� D� XQXL� YROWPHWUX� GH� WLS�DPSOLILFDWRU� – GHWHFWRU�� FX� GHWHF LH� vQ� FLUFXLWXO� GH� FROHFWRU� DO� DPSOLILFDWRUXOXL�� $VWIHO��
DSOLFkQG� OD�ERUQHOH�GH� LQWUDUH� WHQVLXQHD�DOWHUQDWLY GH�P VXUDW� Xu � FXUHQWXO�GH�ED] BiWUHFH�QXPDL�vQ�VHPLSHULRDGHOH�SR]LWLYH��vQ�FDUH�XUP UHúWH�IRUPD�WHQVLXQLL�GH�LQWUDUH��

'DF UH]LVWHQ D 1R HVWH� VXILFLHQW� GH� PDUH�� DFHVW� FXUHQW� HVWH� SURSRU LRQDO� FX�
WHQVLXQHD�GH�P VXUDW��&XUHQWXO�GH�FROHFWRU� Ci HVWH�SURSRU LRQDO�FX�FXUHQWXO�GH�ED] �ILJ��
��� �� E��� &D� XUPDUH� FXUHQWXO� GH� P VXUDW� �P$�� LQGLF YDORDUHD� PHGLH� D� FXUHQWXOXL� GH�
FROHFWRU� 0I � SURSRU LRQDO GH� IDSW� FX� WHQVLXQHD� GH� P VXUDW�� 5H]LVWHQ D YDULDELO 2R

VHUYHúWH�OD�HWDORQDUHD�YROWPHWUXOXL��
mA
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)LJXUD�������9ROWPHWUX�HOHFWURQLF�GH�WLS�DPSOLILFDWRU�– GHWHFWRU��D��VFKHPD�

SULQFLSLDO � E��YDULD LD�vQ�WLPS�D�WHQVLXQLL�GH�P VXUDUH�úL�D�FXUHQ LORU� Ci úL� Bi �
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&DS�����$3$5$7(�'(�0 685$7�180(5,&(��',*,7$/(��
� $SDUDWHOH�QXPHULFH��GLJLWDOH��VXQW�FHOH�PDL�QRL�UHDOL] UL�vQ�GRPHQLXO�P VXU ULL�úL�SUHOXFU ULL� LQIRUPD LLORU� GH� P VXUDUH�� $FWXDOPHQWH� SUH XO� DFHVWRU� DSDUDWH� QXPHULFH� D�GHYHQLW� FRPSDUDELO� FX� FHO� DO� DSDUDWHORU� DQDORJLFH� VDX� FKLDU� úL� HOHFWURQLFH�� RIHULQG� VXE�DQXPLWH�DVSHFWH�SHUIRUPDQ H VXSHULRDUH��� ����� *HQHUDOLW L

7HKQLFLOH�GH�P VXUDUH�GLJLWDOH�V�DX�GH]YROWDW�GDWRULW XUP WRDUHORU�DYDQWDMH��
• SUHFL]LH� ULGLFDW GDWRULW DWkW� UHGXFHULL� HURULORU� SURSULL� DOH� DSDUDWHORU�� FkW� úL�HOLPLQ ULL�HURULORU�GH�FLWLUH��
• LQIRUPD LD� QXPHULF RIHULW GH� VLVWHPXO� GLJLWDO� GH� P VXUDUH�� SRDWH� IL� WUDQVPLVXúRU�SH�GLVWDQ H PDUL��SUHOXDWH��PHPRUD�úL�FRPSDUD�I U SUREOHPH��
• GXUDW IRDUWH�VFXUW GH�P VXUDUH�� undm VXU U sec/101 3÷ ���6FKHPD� EORF� JHQHUDO DIHUHQW DSDUDWHORU� GH� P VXU GLJLWDO VH� SUH]LQW vQ� ILJ������� ,QWUDUHD� vQ� VLVWHPXO� GH� P VXUDUH� HVWH� GLIHUHQ LDW� SH� GRX FDQDOH�� XQXO� FRUHVSXQGH�P ULPLORU� HOHFWULFH� úL� DOWXO� P ULPLORU� QHHOHFWULFH�� 'DF P ULPHD� GH� P VXUDW� x HVWH�QHHOHFWULF DQDORJLF � vQ� DSDUDW� VH� SRDWH� GLVWLQJH� R� SDUWH� DQDORJLF �WUDGXFWRUXO� SULPDU�

73�� úL� FLUFXLWXO� GH� LQWUDUH� � 1iC ��� SUHFXP� úL� FRQYHUWRUXO� 6&� FDUH� WUDQVIRUP P ULPHD�
HOHFWULF vQWU�R� P ULPH� FRPSDUDELO FX� HWDMXO� $�1� 6LVWHPXO� FRQYHUWRU� SRDWH� FXSULQGH�HOHPHQWH�VSHFLILF�DQDORJLFH�úL�FRQYHUWRDUH�P ULPH�WHQVLXQH��VHPQDO��VSHFLILFH�DSDUDWHORU�GLJLWDOH�&RQYHUWRUXO�DQDORJ�QXPHULF�$�1�UHDOL]HD] FXDQWLILFDUHD�P ULPLL�DQDORJLFH��DGLFFRPSDUDUHD�HL�FX�XQ�úLU�GH�LQWHUYDOH�YDORULFH��QXPLWH�FXDQWH���'DF FRQYHUWRUXO�$�1�HVWH�
direct, atunci rezultatul este dat direct în limbaj cod –�DSDUDW��FDUH�HVWH�UH LQXW�GH�PHPRULD�0�� &RQYHUWRDUHOH� DQDORJ� QXPHULFH� LQGLUHFWH� SULQ� FXDQWLILFDUH� JHQHUHD] XQ� úLU� GH�LPSXOVXUL�� D� F URU� IUHFYHQ VDX� SHULRDG GH� UHSHWL LH� HVWH� P VXUDW SULQ� QXP UDUH� vQ�QXP U WRUXO� 1� &D� XUPDUH� FRQYHUWRUXO� $�1� IDFH� MRQF LXQHD� FX� SDUWHD� QXPHULF DDSDUDWXOXL�vQ�FDUH�LQIRUPD LD�VH�úL�YHKLFXOHD] în cod numeric.�0HPRULD�0� QXPLW úL�UHJLVWUX�UH LQH�UH]XOWDWXO�UH LQH�UH]XOWDWXO�FRQYHUVLHL�VDX�DO�QXP U ULL��SkQ OD�SULPLUHD�XQXL�QRX�UH]XOWDW�GXS R QRX FRQYHUVLH��'XS GHFRGLILFDUHD�LQIRUPD LHL� RE LQXWH� VLQ� FRGXO� DSDUDWXOXL� vQ� GHFRGLILFDWRUXO� '� UH]XOWDWXO� P VXU ULL� VH�SRDWH� DILúD� $)� vQUHJLVWUD� SH� LPSULPDQW ,03, sau introduce în calculator pentru o SUHOXFUDUH�XOWHULRDU �

'DF P ULPHD�GH�P VXUDW� x HVWH�QXPHULF �GH�H[HPSOX�QXP U WRU�GH�LPSXOVXUL���
SDUWHD�DQDORJLF D VFKHPHL�OLSVHúWH��LDU�FLUFXLWXO�GH�LQWUDUH� 2iC DUH�QXPDL�URO�GH�DGDSWDUH�
GH�QLYHO�úL�GH�IRUPDUH�GH�LPSXOVXUL�FRPSDWLELOH�FX�QXP U WRUXO��



��

'H� PHQ LRQDW� F GLQ� PRWLYH� GH� VLPSOLWDWH�� VFKHPD� EORF� QX� FRQ LQH� XQHOH� S U LFRPSRQHQWH� H[LVWH� vQ� FDGUXO� VLVWHPXOXL� GLJLWDO� GH� P VXUDUH�� FXP� DU� IL�� JHQHUDWRUXO� GH�IUHFYHQ � VXUVD�GH�WHQVLXQH�GH�UHIHULQ � XQLWDWHD�GH�FRPDQG HWF��
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M D IMP
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)LJXUD�������6FKHPD�EORF�SULQFLSLDO D XQXL�DSDUDW�QXPHULF��GLJLWDO��� ����� &DOLW LOH�DSDUDWHORU�GLJLWDOH��&DUDFWHULVWLFL�
&DOLW LOH� DSDUDWHORU� GLJLWDOH� VH� HVWLPHD] SH�ED]D�XQRU� FDUDFWHULVWLFL� VLPLODUH� FX�FHOH�DOH�DSDUDWHORU�DQDORJLFH��7RWXúL�DSDU�DQXPLWH�SDUWLFXODULW L��FDUH�YRU�IL�HYLGHQ LDWH�vQ�FRQWLQXDUH��$VWIHO��

• SUHFL]LD�DSDUDWXOXL�HVWH�GHILQLW GH�HURDUHD�IXQGDPHQWDO vQ�FRQGL LL�GH�UHIHULQ OD�FDUH� VH� DGDXJ HURDUHD� GH� LQFHUWLWXGLQH� D� DILúDMXOXL� � 1± ��� /D� DSDUDWHOH� GH� WLS�
IUHFYHQ PHWUX�� DILúDUHD� VH� IDFH�FX�Q GLJL L�� DMXQJkQG�SkQ OD� 9≤n � &D�XUPDUH�� HURDUHD�DFHVWRU�DSDUDWH�HVWH���
�

N

1
0 ±±= εε >�@�� � ������

în care:�
0ε HVWH�HURDUHD�IXQGDPHQWDO �

1 – QXP UXO�DILúDW�SH�GLVSOD\��
$SDUDWHOH�QXPHULFH�WLS�YROWPHWUX�DX�DILúDMXO�FX�Q VDX��

2

1
n FLIUH�� 6≤n ���$ILúDMXO�

FX�
2

1
n FLIUH� vQVHDPQ F DFHVWD� DUH� Q GHFDGH� FRPSOHWH� ���� ��� ��� ������ úL� R� GHFDG

LQFRPSOHW �FLIUD�����'H�H[HPSOX��XQ�DSDUDW�FX�
2

1
3 GLJL L SRDWH�DILúD�PD[LPXP�QXP UXO�

������ 2ELúQXLW��HURDUHD�WRWDO D DFHVWRU�DSDUDWH�VH�H[SULP FX�UHOD LD��
� csct εεε ±±= >�@�� � ������
XQGH��
� ctε HVWH�HURDUHD�UDSRUWDW OD�YDORDUHD�FLWLW �

csε � HURDUHD�UDSRUWDW OD�FDS WXO�GH�VFDO �
• 5H]ROX LD�� HVWH� FHD� PDL� PLF YDULD LH� D� P ULPLL� GH� LQWUDUH�� FDUH� SURGXFH� R�PRGLILFDUH�VHVL]DELO D DILúDMXOXL��3UDFWLF��DFHDVWD�FRQVW vQ�HFKLYDOHQWXO�VFKLPE ULL�FX�R�



��

XQLWDWH�D�FHOHL�PDL�SX LQ�VHPQLILFDWLYH�FLIUH��'H�H[HPSOX��XQ�YROWPHWUX�FX�DILúDMXO�GH�
2

1
3

FLIUH�SH�GRPHQLX�GH����9�DUH�UH]ROX LD�GH������9�
• 9LWH]D� GH� P VXUDUH� UHSUH]LQW QXP UXO� GH� P VXU UL� vQWU�XQ� LQWHUYDO� GH� WLPS��9LWH]D� GH� P VXUDUH� GHSLQGH� GH� QXP UXO� FLIUHORU� DILúDWH� �GHFDGH�� úL� GH� WLSXO�FRQVXPDWRUXOXL�$�1��9LWH]D�GH�P VXUDUH�HVWH�LQYHUVXO�WLPSXOXL�GH�P VXUDUH��(D�SRDWH�IL�

FXSULQV vQWUH� undm VXU U sec/10005.0 ÷ � /LPLWD�LQIHULRDU VH�IRORVHúWH�vQ�FD]XO�XQXL�RSHUDWRU�XPDQ��LDU�OLPLWD�VXSHULRDU FkQG�VH�IRORVHúWH�XQ�FRQWURO�DXWRPDW�SULQ�FDOFXODWRU�VDX�PLFURSURFHVRU��
• )LGHOLWDWHD� HVWH� FDOLWDWHD� DSDUDWXOXL� GH� D� HIHFWXD� P VXU UL� FX� UH]XOWDWH� SUDFWLF�LGHQWLFH��DSURSLDWH��DVXSUD�DFHOHLDúL�P ULPL�vQ�FRQGL LL�GH�P VXUDUH�DIHFWDWH�GH�LQIOXHQ HSDUD]LWH��YDULD LL�GH�WHPSHUDWXU � VHPQDOH�SHUWXUEDWRDUH��YDULD LH�vQ�WLPS�D�HOHPHQWHORU�GH�UHIHULQ LQWHULRDUH��'H� PHQ LRQDW� F SULQ� P VXUL� GH� FRPSHQVDUH� úL� FRUHF LH�� SULQWU�R� FDOLEUDUH�FRUHVSXQ] WRDUH��HURULOH�DSDUDWHORU�GLJLWDOH�SRW�IL�PHQ LQXWH�OD�XQ�QLYHO�DGPLVLELO��� ����� &RPSRQHQWHOH�DSDUDWHORU�QXPHULFH�

Componentele aparatelor numerice sunt în principal cele prezentate în figura 7.1. 'XS FRQYHUVLD� �FXDQWLILFDUHD�� P VXUDQGXOXL�� QXP UXO� RE LQXW� HVWH� SURFHVDW� vQWU�XQ�VLVWHP�GH�QXPHUD LH�ELQDU�VDX�vQ�VLVWHPH�FRPSDWLELOH�FX�DFHVWD��$VWIHO��VLVWHPXO�ELQDU�HVWH�IRORVLW� SUDFWLF� vQ� WRDWH� WHKQLFLOH� GH� FDOFXO�� GHRDUHFH� SRDWH� XúRU� SURGXFH� úL� UHFXQRDúWH�FRPRG�GRX QLYHOH�GH�SRWHQ LDO�GLVWLQFWH�F URUD�OL�VH�DWULEXLH�GXS FRQYHQ LH�VHPQLILFD LD�GH�� úL��� vQ�ORJLFD�SR]LWLY � QLYHOXOXL�VXSHULRU�L�VH�DWULEXLH�FLIUD��� LDU�FHOXL�VF ]XW�FLIUD���6SUH� H[HPSOX�� RULFH� QXP U VFULV� vQ� VLVWHPXO� ELQDU� SRDWH� IL� VFULV� vQ� FHO� ]HFLPDO�DVWIHO��
( ) ( )10

0336
2 77212121211001101 =⋅+⋅+⋅+⋅= �

8QHRUL�HVWH�PDL�FRQYHQDELO PRGLILFDUHD�VHSDUDW D ILHF UHL�FLIUH�]HFLPDOH�����������������FX�FkWH�XQ�JUXS�GH���FLIUH�ELQDUH��WHWUDG ���RE LQkQGX�VH�DVWIHO�FRGXO�ELQDU�]HFLPDO��1%&'���'H�PHQ LRQDW� F vQ� FRQYHUVLD� DQDORJ� – QXPHULF DSDU� GLILFXOW L DWXQFL� FkQG�GRX JUXSH�VXFFHVLYH�GLIHU SULQ�PDL�PXOW�GH���ELW��6LWXD LD�DSDUH� vQ�FRGXO�1%&'�SULQ�WUHFHUHD� GH� OD� �� D� ��� SHQWUX� D� HYLWD� DFHVW� OXFUX� VH� PRGLILF FX� WUHL� SR]L LL� RULJLQHD�QXPHUD LHL�RE LQkQGX�VH�FRGXO�]HFLPDO�*UD\;6�– ���
� 1U��]HFLPDO� 1%&'� *UD\;6�– �
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������� (OHPHQWH�ORJLFH�� ÌQ� DSDUDWHOH� GH� P VXU GLJLWDOH�� RSHUD LLOH� GH� FRPDQG � FRQWURO� úL� FDOFXO� VH�HIHFWXHD] FX� HOHPHQWH� ORJLFH�� )LHFDUH� HOHPHQW� ORJLF� UHDOL]HD] R IXQF LH� ORJLF FDUH�RSHUHD] GXS UHJXOLOH� DOJHEUHL� ERROHHQH�� 3ULQFLSDOHOH� IXQF LL� ORJLFH� VXQW� SUH]HQWDWH� vQ�WDEHOXO������� 7DEHOXO������)XQF LL�ORJLFH�
7DEHOXO�GH�DGHY U&LUFXLW� 6LPERO� )XQF LD�ERROHDQ � �� �� ��

� �� �� ��6,�
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B
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B
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6,�18�
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B
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6$8�18�
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B
X
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18�
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B
X
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6$8�(;&/86,9
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X

ABBA

BAX
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&203$5$725�
A

B
X

BABA

BAX

⋅+⋅
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�(OHPHQWHOH� ORJLFH� VXQW� UHDOL]DWH� GLQ� FLUFXLWH� HOHFWURQLFH�� $FWXDOPHQWH� DFHVWH�FLUFXLWH� VH� SUH]LQW VXE� IRUPD� LQWHJUDW FX� WUDQ]LVWRDUH� ELSRODUH� vQ� WHKQLFD�'7/�� 77/��

RTL, ECL, sau cu tranzistoare MOS în tehnica P�026�VDX�&�026��2SHUD LLOH�DULWPHWLFH�GH�DGXQDUH��VF GHUH��PHPRUDUHD�VDX�GHSODVDUH�D�LQIRUPD LHL�QXPHULFH� DX� OD� ED] R IDPLOLH� GH� HOHPHQWH� ORJLFH�� FLUFXLWHOH� EDVFXODQWH� ELVWDELOH� GH� WLS�
CBB. Starea la un moment sat a unui CBB depinde atât de starea la acel moment a LQWU ULORU� FkW� úL�GH� VWDUHD�DQWHULRDU D &%%��QXPLW�HOHPHQW� ORJLF� VHFYHQ LDO���8Q� FLUFXLW�&%%�DUH�XQD�VDX�PDL�PXOWH� LQWU UL� úL�GRX LHúLUL��XQD� VHPQLILFDWLY � QRWDW FX�4 úL�DOWD�
FRPSOHPHQWDU � QRWDW FX� Q � 'H� PHQ LRQDW� F GDF 1=Q � DWXQFL� DXWRPDW� 0=Q úL�
LQYHUV�� ÌQ� WDEHOXO� ���� VH� SUH]LQW FHOH� PDL� XWLOL]DWH� FLUFXLWH� GH� WLS� &%%� IRORVLWH� vQ�UHDOL]DUHD� EORFXULORU� IXQF LRQDOH� DOH� DSDUDWHORU� GH�P VXUDW� GLJLWDOH��8QXO� GLQWUH� DFHVWHD�HVWH�FLUFXLWXO�5�6�VDX�EDVFXODQW�ELVWDELO��(O�SUH]LQW GRX LQWU UL��6��6HW�– SR]L LRQDUH��úL�5 �5HVHW�– 5HSXQHUH��� ,QGLIHUHQW�GH�VWDUHD�DQWHULRDU � GDF OD�6�VH�DSOLF � ORJLF��DGLF

0=R ��� FLUFXLWXO� YD� IL� SR]L LRQDW�� DGLF OD� LHúLUHD�4� DSDUH�YDORDUHD���� LDU� OD� LQWUDUHD�5��



��

GDF VH�DSOLF � � 0=S ���&%%�VH�YD�UHGXFH�OD� 0=Q � &X���OD�DPEHOH�LQWU UL�VH�PHQ LQH�
VWDUHD�DQWHULRDU � 6LWXD LD�FkQG� 1== RS FRQGXFH�OD�QHGHWHUPLQDUH��&LUFXLWXO�5�6�FX�WDFW IXQF LRQHD] vQ�PRG�VLPLODU�FX�FHO�5�6�FX�REVHUYD LD�GRDU�FSR]L LRQDUHD��UHVSHFWLY�UHSXQHUHD�&%%�DUH�ORF�SH�OkQJ DSOLFDUHD�OXL���ORJLF�OD�6�VDX�5��VH�DSOLF úL�OD�LQWUDUHD�GH�WDFW�7���ORJLF��FRPDQGD�GH�WUDQVIHU�D�LQIRUPD LHL���

7UDQVIHUXO� DUH� ORF� VLPXOWDQ�FX�DSOLFDUHD� WDFWXOXL� úL� vQ�DFHVW� FD]� 1== RS � DGLFFRQGXFH�OD�R�QHGHWHUPLQDUH�� 7DEHOXO������&LUFXLWH�&%%�&LUFXLW�&%%� 6LPERO� 6FKHPD�ORJLF
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MASTER SLAVE
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Un circuit des întâlnit este - – K „Master –� 6ODYH´� FDUH� DVLJXU WUDQVIHUXO�LQIRUPD LHL� GH� OD� LQWUDUH� VSUH� LHúLUH� vQ� DQXPLWH� PRPHQWH� GH� VLQFURQL]DUH�� ,QIRUPD LD�DSOLFDW OD� LQWU ULOH� -� úL� .� DFWLYHD] SDUWHD� 0$67(5� FkQG� 1=T � (D� VH� WUDQVIHU OD�
6/$9(�QXPDL�GXS FH� WDFWXO� GHYLQH� ]HUR� � 0=T ���1XPDL� vQ� DFHDVW VLWXD LH� OD� LHúLUHD�JHQHUDO 4 HVWH�WUDQVPLV QRXD�VWDUH�D�FLUFXLWXOXL���������� 1XP U WRDUH�úL�UHJLVWUH��3HQWUX�D�RE LQH�XQ�QXP U WRU�HVWH�VXILFLHQW�D�OHJD�vQ�VHULH�PDL�PXOWH�FLUFXLWH�&%%��
În acest caz,� VWDUHD� ELVWDELOHORU� OD� XQ�PRPHQW� GDW� UHSUH]LQW vQ� FRGXO� DOHV� QXP UXO� GH�LPSXOVXUL�LQWUDWH�vQ�QXP U WRU��'HSHQGHQW� GH� VHQVXO� GH� QXP UDUH� VH� GHRVHEHVF� QXP U WRDUH� GLUHFWH� úL� LQYHUVH��'DF LPSXOVXULOH�GH�P VXUDW� VH�DSOLF GRDU� OD�SULPXO�&%%��DGLF GH� FHO�PDL�PLF� UDQJ��QXP U WRUXO� VH� QXPHúWH� DVLQFURQ�� LDU� GDF LPSXOVXO� GH� WDFW� VH� DSOLF VLPXOWDQ� WXWXURU�&%%�XULORU��QXP U WRUXO�HVWH�VLQFURQ��ÌQ�FHHD�FH�SULYHúWH�QXP UXO�PD[LP�SH�FDUH�O�SRDWH�vQPDJD]LQD�XQ�QXP U WRU�ELQDU�
cu „un” CBB acesta este 12 −n � úL�HO�FRUHVSXQGH�QXP UXOXL�PD[LP�GH� LPSXOVXUL��'DF
VSUH� H[HPSOX� 3=n � QXP UXO� VW ULORU� GLVWLQFWH� HVWH� 823 = LDU� QXP UXO�PD[LP�HVWH������
DGLF 7124212121 012 =++=⋅+⋅+⋅ �

În completarea celor afirmate în figura 7.� VH� SRDWH� DQDOL]D� VWDUHD� WXWXURU�FLUFXLWHORU�EDVFXODQWH�ELVWDELOH�GXS DSOLFDUHD�ILHF UXL�LPSXOV�OD�LQWUDUH��6HPQXO�QHJD LHL�GH�OD�LQWUDUHD�GH�WDFW�D�WXWXURU�&%%��QRWDW FX�XQ�FHUFXOH � LQGLF F EDVFXODUHD�DUH�ORF�SH�IURQWXO� QHJDWLY� D� LPSXOVXOXL� GH� WDFW�� GHFL� VH� DGDXJ XQ� ELW� OD� FRQ LQXWXO� ORU�� 'XS DO�RSWXOHD�LPSXOV�VH�DMXQJH�OD�VWDUHD�LQL LDO QXO � XOWLPXO�&%%��GLQ�GUHDSWD��SXWkQG�DF LRQD�DOW�&%%�SODVDW�GXS HO��VH�SRDWH�GHFL�DILUPD��F QXP U WRUXO�ELQDU�GLQ�ILJ������HVWH�GLYL]RU�FX� RSW�� GHRDUHFH� GXS RSW� LPSXOVXUL� HPLWH� XQ� LPSXOV� DFWLY�� 7HRUHWLF� VH� SRW� UHDOL]D�GLYL]RDUH�FX�RULFH�QXP U��GDU�SUDFWLF�VH�PHUJH�SkQ OD�]HFH�VDX�XQ�PXOWLSOX�GH�]HFH��
�

Intrare

Resetare

A B C

222120

)LJXUD�������1XP U WRU�ELQDU�DVLQFURQ�
�'H�RELFHL��DSDUDWHOH�GH�P VXUDW�PDJQHWLFH�RSHUHD] FHO�PDL�GHV�vQ�VLVWHPXO�ELQDU�]HFLPDO��QRUPDO� úL�QXP U WRDUHOH� WUHEXLH� V ILH�GHFDGLFH�� WRWDOL]kQG� LPSXOVXULOH�SULPLWH�FRQIRUP� XQXL� GLQ� FRGXULOH� %&'�� 8Q� QXP U WRU� GHFDGLF� DUH� SDWUX� FLUFXLWH� EDVFXODQWH�

� 43 2102 << ��� FHOH� úDVH� VW UL� SRVLELOH� �GH� OD� WDFWXO� ��� OD� 4216 = � VH� HOLPLQ UHDF LL�DGYHUVH�� 'LQ� YDULDQWHOH� GH� QXP UDUH� GHFDGLFH�� vQ� ILJ�� ���� VH� SUH]LQW XQ� QXP U WRU�
DVLQFURQ�GLUHFW��vQ�FRGXO�1%&'��3kQ OD�DO�úDSWHOHD�LPSXOV�GH�OD�LQWUDUH� 1=== DKJ BB �
QXP U WRUXO� IXQF LRQHD] FD� XQ� QXP U WRU� ELQDU� GLUHFW�� &%%�'� QX� SRDWH� EDVFXOD��
GHRDUHFH�DUH��� ORJLF�ILH�SH�OLQLD����ILH�SH�OLQLD���D�OXL� DJ � UHOD LD�GLQWUH�DFHVWHD�ILLQG�XQ�
SURGXV�ORJLF��
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'XS DO�RSWXOHD�Lmpuls, când CBB�'�WUHFH�vQ�VWDUHD����UH]XOW 0=D � SHQWUX�FDUH�
&%%�%�HVWH�EORFDW��$O�QRX OHD�LPSXOV�GXFH�OD� 1=A � 0=B � 0=C � 1=D ��� LDU�DO�]HFHOHD�
UHDGXFH�&%%�$�vQ�VWDUHD�]HUR��OD�IHO�úL�SH�&%%�'��GHRDUHFH�DFHVWD�DUH� 0=DJ � 1=DK �
UH]XOWkQG�XQ� IURQW�QHJDWLY�� FDUH�YD�FRPDQGD�R�GHFDG VXSHULRDU � &D�XUPDUH� UH]XOW FQXP U WRUXO�GHFDGLF�HVWH�GLYL]RU�FX�]HFH���
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)LJXUD�������1XP U WRU�GHFDGLF�DVLQFURQ�GLUHFW�vQ�FRGXO�1%&'���


