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1.  $QDOL]D QD UDERWDWD QD VLVWHPLUWH ]D HOHMQD ]D^WLWD L ORNDOQR XSUDYXYDZH YR
((6 L LQGXVWULVNL SRVWURMNL VR SUHGORJ PHUNL ]D XQDSUHGXYDZH�

�� ,VNXVWYD L VWUHPHCL SUL L]ERURW QD QD UHOHMQDWD ]D^WLWD YR SUHQRVQLWH L

GLVWULEXWLYQLWH YRGRYL�

�� (NVSORDWDFLMD L RGUCXYDZH QD UHOHMQDWD ]D^WLWD L ORNDOQRWR XSUDYXYDZH�

• 5HGRYQR L YRQUHGQR LVSLWXYDZH YR SRJRQ L ODEDUDWRULL�SULHPQR LVSLWXYDZH

�� 5HYLWDOL]DFLMD SRGREUXYDZH LOL ]DPHQD QD SRVWRMQLWH VLVWHPL� PRCQRVWL L

XVORYL�

�� )RUPLUDZH L QRUPLUDZH QD SRVWDSND SUL HYLGHQFLMD� DQDOL]D L GRQHVXYDZH

]DNOXaRFL ]D SUREOHPDWLND RG REODVWD QD UHOHMQDWD ]D^WLWD�

2G SUREOHPDWLNDWD ^WR VH REUDERWXYD^H YR JUXSDWD �� VH QDSL^DQL

YNXSQR � WUXGD� RG NRL aHWLUL VH NODVLILRFLUDQL NDNR UHIHUDWL� D HGHQ NDNR

LQIRUPDFLMD�
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1HUHJXODUQLRW LVSDG QD EORNRW � YR 7( %LWROD� SRUDGL GHOXYDZH QD

GLIHUHQFLMDOQDWD ]D^WLWD QD WUDQVIRUPDWRURW ]D VRSVWYHQL SRWUHEL ��7�NUXWR

SRYU]DQ VR EORNRW JHQHUDWRU�WUDQVIRUPDWRU� � EH^H SULaLQD ]D RSVWRMQD DQDOL]D RG

DYWRULWH QD UHIHUDWRW� $QDOLWLaNLRW SULRG ]D REMDVQXYDZH QD SULaLQLWH ]D

QHUHJXODQRWR GHOXYDZH SRaQXYD VR PHUQLRW VWUXHQ WUDQVIRUPDWRU NRM LPD

QHYRRELaDMQD ^HPD� QDWDPX VH GDYD VLVWHPDWL]LUDQ SUHJOHG QD VLWH LVSLWXYDZD QD

HQHUJHWVNLRW WUDQVIRUPDWRU� UHOHWR VR ]D^WLWQLWH NUXJRYL L VWUXMQLRW PHUHQ

WUDQVIRUPDWRU� 5H]XOWDWLWH RG LVSLWXYDZHWR YNOXaXYDMNL L PRGHO QD RUJLQDOQLRW

PHUHQ WUDQVIRUPDWRU SRNDCD GHND QL] UHOHWR SRVWRMDQR WHaHOD L]YHVQD

GLIVUHQFLMDOQD VWUXMD NDNR SRVOHGLFD RG QHLVSUDYQRVW YR SRYU]XYDZHWR QD PHUQLRW

WUDQVIRUPDWRU L SRGORCHQRVWD QD QDGYRUH^QL YOLMDQLMD� 8^WH HGQD^ VH SRWYUGXYD



�

IDNWRW GHND SUDYLOQRWR QDJRGXYDZH QD UHOHMQDWD ]D>WLWD VH PHUL L NRQWUROLUD

VDPR YR CLY SRJRQ�

3UD^DZD ]D GLVNXVLMD�

��.DNYL VH LVNXVWYDWD RG SULPHQDWD QD GLIHUHQFLMDOQDWD ]D^WLWD�YR SRJOHG

QD QHUHJXODUQLWH SURUDERWXYDZD � SRVHEQR ]D SRVORCHQL ^HPL �WURQDPRWQL

WUDQVIRUPDWRUL� PHJXWUDQVIRUPDWRUL YR VHNXQGDUQLWH NUXJRYL� �

�,VNXVWYD L WUHQGRYL YR UD]YRMRW QD VWUXMQLWH PHUQL WUDQVIRUPDWRUL �YR

VPLVRO SUHNXPHUQR PDJQHWL]LUDZH QD MDGURWR �VSRUHG YROW�DPSUVNDWD

NDUDNWHULVWLND��

�.DNYL VH PRCQRVWLWH YR (60 L SR^LURNR GD VH YRYHGL NRQWUROOD L

VWDWLVWLND ]D GRYHUOLYRVW QD UHOHMQDWD ]D^WLWD � �SURUDERWXYDZH �

QHSUREDWXYDZH� QHUHJXODUQR SURUDERWXYDZH� � LVNXVWYR L SUHSRUDNL �

5����� P�U =RUDQ -DYRQRYVNL � � 83275(%$ 1$ 7(/(.8081,.$&,21,

.$1$/, 35, =$>7,7$ 1$ 92'29, �

9R RYRM UHIHUDW H REUD]ORCHQD SRWUHEDWD RG WHOHNRPXQLNDFLRQR

SRYU]XYDZH QD GLVWDQWQLWH ]D^WLWL SRVWDYHQL QD GYDWD NUDMD RG YRGRW� ,VWRWDND

YR UHIHUDWRW VH SULNDCDQL L REMDVQHWL ^HPLWH QD WHOHNXPXQLNDFLRQRWR

SRYU]XYDZH L WRD� ^HPLWH YR NRL SUHQHVHQLRW VLJQDO GHOXYD QD LVNOXaXYDZH �VR LOL

EH] GRSROQLWHOQL XVORYL� QD SUHNLQXYDaRW QD GUXJLRW NUDM RG YRGRW L ^HPLWH YR

NRL SUHQHVQLRW VLJQDO SUHGL]YLNXYD EORNLUDZH QD ]D^WLWDWD�YR SUYLRW LOL

YWRULRW VWHSHQ� QD GUXJLRW NUDM RG YRGRW� 1D NUDMRW RG UHIHUDWRW DYWRURW GDYD

SULPHUL ]D XSRWUHED QD GLVWDQWQLWH UHOHL NRL NRULVWDW WHOHNXPXQLNDFLRQL

NDQDOL�

3UD^DZD ]D GLVNXVLMD �

� ,VNXVWYD RG XSRWUHED QD VF YUVNLWH SUL ]D^WLWDWD YR QD^DWD ��� KV
PUHCD

 � (ILNDVQRVWD YR ]D^WLWDWD QD NXVLWH YRGRYL VR XSRWUHEDWD QD

WHOHNRPXPQLNDXFLRQLWH YUVNL�

� 8SRWUHED QD RSWLaNLWH NDEORYL L GUXJL VRYUHPHQL WHKQRORJLL ]D

GDOHaLQVNR SUHQHVXYDZH QD VLJQDOL YR HOHNWULaQDWD ]D^WLWDWD�

5����� *RFH 6WHIDQRY� *RUJL 7HU]LHY � � 0,.52352&(6256.2
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)UHNIUHQWQDWD UHJXODFLMD QD EU]LQD QD DVLQKURQ PRWRU � YNOXaXYDMNL JL L

]D^WLWQLWH IXQNFLL SULPHQHWL YR HOHNWURPRWRUHQ SRJRQ ]D FLNORQVND SXPSD YR

%XaLP H IXQNFLQDOQD L HILNDVQD VR RVQRYQDWD NRQFHSFLMD �%U]LRW L VLOHQ UD]YRM QD

PLNUR SURFHVRURW REH]EHGXYD SRJROHPD NRQWUROD ]D UD]QL YLGRYL DSDUDWL�

SRVWDYHQD QD SRLQDNYD RVQRYD�9R UHIHUDWRW H GDGHQ RSLV QD SULPHQHWR PLNU

SURFHVRUVNR XSUDYXYDZH VR NUDWND DQDOL]D QD QHJRYLWH SUHGQRVWL LRQHGRVWDWRFL�



�

)UHNIUHQWQLRW SUHREUD]XYDa VR RYRD GRELYD GUXJR NYDOLWDWLYQR

QLYR�3URFHVRUVNRWR XSUDYXYDZH REH]EHGXYDSRJROHPD EU]LQD L PRCQRVW ]D

L]YU^XYDZH QD SRYHNH RSUDFLL YR NUDWNR YUHPH�QR ]JROHPHQLRW EURM NRPSRQHQWL VR

QLYQRWR PHJXVHEQR SRYU]XYDZHL RGQRV�QRVDW UL]LN ]DVLJXUQRVWD L HILNDVQRVWD�

3UD^DZH ]D GLVNXVLMD�

�.RONDYD H GRYHUOLYRVWD QD ]D^WLWQLWH IXQNFLL YU] DVLQKURQ PRWRU VR

NDIH]HQ URWRU VR SULPHQD QD UD]QL YLGRYL XSUDYXYDZD VR IUHIUHQWQD

UHJXODFLMD�

�2G DVSHNW QD HNVSORDWDFLMD L RGUCXYDZH NDGH VH ORFLUDQL SRVHULR]QL

WH^NRWLL YR RVQRYQLRW GHO LOL PLNURSUFHVRUVNLRW GHO�

�3RJOHG YU] QDMQRYLWH VR]QDQLMD RG RYDD REODVW VR QDJOVHQD ]D^WLWQD

NRPSRQHQWD YR NRPSOHWRW ]D XSUDYXYDZH�
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9R WUXGRW VH REUDERWXYD SUREOHPRW LQWUIHMV ]D NRGLUDZH QD SRORCEDWD QD

UHJXODFLRQLRW SUHNLQXYDa QD UHJXODFLRQHQ WUDQVIRUPDWRU � .DNR SRMGRYQD WRaND

VH ]HPDQL GDYDaLWH QD VLJQDORW ]D SRORCED QD UHJXODFLRQLRW SUHNLQXYDa � ,VWR

WDND ]HPDQL VH YR SUHGYLG SUHQRVQLWH SDWL^WD QD VLJQDORW L DPELHQWDOQLWH

XVORYL �HOHNWULaNL L QHOHNWULaNL� � )RUPLUDQ H NRQFHSWRW QD NRQNUHWQL

WHKQLaNL UH^HQLMD ]D ORNDOQD VLJQDOL]DFLMD QD SRORCED SUHNX LED GLRGL L

GLJLWDOQL YOH]RYL YR NRQNUHWQD SURJUDPLELOQD GDOHaLQVND VWDQLFD� VR RVYUW QD

VHNRM GLJLWDOHQ YOH]� ]D ^WR H SRSQXGHQD NRQNUHWQD SDUDPHWUL]DFLMD� SULNODGQD

QD L]YHGEDWD YR 3ULORJ ��

3UD^DZD ]D GLVNXVLMD�

�1DaLQ QD UH^DYDZH QD SUHRGQLWH VRVWRMEL SUL GHWHNWLUDZHWR QD VRVWRMEDWD

QD UHJXODFLRQLRW WUDQVIRUPDWRU RG DVSHNW QD YUHPHWR SRWUHEQR ]D SURPHQD

QD SRORCEDWD QD UHJXODFLRQLRW WUDQVIRUPDWRU�

� 0RCQRVWL ]D DYWRGLMDJQRVWLND QD XUHGRW

� 0RCQRVW ]D XSRWUHED QD XUHGRW ]D ORNDOQD L GDOHaLQVND VLJQDOL]DFLMD L

L]ERU QD QDMSRYROQD NRQFHSFLMD�
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9R WUXGRW H SUH]HQWLUDQ HOHNWURQVNL VLVWHP ]D SUHQRV QD VLJQDOL]DFLMD Q D

SRORCED QD UHJXODFLRQD VNORSND NDM HQHUJHWVNL WUDQVIRUPDWRU �����.9 QD

RGDOHaHQR PHVWR � (OHNWURQVNLRW VLVWHP VH VRVWRL RG � SUHGDYDWHO L SULHPQLN QD

LPSOXVQR ^LULQVNL VLJQDO � GYRCLaHQ YRG L VHGXPVHJPHQWHQ GLVSOHM� 9R ]DYLVQRVW

RG SRORCEDWD QD UHJXODFLRQDWD VNORSND SUHGDYDWHORW JHQHULUD LPSXOV VR

VRGYHWQD ^LULQD D NRM SUHNX GYRCLOHQ YRG VH SUHQHVXYD GR SULHPQLNRW NRM JR

GHWHNWLUD L YL]XHOL]LUD� SD QD VGPRVHJPHQWQLRW GLVSOHM NH VH SRMDYL VRGYHWQD

EURMND ]D SRORCEDWD QD UHJXODFYLRQDWD VNORSND�
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3UD^DZD ]D GLVNXVLMD�

�3UHGQRVWL QD HOHNWURQVNLRW VLVWHP YR RGQRV QD SULPHQHWLRW QDaLQ ]D

SRNDCXYDZH QD SROCEDWD QD UHJXODFLRQDWD VNORSND NDM HQHUJHWVNLWH

WUDQVIRUPDWRUL L HNRQRPVND RSUDYGDQRVW ]D SRQDWRPD^QD SULPHQD

�6YRMVWYD QD HOHNWURQVNLRW VLVWHP RG DVSHNW QD GRYHUOLYRVWD YR SHULRG SR

QHJRYRWR DNWLYLUDZH GR GHQHV� RWND] QD IXQNFLLWH QD SRHGLQLWH HOHPHQWL

L SUREOHPL NRL VH MDYXYDW YR WHNRYQRWR RGUCXYDZH�



0$.('216.,�.20,7(7�=$�*2/(0,�(/(.75,A1,��6,67(0,�6,*5(
6�.�2�3�-�(

97252�629(789$:(�1$�0$.2�6,*5(

,OLMD�%HQGHYVNL�GLSO�HO�LQC�
7RQL�3DVSDORYVNL�GLSO�HO�LQC�
5�(�.��%LWROD��3�(���7HUPRHOHNWUDQL

$1$/,=$�1$�'(/89$:(�1$�',)(5(1&,-$/1$�=$>7,7$�1$
(1(5*(76.,�75$1)250$725

62'5#,1$

'LIHUHQFLMDOQDWD� ]D^WLWD� H� RVQRYQD� ]D^WLWD� ]D� VLJXUQRVW� YR� UDERWDWD� QD
WUDQVIRUPDWRURW�� 3URUDERWXYDZHWR� QD� RYDD� ]D^WLWD� VHNRJD^� SREXGXYD� RVREHQ
LQWHUHV�]D�SULaLQLWH�L�SRVOHGLFLWH�

9R�WUXGRW�H�L]QHVHQD�NRPSOHWQDWD�DQDOL]D�L�GDGHQL�VH�VLWH�L]YU^HQL�PHUHZD
NDNR� EL� VH� UD]MDVQLOD� SULaLQDWD� ]D� GHOXYDZHWR� QD� GLIHUHQFLMDOQDWD� ]D^WLWD� QD
WUDQVIRUPDWRURW�]D�VRSVWYHQD�SRWUR^XYDaND���7�QD�%ORN���YR�7(���%LWROD�

CONTEST

Differential protection is most important protection of any energetic transformer. After
activating of this protection detailed examination and measurement should be done on a very
protecting primary equipment and all associated secondary circuit and equipment.

In this article are described all that activities, done in order to find out the reason of
activating of this protection at the transformer for domestic needs in Power Plant Bitola 3.

./8A1,�=%2529,��'LIHUHQFLMDOQD�]D^WLWD��VWUXHQ�PHUHQ�WUDQVIRUPDWRU

�� 929('

1D�����������JRG�SRVOH�]DVWRM�RG�HGQD�QHGHOD�EH^H�YNOXaHQ�EORNRW���SRYWRUQR
YR�PUHCD��3UL�SRVWLJQDWD� VQDJD�RG�RNROX�175MW� VR�YNOXaXYDZH�QD�QDSRMQD�SXPSD
�VQDJD�QD�PRWRU�4MW��LVSDGQD�EORNRW�RG� GHOXYDZH�QD� GLIHUHQFLMDOQD� ]D^WLWD�QD
WUDQVIRUPDWRURW�]D�VRSVWYHQL�SRWUHEL�

3ULaLQDWD� ]D� SURUDERWXYDZHWR� QD� GLIHUHQFLMDOQDWD� ]D^WLWD� QD� WUR�
QDPRWDHQ�HQHUJHWVNL�WUDIR�]D�VRSVWYHQL�SRWUHEL�VR�PR`QRVW�RG����MVA, �VH�ED]LUD
QD�JUH^NDWD�^WR�MD�SUDYH^H�VWUXMQLRW�PHUHQ�WUDQVIRUPDWRU�QD�YLVRNDWD�VWUDQD�RG
HQHUJHWVNLRW� WUDIR�� ,PHQR� VWUXMQLRW� PHUHQ� WUDQVIRUPDWRU� H� QDWDNQDW� QD
YLVRNRQDSRQVNLRW�L]YRG�QD�HQHUJHWVNLRW�WUDIR�L�H�YR�NRORWR�QD�GLIHUHQFLMDOQDWD
]D^WLWD� RG� HGQD� VWUDQD�� GRGHND� SDN� RG� GUXJDWD� VWUDQD� VH� GYD� VWUXMQL� PHUQL
WUDQVIRUPDWRUL�NRL� MD�PHUDW�VWUXMDWD�QD�VHNXQGDURW�L�WHUFLHURW�RG�HQHUJHWVNLRW
WUDIR���6O�������
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6WUXMQLRW� PHUHQ� WUDQVIRUPDWRU� NRM� MD� PHUL� VWUXMDWD� ^WR� SURWHNXYD� QL]
YLVRNDWD�VWUDQD�RG�HQHUJHWVNLRW�WUDIR�H�WLS��797��������I�XQLYHU]DOHQ�VR���L]YRGL�
QRPLQDOQD�NODVD�QD�WRaQRVW���U��PR`QRVW����VA ��QRPLQDOQD�NUDWQRVW�����QRPLQDOHQ
SUHQRVHQ�RGQRV������$�����$��SRYU]DQ�QD�VHNXQGDU�QD�I��L�I����SURL]YRGVWYR�H�RG�5XVLMD�
'LPHQ]LLWH�L�^HPDWDQD�QDPRWNLWH�GDGHQL�VH�QD�VOLND���L���

=D�SRWUHELWH�YR�NRQNUHWQLRW�VOXaDM��WUHED�GD�VH�NRULVWDW�VHNXQGDUQL�NOHPL
I1 L�I3 (SUHQRVHQ�RGQRV�������).

6O����'LPHQ]LL�QD�XQLYHU]DOHQ�PHUHQ�WUDQVIRUPDWRU�WLS��797����I

6O����>HPD�QD�XQLYHU]DOHQ�PHUHQ�WUDQVIRUPDWRU�WLS��797����I

1DSRPHQD��8QLYHU]DOQLRW�VWUXHQ�PHUHQ�WUDQVIRUPDWRU�WLS��797����I�LPD�GYH�MDGUD
RG�NRL�HGQRWR�VH�NRULVWL�]D�GLIHUHQFLMDOQD�D�GUXJRWR�]D�SUHNXVWUXMQD�]D^WLWD�
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9R� SRJOHG� QD� UD]MDVQXYDZHWR� QD� SULaLQDWD� QD� GHOXYDQHWR� QD� GLIHUHQ�
FLMDOQDWD�]D^WLWD�QD�WUDQVIRUPDWRURW� ���7� �L�LVNOXaXYDZHWR�QD�EORNRW���QDSUD�
YHQL�VH�VOHGQLWH��LVSLWXYDZD��

���� ,VSLWXYDZD�QD��HQHUJHWVNLRW�WUDQVIRUPDWRU

1D�HQHUJHWVNLRW�WUDQVIRUPDWRU����7�L]YU^HQL�VH�VOHGQLWH�LVSLWXYDZD�

D� ,]PHUHQ��H�RWSRURW�QD�L]RODFLMD�QD�VLWH�QDPRWNL�SUHPD�PDVD�L��PHJXVHEQR
E� 3URYHUHQ�H�SUHQRVQLRW�RGQRV�L�YUVNDWD�QD�YU]XYDZH
F� ,]PHUHQD�H�VWUXMDWD�QD�PDJQHWL]LUDZH
G� ,]PHUHQ�H�RPVNLRW�RWSRU�QD�VLWH�QDPRWNL�QD�WUDIRWR
H� ,]PHUHQ�H�UDVLSQLRW�IOXNV�L�VSRUHGHQ�H�VR�SUHWKRGQR�L]PHUHQLRW

6LWH� RYLH� LVSLWXYDZD� SRNDCDD� GHND� HQHUJHWVNLRW� WUDQVIRUPDWRU� H� YR� GREUD
VRVWRMED�L�QHPD�]QDFL�]D�QHJRYR�R^WHWXYDZH��

���� ,VSLWXYDZD�UHOHWR�L�]D^WLWQLWH�NUXJRYL

• ,VSLWDQR�H�UHOHWR�]D�GLIHUHQFLMDOQD�]D^WLWD�QD���7�WLS��RDIM 110�L�XWYUGHQR
GHND� SRGHVHQLWH� WRaNL� QD� GHOXYDZH� VH� QHSURPHQHWL� W�H� UHOHWR� H� LVSUDYQR� �
GHOXYD�QD�VWUXMD��2,5 A  t.e  50% In���

• ,VSLWDQR�H�UHOHWR�QD�EORNDGD�QD�GHOXYDZH�RG�YWRU�KDUPRQLLN��VR�VWUXMD�RG������$
��100Hz���L�NRQVWDWLUDQR�GHND�UHOHWR�H�LVSUDYQR��W�H�QH�GHOXYD��

• ,]PHUHQL�VH�DNWLYQLRW�RWSRU�L�RWSRURW�QD�L]RODFLMD�QD�VLWH�VHNXQGDUQL�L]YRGL
RG�VWUXMQLRW�PHUHQ�WUDQVIRUPDWRU�L�XWYUGHQR�H�GHND�VH�LVSUDYQL�

����� ,VSLWXYDZH�QD�VWUXMQLRW�PHUHQ�WUDQIRUPDWRU

D� ,VSLWDQD� H� YROW� DPSHUQD� NDUDNWHULVWLND� QD� VWUXMQLWH� WUDQVIRUPDWRUL� L
VSRUHG�IDEULaNDWD�GRNXPHQWDFLMD�H�XWYUGHQR�L]YHVQR�RWVWDSXYDZH�QD�UH]XOWDWLWH�

�VO������,PHQR�VSRUHG�IDEULaNLWH�SUHSRUDNL�]D�QDULQDWL��284 V�QH�VPHH�VWUXMDWD�GD
MD�QDGPLQH�YUHGQRVWD�RG� 50mA���2G�VOLND�����VH�JOHGD�GHND�RYDD�YUHGQRVW�H�SRYLVRND
]D�VLWH�WUL�ID]L��
 )DNWLaNL� VR� RYD� LVSLWXYDZH� VH� PDJQHWL]LUD� � MDGURWR� GR� QLYR� PQRJX� SRYLVRNR� RG
QRUPDOQLRW�UHCLP�QD�UDERWD�QD�WUDQVIRUPDWRURW��
 3UL�LVSLWXYDZHWR�VH�RWLGH�GR�QDSRQ�RG� 600V��SUL�^WR�VH�GRELMD�YUHGQRVWL�RG�����GR
220 mA���YLGL�VOLND���������>WR�]QDaL�GHND�VQDJD�����GR 132 VA �VH�XSRWUHEHQL�VDPR�]D
PDJQHWL]LUDZH�QD�MDGURWR��
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6O����9ROW�DPSHUVND�NDUDNWHULVWLNDQD�VWUXMQLWH�PHUQL�WUDQVIRUPDWRUL

=D� XWYUGXYDZH� QD� LVSUDYQRVWD� QD� VWUXMQLWH� WUDQVIRUPDWRUL� VH� SRYLNDQL
VWUXaQDFL�RG�(02���2KULG�L�VR�QLYQL�GLJLWDOHQ�LQVWUXPHQW�H�LVSLWDQD�VORCHQDWD
JUH^ND�QD�VWUXMQLWH�WUDQVIRUPDWRUL��5H]XOWDWLWH�RG�L]YU^HQLWH�PHUHZD�GDGHQL�VH
YR�WDEHOD���

7$%(/$��

WLS��797������VR�N�W����������5����������VA   3000 A / 5 A �L]YHGHQ�VR���L]YRGL
( I1 ;I2 ;I3 ;I4 i I5����SRYU]DQ�QD�RWFHS������$����$���I1 - I3��

3RWHQ ,]YRG 3RGHVHQD�YUHGQRVW����VA
1DPHQD

)DEULaNL
EURM

3RGHVHQ
SUHNXVWU
XHQ�EURM

2PVND
RWSRUQRVW��QD

t� ���2�6��mΩ)

6ORCHQD
JUH^ND�YR

�

'LIHUHQFLMDOQD I1 -I2 �� ��� ����

]D^WLWD $��� I1 -I3 �� ��� ����

QD���7��ID]D�$ ����� I1 -I4 �� ��� ����

I1 -I5 �� ���� ����

'LIHUHQFLMDOQD I1 -I2 �� ��� ����

]D^WLWD 9���� I1 -I3 �� ��� ����

QD���7�ID]D�9 ����� I1 -I4 �� ��� ����

I1 -I5 �� ���� ����

'LIHUHQFLMDOQD I1 -I2 �� ��� ����

]D^WLWD 6���� I1 -I3 �� ��� ����

QD���7�ID]D�6 ����� I1 -I4 �� ��� ����

I1 -I5 �� ���� ����

mA



,QVWUXPHQWRW� VH� SULNOXaXYD� QD� VHNXQGDUQD� QDPRWND� VR� RWYRUHQD� SULPDUQD�
6H�SRGHVXYD�QRPLQDOQDWD�PR`QRVWD�L�RPVNLRW�RWSRU�QD�VHNXQGDUQDWD�QDPRWND�L�VR
UHJXODFLRQHQ�WUDQVIRUPDWRU�VH�SRGLJD��SRGHVXYD��SUHNXVWUXQLRW�EURM�QD�VWUXMQLRW
WUDQVIRUPDWRU�L�VH�RWaLWXYD�VORCHQDWD�JUH^ND�

2G�GRELHQLWH�UH]XOWDWL�VH�JOHGD�GHND�VWUXMQLWH�WUDQVIRUPDWRUL�RG�VWUDQD�QD
VORCHQD�JUH^ND�VH�LVSUDYQL�

• 2SWHUHWHQRVW�QD�VWUXMQLWH�WUDQVIRUPDWRUL�QD�YLVRND�VWUDQD

,]PHUHQ�H�RWSRURW�QD�CLOLWH�VR�NRM�H�SRYU]DQ�VWUXMQLRW�WUDQVIRUPDWRU�VR

UHOHWR�W�H�VR�PHJXWUDQVIRUPDWRURW�L�XWYUGHQR�H�GHND�H�WRM����r = 1.4�Ω�����VOLND�����

3UL� RYRM� RWSRU� SRWUR^XYDaNDWD� QD� VQDJD� YR� YRGRW� YR� XVORYL� YR� NRM� UDERWH^H
VWUXMQLRW�WUDQVIRUPDWRU�H��

P =  r* I 2 = 1.4* (900/488)2 = 1.4* 2.12 = 6.19 W

]HPDMNL� YR� SUHGYLG� GHND� UHOHWR� LPD� PQRJX� PDOD� SRWUR^XYDaND� � �� RNROX� 0.2 W� �� D
VOHGVWYHQR�QD�WRD�L�PHJXWUDQVIRUPDWRURW�H�PQRJX�PDONX�RSWRYDUHQ�VOHGXYD�GHND�VR
RYDD� RWSRUQRVW� QD� YRGRYLWH� � VWUXMQLRW� WUDQVIRUPDWRU� SR� RYRM� RVQRY� QH� ELO
SUHWRYDUHQ��

=D� UDERWD� YR� XVORYL� QD� GREUR� SRYU]DQ� WUDQVIRUPDWRU� � W�H� VR� NRHILFHQW� QD
WUDQVIRUPDFLMD��RG������RYDD�SUHVPHWND�EL�ELOD�VOHGQDWD��

P =  r* I 2 = 1.4* (900/300)2 = 1.4* 32 =12,6 W

$NR� VH� ]HPH� NDNR� SRJRUH� NRONDYD� H� SRWUR^XYDaNDWD� QD� VQDJD� YR� UHOHWR� L� QD
PHJXWUDQVIRUPDWRURW� NH� VH� YLGL� GHND� VWUXMQLRW� WUDQVIRUPDWRU� VR� VYRMDWD
GHNODULUDQD� QRPLQDOQD� VQDJD� RG� � 30 VA YRRS^WR� QH� H� SUHWRYDUHQ� � SR� RVQRYD� QD
SUHVHNRW�L�GROCLQDWD�QD�VSRMQLRW�YRG��

• 3URYHUHQD� SRYU]DQRVWD� QD� ]D^WLWQLWH� NUXJRYL� L� XWYUGHQR� H� GHND� LPD
QHLVSUDYQRVW�YR�SRYU]XYZHWR�QD� VWUXMQLWH�WUDQVIRUPDWRUL� �QD�YLVRND� VWUDQD� �
6WUXMQLRW� WUDQVIRUPDWRU� QD� VHNXQGDUQD� VWUDQD� ]D� EDUDQLRW� SUHQRVHQ� RGQRV
WUHED� GD� ELGH� SULNOXaHQ� QD� NOHPL� �� L� ��� � PHJXWRD� QD� LVWLRW� � � � LPD^H� NUDWNR
VSRHQL�NOHPL�����L��

�� $1$/,=$�1$�5(=8/7$7,7(�2'�,63,789$:$7$

6R�FHO�GD�VH�GREOLCLPH�QD�UHCLPRW�YR�NRM�UDERWHOD�GLIHUHQFLMDOQDWD�]D^WLWD
YR�SURVWRULLWH�QD�(02�2KULG�H�L]UDERWDQ�VWUXHQ�WUDQVIRUPDWRU�VR�VQDJD�RG�30VA
L� VR� SUHQRVQL� RGQRVL� NDNR� RULJLQDOQR� PRQWLUDQLRW� WUDQVIRU�PDWRU�� 1D� RYRM
WUDQVIRUPDWRU�VH�PHUH^H�SUHQRVQLRW�RGQRV�VR�NUDWNRVSRHQL�VHNXQGDUQL�NOHPL����
���L�����1DPHVWR������SUHQRVQLRW�RGQRV�VR�YDND�SRYU]DQ�VHNXQGDU�EH^H������

$QDOL]D� QD� UHCLPRW� YR� NRM� VWYDUQR� UDERWHOD� GLIHUHQFLMDOQDWD� ]D^WLWD� � H
SULNDCDQ�QD��VOLND�����



�

6O����>HPD�QD�SRYU]DQRVW�QD�GLIHUHQFLMDOQR�UHOH��RDIM����

=D� SUHWSRVWDYHQD� VWUXMD� RG� � ���� $� QD� SULPDUQD� VWUDQD� QD� VHNXQGDURW� QD
VWUXMQLRW�WUDQVIRUPDWRU�QDPHVWR� � �$� �EL�LPDOH� VWUXMD�RG� � � ����$�^WR� ]DQaL� GHND
SRUDGL�WRD�QL]�]D^WLWQRWR�UHOH�VWDOQR�NH�SURWHNXYD�GLIHUHQFLMDOQD�VWUXMD�

9R� SULORJ� ��� � VH� GDGHQL� YUHGQRVWLWH� QD� ]ELUQDWD� VHNXQGDUQD� � L� SULPDUQD
VWUXMD� QD� WUDQVIRUPDWRURW� � ��7� � L� � GLIHUHQFLMDOQLWH� VWUXML� QL]� UHOHWR� NDNR
SRVOHGLFD�QD�SRUHVPHWDQLRW�SUHQRVHQ�RGQRV��

2VHQaDQLWH�SROLZD�VH�SUL�QRPLQDOQD�VQDJD�QD�EORNRW�RG��218MW� =D
SRJRUH� SUHWSRVWDYHQLRW� SUHQRVHQ� RGQRV� RG� GLMDJUDPRW� PRCL� GD� VH� YLGL� GHND� � QD
SULPHU� SUL� � � VQDJD� QD� EORNRW� � RG�218 MW� �� VWUXMD� QD� VHNXQGDU� QD�13T� RG� �1900 A�
SRWUHEQL� VH� X^WH� � �2000 A� � � DPSHUL� ]D� GD� UHOHWR� SURGHOXYD� �^WR� H� LVSROQHWR� QD
SULPHU�SUL�YNOXaXYDZH�QD�QDSRMQD�SXPSD��

�� =$./8A2.�

2YRM� SURSXVW� QD� SRYU]XYDQRVWD� QD� VWUXMQLRW� PHUHQ� WUDQVIRUPDWRU� QD
YLVRNDWD�VWUDQD�RG�WUDQVIRUPDWRURW�]D�VRSVWYHQL�SRWUHEL�QD�EORN���H�QDSUDYHQ�]D
YUHPH� QD� LVIRUVLUDQRWR� SX^WDZH� QD� EORNRW� �� YR� ����JRGLQD�� 2aLJOHGQR� H� GHND
GLIHUHQFLMDOQDWD�]D^WLWD�QD�RYRM�WUDQVIRUPDWRU�UDERWHOD�FHOR�YUHPH�VR�SURWRN
QD� GLIHUHQFLMDOQD� VWUXMD� QL]� UHOHWR�� =D^WR� UHOHWR� SURUDERWL� GXUL� VHHJD� D� QH
SRUDQR� VLJXUQR� VH� GROCL� QD� SRYHNH�IDNWRUL� NRL�^WR� VH� VOXaLMD� LVWRYUHPHQR�� 6H
SRWYUGXYD�IDNWRW�GHND�SUDYLOQR�SRGHVHQD�]D^WLWD�H�RQDD�QD�NRMD�SRVOH�SX^WDQHWR
QD�REMHNWRW�VLWH�SRGHVXYDZD�QD�UHOHLWH��VH�PHUDW�L�NRQWUROUDDW�YR�CLYR�



�� 35$>$:$�=$�',6.86,-$

.DNYL�VH�LVNXVWYDWD�]D�RYRM�YLG�QD�]D^WLWD��

�����������/,7(5$785$

�� 7(+1,A(6.2(� 23,6$1,(� ,� ,16758.&,$� 32� (.663/8$7$&,,
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P(MW) I'(A) I1"+I 2"(A) Id(A) 6WUXL QD PRWRUL

188 720 1800 1.14 I(A) I(A)-SX^WDQH

218 760 1900 1.20 .HQ I 24.8 148.8
800 2000 1.27 .(1 II 29.2 175.2
840 2100 1.33 09 140 840
880 2200 1.39 9'* 250 1500
920 2300 1.46 969 147 882
960 2400 1.52 1$32-1$ 3803$ 431 2586

1000 2500 1.58 &LUN 116 696
1040 2600 1.65
1080 2700 1.71
1120 2800 1.78
1160 2900 1.84
1200 3000 1.90
1240 3100 1.97
1280 3200 2.03
1320 3300 2.09
1360 3400 2.16
1400 3500 2.22
1440 3600 2.28
1480 3700 2.35
1520 3800 2.41
1560 3900 2.47
1600 4000 2.54
1640 4100 2.60
1680 4200 2.66
1720 4300 2.73
1760 4400 2.79
1800 4500 2.85
1840 4600 2.92
1880 4700 2.98
1920 4800 3.04
1960 4900 3.11
2000 5000 3.17
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2YGH� VH� UD]JOHGXYD� YR� NRL� VOXaDL� YR� QD^LRW� HOHNWURHQHUJHWVNL� VLVWHP� H
SRWUHEQR�GD�VH�XSRWUHEDW�WHOHNRPXQLNDFLRQL�YUVNL�]D�UHOHMQDWD�]D^WLWD��RGQRVQR
YR� NRL� VOXaDL� VH� EDUDDW� PLQLPDOQL� YUHPHWUDHZD� QD� JUH^NLWH�� 2SL^DQL� VH
UD]OLaQL�^HPL�QD�SRYU]XYDZH�QD�GLVWDQWQLWH�]D^WLWL�VR�WHOHNRPXQLNDFLRQL�YUVNL
]D� GD� VH� HOLPLQLUD� PUWYDWD� ]RQD� QD� SUYLRW� VWHSHQ�� ,VWNDQDWL� VH� SUHGQRVWLWH� L
QHGRVWDWRFLWH� QD� SRHGLQLWH� QDaLQL� QD� SRYU]XYDZH�� 1DYHGHQD� H� XSRWUHED� QD
GLVWDQWQL�UHOHL�VR�WHOHNRPXQLNDFLRQL�NDQDOL�]D�]D^WLWD�QD�����kV�L�YRGRYL��NXVL
YRGRYL��YLVRNRQDSRQVNL�NDEOL�L�NXVL�YRGRYL�YR�EOL]LQD�QD�JROHPL�WXUERJHQHUDWRUL�

CONTENT

Here it is observed in which cases it is necessary that our electric power system uses
telecommunicational connections for the relay protection, or in other words, in which cases it is
sought for minimal time durations of the errors. Also described are various connexions of the
distance protections with telecommunicational connections for to eliminate the dead zone of the
first level. Pointed out are the advantages and disadvantages of the particular ways of connecting.
Prompted is a usage of distance relays with telecommunicational channels for protection of 400
kV lines, short lines, high voltage cables and short lines close to large turbogenerators.

�� 929('

3UHG� XUHGLWH� ]D� ]D^WLWD� QD� YLVRNRQDSRQVNLWH� YRGRYL� VH� SRVWDYXYDDW� GYH
VSURWLYVWDYHQL� EDUDZD�� VHOHNHWLYQRVW� L� EU]LQD� QD� GHOXYDZH�� 6R� XSRWUHED� QD
WHOHNRPXQLNDFLRQL�YUVNL�SRPH_X�]D^WLWQLWH�XUHGL�PRCH�GD�VH�L]EDODQVLUDDW�GYHWH
VSURWLYVWDYHQL�EDUDZD��^WR� ]QDaL�PRCH� GD� VH� UHDOL]LUDDW� EU]L� LVNOXaXYDZD� SUL
VHNRM�YLG�QD�JUH^ND�QD�^WLWHQLRW�YRG�L�LVWRYUHPHQR�SRWUHEQD�VHOHNWLYQRVW�

.DM� YLVRNRQDSRQVNLWH� YRGRYL� SRJROHP� H� EURMRW� QD� PLQOLYLWH� RG� EURMRW� QD
WUDMQLWH�JUH^NL��'ROJRWR�YUHPHWUDHZH�QD�JUH^NDWD�LPD�SRYH`H�OR^L�SRVOHGLFL�]D



HOHNWURHQHUJHWVNLRW�VLVWHP�ELGHM`L� MD�]JROHPXYD�YHURMDWQRVWD�]D�SUHUDVQXYDZH�QD
PLQOLYLWH� JUH^NL� YR� WUDMQL�� MD� ]DJUR]XYD� VWDELOQRVWD� QD� VLVWHPRW�� JL� ]JROHPXYD
WHUPLaNLWH�L�GLQDPLaNLWH�QDSUHJDZD�QD�RSUHPDWD��6H�RGL�QD�WRD�GD�YUHPHWUDHZHWR
QD�JUH^NLWH�ELGH�^WR�H�PRCQR�SRNXVR��3RYH`HID]QLWH�JUH^NL�YR�JROHPD�PHUND� MD
]DJUR]XYDDW� VWDELOQRVWD� QD� VLVWHPRW�� RVREHQR� NRJD� QLYQRWR� YUHPHWUDHZH� H
SRJROHPR� RG� QHNRH� NULWLaQR� YUHPH� �RYD� YUHPH� ]D� QD^DWD� PUHCD� H� QHSR]QDWR��� =D
VSRUHGED��DQDOL]LWH�YR�HOHNWURHQHUJHWVNLRW�VLVWHP�QD�(YURSD�SRNDCXYDDW�]D�GD�EL
VH�]DGUCDOD�VWDELOQRVWD�QD�VLVWHPRW�YR�SRHGLQL�WRaNL��NULWLaQRWR�YUHPH�H�SRG����
ms�� 2G� DVSHNW� QD� WHUPLaNRWR� QDSUHJDZH� QD� RSUHPDWD� PRCH� GD� VH� UHaH� GHND
YUHPLZDWD�QD�SRYLVRNLWH� VWHSHQL�QD�GLVWDQWQDWD� ]D^WLWD� ]D� VLWH�QDSRQVNL�QLYRL
QH�VH�NULWLaQL��%LGHM`L�GLQDPLaNRWR�QDSUHJDZH�QD�RSUHPDWD�H�QDMJROHPR�YR�SUYDWD
SROXSHULRGD�QD�JUH^NDWD��D�VR�QDMEU]LWH�UHOHL�L�SUHNLQXYDaL�RYD�]DVHJD�QH�PRCH�GD
VH� L]EHJQH�� WRJD^� RSUHPDWD� PRUD� GD� ELGH� GLPHQ]LRQLUDQD� WDND� GD� JR� L]GUCL
QDMJROHPRWR�GLQDPLaNR�QDSUHJDZH�

8SRWUHEDWD�QD�WHOHNRPXQLNDFLRQRWR�SRYU]XYDZH�QD�GLVWDQWQLWH�]D^WLWL��VR
FHO� GD� VH� HOLPLQLUDDW� VLWH� JUH^NL� VR� ]DGRYROLWHOQD� VHOHNWLYQRVW� EL� ELOD
RSUDYGDQD� NDM� ���� kV�WH� YRGRYL�� GRGHND� NDM� ���� kV�WH� L� ���� kV�WH� YRGRYL
WHOHNRPXQLNDFLRQLWH� NDQDOL� YR� ]D^WLWDWD� EL� VH� XSRWUHEXYDOH� VDPR� YR� RGUHGHQL
VOXaDL�

2G� DVSHNW� QD� ]D^WLWD� NXVLWH� YRGRYL� RG� VLWH� QDSRQVNL� QLYRD� SUHWVWDYXYDDW
SRVHEHQ� SUREOHP�� $NR� NXVLWH� YRGRYL� VH� ^WLWDW� VR� GLVWDQWQL� UHOHL� GRD_D� GR
QHVHOHNWLYQL�LVNOXaXYDZD�SRUDGL�JROHP�XSOLY�QD�RWSRU�QD�ODNRW� YU]� WRaQRVWD�QD
PHUQLRW�RUJDQ�aLMD�^WR�SURUDERWQD�]RQD�QD�SUY�VWHSHQ�H�PQRJX�PDOD��.DM�L]UD]LWR
NXVL�YRGRYL�QH�PRCH�VHOHNWLYQR�GD�VH�SRGHVL�SUYLRW�VWHSHQ��ELGHM`L�LPSHQGDQVDWD
QD�^WLWHQLRW� YRG� H�PQRJX�PDOD� �YQDWUH^QDWD�LPSHQGDVD�QD�UHOHMRW� H� SRJROHPD�RG
���� RG� LPSHQGDQVDWD� QD� ^WLWHQLRW� YRG��� .XVLWH� YRGRYL� PRCDW� GD� VH� ^WLWDW� VR
GLVWDQWQL� LOL� SRGROCQL� GLIHUHQFLMDOQL� ]D^WLWL� VR� ]DGROCLWHOQD� XSRWUHED� QD
WHOHNRPXQLNDFLRQD�YUVND�SRPH_X�NUDHYLWH�QD�^WLWHQLRW�YRG�

9LVRNRQDSRQVNLWH� NDEOL� RG� HGQD� VWUDQD� SR� SUDYLOR� VH� PQRJX� NXVL�� QLYQDWD
LPSHGDQVD�SR�HGLQLFD�GROCLQD�H�PQRJX�PDOD��SUYLRW�VWHSHQ�QD�GLVWDQWQLWH�]D^WLWL
QH�PRCH� VHOHNWLYQR� GD� VH� SRGHVL� SRUDGL� QLYQDWD� LPSHGDQVD��� D� RG� GUXJD� VWUDQD� VH
PQRJX�VNDSL�L�SRGORCQL�QD�UD]RUXYDZD�SUL�SRMDYD�QD�JUH^NL�SD�]DWRD�H�QHRSKRGQR
GD�VH�SRVWLJQDW�JROHPL�EU]LQL�QD�LVNOXaXYDZH��2YLH�SUREOHPL�PRCDW�GD�VH�UH^DW
VDPR�VR�XSRWUHED�QD�WHOHNRPXQLNDFLRQL�YUVNL�YR�]D^WLWD�QD�NDEOLWH�

9R� VOXaDM� NRJD� WXUERJHQHUDWRU� VR� JROHPD� PR`QRVW� QDSRMXYD� PUHCD� SUHNX
SRYH`H�YRGRYL��RG�NRL�HGHQ�RG�QLY�H�UHODWLYQR�NXV��QH� VPHH� JUH^NDWD�QD�NUDMRW�RG
NXVLRW� YRG� GD� ELGH� LVNOXaHQD� YR� YWRU� VWHSHQ� �ELGHM`L� GRD_D� GR� RSDVQL� WRU]LRQL
QDSUHJDZD�QD�RVRYLQDWD�QD�URWRURW���WXNX�PRUD�GD�VH�XSRWUHEL�WHOHNRPXQLNDFLRQD
YUVND�SRPH_X�UHOHLWH�SRVWDYHQL�QD�NUDHYLWH�RG�NXVLRW�YRG�

�� 1$A,1,�1$�3295=89$:(�1$�',67$171,7(�5(/(,�62
7(/(.2081,.$&,21,�.$1$/,

'LVWDQWQLRW� UHOHM� WUHED� GD� JL� LVNOXaL� VLWH� YLGRYL� QD� JUH^NL� ]D� QDMNXVR
PRCQR�YUHPH�NRL�EL�VH�SRMDYLOH�QD�^WLWHQLRW�YRG��'LVWDQWQLRW�UHOHM�JR�RGUHGXYD
UDVWRMDQLHWR�GR�PHVWRWR�QD� JUH^ND�SUHNX�LQIRUPDFLLWH�NRM� JL� GRELYD�RG�PHVWRWR
NDGH�^WR�H�YJUDGHQ��7RD�PHUHZH�VHNRJD^�H�QHGRYROQR�WRaQR��RG�HGQD�VWUDQD�SRUDGL



WRD� ^WR� QH� PRCH� WRaQR� GD� VH� RGUHGL� LPSHQGDQVDWD� QD� ^WLWHQLRW� YRG�� D� RG� GUXJD
VWUDQD�SRUDGL�JUH^NLWH�QD�VWUXMQLWH�L�QDSRQVNLWH�PHUQL�WUDQVIRUPDWRUL�

=D� GD� VH� RVWYDUL� SRGREUD� VHOHNWLYQRVW�� GLVWDQWQLRW� UHOHM� YRRELaDHQR� VH
SRGHVXYD�WDND�GD�YR�RVQRYQR�YUHPH�JL�LVNOXaXYD�VLWH�JUH^NL�NRL�EL�VH�SRMDYLOH�QD
�������RG�GROCLQDWD�QD�YRGRW��GRGHND�JUH^NLWH��NRL�EL� VH�SRMDYLOH�QD�RVWDQDWLWH
������� RG� GROCLQDWD� QD� YRGRW� EL� VH� LVNOXaLOH� SR� YUHPHQVNR� ]DWHJDZH�� 2YD
YUHPHQVNR� ]DWHJDZH� RELaQR� L]QHVXYD� ���� s�� QH� ]HPDM`L� JR� YR� SUHGYLG� YUHPHWR
SRWUHEQR�]D�LVNOXaXYDZH�QD�SUHNLQXYDaRW��7RD�YVX^QRVW�MD�RGUHGXYD�GROCLQDWD�QD
EH]QDSRQVNDWD� SDX]D� SUL� HGQRSROQLWH� DYWRPDWVNL� SRYWRUQL� YNOXaXYDZD�� NRMD
RELaQR�L]QHVXYD�����s��6HOHNWLYQRWR�LVNOXaXYDZH�QD�VLWH�JUH^NL�NRL�EL�VH�SRMDYLOH
QD�YRGRW�PRCH�GD�VH�UHDOL]LUD�YR�RVQRYQR�YUHPH�SUHNX�GLVWDQWQLWH�UHOHL�VDPR�YR
VOXaDM�NRJD�SRPH_X�QLY�SRVWRL�RGUHGHQD�YUVND��3RVWRMDW�UD]OLaQL�ORJLaNL�^HPL�]D
SRYU]XYDZH�QD�GLVWDQWQLWH�UHOHL�SUHNX�WHOHNRPXQLNDFLRQL�NDQDOL��6LWH�^HPL�QD
SRYU]XYDZH� VH� GHODW� YR� GYH� JUXSL� VSUHPD� NDUDNWHURW� QD� GHOXYDZH� QD� SUHQHVHQLRW
VLJQDO��7RD�VH�^HPL�YR�NRL�

��SUHQHVHQLRW�VLJQDO�SUHGL]YLNXYD�LVNOXaXYDZH�QD�SUHNLQXYDaRW�QD�GUXJLRW
NUDM�QD�YRGRW�L

��SUHQHVHQLRW�VLJQDO�JR�EORNLUD�GHOXYDZHWR�QD�]D^WLWDWD�QD�GUXJLRW�NUDM�QD
YRGRW�

>HPLWH� YR� NRL� SUHQHVHQLRW� VLJQDO� SUHGL]YLNXYD� LVNOXaXYDZH� QD
SUHNLQXYDaRW�QD�GUXJLRW�NUDM�RG�YRGRW�PRCH�GD�VH�SRGHODW�QD�

��^HPL�VR�EH]XVORYQR��LOL�GLUHNWQR��LVNOXaXYDZH�L
��^HPL�VR�XVORYQR��LOL�LQGLUHNWQR��LVNOXaXYDZH

YR� ]DYLVQRVW� RG� WRD� GDOL� SUHQHVHQLRW� VLJQDO� GHOXYD� QD� LVNOXaXYDZH� QD
SUHNLQXYDaRW�VR�LOL�EH]�GRSROQLWHOQL�XVORYL�

>HPLWH�YR�NRL�SUHQHVHQLRW�VLJQDO�SUHGL]YLNXYD�EORNLUDZH�QD�]D^WLWDWD�QD
VSURWLYQLRW�NUDM�QD�YRGRW��VSUHPD�PHVWRWR�QD�LQLFLUDZH�QD�VLJQDORW�]D�EORNLUDZH
VH�GHODW�QD�^HPL�NDM�NRL�

�� VLJQDORW� ]D� EORNLUDZH� H� LQLFLUDQ� RG� QHXVPHUHQ� SREXGHQ� UHOHM�� GRGHND
XVPHUHQLRW�PHUHQ�GLVWDQWHQ�UHOHM�JR�XVORYXYD�QHJRYLRW�SUHQRV�QD�GUXJDWD�VWUDQD�RG
YRGRW�

�� VLJQDORW� ]D� EORNLUDZH� H� LQLFLUDQ� RG� XVPHUHQ� SREXGHQ� UHOHM� GRGHND
QHXVPHUHQLRW�SREXGHQ�UHOHM�JR�XVORYXYD�QHJRYLRW�SUHQRV�QD�GUXJDWD�VWUDQD�RG�YRGRW�

7HOHNRPXQLNDFLRQDWD� YUVND� PRCH� GD� ELGH� UDGLR�� NDEORYVND� LOL� VF�YUVND�
1DMaHVWR�VH�XSRWUHEXYD�VF�YUVND�SUHNX�YRGRW��3RPH_X�GLVWDQWQLWH�UHOHL�L�XUHGLWH
]D�YUVND�VH�SRVWDYXYDDW�XUHGL�]D�SUHQRV�QD�NULWHULXPRW�

���� >HPD�VR�GLUHNWQR��EH]XVORYQR��GDOHaLQVNR�LVNOXaXYDZH�QD�SUHNLQXYDaRW

2YDD� ^HPD� H� SUHWVWDYHQD� QD� VO���� 'LVWDQWQLWH� ]D^WLWL� QD� GYDWD� NUDMD� RG
YRGRW�VH�SRGHVXYDDW�QD�NODVLaHQ�QDaLQ��RGQRVQR�SUYLWH�VWHSHQL�LPDDW�PUWYD�]RQD�RG
�������� 3UL� JUH^ND� YR� .� ]D^WLWLWH� YR� $� L� 9� GHOXYDDW� YR� SUY� VWHSHQ� L� JL
LVNOXaXYDDW�VYRLWH�SUHNLQXYDaL��,VWRYUHPHQR�VH�SREXGXYDDW�GYDWD�SUHGDYDWHOL��QR
YR�RYRM�VOXaDM�WRD�QH�H�YDCQR�ELGHM`L�VHNRMD�GLVWDQWQD�]D^WLWD�JR�LVNOXaXYD�VYRMRW
SUHNLQXYDa� YR� SUY� VWHSHQ�� 3UL� JUH^ND� YR� .�� ]D^WLWDWD� 9� `H� SURUDERWL� YR� SUY
VWHSHQ�� `H� JR� LVNOXaL� VYRMRW� SUHNLQXYDa� L� `H� JR� SREXGL� VYRMRW� SUHGDYDWHO�
3UHNLQXYDaRW�QD� VWUDQDWD�$�`H�ELGH�LVNOXaHQ� YHGQD^�SR�SULHP�QD� VLJQDORW�RG�9
VWUDQDWD�QD�YRGRW�



6O���>HPD�VR�GLUHNWQR��EH]XVORYQR��GDOHaLQVNR�LVNOXaXYDZH�QD�SUHNLQXYDaRW

3UHWVWDYHQDWD� ^HPD� ]D� SRYU]XYDZH� QD� GLVWDQWQLWH� ]D^WLWL� VR
WHOHNRPXQLNDFLRQHQ� NDQDO� RYR]PRCXYD� LVWRYUHPHQR� LVNOXaXYDZH� QD
SUHNLQXYDaLWH� QD� GYHWH� VWUDQL� RG� YRGRW��2YDD�^HPD� VH� XSRWUHEXYD� YR� VOXaDM� NRJD
]D^WLWDWD� QD� VSURWLYQLRW� NUDM� PRCH� GD� ]DWDL� SRUDGL� VODER� QDSRMXYDZH� RG� WDD
VWUDQD� LOL� YR� VOXaDM� NRJD� QD� HGQDWD� VWUDQD� GLVWDQWQDWD� ]D^WLWD� YRRS^WR� QH� H
LQVWDOLUDQD��%LGHM`L�VLJQDORW�]D�LVNOXaXYDZH�GHOXYD�EH]XVORYQR�QD�SUHNLQXYDaRW
QD�VSURWLYQDWD�VWUDQD�RG�YRGRW��NDM�RYDD�^HPD�SRVHEQR�YQLPDQLH�WUHED�GD�VH�SRVYHWL
QD�VLJXUQRVWD�]D�SUHQRV�QD�LQIRUPDFLL�SUHNX�WHOHNRPXQLNDFLRQLRW�NDQDO�NDNR�L
GD�VH�]D^WLWL�SULHPQLNRW�RG�VLJQDOL�QD�SUHaNL�SUHGL]YLNDQL�RG�UD]OLaQL�HIHNWL�
9R� SRVHEQR� WH^NL� XVORYL� SRJROHPD� VLJXUQRVW� ]D� SUHQHVXYDZH� QD� VLJQDOLWH� L
]D^WLWD� RG� QHSRWUHEQR� GHOXYDZH� QD� ]D^WLWDWD� SUHGL]YLNDQR� RG� VLJQDOLWH� QD
SUHaNL� PRCH� GD� VH� SRVWLJQH� VR� XSRWUHED� QD� GYD� QH]DYLVQL� WHOHNRPXQLNDFLRQL
NDQDOL�LOL�SDN�VR�NRGLUDZH�QD�SUHQRVQLRW�VLJQDO�

����� >HPD�VR�LQGLUHNWQR�GDOHaLQVNR�LVNOXaXYDZH�QD�SUHNLQXYDaRW

2YDD� ^HPD� X^WH� H� SR]QDWD� NDNR� ^HPD� VR� GDOHaLQVNR� VNUDWXYDZH� QD
YUHPHQVNRWR�]DWHJDZH�QD�YWRULRW�VWHSHQ�RG�GLVWDQWQDWD�]D^WLWD�QD�GUXJDWD�VWUDQD
RG� YRGRW�� ,VWDWD� H� SUHWVWDYHQD� QD� VO���� ,� YR� RYRM� VOXaDM� GLVWDQWQLWH� ]D^WLWL� VH
SRGHVXYDDW�QD�NODVLaHQ�QDaLQ��RGQRVQR��VR�SUY�VWHSHQ�VH�^WLWL��������RG�GROCLQDWD
QD� YRGRW��3UL� JUH^ND� YR�.�� GYHWH� ]D^WLWL� JL� LVNOXaXYDDW� VYRLWH� SUHNLQXYDaL� YR
SUY�VWHSHQ��3UL�JUH^ND�YR�.��]D^WLWDWD�9�GHOXYD�YR�SUY�VWHSHQ��D�]D^WLWDWD��$�YR
YWRU� VWHSHQ�� 3UHGDYDWHORW� QD� ]D^WLWDWD� 9� LVSUD`D� VLJQDO� NRM� JR� SUHPRVWXYD
YUHPHQVNRWR�]DWHJDZH�RG�YWRU�VWHSHQ�QD�]D^WLWDWD�$��=QDaL��]D^WLWDWD�GHOXYD�SR
LVWHN�QD�YUHPHWR�SRWUHEQR�GD�]D^WLWDWD�GHOXYD�YR�SUY�VWHSHQ�L�YUHPHWR�SRWUHEQR
GD�VH�SUHQHVH�VLJQDORW�VR�NRM�VH�VNUDWXYD�YUHPHWR�QD�GHOXYDZH�QD�YWRULRW�VWHSHQ�RG
]D^WLWDWD�$�



6O���>HPD�VR�LQGLUHNWQR�GDOHaLQVNR�LVNOXaXYDZH�QD�SUHNLQXYDaRW

3UL�XSRWUHED�QD�RYDD�^HPD�UHOHLWH�QD�GYDWD�NUDMD�RG�YRGRW�WUHED�GD�LPDDW
XVPHUHQL� NDUDNWHULVWLNL�� 6LJQDORW� NRM� VH� SUHQHVXYD� SUHNX� WHOHNRPXQLNDFLRQHQ
NDQDO�QH�JR�XVORYXYD�LVNOXaXYDZHWR�QD�SUHNLQXYDaRW�QD�VSURWLYQLRW�NUDM�RG�YRGRW�
WXNX� JR� VNUDWXYD� VDPR� YUHPHWR� QD� GHOXYDZH� QD� YWRULRW� VWHSHQ� RG� GLVWDQWQDWD
]D^WLWD�� ,VNOXaXYDZHWR� QD� SUHNLQXYDaRW� H� XVORYHQR� VR� UHDJLUDZH� QD� YWRULRW
VWHSHQ�RG�]D^WLWDWD�QD�WDD�VWUDQD�

���� >HPD�VR�GDOHaLQVNR�SURGROCXYDZH�QD�GRIDWRW�QD�SUY�VWHSHQ�QD�]D^WLWDWD

2YDD� ^HPD� SULSD_D� QD� ^HPLWH� VR� XVORYQR� LVNOXaXYDZH� �SUHWVWDYHQD� H� QD
VO����� 3UYLRW� VWHSHQ� QD� GLVWDQWQLWH� UHOHL� QD� GYDWD� NUDMD� RG� YRGRW� H� SRGHVHQ
NODVLaQR� �������� RG� GROCLQDWD� QD� YRGRW��� 3UL� JUH^ND� YR� .�� GYHWH� ]D^WLWL� JL
LVNOXaXYDDW�VYRLWH�SUHNLQXYDaL�YR�SUY�VWHSHQ��'YDWD�SUHGDYDWHOL�VH�DNWLYLUDDW�L
GRD_D� GR� ]DGX^XYDZH� QD� WHOHNRPXQLNDFLRQLRW� NDQDO�� SUHQRV� QD� VLJQDORW� YR� RYRM
VOXaDM� QH� H� SRWUHEHQ�� 3UL� JUH^ND� YR� .�� ]D^WLWDWD� 9� SURUDERWXYD� YR� SUY�� D
]D^WLWDWD�$�YR�YWRU�VWHSHQ��=D^WLWDWD�9�LVSUD`D�VLJQDO�QD�]D^WLWDWD�$�VR�NRM�VH
SURGROCXYD�GRIDWRW�QD�QHM]LQLRW�SUY�VWHSHQ�QD�����������6R�WRD�JUH^NDWD�.��GRD_D
YR� ]RQDWD� QD� SURGROCHQ� SUY� VWHSHQ� RG� ]D^WLWDWD� $� L� WDD� GHOXYD� YR� SUY� VWHSHQ�
*UH^NDWD� YR� .�� ]D^WLWDWD� $� MD� LVNOXaXYD� YR� RVQRYQR� YUHPH� SOXV� RGUHGHQR
YUHPHQVNR�]DWHJDZH�HGQDNYR�QD�]ELURW�RG�YUHPHWR�SRWUHEQR�]D�SUHQRV�QD�VLJQDORW�L
YUHPHWR�SRWUHEQR�]D�GRSROQLWHOQR�PHUHZH�SUL�SURGROCXYDZH�QD�SUYLRW�VWHSHQ�

3UL�XSRWUHED�QD�RYDD�^HPD�NDUDNWHULVWLNLWH�QD�GLVWDQWQLWH�UHOHL�PRUD�GD
ELGDW� XVPHUHQL� ]D� GD� EL� VH� VSUHaLOR� GHOXYDZH� QD� ]D^WLWDWD� 9� YR� SUY� VWHSHQ� SUL
HYHQWXDOQD�JUH^ND�YR�.���VR�^WR�QHSRWUHEQR�EL�VH�SUHGL]YLNDOR�SURGROCXYDZH�QD
SUYLRW�VWHSHQ�QD�]D^WLWDWD�$��2YDD�^HPD�RYR]PRCXYD�QDMJROHPD�VLJXUQRVW�SURWLY
QHSRVDNXYDQLWH�GHOXYDZD��NRL�PRCDW�GD�VH�VOXaDW�SUL�SRMDYD�QD�QHNRL�SUHaNL�SUL
JUH^ND�QD�SRaHWRNRW�RG�VRVHGQLRW�YRG�



6O���>HPD�VR�GDOHaLQVNR�SURGROCXYDZH�QD�GRIDWRW�QD�SUY�VWHSHQ�QD�]D^WLWDWD

���� >HPD�VR�GDOHaLQVNR�GHEORNLUDZH�QD�SUY�VWHSHQ�QD�]D^WLWDWD

2YDD� ^HPD� H� SUHWVWDYHQD� QD� VO��� L� SULSD_D� YR� ^HPLWH� VR� XVORYQR
LVNOXaXYDZH��9R�RYRM�VOXaDM�GLVWDQWQLWH�UHOHL�QH�VH�SRGHVXYDDW�NODVLaQR��3UYLRW
VWHSHQ� QD� GYHWH� ]D^WLWL� VH� SRGHVXYD� WDND� GD� QLYQLRW� GRIDW� L]QHVXYD� ��������� RG
^WLWHQLRW�YRG��RGQRVQR�YOHJXYD�YR�]RQDWD�QD�SUYLRW�VWHSHQ�RG�GLVWDQWQLWH�UHOHL�QD
VRVHGQLWH�YRGRYL�

6O���>HPD�VR�GDOHaLQVNR�GHEORNLUDZH�QD�SUY�VWHSHQ�QD�]D^WLWDWD



3UL�JUH^ND�YR�.��GYHWH�]D^WLWL�GHOXYDDW�YR�SUY�VWHSHQ�L�LVSUD`DDW�VLJQDOL
QD�VSURWLYQLWH�NUDHYL�RG�YRGRW�VR�^WR�VH�YU^L�GHEORNLUDZH�QD�QLYQLRW�SUY�VWHSHQ�
'YHWH� ]D^WLWL� � JL� LVNOXaXYDDW� VYRLWH� SUHNLQXYDaL� SR� YUHPHWR� QD� SUY� VWHSHQ
]JROHPHQR�]D�YUHPH�QD�SUHQHVXYDZH�QD�VLJQDORW��9R�NRONX�UHOHMRW�QH�SULPL�VLJQDO
RG� GUXJDWD� VWUDQD� QD� YRGRW�� D� YH`H� MD� UHJLVWULUDO� JUH^NDWD� YR� SUY� VWHSHQ�� `H� JR
LVNOXaL� VYRMRW� SUHNLQXYDa� SR� LVWHN� QD� YWRULRW� VWHSHQ�� ELGHM`L� LVNOXaXYDZHWR� YR
SUY�VWHSHQ�H�XVORYHQR�VR�SULHP�QD�VLJQDO�RG�VSURWLYQDWD�VWUDQD��3UL�JUH^ND�YR�.�

GHOXYD�VDPR�UHOHMRW�$�VR�^WR�QH�GRD_D�GR�GHEORNLUDZH�QD�SUYLRW�VWHSHQ�QD�UHOHMRW
$�� 3RUDGL� WRD� ]D^WLWDWD� $� `H� JR� LVNOXaL� VYRMRW� SUHNLQXYDa� SR� LVWHN� QD
YUHPHQVNRWR�]DWHJDZH�RG�YWRU�VWHSHQ�

1HGRVWDWRN� QD� RYDD�^HPD� H� GHND� SUL� YNOXaXYDZH� QD� YRG� QD� NRM� YH`H� SRVWRL
JUH^ND�LOL�SUL�JUH^ND�QD�YRG�YR�SUD]HQ�RG�GLVWDQWQLRW�UHOHM�`H�LVNOXaL�SR�LVWHN
QD� YUHPHWR� RG� YWRU� VWHSHQ��3UYLRW� QHGRVWDWRN� PRCH� GD� VH� UH^L� VR� LVSUD`DZH� QD
VLJQDO� SUL� YNOXaXYDZH� QD� SUHNLQXYDaRW� NRM� `H� LPD� SRLVWRYHWQR� GHMVWYR� NDNR
VLJQDORW� RG� VRVHGQDWD� ]D^WLWD�� D� YWRULRW� QHGRVWDWRN� PRCH� GD� VH� RWVWUDQL� VR
LVSUD`DZH� VLJQDO� QD� VSURWLYQDWD� VWUDQD� SUHNX� NRQWDNW� RG� VLJQDOQDWD� VNORSND� QD
SUHNLQXYDaRW� NRM� H� LVNOXaHQ� QD� HGQDWD� VWUDQD�� 2YDD� ^HPD� PQRJX� UHWNR� VH
XSRWUHEXYD��RGQRVQR�VH�XSRWUHEXYD��VDPR�RQDPX�NDGH�GUXJL�QDaLQL�QH�EL�PRCHOH�GD
VH�XSRWUHEDW�

���� >HPD�VR�GDOHaLQVNR�EORNLUDZH�QD�SUYLRW�VWHSHQ�QD�]D^WLWDWD

2YDD� ^HPD� H� GDGHQD� QD� VO��� L� SULSD_D� QD� ^HPLWH� VR� VLJQDO� ]D� EORNLUDZH�
3UYLWH�VWHSHQL�QD�GLVWDQWQLWH�]D^WLWL�LPDDW�GRIDW�RG����������RG�GROCLQDWD�QD
^WLWHQLRW� YRG�� 9R� RYDD�^HPD� VH� XSRWUHEXYDDW� L� SREXGQLWH� UHOHL� QD� GLVWDQWQLWH
]D^WLWL��3UL�JUH^ND�YR�.��QDMQDSUHG�GHOXYDDW�SREXGQLWH�UHOHL�QD�]D^WLWLWH�$�L�9
NRL�LVSUD`DDW�VLJQDOL�]D�EORNLUDZH�QD�VSURWLYQLWH�NUDHYL�QD�YRGRW��6LJQDOLWH�]D
EORNLUDZH� JR� EORNLUDDW� SUYLRW� VWHSHQ� QD� GYHWH� ]D^WLWL��3UHQRVRW� QD� VLJQDOLWH
PRUD� GD� ELGH� RVWYDUHQ� NDNR� GYRNDQDOHQ� ELGHM`L� VLJQDOLWH� ]D� EORNLUDZH� VH
LVSUD`DDW� YR� GYDWD� VPHUD�� 3R� SREXGQLWH� UHOHL� GHOXYD� SUYLRW� VWHSHQ� QD� GYHWH
]D^WLWL�NRM�SUHGL]YLNXYD�SUHNLQ�QD�VLJQDOLWH�]D�EORNLUDZH��VR�^WR�SUYLRW�VWHSHQ
QD� GYHWH� ]D^WLWL� VH� GHEORNLUD� L� JUH^NDWD� H� HOLPLQLUDQD� LVWRYUHPHQR� QD� GYDWD

NUDMD� SR� LVWHN� QD� YUHPH� tΙ�� =QDaL�� UHOHMRW� LVNOXaXYD� SRG� XVORY� GD� JUH^NDWD� MD
L]PHULO� YR� SUY� VWHSHQ�� GD� SUHVWDQDO� GD� JR� SULPD� LPSXOVRW� ]D� EORNLUDZH� RG
VSURWLYQDWD� VWUDQD� L� GD� H� SRPLQDWR� QDPHUQRWR� YUHPHQVNR� ]DWHJDZH�� 1DPHUQRWR
YUHPHQVNR�]DWHJDZH�VH�RGELUD�WDND�GD�VH�]HPD�YR�RE]LU�YUHPHWR�]D�SURUDERWXYDZH�YR
SUY�VWHSHQ�L�YUHPHWR�SRWUHEQR�]D�SUHQRV�QD�VLJQDORW��9R�RYRM�VOXaDM�VLWH�JUH^NL�VH
LVNOXaXYDDW�SR�YUHPHWR�QD�SUY�VWHSHQ�]JROHPHQR�]D�QDPHUQRWR�YUHPHQVNR�]DWHJDZH
NRH�RELaQR�L]QHVXYD�RNROX����ms��]DYLVQR�RG�WLSRW�QD�UHOHMRW�L�SUHQRVQLWH�DSDUDWL�

3UL�JUH^ND�YR�.���QDMQDSUHG�SURUDERWXYDDW�QHXVPHUHQLWH�SREXGQL�UHOHL�QD
GYHWH�GLVWDQWQL�]D^WLWL��^WR�GRYHGXYD�GR�EORNLUDZH�QD�SUY�VWHSHQ�QD�]D^WLWLWH�$
L�9��3RWRD�SURUDERWXYD�]D^WLWDWD�$�YR�SUY�VWHSHQ�VR�^WR�VH�YU^L�GHEORNLUDZH�QD
SUYLRW� VWHSHQ� QD� ]D^WLWDWD� 9�� =D^WLWDWD� 9� QH� SURUDERWXYD� ELGHM`L� JUH^NDWD� VH
QDR_D�]DG�QHD��SD�]DWRD�EORNDGDWD�QD�SUY�VWHSHQ�RG�]D^WLWDWD�$�SURGROCXYD�L�LVWDWD
VYRMRW�SUHNLQXYDa�PRCH�GD�JR�LVNOXaL�YR�YWRU�VWHSHQ�



6O���>HPD�VR�GDOHaLQVNR�EORNLUDZH�QD�SUYLRW�VWHSHQ�QD�]D^WLWDWD

2YDD�^HPD�QDMaHVWR� VH�XSRWUHEXYD�NDM�NXVLWH�YRGRYL��NDM� NRL�SRVWRL� JROHPD
YHURMDWQRVW� GD� GRMGH� GR� QHSRVDNXYDQL� LVSDGL� QD� VRVHGQLWH� YRGRYL� ELGHM`L� YWRULWH
VWHSHQL�QD�QLYQLWH�GLVWDQWQL�UHOHL�SR�SUDYLOR�JR�SRNULYDDW�FHOLRW�NXV�YRG��,VWR
WDND��^HPDWD�RYR]PRCXYD�LVNOXaXYDZH�QD�JUH^NLWH�SUL�HGQRVWUDQR�QDSRMXYDZH�QD
YRGRW�ELGHM`L�YR�WDNYL�RNROQRVWL�QHPD�VLJQDO�]D�EORNLUDZH�RG�RGGDOHaHQLRW�NUDM
QD�YRGRW�

���� >HPD�VR�GDOHaLQVNR�EORNLUDZH�QD�]DEU]XYDZHWR�QD�YWRU�VWHSHQ

2YDD�^HPD�H�SUHWVWDYHQD�QD�VO���L�SULSD_D�QD�^HPLWH�VR�VLJQDO�]D�EORNLUDZH�
'YHWH�GLVWDQWQL�]D^WLWL�VH�SRGHVXYDDW�NODVLaQR��VR�PUWYD�]RQD��YR�SUY�VWHSHQ�RG����
���� RG� GROCLQDWD� QD� ^WLWHQLRW� YRG�� =D� GD� VH� UHDOL]LUD� RYDD� ^HPD� WUHED
GLVWDQWQLWH�]D^WLWL�GD�LPDDW�SRVHEQL�XVPHUHQL�UHOHL�NRL�PRCDW�GD�GDGDW� VLJQDO
NRJD�`H�NRQVWDWLUDDW�VSURWLYHQ�VPHU��RGQRVQR�JUH^ND��]DG�UHOHMRW��3UL�JUH^ND�YR
.�� XVPHUHQLWH� UHOHL� QD� GYHWH� ]D^WLWL� RGUHGXYDDW� GHND� JUH^NDWD� VH� QDR_D� QD
^WLWHQLRW�YRG�VR�^WR�JL�EORNLUDDW�VLJQDOLWH�]D�EORNLUDZH�QD�SREXGQLWH�UHOHL��3R
WHOHNRPXQLNDFLRQLRW� NDQDO� QH� VH� LVSUD`DDW� QLNDNYL� VLJQDOL� L� GYHWH� ]D^WLWL
GHOXYDDW� YR� SUY� VWHSHQ�� 3UL� JUH^ND� YR� .�� UHOHLWH� SRYWRUQR� RGUHGXYDDW� GHND
JUH^NDWD�VH�QDR_D�QD�^WLWHQLRW�YRG�L�VLJQDOLWH�]D�EORNLUDZH�RG�SREXGQLWH�UHOHL
VH� EORNLUDQL� VR� ^WR� GRD_D� GR� ]DEU]XYDZH� QD� YWRULRW� VWHSHQ� QD� GLVWDQWQLWH
]D^WLWL�� =D^WLWDWD� 9� SURUDERWXYD� YR� SUY� VWHSHQ�� GRGHND� ]D^WLWDWD� $� YR� YWRU
VWHSHQ��^WR�]QDaL�]D^WLWDWD�9�JR�LVNOXaXYD�VYRMRW�SUHNLQXYDa�SR�LVWHN�QD�YUHPHWR
RG� SUY� VWHSHQ�� GRGHND� ]D^WLWDWD� $� JR� LVNOXaXYD� VYRMRW� SUHNLQXYDa� � SR� LVWHN� QD
YUHPHWR�RG�SUY�VWHSHQ�]JROHPHQR�]D�RGUHGHQR�YUHPHQVNR�]DNDVQXYDZH�



6O���>HPD�VR�GDOHaLQVNR�EORNLUDZH�QD�]DEU]XYDZHWR�QD�YWRU�VWHSHQ

3UL�JUH^ND�YR�.��XVPHUHQLRW�UHOHM�RG�]D^WLWDWD�9�XWYUGXYD�GHND�JUH^NDWD�H
]DG� QHD� VR� ^WR� LVSUD`D� QD� VWUDQDWD� $� VLJQDO� ]D� EORNDGD� ]D� VNUDWXYDZH� QD
YUHPHQVNRWR� ]DWHJDZH� QD� YWRULRW� VWHSHQ� QD� ]D^WLWDWD� $� WDND� ^WR� UHOHMRW� QD
VWUDQDWD�$�LVNOXaXYD�YR�YWRU�VWHSHQ�

�� 35,0(5,�=$�83275(%$�1$�',67$171,�5(/(,�.2,�.25,67$7
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���� =D^WLWD�QD�����kV �L�YRGRYL

9R�QD^LRW�HOHNWURHQHUJHWVNL�VLVWHP�VH�XSRWUHEXYDDW�GYD�GLVWDQWQL�UHOHL�]D
]D^WLWD�QD�����kV�WH�YRGRYL��(GQLRW�H�HOHNWURQVNL�� D� YWRULRW� HOHNWURPHKDQLaNL�
.DM� HOHNWURPHKDQLaNLWH� UHOHL� VH� XSRWUEXYD� LQGLUHNWQR� GDOHaLQVNR� LVNOXaXYDZH
QD�SUHNLQXYDaRW��WRaND��������D�NDM�HOHNWURQVNLWH�UHOHL�GDOHaLQVNR�SURGROCXYDZH
QD�GRIDWRW�QD�SUY�VWHSHQ�QD�]D^WLWDWD��WRaND��������.DM�HOHNWURPHKDQLaNLWH�UHOHL
XSRWUHEDWD� QD� LQGLUHNWQRWR� GDOHaLQVNR� LVNOXaXYDZH� QD� SUHNLQXYDaRW� PRCH� GD
GRYHGH� GR� QHSRVDNXYDQL� LVNOXaXYDZD� YR� VOXaDM� QD� SRMDYD� QD� SUHaNL� SRUDGL
SRGQDSRQVNLWH�RUJDQL�

9R� LGQLQD�� NDM� QRYRL]JUDGHQLWH� YRGRYL�� VR� XSRWUHED� QD� QRYLWH� ]D^WLWL� EL
ELOR� SRCHOQR� GD� VH� LVNRPELQLUD� WDND� GD� HGQLRW� GLVWDQWHQ� UHOHM� UDERWL� VR
GDOHaLQVNR� SURGROCXYDZH� QD� GRIDWRW� QD� SUY� VWHSHQ� QD� ]D^WLWDWD� �WRaND� ������� D
YWRULRW� GLVWDQWHQ� UHOHM� GD� UDERWL� VR� GDOHaLQVNR� EORNLUDZH� QD� ]DEU]XYDZHWR� QD
YWRU� VWHSHQ� �WRaND� ������� 9WRULRW� UHOHM� WUHED� GD� LPD� RGYRHQ� XVPHUHQ� RUJDQ� VR
VORERGHQ�NRQWDNW�NRM�EL�VH�XSRWUHELO�]D�LVSUD`DZH�QD�VLJQDORW�]D�EORNLUDZH�SUL
JUH^NL�]DG�QHJR��=D�GD�VH�RVWYDUL�YDNRY�QDaLQ�QD�UDERWD�QHRSKRGHQ�H�XUHG�]D�SUHQRV
QD�NULWHULXP�QD�]D^WLWDWD�VR�aHWLUL�IUHNIHQFLL�



���� =D^WLWD�QD�NXVL�QDG]HPQL�YRGRYL�����kV �L�����kV

.DM�����kV�WH�YRGRYL��YR�SRGUDaMDWD�QD�JROHPLWH�JUDGRYL��aHVWR�SDWL�VH�YU^L
VHaHZH� ]D� GD� L]YU^L� XIUOXYDZH� QD� QRYL� SRVWURMNL�� 9R� SRQRYR� YUHPH� SRVWRMDW

GLVWDQWQL�UHOHL�VR�PLQLPDOQD�LPSHGDQVD�]D�SRGHVXYDZH�RG�����Ω��WDND�GD�VHOHNWLYQR
PRCDW�GD�VH�SRGHVXYDDW�YRGRYL�VR�GROCLQD�SRG�����NP��6HSDN��VR�RJOHG�QD�XSOLY�QD

RWSRURW�QD�ODNRW��]D�YRGRYL�aLMD�LPSHGDQVD�QD�VWUDQD�QD�UHOHMRW�H�SRPDOD�RG�����Ω�
WUHED� GD� VH� XSRWUHEL� SULQFLS� QD� GDOHaLQVNR� EORNLUDZH� QD� SUYLRW� VWHSHQ� QD
]D^WLWDWD��WRaND�������VR�XSRWUHED�QD�WHOHNRPXQLNDFLRQHQ�NDQDO�

��� =D^WLWD�QD�NXVL�����kV �L�YRGRYL

.XVLWH�YRGRYL�WUED�GD�ELGDW�VQDEGHQL�VR�GYH�GLVWDQWQL�]D^WLWL�NDNR�^WR�H�]D
YRGRYLWH� VR� QRUPDOQD� GROCLQD�� (GQLRW� VLVWHP� QD� ]D^WLWD� WUHED� GD� VH� SRYU]H� ]D
UDERWD� VR� SURGROCXYDZH� QD� GRIDWRW� QD� SUY� VWHSHQ� QD� ]D^WLWDWD� �WRaND� ������� D
YWRULRW�]D�UDERWD�VR�GDOHaLQVNR�EORNLUDZH�QD�SUYLRW�VWHSHQ�QD�]D^WLWDWD��WRaND
�������6R�NRPELQDFLMD�QD�RYLH�GYD�QDaLQD�QD�UDERWD�EL�VH�SRVWLJQDOR�GD�HGHQ�VLVWHP
QD�]D^WLWD�EU]R�JL�LVNOXaXYD�VLWH�JUH^NL��D�YWRULRW�VLVWHP�QD�]D^WLWD�RYR]PRCXYD
SRJROHPD�VLJXUQRVW�RG�YOLMDQLMDWD�QD�RWSRURW�QD�ODNRW�ELGHM`L�SUYLRW�VWHSHQ�PX�H
SRGHVHQ�]QDaLWHOQR�SUHNX�VRVHGQDWD�VRELUQLFD�

���� =D^WLWD�QD�YLVRNRQDSRQVNL�NDEOL

9LVRNRQDSRQVNLWH�NDEOL�RG�DVSHNW�QD�]D^WLWDWD�VH�VSHFLILaQL��3R�SUDYLOR

NDEOLWH�VH�NXVL��LPDDW�PQRJX�PDOD�LPSHGDQVD�SR�HGLQLFD�GROCLQD��cca������Ω�NP���L
PQRJX�JROHPD�FHQD�

0RCH� QD� PQRJX� QDaLQL� GD� VH� UHDOL]LUD� VHOHNWLYQD� ]D^WLWD� QD� GYRVWUDQR
QDSRMXYDQ�NDEHO��1DMGREUR�UH^HQLH� H� VR� GYD�QH]DYLVQL� VLVWHPL�QD� ]D^WLWD�RG�NRL
HGHQ�H�SRGROCQD�GLIHUHQFLMDOQD� ]D^WLWD�� D� YWRULRW�GLVWDQWQL�UHOHL�SRYU]DQL�QD
SULQFLSRW�VR�GDOHaLQVNR�EORNLUDZH�QD�SUYLRW�VWHSHQ�QD�]D^WLWDWD��WRaND��������=D
VHNRM� VLVWHP� QD� ]D^WLWD� PRUD� GD� VH� REH]EHGL� SRVHEHQ� WHOHNRPXQLNDFLRQHQ� NDQDO�
3RGROCQDWD� GLIHUHQFLMDOQD� ]D^WLWD� `H� JL� LVNOXaXYD� VLWH� JUH^NL� NRL� EL� VH
SRMDYLOH� QD� NDEHORW�� ]D� PQRJX� NXVR� YUHPH�� QR� QH� `H� PRCH� GD� GHOXYD� YR� VOXaDM� QD
JUH^NL� QD� VRELUQLFLWH�� 'LVWDQWQLWH� UHOHL� VR� VYRLWH� YWRUL� VWHSHQL� `H� JL
LVNOXaXYDDW�JUH^NLWH�QD�VRELUQLFLWH�YR�VRVHGQLWH�SRVWURMNL�

���� =D^WLWD�QD�YRGRYL�YR�EOL]LQD�QD�JROHPL�WXUERJHQHUDWRUL

.DM� JROHPLWH� WXUERJHQHUDWRUL� ]D� GD� VH� SRVWLJQH� ^WR� SRHNRQRPLaQD
NRQVWUXNFLMD� GRD_D� GR� UHODWLYQR� SURGROCXYDZH� QD� VWDWRURW� L� URWRURW�� 6R
]JROHPXYDZH�QD�PR`QRVWD�QD�WXUERJHQHUDWRURW�RSD_D�YUWOLYLRW�PRPHQW�SR�HGLQLFD
PR`QRVW�D�VR�WRD�PD^LQDWD�OHVQR�MD�JXEL�VYRMDWD�VWDELOQRVW��2G�GUXJD�VWUDQD��^WR�H
SRGROJD�PD^LQDWD��QHM]LQDWD�RVRYLQD�L�VSRMQLFLWH�VH�PQRJX�RVHWOLYL�QD�GLQDPLaNL
WRU]LRQL�QDSUHJDZD�YR�VOXaDM�QD�EOLVND�SRYH`HID]QD�JUH^ND��1HND�SUHG�GD�QDVWDQH
JUH^ND�JROHP�WXUERJHQHUDWRU�GDYD�SULEOLCQR�QRPLQDOQD�PR`QRVW�QD�PUHCD��VR�NRMD
H� SRYU]DQ� SUHNX� SRYH`H� YRGRYL�� .RJD� QD� HGHQ� RG� YRGRYLWH� `H� VH� SRMDYL� EOLVND



WULID]QD� JUH^ND� JHQHUDWRURW� PRPHQWDOQR� VH� UDVWRYDUXYD� ELGHM`L� VH� QDPDOXYD
QHJRYDWD�SUHGDGHQD�DNWLYQD�PR`QRVW��RG�SULEOLCQR�QRPLQDOQD�QD�]QDaLWHOQR�PDOD�
NRMD�]DYLVL�RG�RWSRURW�QD�JUH^ND�QL]�NRM�WHaH�VWUXMDWD�QD�NXVD�YUVND��.DM�JROHPLWH
JHQHUDWRUL�L�EORN�WUDQVIRUPDWRUL�DNWLYQLRW�RWSRU�H�]DQHPDUOLYR�PDO�D�LVWR�WDND
H� PQRJX� PDO� L� RWSRURW� QD� YRGRW� ELGHM`L� VH� UDERWL� ]D� EOLVND� JUH^ND�� 3RUDGL
PRPHQWDOQRWR� UDVWRYDUXYDZH� URWRURW� QD� JHQHUDWRURW� VH� ]DOHWXYD�� .RONX� ^WR
SRYH`H�JUH^NDWD�WUDH�WRONX�SRYH`H�URWRURW�VH�]DOHWXYD��.RJD� ]D^WLWDWD�QD�YRGRW
`H� LVNOXaL� JHQHUDWRURW� `H� GRMGH� QD� SROQ� PUHCHQ� QDSRQ�� 3UHGDGHQDWD� DNWLYQD
PR`QRVW�RG�PRPHQWDOQR�PDOD�YUHGQRVW�VH�]JROHPXYD�QD�YUHGQRVW�EOLVND�VR�RQDD�SUHG
JUH^NDWD�� 9DNYL� JROHPL� L� EU]L� SURPHQL� QD� SUHGDGHQDWD� DNWLYQD� PR`QRVW
SUHGL]YLNXYDDW�RSDVQL�GLQDPLaNL�L�WRU]LRQL�QDSUHJDZD�QD�RVRYLQDWD�L�VSRMQLFLWH
QD�JHQHUDWRURW�

=D� GD� VH� ]JROHPL� GRYHUOLYRVWD� YR� RWVWUDQXYDZH� QD� EOLVNLWH� NXVL� YUVNL�� VH
SUHSRUDaXYD�� QD� VLWH� YRGRYL� NRL� JR� SRYU]XYDDW� WXUERJHQHUDWRURW� VR� PUHCD� GD� VH
XSRWUHEDW�GYD�QH]DYLVQL�VLVWHPL�QD�]D^WLWD��VR�WRD�^WR�GYDWD�VLVWHPL�QD�]D^WLWD
QD�NXVLRW� YRG� GD� VH�ED]LUDDW�QD�SRVHEQL�YUVNL�SRPH_X� QLY��=D� NXVLRW� YRG�EL� ELOR
QDMGREUR� DNR� ]D� HGQLRW� VLVWHP� QD� ]D^WLWD� VH� L]EHUH� SRGROCQD� VWUXMQD
GLIHUHQFLMDOQD� ]D^WLWD�� D� ]D� YWRULRW� VLVWHP� QD� ]D^WLWD� GLVWDQWQL� UHOHL� NRL
PH_XVHEQR�VH�SRYU]DQL�QD�QDaLQ�RSL^DQ�YR�WRaND�����
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9R�WUXGRW�H�GDGHQ�RSLV�QD�SULPHQDWD�QD�PLNURSURFHVRULWH�YR�XSUDYXYDZHWR
QD� HOHNWURPRWRUQLWH� SRJRQL�� 3RWHQFLUDQD� H� HYLGHQWQDWD� SUHGQRVW� NRMD� VH
REH]EHGXYD� VR� XSRWUHEDWD� QD� PLNURSURFHVRUVNRWR� XSUDYXYDZH� YR� HQHUJHWVNLWH
SURFHVL�YRRS^WR��1DSUDYHQD�H�HGQD�DQDOL]D�QD�XSRWUHEDWD�QD�PLNURSURFHVRUVNRWR
XSUDYXYDZH�NDM�SRJRQL�]DGYLCXYDQL�RG�DVLQKURQL�PRWRUL�

.OXaQL�]ERURYL��PLNURSURFHVRU��DVLQKURQ�PRWRU��XSUDYXYDZH

CONTENTS

This work describes the application of the microprocessors in the control of Electrical
drives. It stresses the obvious advantage which comes out from the application of the

microprocessor control of the Energetic processes in general. The use of the microprocessor
control is analyzed for drives drived by asynchronous motors.

Key words: microprocessor, asynchronous motor, control
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3RMDYDWD�QD�PLNURSURFHVRURW�YR����WH�JRGLQL�GRYHGXYD�GR�QRYL�PRCQRVWL�YR
HQHUJHWVNDWD� HOHNWURQLND�� 6R� UD]YRMRW� QD� PLNURSURFHVRURW� VH� ]JROHPXYD
]QDaHZHWR� QD� VQDCQLWH� HQHUJHWVNL� � SROXSURYRQLFL� SRMDYHQL� YR� ���WH� JRLQL�� 9R
SUHWVWRMQDWD�LQGXVWULVND�UHYROXFLMD���NRPSMXWHUVND�DYWRPDWL]DFLMD�QD�IDEULNLWH��
PLNURSURFHVRULWH� QL� YHWXYDDW� REH]EHGXYDZH� QD� HGLQVWYHQD� LQWHOHJHQFLMD� VR
YLVRNR� QLYR� QD� IDEULaQD� DYWRPDWL]DFLMD�� ,VWR� WDND�� PLNURSURFHVRURW� LJUD
YLWDOQD� XORJD� YR� ]JROHPXYDZH� QD� VWHSHQRW� QD� NRQWUROD� QD� PR`QLWH� HOHNWURQVNL
SREXGQL� VLVWHPL�� 0LNURSURFHVRURW� REH]EHGXYD� EU]� L� HGQRVWDYHQ� SULVWDS� YR
NRQWURODWD� QD� VLVWHPLWH� ]D� XSUDYXYDZH� QD� HQHUJHWVNLWH� SUHREUD]XYDaL�� 7RM� JL
REHGLQXYD�GYDWD�GHOD�QD�HGHQ�LQWHOHJHQWHQ�VLVWHP��KDUGYHURW�L�VRYWYHURW��3UYLWH



PLNURSURFHVRUL�ELOH�VR���ELWD��6HJD�VH�QD�UDVSRODJZH�SURFHVRUL�VR�����������L���
ELWD��6R�SRGREUXYDZH�QD�SURFHVQDWD�WHKQRORJLMD�QD�LQWHJULUDQLWH�NROD�PRCQL�VH
VH�� SRJROHPL� L� SRJROHPL� � LQWHJUDFLL�� 6R� UD]YRMRW� QD� PLNURHOHNWURQLNDWD� VH
]JROHPXYD�VWHSHQRW�QD�LQWHJUDFLMD�L�VH�SRGREUXYD�SURFHVQDWD�EU]LQD��9R�SRaHWRNRW
QD� PLNURNRPSMXWHUVNLRW� UD]YRM� PLNURSURFHVRULWH� EHD� VX^WLQVNL� NRULVWHQL� ]D
L]YU^XYDZH� QD� ORJLaQL� NRQWUROQL� IXQNFLL�� 0LNURSURFHVRULWH� IXQNFLRQLUDD
VX^WLQVNL�NDNR�%XORYL�IXQNFLRQDOQL�VLQWHQWL]DWRUL�]D�SURJUDPDELOQL��ORJLaQL
NRQWUROQL� DSOLNDFLL�� .DNR� PLNURSURFHVRULWH� VH� SRGREUXYDD� YR� ELW� JROHPLQDWD�
WDND� DSOLNDFLLWH� NYDOLWHWQR� VH� SUR^LUXYDDW� YR� RS^WLWH� NRQWUROQL� VLVWHPL�
1HNRL� REODVWL� QD� SULPHQD� QD� PLNURSURFHVRULWH� YR� HQHUJHWVNDWD� HOHNWURQLND
PRCDW�GD�VH�VXPLUDDW�NDNR�VOHGL�

− aHWLUL�NYDGUDQWHQ�ID]QR�NRQWUROLUDQ�SUHREUD]XYDa�]D�HGQRQDVRaQL�PRWRUL
− aHWLUL�NYDGUDQWHQ�PWM�aRSHU�NRQWURORU�QD�HGQRQDVRaQL�PRWRUL
− YLVRNRQDSRQVNL� DC� NRQYHUWRU� ]D� NRQWUROD� L� PRQLWRULQJ� QD� JUH^NLWH� QD

NHOLMDWD
− PWM�LQYHUWRU�GUDMYHU�]D�DVLQKURQL�L�VLQKURQL�PRWRUL
− aHWLUL�NYDGUDQWHQ�VWUXHQ�LQYHUWRU�]D�DVLQKURQL�L�VLQKURQL�PRWRUL
− aHWLUL�NYDGUDQWHQ�FLNORNRQYHUWRU�]D�DVLQKURQL�L�VLQKURQL�PRWRUL
− WRSOLQVNL��VYHWORVQL�L�GLPQL�NRQWURORUL
− NRQWUROD�QD�YR]EXGDWD�QD�VLQKURQL�PRWRUL

2G� DVSHNW� QD� HQHUJHWVNDWD� HOHNWURQLND� IXQNFLMDWD� QD� PLNURSURFHVRURW
PRCH�GD�VH�NDWHJRUL]LUD�NDNR�VOHGL�

− �NRQWUROD�QD�SRYUDWQDWD�MDPND
− �NRQWUROD�QD�JHMW�HJ]LWRULWH�QD�ID]QR�NRQWUROLUDQLWH�LQYHUWRUL
− �PWM�LOL�NYDGUDWHQ�EUDQRY�VLJQDO�JHQHULUDQ�]D�LQYHUWRURW
− �RFHQND�QD�SRYUDWQLRW�VLJQDO
− �NRQWUROD�QD�RS^WDWD�VHNYHQFD
− �NRQWUROD�QD�]D^WLWD�L�RVORERGXYDZH�RG�JUH^ND
− �VWHNQXYDZH�QD�SRGDWRFL
− �GLMDJQR]D
− �UD]QRYLGQD�SUHVPHWND�L�NRQWUROD

9R� WUXGRW� VH� XSRWUHEXYDW� WHUPLQLWH� PLNURSURFHVRU� L� PLNURNRPSMXWHU�
0LNURSURFHVRU�H�VDPRWR�LQWHJULUDQR�NROR��D�PLNURNRPSMXWHU�H�PLNURSURFHVRURW
VR�VRRGYHWQD�SHULIHULMD�

���35('1267,�,�1('267$72&,�1$�0,.52352&(6256.272
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0LNURNRPSMXWHUVNDWD�NRQWUROD�LOL�RS^WR�GLJLWDOQLRW�PRGHO�QD�NRQWUROHQ
VLVWHP�LPD�QHNRONX�SUHGQRVWL�L�QHGRVWDWRFL�NRL�PRCDW�GD�VH�VXPLUDW�NDNR�VOHGL�

1LVND� FHQD� QD� KDUGYHURW� �� XSURVWHQDWD� NRQWUROD� QD� KDUGYHURW� L� VRRGYHWQDWD
UHGXNFLMD� QD� FHQDWD� YR� VSRUHGED� VR� DQDORJQDWD� NRQWUROD� VH� SULQFLSLHOQLWH
SUHGQRVWL� QD� PLNURNRPSMXWHUVNDWD� NRQWUROD�� 3UHGQRVWD� H� RaLJOHGQD� VR



SRGREUHQDWD�SURFHVQD�EU]LQD��VR�SRJROHP�EURM�QD�IXQNFLL�L�SRJROHPD�QDGHCQRVW�QD
VHNRMD� IXQNFLMD�� *ROHP� VWHSHQ� QD� LQWHJUDFLMD�� PDO� JDEDULW� QD� VLVWHPRW� L
QDPDOXYDZH�QD�SRWUR^HQDWD�PR`QRVW�VH�GRGDWQL�SUHGQRVWL�

=JROHPHQD� VLJXUQRVW� �� VLJXUQRVWD� QD� VLVWHPRW� H� ]QDaDMQR� SRGREUHQD� VR
PLNURNRPSMXWHUVNRWR� XSUDYXYDZH�� 6LJXUQRVWD� QD� LSI L� VLSI� aLSRYLWH� H� GRVWD
SRYLVRND� RG� RQLH� HOHNWURQVNL� NROD� VR� JROHP� EURM� QD� HOHNWURQVNL� NRPSRQHQWL�
,VNXVWYRWR�SRNDCXYD�GD�PLNURNRPSMXWHURW�LPD�SRJROHPD�VLJXUQRVW�RG�RVWDQDWLWH
HOHNWURQVNL�HOHPHQWL�XSRWUHEHQL�YR�HGHQ�SREXGHQ�HQHUJHWVNL�VLVWHP�

0DOL� HOHNWURPDJQHWQL� SUREOHPL� �� 9LVRNRWR� QLYR� QD� LQWHJUDFLMD� QD
PLNURNRPSMXWHURW� JL� RWVWUDQXYD� NUDWNRWUDMQLWH� VSRHYL� QD� QDSRQRW� L� VWUXMDWD� QD
HQHUJHWVNLRW� HOHNWURQVNL� VLVWHP�� 6DPR� VWDQGDUGQD� ]D^WLWD� QD� NRQWURORURW� QD
KDUGYHURW� H� GRYROQD�� >XPRW� RG� L]YRU� QD� QDSRQRW� L� YOH]QLRW� VLJQDO� PRCH� GD� VH
PLQLPL]LUD�VR�XSRWUHED�QD�DQDORJQL�L�GLJLWDOQL�ILOWUL�

'ULIW� L� YDULMDFLMD� QD� SDUDPHWULWH� �� 2EUDERWNDWD� QD� GLJLWDOQLRW� VLJQDO� JL
HOHPLQLUD�VLJQDOQLRW�GULIW�L�YDULMDFLMDWD�QD�SDUDPHWULWH��NRL�SUHRYODGXYDDW�NDM
DQDORJQLWH�NRQWUROHUL�

.RPSDWLELOQRVW� YR� KLHUDUKLVNDWD� GLJLWDOQD� NRQWUROD� �� PLNURNRPSMXWHUVNRWR
XSUDYXYDZH� QD� HQHUJHWVNL� SREXGHQ� VLVWHP� GR]YROXYD� NRPSDWLELOQRVW� VR� GUXJL
NRQWUROQL�VLVWHPL��1D�SULPHU��YR�VUHGLQL�VR�DYWRPDWLND�SRVWRL�ELGLUHNFLRQDOQD
NRPXQLNDFLMD�PH_X�ORNDOQLRW�L�GUXJLWH�PLNURNRPSMXWHUL�

8QLYHU]DOQRVW� QD� KDUGYHURW� L� VRIWYHURW� �� XQLYHU]DOQLRW� KDUGYHU� PRCH� GD� H
QDPHQHW� ]D� QHNRL� NODVL� QD� VLVWHPL�� NDGH� VRIWYHURW� H� PRGLILFLUDQ� GD� L]YU^XYD
SRWNODVQL�VSHFLILNDFLL��1D�SULPHU��VLWH�VWUXMQL�LQYHUWRUL�PRCDW�GD�LPDDW�VDPR
NRQWUROHQ�KDUGYHU��SD�L]YHGEDWD�QD�UD]OLaQL�VSHFLILNDFLL�PRCH�GD�VH�L]YU^L�VR
PRGLILNDFLMD� QD� VRIWYHURW�� 'RGDWQL� SUHGQRVWL� QD� VRIWYHU� NRQWURODWD� VH
QHM]LQDWD�IOHNVLELOQRVW��PRCQRVWD�GD�ELGH�OHVQR�VREUDQD��L]PHQHWD�LOL�SRGREUHQD
NRJD�H�SRWUHEQD�SURPHQD�QD�SHUIRUPDQVLWH�QD�VLVWHPRW�

'LMDJQRVWLND� ��3UHGQRVW�QD�PLNURNRPSMXWHUVNDWD�NRQWUROD�H�PR`QDWD� VRIWYHUVND
GLMDJQRVWLND�� NRMD� REH]EHGXYD� VLVWHPRW� GD� MD� GDGH� VRVWRMEDWD� ]D� NUDWNR� YUHPH�
3RVWRL� PRCQRVW� ]D� VWHNQXYDZH� QD� SRGDWRN�� SULNDCXYDZH� QD� VLJQDORW� L
SUHGXSUHGXYDZH�QD�NRQWUROHQ�GLVSOHM�

.DVQHZH�QD�SUHVPHWNDWD���DNR�PLNURNRPSMXWHURW�L]YU^XYD�SRYH`H�]DGDaL��SRWUHEQR
H� RGUHGHQR� YUHPH� ]D� VHNRMD� ]DGDaD� L� ]DWRD� LPDPH� QDPDOXYDZH� QD� EU]LQDWD� QD
L]YU^XYDZH��*ROHPRWR�NDVQHZH�H�SULaLQD�]D�YOR^XYDZH�QD�SHUIRUPDQVLWH�L�PRCH
GD�SUHGL]YLND�SUREOHPL��YR�VWDELOQRVWD�QD�SRYUDWQDWD�MDPND��=D�GD�RYD�VH�QDGPLQH
VH�QDVWRMXYD�QRYLWH�PLNURNRPSMXWHUL�GD�VH�V�SREU]L�L�SREU]L�

*UH^ND� QD� NYDQWL]DFLMD� �� NRJD� VLJQDOLWH� RG� IL]LaNLRW� VLVWHP� VH� DQDORJQL� SR
SULURGD� WLH� VH� SULID`DW� YR� PLNURNRPSMXWHURW� VR� $�'� L� '�$� NRQYHUWRUL�� 7RD� H
SULaLQD�]D�JUH^ND�QD�NYDQWL]DFLMD��*UH^NDWD�QD�NYDQWL]DFLMD�PRCH�GD�VH�QDPDOL�VR
]JROHPXYDZH�QD�EURMRW�QD�ELWRYLWH�QD�PLNURNRPSMXWHURW�



5D]YRMRW�QD�VRIWYHURW�H�VNDS���VRIWYHUVNLRW�UD]YRM��SRVHEQR�UD]YRMRW�YR�DVHPEOHU�
SUHWVWDYXYD�JROHP�WUR^RN�L�H�VNDS��2YLH�WUR^RFL�PRCDW�GD�VH�RSUDYGDDW�VR�RJOHG
QD�SRYH`HWR�SUHGQRVWL�VSRPQDWL�JRUH�

���0,.52352&(6256.2�835$989$:(�1$�$6,1+521,
(/(.75202725,

@H�YLGLPH�NDNR�YR�HGHQ�SUDNWLaHQ�SULPHU�PLNURSURFHVRURW�XSUDYXYD�VR�QDSRQVNL
LQYHUWRU� ]D� DVLQKURQ�PRWRU� VR� NDIH]HQ�URWRU��6WDQXYD� ]ERU� ]D� SUHREUD]XYDa�VSI
400/850,�SURL]YRGVWYR�QD�JHUPDQVNDWD�ILUPD ELPRO��7RM�H�XSRWUHEHQ�]D�SRJRQ�QD
DVLQKURQ�PRWRU�VR�PR`QRVW�RG�450 W�L�QDSRQ�RG�380V. 0RWRURW�]DGYLCXYD�SXPSD�]D
FLNORQLUDZH�QD�IORWDFLVND�MDORYLQD�YR�UXGQLNRW�]D�EDNDU�%XaLP��3ULQFLSLHOQDWD
^HPD�QD�RYRM�QDSRQVNL�LQYHUWRU�H�GDGHQD�QD�VOLNDWD���

6OLND����3ULQFLSLHOQD�^HPD�QD�IUHNYHQWQLRW�SUHREUD]XYDa�VSI 400/850

2G� VOLNDWD� VH� JOHGD� GHND� SUHREUD]XYDaRW� H� VRVWDYHQ� RG� GYD� PH_X� VHEH� SDUDOHOQR
SRYU]DQL� LQGLUHNWQL� SUHREUD]XYDaL� QD� IUHNYHQFLMD� VR� QDSRQVNL� YOH]�
3RYU]XYDZHWR� YR� SDUDOHOD� QD� LQYHUWRUVNLWH� HGLQLFL� H� QDSUDYHQR� VR� FHO� GD� VH
]JROHPL�L]OH]QDWD�PR`QRVW�

1D� VOLNDWD� �� H� GDGHQ� YR� EORN� GLMDJUDP� VLVWHPRW� ]D� XSUDYXYDZH� QD
SUHREUD]XYDaRW��@H�GDGHPH�NUDWRN�RSLV�QD�UDERWDWD�QD�SUHREUD]XYDaRW��9R�RVQRYD
QD� XSUDYXYDZHWR� H� L]EUDQR� YHNWRUVNR� XSUDYXYDZH�� NDGH� YHOLaLQLWH� QD� QDSRQRW� L
VWUXMDWD�VH�WUHWLUDDW�NDNR�YHNWRUL�



6OLND����9HNWRUVNR�XSUDYXYDZH

2G�VOLNDWD���VH�JOHGD�GHND�YU]�RVQRYD�QD�L]PHUHQLWH�YUHGQRVWL�QD�VWUXLWH�SR
ID]L�QD�L]OH]RW�RG�LQYHUWRURW�� YR� VWUXMQLRW�PRGXO� ICA260�� VR� WUDQVIRUPDFLMD�QD
NRRUGLQDWL�VH�GRELYDDW�GYH�NRPSRQHQWL�QD�VWDWRUVNDWD�VWUXMD��NRPSRQHQWDWD�isd-act
PHURGDYQD��]D�IOXNVRW�QD�PRWRURW�L�NRPSRQHQWDWD�isq-act PHURGDYQD�]D�PRPHQWRW�QD
PRWRURW��,VWR�VH�JOHGD�GHND�QD�RYDD�^HPD�EU]LQDWD�QH�VH�PHUL��WXNX�YU]�RVQRYD�QD
PRGHORW� QD� PD^LQDWD� VH� SUHVPHWXYD� EU]LQDWD� QD� YUWOLYRWR� SROH�� 3RQDWDPX� RYDD
VWYDUQD�YUHGQRVW�QD�EU]LQDWD�VH�VSRUHGXYD�VR�]DGDGHQDWD�YUHGQRVW�QD�EU]LQDWD��2G
GUXJD� VWUDQD� ]DGDGHQDWD� YUHGQRVW� QD� IOXNVRW� QD� PD^LQDWD� VH� VSRUHGXYD� VR
NRPSRQHQWDWD� QD� VWDWRUVNDWD� VWUXMD� NRMD� JR� VR]GDYD� IOXNVRW�� 7DND� VH� GRELYDDW
UHIHUHQWQLWH� YHOLaLQL� QD� NRPSRQHQWLWH� QD� VWDWRUVNDWD� VWUXMD� NRL� JR� VR]GDYDDW
PRPHQWRW� L� IOXNVRW� � isq-ref, isd-ref L� UHIHUHQWQD� YHOLaLQD� QD� EU]LQDWD� ωs. 9U]
RVQRYD�QD�RYLH�VLJQDOL�VH�SUHVPHWXYDDW�UHIHUHQWQLWH�YHOLaLQL��]D�IUHNYHQFLMDWD�L
QDSRQRW�QD�PRWRURW��7DND�YU]�RVQRYD�QD�UHIHUHQWQLWH�YHOLaLQL�QD�IUHNYHQFLMDWD�L
QDSRQRW�� LPSXOVQR� ^LULQVNLRW� PRGXODWRU� RGUHGXYD� YUHPHQVNL� GLVNUHWQR
YNOXaXYDZH�QD�RGGHOQL�WUDQ]LVWRUL�YR�LQYHUWRURW� ���
=DGDGHQDWD� YUHGQRVW� QD� EU]LQDWD� VH� GRELYD� YU]� RVQRYD� QD� VLJQDO� RG� QLYRPHWDU�
1LYRPHWDURW�JR�PHUL�QLYRWR�QD�MDORYLQD�YR�UH]HUYDURW�

����2SLV�QD�XSUDYXYDaNLRW�VLVWHP�NDM�SUHREUD]XYDaRW�VSI400/850

6LVWHPRW�]D�XSUDYXYDZH�NDM�SUHREUD]XYDaRW�QD�IUHNYHQFLMD�WLS��VSI 400/850
H� ED]LUDQ� QD� PLNURSURFHVRU� 0LNURSURFHVRURW� H� ��6����� 7RM� H� SURL]YRGVWYR� QD



SIEMENS�� 0LNURSURFHVRURW� MD� YU^L� IXQNFLMDWD� QD� FHORNXSQDWD� UHJXODFLMD� QD
]DWYRUHQLRW�VLVWHP�QD�UHJXODFLMD��9R�QHJR�VH�UHDOL]LUDW�XSUDYXYDaNLWH�DOJRULWPL��
DNYL]DFLMD��L�HVWLPDFLMD�QD�YDOLGQL�SRGDWRFL�NDNR�L�WUDQVIRUPDFLMD�QD�NRRUGLQDWL
QD�SRHGLQL�HOHNWULaQL�YHOLaLQL��3URFHVRURW���6����H������ELWHQ�
1D� VOLNDWD� �� VH� JOHGD� GHND� YVX^QRVW� YR� VLVWHPRW� ]D� XSUDYXYDZH� QD� RYRM
SUHREUD]XYDa�QD�IUHNYHQFLMD�XaHVWYXYDW�GYD�SURFHVRUL��3URFHVRULWH�VH�PH_XVHEQR
SRYU]DQL� VR� SRUWRNRO� RS 485�� *ODYQLRW� SURFHVRU� XSUDYXYD� VR� DOJRULWPLWH� ]D
UHJXODWRULWH�� UDVSUHJDZHWR� QD� NRPSRQHQWLWH� QD� VWDWRUVNDWD� VWUXMD�� LPSXOVQR
^LULQVNLRW� PRGXODWRU�� SURFHQNDWD� QD� EU]LQDWD�� DOJRULWPRW� ]D� GRGDWQD
NRPXQLNDFLMD�� D� YWRULRW� JR� L]YU^XYD� DOJRULWPRW� ]D� ORNDOQD� NRPXQLNDFLMD�
$OJRULWPRW� ]D� ORNDOQD� NRPXQLNDFLMD� RYR]PRCXYD� UD]PHQD� QD� SRGDWRFL� PH_X
SRJRQVNLRW� SURFHVRU� L� NRQWUROQLRW� RUPDU� MHT 230�� $OJRULWPRW� ]D� GRGDWQD
NRPXQLNDFLMD� RYR]PRCXYD� SRYU]XYDZH� QD� VLVWHPRW� SUHNX� SRUWRNRO� RS 232� � VR
PRGHP��9DNYRWR�PRGHPVNR�SRYU]XYDZH� GDYD�PRCQRVW�SRGDWRFLWH� ]D� VLVWHPRW� GD� VH
GLVWULEXLUDDW�QD�RGGDOHaHQR�PHVWR�

������6OLND����2UJDQL]DFLMD�QD�PLNURSURFHVRUVNLRW�VLVWHP�]D
SUHREUD]XYDaRW� VSI 400/850

6NORSRYLWH� µp6�� L� µp6�� VH� VRVWRMDW� RG� VDPLWH� SURFHVRUL� NRL� VRGUCDW
LQWHUHQ� 5$0� � L� � 520� L� QDGYRUH^QD� 5$0� � L� � 520� � PHPRULMD�� 9UVNDWD� PH_X
JODYQLRW� SURFHVRU� � � µp6�� L� LPSXOVQR� ^LULQVNLRW� PRGXODWRU� H� RVWYDUHQD� VR
RSWLaNL�ILEHU�

,PSXOVQR�^LULQVNLRW� PRGXODWRU� XSUDYXYD� VR� LQYHUWRURW�� QD� aLL� L]OH]L� H
SRYU]DQD� WURID]QDWD� DVLQKURQD� PD^LQD�� 2G� VOLNDWD� �� VH� JOHGD� ]D� GD� VH� RVWYDUL
XSUDYXYDZH� QD� LQYHUWRURW� SRWUHEQL� VH� SRNUDM� PLNURSURFHVRURW�� X^WH� L� EURMDa
QD]DG�� UHJLVWDU� ]D� SRVWDYXYDZH� QD� SRaHWQD� EURMQD� YUHGQRVW� L� GHOLWHO� QD� WDNW
IUHNYHQFLMDWD�� 5HJLVWULWH� L� EURMDaLWH� VH� SRWUHEQL� ]D� VHNRMD� ID]D�� 7LH� VH



LQWHJULUDQL� YR� LPSXOVQR� ^LULQVNLRW� PRGXODWRU� ]DHGQR� VR� QHNRONX� GRGDWQL
HOHPHQWL�

����������6OLND����3RYU]XYDZH�QD�PLNURSURFHVRURW�L�LPSXOVQR�^LULQVNLRW
PRGXODWRU

6HJD�`H�GDGHPH�NUDWRN�RSLV�QD�UDERWDWD�QD�NRORWR�RG�VOLNDWD����3RaHWQDWD
EURMQD� YUHGQRVW� RG� PLNURSURFHVRURW� SUHNX� UHJLVWDURW� H� SRVWDYHQD� YR� EURMDaRW
QD]DG�� %URMDaRW� QD]DG�� UDERWL� RG� QDSUHG� NRQ� QXOD� SRG� GHMVWYR� QD� SRGHOHQDWD� WDNW
IUHNYHQFLMD�� 9R� RYRM� PRPHQW� LPDPH� SR]LWLYHQ� VLJQDO� QD� L]OH]RW�� .RJD� EURMDaRW
QD]DG�`H�GRMGH�GR�QXOD���VLWH�QHJRYL�L]OH]L�VH�QXOD��]HUR�GHWHNWRURW�QD�L]OH]RW�GDYD
QLVNR� QLYR� L� EURMDaRW� QD]DG� ]DVWDQXYD�%URMDaRW� QD]DG� QH� EURL� VH� GRGHND
PLNURSURFHVRURW�QH�GDGH�LPSXOV�]D�SUHQRV�QD�QRYD�EURMQD�VRGUCLQD�RG�UHJLVWHURW
YR� EURMDaRW� QD]DG�� 7DND� H� GRELHQ� LPSXOV� VR� VRRGYHWQD� ^LULQD� QD� L]OH]RW� RG
PRGXODWRURW��%URMQLWH�YUHGQRVWL�YU]�RVQRYD�QD�NRL�VH�GRELYD�LPSXOV�VR�VRRGYHWQD
^LULQD� QD� L]OH]� RG� PRGXODWRURW� VH� VNODGLUDQL� YR� WDEHOD� YQDWUH� YR
PLNURSURFHVRURW��=D�RYD�FHO�� VLQXVQLRW�EUDQ�H�SRGHOHQ�YR�EURM�QD� VLQWHWL]LUDQL
WRaNL���VOLND����

6HNRMD� WRaND� QD� DPSOLWXGDWD� MD� RSUHGHOXYD� VRRGYHWQDWD� LQGLYLGXDOQD
LPSXOVQD� ^LULQD�� =D� LPSXOVQD� ^LULQD� ���� LPDPH� QXOD� QDSRQ�� ]D� ����� LPDPH
PDNVLPDOHQ�SR]LWLYHQ�QDSRQ�L�]D����LPDPH�PDNVLPDOHQ�QHJDWLYHQ�QDSRQ��%LGHMNL
LPSXOVQDWD�^LULQD�YDULUD�RG�HGQD�GR�GUXJD�VLQWHWL]LUDQD�WRaND��]D�GD�VH�RVWYDUL
NRQWLXQDOQD� SURPHQD� QD� IUHNYHQFLMDWD� QD� PRWRURW�� SRWUHEQR� H� GD� VH� PHQXYD
IUHNYHQFLMDWD� QD� SUHNLQXYDZH� QD� PLNURNRPSMXWHURW�� %URMRW� QD� VLQWHWL]LUDQL
WRaNL�]D�VHNRM�FHO�VLQXVHQ�EUDQ�PRUD�GD�H�PXOWLSO�QD�^HVW��]R^WR�YR�VSURWLYQR�QH
PRCH� GD� VH� SRVWLJQH� ���°� ID]QR� SRPHVWXYDZH�� ,]OH]QDWD� IUHNYHQFLMD� QD
LQYHUWRURW��IUHNYHQFLMDWD�QD�PRWRURW��H��
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����������� fT ��H�IUHNYHQFLMD�QD�LQYHUWRURW



� fS���H�IUHNYHQFLMD�QD�SUHNLQXYDZH
������������N���EURM�QD�HGQDNYL�LPSXOVL�]D�VLQWHWL]LUDQD�WRaND
������������<���EURM�QD�VLQWHWL]LUDQL�WRaNL

�������������������������6OLND����3ULQFLS�QD�LPSXOVQR�^LULQVND�PRGXODFLMD�QD�VLQXVHQ�EUDQ

)UHNYHQFLMDWD� QD� SUHNLQXYDZH� H� RGUHGHQD� RG� YUHPHQVNLRW� LQWHUYDO� QD
PLNURNRPSMXWHURW��1D�VOLNDWD���H�GDGHQD�YUVNDWD�PH_X�NRQWUROHURW�L�LQYHUWRURW�
,QYHUWRURW� H� UHDOL]LUDQ� VR� IGBT WUDQ]LVWRUL�� 7RD� VH� WUDQ]LVWRUL� VR� L]ROLUDQ
JHMW�

1D�VOLNDWD���H�GDGHQD�EORN�^HPD�QD��HGHQ�LPSXOVQR�^LULQVNL�PRGXODWRU��7RM
H�NRPSDWLELOHQ�VR�SRYH`H�YLGRYL�QD�PLNURNRPSMXWHUL��L�H�]JRGHQ�]D�VLWH�WLSRYL�QD
DVLQKURQL� PRWRUL�� SRUDGL� QHJRYDWD� JROHPD� PRCQRVW� YR� VHOHNWLUDZH� QD� WDNW
IUHNYHQFLMDWD� L� LPSXOVQD� ^LULQD�� ,>0� LPD� QDGYRUH^HQ� NULVWDO� SRWUHEHQ� ]D
RVFLODWRURW�� NRM� LVWRYUHPHQR� GDYD� WDNW� L� QD� PLNURNRPSMXWHURW�� 5DERWQDWD
IUHNYHQFLMD�H�JHQHULUDQD�SUHNX�SURJUDPDELOHQ�GHOLWHO��,>0�LPD�SR�GYD�L]OH]D�]D
VHNRMD�ID]D� ]D� NRQWUROD� QD� JRUQLWH� L� GROQLWH� WUDQ]LVWRUL� YR� LQYHUWRURW�� 7RM� JL
SULPD� SRGDWRFLWH� RG� PLNURNRPSMXWHURW� SUHNX� SRUWRW� 5��� ]DSL^XYDM`L� JL� YR� �
ELWQLWH� UHJLVWUL� ��� �� L� ��� 9R� VHOHNWLUDZH� QD� SRGDWRFLWH� XaHVWYXYD� L� DGUHVHQ
GHNRGHU�OHa�� 6RJODVQR� VR� REMDVQXYDZHWR� GDGHQR� SRJRUH�� LPSXOVQR� ^LULQVNL
PRGXOLUDQ�VLJQDO�H�SURL]YHGHQ�VR�]HUR�GHWHNWRURW�L�EURMDaRW�QD]DG��%URMDaRW�QD]DG�
PRCH�GD�H�VWRSLUDQ�SUHNX�HGHQ�RYR]PRCXYDaNL�YOH]�
,PSXOV�]D�SUHQRV�RG�SURFHVRURW�SUHGL]YLNXYD�VRGUCLQDWD�QD�UHJLVWDURW�GD�SRPLQH
YR� EURMDaRW�� 7RJD^� LPDPH� SRMDYD� QD� YLVRNR� QLYR� QD� L]OH]RW�� 6HJD� EURMDaRW� H
RYR]PRCHQ�L�EURL�RG�QHNRMD�EURMQD�YUHGQRVW�QD]DG�NRQ�QXOD��.RJD�`H�GRMGH�GR�QXOD�
LPSXOVRW�QD�L]OH]RW�LPD�QLVNR�QLYR�L�EURMDaRW�]DVWDQXYD��GRGHND�QH�GRELH�LPSXOV



]D�SUHQRV�RG�PLNURNRPSMXWHURW��,]OH]LWH�QD�,>0�VH�NRPSDWLELOQL�QD�77/�XUHGL
LOL�RSWRNDSOHUL��VR�VWUXL�GR���P$�

6OLND����3RYU]XYDZH�QD�NRQUROHURW�L�LQYHUWRURW

6OLND����2UJDQL]DFLMD�QD�LPSXOVQR�^LULQVNL�PRGXODWRU



����)XQNFLMD�QD�]D^WLWD�NDM�SUHREUD]XYDaRW�VSI400/850

      2UJDQL]DFLMDWD�QD�PLNURSURFHVRUVNLRW� VLVWHP�NDM�SUHREUD]XYDaRW�VSI400/850
RYR]PRCXYD�IXQNFLMDWD�QD�]D^WLWD�QD�PRWRURW�GD�ELGH�SRVWDYHQD�QD�YLVRNR�QLYR�
0LNURSURFHVRURW� JL� NRQWUROLUD� YHOLaLQLWH� RG� YDCQRVW� ]D� PRWRURW� YR� VHNRM
GLVNUHWHQ�PRPHQW��9HOLaLQL�NRL�VH�NRQWUROLUDDW�VH��
��0RPHQWDOQD�VWUXMD
��*ROHP�QDSRQ�YR�PH_XNRORWR
��0DO�QDSRQ�YR�PH_XNRORWR
��*ROHPD�WHPSHUDWXUD�YR�ODGLOQLFLWH�QD�WUDQ]LVWRULWH
��7HUPLaND�]D^WLWD�QD�PRWRURW
��=DNRaHQ�URWRU
��1DGYRUH^QD�JUH^ND
��i t JUH^ND
9R� VOXaDM� NRJD� QHNRMD� RG� RYLH� YHOLaLQL� MD� QDGPLQH� GR]YROHQDWD� YUHGQRVW� VH
LVNOXaXYD� SUHREUD]XYDaRW�� 9R� WRM� PRPHQW� QD� NRPDQGQLRW� SDQHO� VH� MDYXYD� RSLV� QD
SULaLQDWD�]D�LVNOXaXYDZH�
0LNURSURFHVRURW�LVWR�WDND�LPD�UXWLND�]D�VOHGHZH�QD�VWDWXVRW�QD�SUHREUD]XYDaRW
YR� VHNRM� PRPHQW�� 7RD� REH]EHGXYD� UDERWD� QD� SUHREUD]XYDaRW� VDPR� YR� JUDQLFLWH� QD
SRVWDYHQLWH� SDUDPHWUL�� 9R� VOXaDM� QD� ELOR� NDNYD� DQRPDOLMD� SUHREUD]XYDaRW� `H� VH
LVNOXaL�

���=$./8A2.

9R�WUXGRW�H�SULNDCDQD�XSRWUHEDWD�QD�PLNURSURFHVRULWH�YR�XSUDYXYDZHWR�QD
DVLQKURQLWH�HOHNWURPRWRUL��VR�DNFHQWLUDZH�QD�VLVWHPRW�QD�XSUDYXYDZH�SULPHQHW
NDM� SUHREUD]XYDaRW� VSI400/850. 2G� DQDOL]DWD� VH� HYLGHQWQL� PRCQRVWLWH� L
SUHGQRVWLWH� QD� PLNURSURFHVRUVNRWR� XSUDYXYDZH�� -DVQR� H� GHND� SURFHVRUVNRWR
XSUDYXYDZH� VH� L]YU^XYD� VR� SRJROHPD� EU]LQD� RG� DQDORJQRWR� XSUDYXYDZH�� 3RVWRL
PRCQRVW� ]D� L]YU^XYDZH� QD� SRYH`H� RSHUDFLL� ]D� NUDWNR� YUHPH�� 9R� RGQRV� QD
GLJLWDOQRWR� GLVNUHWQR� XSUDYXYDZH�� SUHGQRVWD� H� QD� VWUDQDWD� QD� SURFHVRUVNRWR
XSUDYXYDZH��SUHG�VH�SRUDGL�IDNWRW�GHND�NDM�SUYRWR�VH�XSRWUHEHQL�SRJROHP�EURM�QD
NRPSRQHQWL� ]D� SRVWLJDZH� QD� LVWD� IXQNFLMD�� 8SRWUHEDWD� QD� SRYH`H� NRPSRQHQWL
]QDaL� SRJROHP� JDEDULW� QD� VLVWHPRW�� 2G� GUXJD� VWUDQD� NDM� VLVWHPL� VR� SRYH`H
NRPSRQHQWL�LPD�SUREOHP�VR�UDVSUHJDZH�QD�NRPSRQHQWLWH�� ]D�^WR�PRUD�GD� VH� YRGL
VPHWND��7RD�H�SULaLQD�^WR�VRYUHPHQLWH�SUHREUD]XYDaL�QD�IUHNYHQFLMD�L�QDSRQ�VH
SURFHVRUVNR�XSUDYXYDQL�
'RVHJD^QDWD� SUDNWLaQD� UDERWD� QD� SUHREUD]XYDaRW� VSI400/850 JL� SRWYUGXYDW
JRUQLWH� SUHGQRVWL�� 2YGH� H� SRWUHEQR� GD� VH� VSRPQH� GHND� YR� SHULRG� RG� �� JRGLQL�
SRVXSWLOQL� SUREOHPL� YR� UDERWDWD� QD� SUHREUD]XYDaRW� VH� MDYXYDD� QD� GYDSDWL�
3UREOHPLWH� EHD� RNROX� IGBT WUDQ]LVWRULWH� L� PRGXOLWH� ]D� WULJHULUDZH� QD
WUDQ]LVWRULWH�� 0H_XWRD� SRWUHEQR� H� GD� VH� NDCH� GHND� VDPRWR� GLMDJQRVWLFLUDZH� L
RWVWUDQXYDZH� QD� GHIHNWLWH� H� ROHVQHWR� L� VYHGHQR� QD� VRIWYHUVND� NRQWUROD� QD
VLVWHPRW�

/,7(5$785$
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7UXGRW� JR�REUDERWXYD�SUREOHPRW�QD�NRGLUDZH�QD� VLJQDORW� ]D�SRORCEDWD�QD
UHJXODFLRQLRW�WUDQVIRUPDWRU��L�QHJRYR�SULODJRGXYDZH�]D�GD�PRCH�GD�VH�SULIDWL
QD�GLJLWDOQLWH�YOH]RYL�RG� NUDMQDWD� VWDQLFD� ]D� GDOHaLQVNR� XSUDYXYDZH��3RGJRWRY�
NDWD�QD�VLJQDORW�H�L]YHGHQD�WDND�^WR�WRM�GD�PRCH�GD�VH�XSRWUHEL�L�]D�ORNDOQD�VLJ�
QDOL]DFLMD�QD�NRPDQGQD�WDEOD�YR�WUDIRVWDQLFD�L�NDNR�GLJLWDOHQ�YOH]�QD�SURJUDPD�
ELOQD�NUDMQD�VWDQLFD�]D�GDOHaLQVNR�XSUDYXYDZH�QD�WUDIRVWDQLFD��2SIDWHQL�VH�PH�
WRGL� QD� NRPSDUDFLMD� QD� QDSRQ� VR� SDUDOHOQL� GLIHUHQFLMDOQL� QDSRQVNL� NRPSDUD�
WRUL��L� VR�LQWHJULUDQ�A/D� NRQYHUWRU�YR�BCD� NRG��'DGHQ�H�SRVHEHQ�RVYUW� ]D� VRIW�
YHUVNR� GHILQLUDZH� QD� ELWRYDWDWD� PDVND�� SUL� SDUDPHWUL]LUDZH� QD� GDOHaLQVNL
XSUDYXYDQD�NUDMQD�VWDQLFD��1D�NUDM�NDNR�SULORJ�GDGHQR�H�HGQR�NRQNUHWQR�UH^HQLH
QD� HGHQ� LQWHUIHMV� NRM� YR� SUREQD� UDERWD� `H� VH� WHVWLUD� QD� NUDMQD� VWDQLFD� YR� -3
d(60n�3RGUXCQLFD�d(OHNWURGLVWULEXFLMDn���6NRSMH�

SUMMARY

This paper addresses the issue of signal encoding of the state of the tap changer, and the
issue of adjucing the signal in order to be accepted at the digital inputs of the remote terminal
unit. The signal production is made in such a way so it could be used both, as a local signalization
at the transformer station control panel, and as a digital input to a programmable transformer
station remote terminal unit. Included are methods for voltage comparation using differential
voltage comparators and an A/D converter with BCD encoding. There is a separate review of the
software definition of the bit pattern during the parameter setting of the end station. At the end
enclosed is a possible realization of an interface which is being tested with a remote terminal unit
in a Elektrodistribucija - Skopje.
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9R�SULVWDSRW�QD�SUREOHPRW�SRMGHQR�H�RG�IDNWLaND�VRVWRMED�QD�SRVHGXYDZH�QD
UHJXODFLRQL�WUDQVIRUPDWRUL�NDM�NRL�VLJQDORW�]D�SRORCEDWD�VH�]HPD�LOL�RG�RWSRU�
QLaND� PUHCD� �NDM� NRMD� R R RN1 2= = =..... , VO��D��� LOL� RG� NRQWLQXLUDQ� OLQHDUHQ� OL]�

JDaNL�RWSRUQLN��VO��E��SUL�^WR�L�YR�GYDWD�VOXaDL�SURPHQDWD�QD�SRORCEDWD�QD�UHJX�
ODFLRQLRW�WUDQVIRUPDWRU�VH�RJOHGXYD�YR�SURPHQD�QD�QDSRQVNRWR�QLYR�QD�VLJQDORW
]D�SRORCEDWD�]D�FHOL�GLVNUHWQL�QDSRQVNL�HGLQLFL��n U× ∆ �

6OLND � �D� �E�

9R�NUDWNL�FUWL�SUHGORCHQRWR�QDFUW�UH^HQLH�VH�VRVWRL�YR�VOHGQRWR�
1DSRQVNRWR�QLYR�RG�RWSRUQLaNDWD�VNDOD�QD�UHJXODFLRQLRW�WUDQVIRUPDWRU�YR

DQDORJHQ� REOLN� VH� SUHQHVXYD� GR� LQWHUIHMVRW� ]D� NRGLUDZH� QD� SRORCEDWD� QD� UHJX�
ODFLRQLRW� WUDQVIRUPDWRU�� 9R� QHJR�� ]D� NRPSDUDFLMD�� PRCH� LVWR� WDND� GD� SRVWRL

RWSRUQLaND�PUHCD��QR�SRPHVWHQD�]D� ∆U
2 �YR�RGQRV�QD�RWSRUQLaNDWD�PUHCD�YR�UHJX�

ODFLRQLRW� WUDQVIRUPDWRU� �UH^HQLH� VR� QDSRQVNL� NRPSDUDWRUL��� LOL� SDN� GHILQL�
UDQ�UHIHUHQWHQ�QDSRQ�U REF �YR�VOXaDL�NRJD�VH�NRGLUD�VR�A/D�NRQYHUWRU�YR�BCD�NRG�
9R�VOXaDM�QD�UHDOL]DFLMD�VR�A/D�NRQYHUWRU�GRELHQLRW�BCD�NRG�PRCH�YHGQD^�GD�VH
XSRWUHEL� VR�LCD� GUDMYHUL� ]D�ORNDOQD� VLJQDOL]DFLMD�QD�SRORCEDWD�QD�LCD� GLVSOHM
�YR� GHFLPDOHQ� SULND]��� L� VR� GUDMYHUL� ]D� UHOHL� �SRUDGL� JDOYDQVNR� RGYRMXYDZH�� ]D
SUHQHVXYDZH�QD�NRGRW�QD�YOH]RYLWH�QD�PRGXORW�]D�SULID`DZH�QD�GLJLWDOQL�VLJQDOL�
9R� VOXaDM� NRJD� VH� YU^L� NRPSDULUDZH� VR� QDSRQVNL� NRPSDUDWRUL� SRVOH� NRPSDULUD�
ZHWR�QHRSKRGQR�H�GHILQLUDZH�QD�VRRGYHWQD�ORJLND�VR�NRMD�`H�VH�XWYUGL�NRUHNWQDWD
SRORCED� QD� UHJXODFLRQLRW� WUDQVIRUPDWRU� �YU]� ED]D� QD� SUHWKRGQR� L]YU^HQLWH
NRPSDUDFLL���3RVOH� RYDD� SURFHGXUD�� SUHNX� GUDMYHUL�� NRGRW� VH� QRVL� QD�LED� ]D� OR�
NDOQD�VLJQDOL]DFLMD�L�SUHNX�UHOHL�QD�PRGXORW�]D�SULID`DZH�QD�GLJLWDOQL�YOH]RYL�

�� 35(126(1�3$7

3RG�SUHQRVHQ�SDW� VH�SRGUD]ELUDDW�YRGRYLWH�RG� LQWHUIHMVRW� ]D� NRGLUDZH�QD
SRORCEDWD� QD� UHJXODFLRQLRW� WUDQVIRUPDWRU� �,.357�� GR� UHJXODFLRQLRW� WUDQ�
VIRUPDWRU��57���2YD�VH�WUL�YRGD�NRL�VOXCDW�]D�QDSRMXYDZH�QD�RWSRUQLaNDWD�PUHCD
QD�57�L�]D�SUHQHVXYDZH�QD�DQDORJQLRW�VLJQDO�RG�57�GR�,.357�



��� .RPSHQ]LUDZH�QD�YQHVHQDWD�RWSRUQRVW

9RGRW�NRM�VH�NRULVWL�]D�SUHQRVHQ�SDW� MD�YQHVXYD�L�VRSVWYHQDWD�RWSRUQRVW�YR
VHULMD�QD�RWSRUQLaNDWD�PUHCD��20��RG�57��^WR�YQHVXYD�SRPHVWXYDZH�QD�UHIHUHQW�
QLWH� QDSRQVNL� QLYRD� NDNR� UH]XOWDW� QD�^WR�PRCH� GD� GRMGH� GR� SRJUH^QR� LQWHUSUH�
WLUDZH�QD�SRORCEDWD�QD�57��9QHVHQDWD�RWSRUQRVW�]DYLVL�RG�GROCLQDWD��SUHVHNRW�L
PDWHULMDORW�RG�NRM�H�L]UDERWHQ�YRGRW�����

[ ]R
l

sv = ρ Ω ���

9R� WDEHOD� �� VH� GDGHQL� QHNRL� SUHVPHWDQL� YUHGQRVWL� QD� Rv � ]D� VSHFLILaQD

RWSRUQRVW�QD�EDNDU� ρ µcu m= 0 017241, Ω �

S=0,8 mm2 S=1,0 mm2 S= 1,5 mm2 S=2,5 mm2

l=50 m 1,07756Ω 0,86205Ω 0,5747Ω 0,34482Ω

l=100m 2,15512Ω 1,7241Ω 1,1494Ω 0,68964Ω

l=200 m 4,31024Ω 3,4482Ω 2,2988Ω 1,37928Ω

7DEHOD�� � 9QHVHQD RWSRUQRVW ]D EDNDUQL YRGRYL QD WHPSHUDWXUD RG T C= 20$

=D�NRPSHQ]DFLMDWD�GD�ELGH�GRNUDM�NRUHNWQD�EL�WUHEDOR�GD�VH�]HPH�SUHGYLG�L

WHPSHUDWXUQLRW� NRHILFLHQW� QD� RWSRURW� ( )α �� QR� SR� QD^LWH� VRJOHGXYDZD� RYD� QH

PRCH�ELWQR�GD� YOLMDH�QD� WRaQRVWD�QD�,.357��SD� ]DWRD�QD� RYD� QLYR�QD� UD]UDERWX�
YDZH�QD�SUREOHPRW�RYRM�SDUDPHWDU�`H�JR�]DQHPDULPH�

2G� SRJRUH� L]QHVHQDWD� WDEHOD� LQWXLWLYQR� VH� QDVHWXYD� GHND� YR� VOXaDL� NRJD
RCLaXYDZHWR�VH�YU^L�RGQRYR�QDMGREUR�H�GD�VH�XSRWUHEL�NDEHO�VR�SRJROHP�SUHVHN��QD
SULPHU� 3x2,5 mm2)� L� NDEHORW� GD� VH� YRGL� SRG]HPQR� NDNR� EL� VH� L]EHJQDOH� SRJROHPL
WHPSHUDWXUQL� GLODWDFLL�� 3RVOH� L]YU^HQRWR� RCLaXYDZH� QD� 57�� LOL� DNR� 57� YH`H
ELOD�RCLaHQD�VH�SUHVPHWXYD�YQHVHQLRW�RWSRU�YR�JUDQNLWH�]D�QDSRMXYDZH��RYD�PRCH
L�SUHFL]QR� GD� VH� L]PHUL� VR�9LQVWRQRY�PRVW���'RNRONX�PHUHZDWD�LOL� SUHVPHWNLWH
SRNDCDW�GHND�YQHVHQDWD�RWSRUQRVW�H�SRPDOD�RG�����RG�HGHQ�RWSRUQLN�YR�20��LOL
RG� ∆R � QD� NRQWLQXLUDQLRW� OLQHDUHQ� RWSRUQLN�� QD� 57� NRPSHQ]DFLMDWD� PRCH� GD� VH
L]RVWDYL�� 9R� VSURWLYQR�� NRPSHQ]LUDZHWR� PRCH� GD� VH� L]YHGH� QD� HGHQ� RG� VOHGQLWH
QDaLQL�

• 'D�VH�YPHWQDW�SRWHQFLRPHWUL�]D�NRPSHQ]DFLMD�Rk2�L Rk2’ ��YR�20�QD�57�RG�YRGRW
SUHNX� NRM� VH� YRGL� QHJDWLYQLRW� SRO� RG� QDSRMXYDZHWR� L� YR�20� YR�,.357� NDNR
SUHGRWSRU�YR�RGQRV�QD�PDVDWD��UHVSHNWLYQR��2YLH�SRWHQFLRPHWUL�WUHED�GD�ELGDW
VR�RWSRUQRVW�RG��������� Ω �L�VR�JROHP�EURM�QDYRL�]D�GD�PRCH�GD�VH�L]YU^L�ILQR
SRGHVXYDZH��6R�QLY�`H�VH�L]YU^L�SRGHVXYDZH�QD�QXOWLWH�QDSRQVNL�QLYRD�QD�VND�
OLWH�L�YR�57�L�YR�,.357��6R�WRD�YVX^QRVW�L�GYHWH�QDSRQVNL�VNDOL�`H�ELGDW�SR�
PHVWHQL�]D�LVWR�QDSRQVNR�QLYR�YR�RGQRV�QD�UHIHUHQWQDWD�QXOD�VR�^WR�H�L]EHJQD�
WR�YOLMDQLHWR�QD�YQHVHQDWD�RWSRUQRVW��3R�SRGHVXYDZHWR�SUHSRUDaOLYR�H�SRWHQ�
FLRPHWULWH�GD�VH�]DSHaDWDW�]D�GD�VH�L]EHJQH�QLYQR�L]PHVWXYDZH�^WR�HYHQWXDOQR
EL�VH� MDYLOR�NDNR�UH]XOWDW�QD�SRJROHPL�WHPSHUDWXUQL�SURPHQL�YR�SRGROJRWUDM�
QL�YUHPHQVNL�LQWHUYDOL�



• 'UXJR�UH^HQLH�H�GD�VH�SULVWDSL�NRQ�SURPHQD�QD�RWSRUQLFLWH�RG�20�YR�57�L�YR
,.357��9R�20�PRCH�GD�VH�SRVWDYDW�RWSRUQLFL�VR�SRJROHPD�YUHGQRVW�WDND�^WR
YQHVHQDWD� RWSRUQRVW� RG� YRGRW� GD� ELGH� SRPDOD� RG� ���� RG� RWSRUQRVWD� QD� HGHQ
RWSRUQLN�RG�20��3UL�RYD�WUHED�GD�VH�YQLPDYD�YNXSQDWD�RWSRUQRVW�QD�20��NxR�
GD�QH�QDGPLQH�����RG�YOH]QDWD�RWSRUQRVW�QD�QDSRQVNLWH�NRPSDUDWRUL��]DWRD�^WR
WRD�EL�GRYHOR�GR�QDUX^XYDZH�QD�QH]DYLVQRVWD�QD�QDSRQVNLWH�QLYRD�QD�VNDODWD�RG
SRORCEDWD� QD� 57� �UHIHUHQWQLWH� QDSRQVNL� QLYRD� WUHED� SRVWRMDQR� GD� ELGDW
NRQVWDQWQL�EH]�UD]OLND�YR�NRMD�SRORCED�VH�QDR_D�57���3RUDQR��SRUDGL�SRQLVNRWR
UD]YRMQR� QLYR� QD� HOHNWURQLNDWD� �QHGRYROQR� YLVRNLWH� YOH]QL� RWSRUQRVWL� QD
QDSRQVNLWH� NRPSDUDWRUL�� JROHP� GHO� RG� 57� ELOH� L]UDERWXYDQL� VR� 20� YR� NRL
RWSRUQLFLWH� VH� VR� RWSRUQRVW� RG� �� LOL� ��� Ω �� 'HQHV�� GRNRONX� VH� XSRWUHEXYDDW
QDSRQVNL�NRPSDUDWRUL�VR�GLIHUHQFLMDOHQ�YOH]��NRL�LPDDW�PQRJX�JROHPD�YOH]QD
RWSRUQRVW���YR�20�PRCH�GD�VH�XSRWUHEDW�RWSRUQLFL�VR�SRJROHPL�YUHGQRVWL��9R
VOXaDM� GD�LPD�SRWUHED�RG� YJUDGXYDZH�PQRJX� JROHPL�RWSRUQLFL�SUL�^WR�20�EL
VWDQDOD�RG�UHG�QD�kΩ ��SUHSRUDaOLYR�H�QD�YOH]RW�RG�,.357�VLJQDORW�RG�57�GD�VH
QRVL�SUHNX�YOH]HQ�EDIHU��NRM�PRCH� GD� VH� L]YHGH� VR� HGHQ�RSHUDFLVNL� ]DVLOXYDa�
SUL�^WR�QHPX�WUHED�GD�PX�VH�REH]EHGL�VLPHWULaQR�QDSRMXYDZH�^WR�GRYHGXYD�GR
XVORCQXYDZH� QD� NRORWR� ]D� QDSRMXYDZH��3UL� SURPHQDWD� QD� RWSRUQLFLWH� QD�20
WUHED�GD�VH�XSRWUHEXYDDW�RWSRUQLFL�VR�PDOD�WROHUDQFLMD��������L�GD�VH�YQLPDYD
L�YR�57�L�YR�,.357�GD�VH�YJUDGDW�RWSRUQLFL�RG�LVWD�SURL]YRGQD�VHULMD�

��� =D^WLWD�RG�QDGYRUH^QL�YOLMDQLMD

3RGUDaMHWR�QD� VHNRMD� HOHNWURHQHUJHWVND�SRVWURMND� SD� L� SRGUDaMHWR� QD� YLVR�
NRQDSRQVND� WUDIRVWDQLFD� H� SURVWRU� QD� VLOQL� HOHNWURPDJQHWQL� YOLMDQLMD�� 7RNPX
SRUDGL�RYRM�IDNW�WUHED�PQRJX�YQLPDWHOQR�GD�VH�SULMGH�NRQ�UH^DYDZH�QD�SUREOHPRW�

����� 2NORSXYDZH�QD�NDEHORW

6R�FHO�GD�VH�L]EHJQDW�UD]QLWH�HOHNWURPDJQHWQL�YOLMDQLMD�L�SRMDYD�QD�LQGXFL�
UDQD�(06�YR�YRGRYLWH��NDEHORW�PRCH�GD�VH�RNORSL�VR�PHWDOQD�REYLYND�LOL�SDN�GD�VH
NRULVWL� RNORSHQ� NDEHO��1D� RYRM� QDaLQ�� VR� SRMDYDWD� QD�)DUDGHHY� NDIH]� VH� RWVWUD�
QXYDDW�VLWH�HOHNWURPDJQHWQL�YOLMDQLMD�RG�RNROLQDWD�

����� 9OH]HQ�RC�ILOWHU

6LJQDORW� ]D� SRORCEDWD� QD� 57� �WRD� H� WRaQR� GHILQLUDQR� QDSRQVNR� QLYR� YR
]DYLVQRVW�RG�SRORCEDWD�QD�57��QD�YOH]RW�RG�,.357�VH�GRYHGXYD�SUHNX�RC�ILOWHU
�SULNDCDQ�QD�VO�����6R�RYD�VH�SRVWLJQXYD�SULJX^XYDZH�QD�PDOLWH�L�EU]L�IOXNWXD�
FLL�QD�QDSRQVNRWR�QLYR�QD�VLJQDORW�NRL�PRCDW�GD�VH�MDYDW�NDNR�SRVOHGLFD�QD�QDGYR�
UH^QL�YOLMDQLMD��L�PRCDW�GD�GRYHGDW�GR�PRPHQWQL�SRJUH^QL�LQWHUSUHWDFLL�QD�SR�
ORCEDWD�^WR�PRCH� GD� GHOXYD� ]EXQXYDaNL�� .DM�RC� ILOWHURW� VR� VRRGYHWQR� SDUDPH�
WUL]LUDZH�QD�R L C�PRCH�GD�VH�SRVWLJQH�VDNDQDWD�YUHPHQVND�NRQVWDQWD��RGQRVQR�VR�
RGYHWQR� SULJX^XYDZH� QD� YL^LWH� KDUPRQLFL�� 9OH]QR� �� L]OH]QDWD� IXQNFLMD� QD� RC
ILOWHURW�H�HNVSRQHQFLMDOQD�����
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����� =D^WLWD�RG�SUHQDSRQ

9R�SRGUDaMH�NDNR�^WR�H�HOHNWURHQHUJHWVND�SRVWURMND��NDGH�]D�HOHNWURQLNDWD
VHNRJD^�SRVWRL�SRWHQFLMDOQD�RSDVQRVW�RG� YQHVXYDZH�QD�YLVRN�LQGXFLUDQ�SRWHQFL�
MDO��PRUD�GD�VH�YRGL�VPHWND�]D�]D^WLWD�RG�RYLH�SRMDYL��9R�WDD�QDVRND��]D�]D^WLWD�QD
,.357��QD�QHJRYLRW�YOH]��NDGH�YOHJXYD�VLJQDORW�]D�SRORCEDWD�QD�57��VH�YU]XYDDW
GYH�]HQHU�GLRGL�SRODUL]LUDQL�VSURWLYQR�^WR�WUHED�GD�JR�]D^WLWL�VNORSRW�RG�YQH�
VXYDZH�QD�NUDWNRWUDMQL�SUHQDSRQL�EH]�UD]OLND�QD�QLYQDWD�SRODUL]DFLMD��VOLND����

6OLND �
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.DNR�QHRSKRGHQ�SUHGXVORY�]D�WRaQRVW�YR�NRGLUDZHWR�QD�VLJQDORW�VHNRJD^�VH
MDYXYD�HJ]DNWQRWR�GHILQLUDZH�QD�UHIHUHQWQLWH�QDSRQVNL�QLYRD��EH]�UD]OLND�NDNRY
PHWRG�QD�NRPSDUDFLMD�`H�VH�XSRWUHEL�

��� 20�YR�UHJXODFLRQLRW�WUDQVIRUPDWRU

3UHG�SULVWDSXYDZHWR�NRQ�L]UDERWND�QD�,.357�� RG� JROHPR� ]QDaHZH� H� GD� VH
SURXaL�20�YR�57��'RNRONX�YR�57�SRVWRL�NRQWLQXLUDQ�OLQHDUHQ�OL]JDaNL�RWSRUQLN
WRM�LVWR�WDND�PRCH�GD�VH�DSURNVLPLUD�VR�20�VRVWDYHQD�RG�RWSRUQLFL� VR�YUHGQRVW
HGQDNYD�QD�∆R ��NDGH�∆R �H�SURPHQDWD�QD�RWSRUQRVW�QD�OL]JDaRW�SUL�SURPHQD�QD�57�]D
HGQD�SR]LFLMD��3UHG�VH��RWSRUQLFLWH�WUHED�GD�ELGDW�VR�PDOD�WROHUDQFLMD�QD�WRaQRV�
WD�^WR�`H�RYR]PRCL�WRaQR�SRGHVXYDZH�QD�QDSRQVNDWD�VNDOD�YR�SUDYLOHQ�aHNRU��1D
VHNRM�RWSRUQLN�WUHED�GD�LPD�SDG�QD�QDSRQ� ∆U ��SUL�^WR�NRONDY�`H�ELGH�WRM�aHNRU�VH
SRGHVXYD�VR�SRWHQFLRPHWDURW� Rk1 ��.RJD�VLWXDFLMDWD�WRD�JR�GR]YROXYD��ORJLaQR�H�GD

VH� UDERWL� VR� SRJROHPR� ∆U � ELGHM`L� WRD� VDPR� SRVHEH� ]QDaL� SRPDOD� RVHWOLYRVW� QD
QDGYRUH^QL�YOLMDQLMD��1DSRQVNLWH�QLYRD�QD�VNDODWD�VH�SULNDCDQL�QD�VOLND���



��� 20�YR�,.357�SUL�NRPSDUDFLMD�VR�SDUDOHOQL�QDSRQVNL�NRPSDUDWRUL

20�YR�,.357� H� VRVWDYHQD� RG� RWSRUQLFL� VR� LVW� NYDOLWHW� L� SR�PRCQRVW� RG
LVWD� VHULMD� VR� RWSRUQLFLWH� RG� 57�� 6H�^WR� EH^H� SUHWKRGQR� NDCDQR� ]D� 20� YR� 57

YDCL�L�RYGH��VR�WRD�^WR�RYGH�VR�SRVWDYXYDZHWR�QD� R R
N = 2 �FHODWD�VNDOD�VH�WUDQVOL�

UD�]D� ∆U
2 ��6R�RYD�VH�SRVWLJQXYD�PDUJLQD�QD�JUH^ND� ∆U

2 ��^WR�]QDaL�GHND�DNR�RG

ELOR� NDNYL� SULaLQL� �QHSUDYLOQRVW� YR� UDERWDWD�� GRMGH� GR� SURPHQD� QD� VLJQDORW� ]D

SRORCEDWD� ( )U A � SRPDOD� RG� ∆U
2 � WRD� QHPD� GD� VH� RGUD]L� QD� WRaQRVWD� QD� GHWHNWL�

UDZHWR� QD� SRORCEDWD� QD� 57�� ,� RG� RYGH�� MDVQR� H� YRRaOLYR� GHND� VR� RGELUDZH� QD
SRJROHPR� ∆U � VH� SRVWLJQXYD� SRJROHPD�PDUJLQD�QD� JUH^ND��'UXJD� UDERWD� NRMD� H� RG
RVREHQR�]QDaHZH�H�GYHWH�VNDOL�GD�VH�QDSRMXYDDW�RG�LVW�VWDELOL]LUDQ�QDSRQVNL�L]YRU�
2YD� H� ELWQR� ]DWRD�^WR� DNR� YR� WHNRW� QD� HNVSORDWDFLMDWD� QD� XUHGRW� RG� ELOR� NDNYL
SULaLQL�GRMGH�GR�SRPHVWXYDZH�QD�QLYRWR�QD�QDSRQRW�RG�VWDELOL]LUDQLRW�QDSRQVNL
L]YRU��]D�WRD�PRCH�GD�ELGH�SULaLQD�L�SUHJUHYDZH�QD�NRORWR�^WR�YR�OHWQL�XVORYL�H
PQRJX�aHVWD�SRMDYD��� QDSRQVNLWH�QLYRD�L�QD� GYHWH� VNDOL�`H� VH� WUDQVOLUDDW� ]D� LVWR
δU �L�RYDD�QHSUDYLOQRVW�QHPD�GD�VH�UHIOHNWLUD�YU]�WRaQRVWD�QD�UDERWDWD�QD�XUHGRW�
1D� VOHGQDWD� VOLND� QDSRUHGQR� VH� SULNDCDQL� QDSRQVNLWH� VNDOL� QD� 20� YR� 57� L
,.357�

6OLND �

��� 'HILQLUDZH�QD�U REF �SUL�A/D NRQYHU]LMD�YR BCD NRG

9R�VOXaDM�QD�A/D�NRQYHU]LMD�VR�LQWHJULUDQ�A/D�NRQYHUWRU�SRWUHEQR�H�GD�VH�GH�
ILQLUD�UHIHUHQWHQ�QDSRQ��U REF ��YR�RGQRV�QD�NRM�`H�VH�YU^L�VSRUHGEDWD�QD�VLJQDORW

]D�SRORCEDWD��U REF �WUHED�GD�H�HGQDNRY�QD� ∆U �L�]DWRD�]D�QHJRYR�GHILQLUDZH�PRCH

GD�VH�XSRWUHEL�QDSRQVNL�GHOLWHO�RG� Rk1' �L� R ��SUL�^WR�YNXSQDWD�RWSRUQRVW�YR�JUDQ�

NDWD�QD�RYRM�QDSRQVNL�GHOLWHO�H�HGQDNYD�QD�YNXSQDWD�RWSRUQRVW�YR�20�YR�57��,�YR



RYRM�VOXaDM�PDUJLQDWD�QD�JUH^ND�H�∆U
2 ��.ULWHULXPLWH�]D�NYDOLWHWRW�QD�RWSRUQLFL�

WH�L�QDSRMXYDZHWR�YDCDW�L�RYGH�

6OLND �

�� .2',5$:(�1$�6,*1$/27

3R�GHILQLUDZHWR�QD�20��VOHGHQ�aHNRU�H�VLJQDORW�]D�SRORCEDWD�QD�57� ( )U A

GD�VH�YQHVH�YR�SURFHV�QD�NRPSDUDFLL�VR�UHIHUHQWQLWH�QDSRQL�RG�QDSRQVNDWD�VNDOD
NRJD�VH�SULPHQXYD�PHWRG�VR�SDUDOHOQL�QDSRQVNL�NRPSDUDWRUL�LOL�SDN�VR�U REF �NRJD

VH�SULVWDSXYD�NRQ�NRGLUDZH�YR�BCD�NRG�VR�LQHJULUDQ�A/D�NRQYHUWRU�

��� .RPSDUDFLMD�VR�SDUDOHOQL�QDSRQVNL�NRPSDUDWRUL

.DNR�UHIHUHQFD�QD� RYRM�PHWRG�PRCH� GD� SRVOXCL�3ULORJ� �� YR� NRM� H� L]QHVHQ

YDNRY�VOXaDM�� ( )U tA �VH�GRYHGXYD�SDUDOHOQR�QD�QHLQYHUWLUDQLWH�YOH]RYL�QD�N�GLIH�

UHQFLMDOQL�QDSRQVNL�NRPSDUDWRUL�� GRGHND�SDN�QD� LQYHUWLUDQLWH� YOH]RYL� VH� QRVDW
UHIHUHQWQLWH� QDSRQL� RG� 20� YR� ,.357� UHVSHNWLYQR�� 9R� NRQNUHWQLRW� VOXaDM� VH
XSRWUHEHQL�LM 339 N�GLIHUHQFLMDOQL�QDSRQVNL�NRPSDUDWRUL�NRL�VH�SDNXYDQL�SR��
YR�HGQR����DIL �SODVWLaQR�NX`L^WH��2aLJOHGQR�H�GHND�NDM�YDNYLRW�PHWRG�QD�NRPSDUD�
FLMD�VH�L]YU^XYDDW�N�HGQRYUHPHQL�NRPSDUDFLL��$NR�QD�SULPHU�57�H�YR�SRORCED�L�
NDGH� 1< <L N �� WRJD^� ( )U t L UA = × ∆ �� %LGHM`L� ( )U tA � VH� QRVL� QD� QHLQYHUWLUDQLRW

YOH]�� RYD� `H� GRYHGH� GR� VLWXDFLMD� NDGH� NRPSDUDWRULWH� RG� C1 � GR� CL−1 � QD� L]OH]RW� `H

LPDDW�QLVNR�ORJLaNR�QLYR�D�RQLH�RG� CL �GR�CN �YLVRNR�ORJLaNR�QLYR��5H]XOWDWLWH�RG

NRPSDUDFLMDWD�VH�QRVDW�QD�ORJLND�GHILQLUDQD�NDNR�YR�3ULORJ���L�NDNR�UH]XOWDW�QD
QL]D� ORJLaNL� RSHUDFLL� VDPR� HGHQ� L]OH]� RG� ORJLNDWD� `H� ELGH� VHWLUDQ� QD� YLVRNR
ORJLaNR�QLYR��7RD�H�YVX^QRVW�L]OH]RW�NRM�NRUHVSRQGLUD�VR�SRORCEDWD�QD�57�

/RJLaNDWD� IXQNFLMD� SULNDCDQD� YR� 3ULORJ� �� EH^H� L]YHGHQD� VR� 1,� SRUWL�
NDNR�^WR�H�SULNDCDQR�QD�VOLND����.RULVWHQL�VH�LQWHJUDOQL�NROD�SN ������L]UDERWH�
QL� YR�77/�WHKQRORJLMD� NDGH� YR� HGQR� ���DIL � SODVWLaQR� NX`L^WH� VH� VPHVWHQL� ��1,
SRUWL�

6OLND �



'LMDJUDPLWH� QD� SURPHQD� QD� ORJLaNLWH� VRVWRMEL� L� SULQFLSRW� QD� UDERWD� QD
NRORWR� PRCDW� GD� VH� VRJOHGDDW� YR� DQDOL]DWD� QD� HGQD� VRVWRMED� GDGHQD� YR� VOHGQDWD
WDEHOD��57�VH�QDR_D�QD�L���WD�SR]LFLMD��

9OH] .RPSDUDWRUL ,]OH] 9OH] /RJLND

L1       L2      L3

,]OH]

L U× ∆

( )2 1
2

N U− ∆

+

-
C1 0 0 0

L U× ∆

( )2 3
2

N U− ∆

+

-
C2 0

0

0

1

0
1 0 0

L U× ∆

( )2 5
2

N U− ∆

+

-
C3 0

0

0

1

0
1 0 0

L U× ∆

( )2 1
2

L U+ ∆

+

-
CL-1 0

0

0

1

0
1 0 0

L U× ∆

( )2 1
2

L U− ∆

+

-
CL 1

0

1

1

1
0 1 1

L U× ∆

( )2 3
2

L U− ∆

+

-
CL+1 1

1

1

0

1
1 0 0

3∆U

+

-
CN-1 1

1

1

0

1
1 0 0

∆U

+

-
CN 1

1

1

0

1
1 0 0

7DEHOD �

��� .RGLUDZH�VR�LQWHJULUDQ�A/D�NRQYHUWRU

6H�XSRWUHEXYD���ELWHQ�A/D�NRQYHUWRU�NRM�RYR]PRCXYD�NRGLUDZH�QD� 2 2568 =
SRORCEL��^WR�H�SRYH`H�RG�GRYROQR��.DM�RYRM�QDaLQ�QD�NRGLUDZH�A/D�NRQYHUWRURW�JR

VSRUHGXYD� ( )U tA �VR�U REF �L�NDNR�UH]XOWDW�QD�RYDD�NRPSDUDFLMD�SDUDOHOQR�QD�L]OH]RW

JHQHULUD�BCD�NRG��$NR�BCD�NRGRW�VH�SUHWYRUL�YR�GHNDGHQ�EURM� M BCD ��WUHED�GD�YDCL

( )M U U tBCD REF A× = �



�� ,=/(=(1�67(3(1�1$�,.357

3R�GHILQLUDZHWR�QD�DNWXHOQDWD�SR]LFLMD�QD�57��^WR�UH]XOWLUD�YR�VHWLUDZH
QD�YLVRNR�ORJLaNR�QLYR�QD�HGHQ�RG�N��WH�L]OH]L�RG�ORJLaNDWD�PDWULFD��RYDD�VRVWRMED
WUHED� GD� VH� SUHQHVH� L� QD� ORNDOQDWD� VLJQDOL]DFLMD� L� QD� GLJLWDOQLWH� YOH]RYL� QD
GDOHaLQVNL� XSUDYXYDQDWD� NUDMQD� VWDQLFD��3UL� WRD�� L]OH]RW� RG�,.357� WUHED� GD� H
JDOYDQVNL� L]ROLUDQ� YR� RGQRV� QD� QDGYRUH^QLRW� SURFHV�� *DOYDQVNRWR� RGYRMXYDZH
PRCH�GD�ELGH�L]YHGHQR�VR�UHOHL�LOL�RSWRNDSOHUL�

=D�SULYOHNXYDZH�QD�UHOHLWH�SRWUHEQD�H�SRJROHPD�VWUXMD�RWNRONX�^WR�PRCH
GD� VH� SURWHaH� QD� L]OH]RW� RG� ORJLaNLWH� NROD�� =DWRD� VH� XSRWUHEXYDDW� GUDMYHUL� NRL
PRCDW� GD� REH]EHGDW� SRJROHPD� VWUXMD� ]D� DNWLYLUDZH� QD� UHOHLWH�� 9R� VOXaDMRW�� YR
3ULORJ� ��� NDNR� GUDMYHUL� VH� XSRWUHEHQL� LQWHJULUDQL� NROD� ULN 2003� NRL� LPDDW
LQWHJULUDQR� VHGXP� 'DUOLQJWRQ� VSRHYL� VR� ]DHGQLaNL� HPLWHU� YR� ��� DIL � SODVWLaQR
NX`L^WH��5HOHLWH�VH�YU]DQL�YR�NROHNWRUVNRWR�NROR�QD�VSRMRW�L�LPDDW�SRVWRMDQ�SOXV�
L� VR� GUDMYHULWH� LP� VH� NRQWUROLUD� PLQXVRW�� 'DUOLQJWRQ� VSRMRW� VH� SURHNWLUD� WDND
^WR�WRM�LOL�H�YR�]DVLWXYDZH�LOL�H�LVNOXaHQ��.DUDNWHULVWLND�QD�RYRM�VSRM�H�JROHPR
VWUXMQR�]DVLOXYDZH�^WR�UH]XOWLUD�VR�JROHPD�NROHNWRUVND�VWUXMD�L�]D�PDOL�YUHGQRV�
WL� QD� YOH]QDWD� ED]QD� VWUXMD�� =D� GD� VH� SRVWLJQH� SRJROHPD� VWDELOQRVW� QD� L]OH]QRWR
NROR�SRGREUR�H�GD�VH�QDPDOL�RVHWOLYRVWD�QD�'DUOLQJWRQ�WUDQ]LVWRULWH�VR�YQHVXYD�
ZH�QD�RWSRUL�VR�JROHPLQD�RG�UHG�QD�QHNRONX� MΩ �YR�ED]LWH�QD�VLWH�VSRHYL��6R�RYD
GRSROQLWHOQR� VH� UDVWRYDUXYDDW� L� L]OH]LWH� RG� TTL� ORJLaNL� NROD�� ,VWLRW� GUDMYHU
PRCH�GD�VH�XSRWUHEL�L�]D�DNWLYLUDZH�QD�VRRGYHWQD�LED�]D�ORNDOQD�VLJQDOL]DFLMD�QD
SRORCEDWD�QD�57�

.RJD�VH�YU^L�NRGLUDZH�YR�BCD�NRG�]D�ORNDOQD�VLJQDOL]DFLMD�QD�LCD�PRCH�GD
VH� XSRWUHEDW� LCD� GUDMYHUL� NRL� SRNUDM� ^WR� ]DVLOXYDDW� YU^DW� L� GHNRGLUDZH� QD
ELWRYLRW�]ERU�YR�GHNDGHQ�EURM�SULNDCDQ�QD�LCD�

�� '(),1,5$:(�1$�%,729$7$�0$6.$

3RD_DM`L�RG�IDNWRW�GHND�GDOHaLQVNL�XSUDYXYDQDWD�NUDMQD� VWDQLFD�H�SURJUD�
PDELOQD�WUHED�GD�VH�GHILQLUD�]QDaHZHWR�QD�VHNRM�GLJLWDOHQ�YOH]��DI���3ULPHUL�QD
SDUDPHWUL]DFLMD�VH�GDGHQL�YR�VOHGQLWH�WDEHOL�

9R�VOXaDM�QD�L]YHGED�NDNR�YR�3ULORJ���SDUDPHWUL]DFLMDWD�`H�ELGH�VOHGQD�

DI 1 DI 2 DI L DI (N-1) DI N
3RORCED � 1 0 0 0 0
3RORCED � 0 1 0 0 0

3RORCED L 0 0 1 0 0

3RORCED N-1 0 0 0 1 0
3RORCED N 0 0 0 0 1

7DEHOD ��



$NR�SRORCEDWD�VH�NRGLUD�YR���ELWRY�BCD�NRG�L�57�LPD����SRORCEL�

DI 1 DI 2 DI 3 DI 4 DI 5 DI 6 DI 7 DI 8
3RORCED � 0 0 0 0 0 0 0 1
3RORCED � 0 0 0 0 0 0 1 0
3RORCED � 0 0 0 0 0 0 1 1

3RORCED �� 0 0 0 1 0 1 1 1
3RORCED �� 0 0 0 1 1 0 0 0

7DEHOD ��

�� =$./8A2.

2G�GRVHJD�L]ORCHQRWR�RaLJOHGQR�H�GHND�VLJQDOL]DFLMDWD�QD�SRORCEDWD�QD�57
H� HGQD� VSHFLILND� QD� NRMD� WUHED� GD� L� VH� SRVYHWL� RVREHQR� YQLPDQLH�� 2YD� RVREHQR
SRUDGL�IDNWRW�^WR�UD]OLaQL�WLSRYL�57�GDYDDW�UD]OLaHQ�YLG�QD�LQIRUPDFLMD�]D�57�
L�UD]OLaQL� WLSRYL�QD� GDOHaLQVNL� XSUDYXYDQL�NUDMQL� VWDQLFL�SULID`DDW�UD]OLaQL
REOLFL� QD� VLQDOL�� =DUDGL� WRD� NDNR� QHRSKRGQRVW� VH� MDYXYD�� SUHG� GD� VH� ]DSRaQH� VR
L]UDERWNDWD�QD�UH^HQLH�]D�,.357�GREUR�GD�VH�SURXaDW�57�L�NUDMQDWD� VWDQLFD�QD
aLL�YOH]RYL�`H�VH�QRVL�LQIRUPDFLMDWD�]D�SRORCEDWD�QD�57��2YD�H�QXCHQ�SUHGXVORY
]D�L]UDERWND�QD�,.357�NRPSDWLELOHQ�VR�57�L�NUDMQDWD�VWDQLFD�

35,/2*
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9R� WUXGRW� H� RSL^DQ� HGHQ� UHDOL]LUDQ� HOHNWURQVNL� VLVWHP� ]D� GDOHaLQVND
NRQWUROD� QD� SRORCEDWD� QD� UHJXODFLRQDWD� VNORSND� NDM� WUDQVIRUPDWRU� ������ kV�
'DGHQ�H�NUDWRN�RSLV�QD�VLVWHPRW�L�VH�RSL^DQL�QHJRYLWH�RGGHOQL�IXQNFLL�

�./8A1,�=%2529,��.RQWUROD��HOHNWURQVNL�VLVWHP��UHJXODFLRQD�VNORSND�

CONTENTS

This work describes a already applied electronic system for remote control over the position of
the regulation switch for transformer 110/6 kV. Short description of the system is given and his
functions are described.

KEY WORDS:  Control, Electronic system, regulation switch

�����929('

9R�GHQH^QLWH�XVORYL�QD�UD]YRM�QD�HOHNWURQLNDWD�L�NRPXQLNDFLWH�VH�VR]GDYD
PRCQRVW� ]D� SUHQRV� QD� SRYH`H� SRGDWRFL� YDOLGQL� ]D� VRVWRMEDWD� QD� HQHUJHWVNDWD
SRVWURMND�QD�RGGDOHaHQR�NRQWUROQR�PHVWR�SR�GYRCLOHQ�YRG�

6LVWHPRW�SUH]HQWLUDQ�YR�RYRM�WUXG�RYR]PRCXYD�SUHQRV�QD�LQIRUPDFLMDWD�]D
SRORCEDWD�QD�UHJXODFLRQDWD�VNORSND�QD�WUDQVIRUPDWRURW�������kV QD�GDOHaLQVNR
PHVWR�� 6R� QHJRYD� SULPHQD� VH� VR]GDYD� PRCQRVW� ]D� YL]XHOL]DFLMD� QD� SRORCEDWD� QD
UHJXODFLRQDWD�VNORSND�QD�WUDQVIRUPDWRURW�QD�GDOHaLQVNR�NRQWUROQR�PHVWR�



�����23,6�1$�6,67(027

9R�GHILQLUDQDWD�]DGDaD�VH�EDUD^H�GD�VH�SURHNWLUD�L�SUDNWLaQR� �UHDOL]LUD
HGHQ� HOHNWURQVNL� VLVWHP�� NRM� `H� RYR]PRCL� LQIRUPDFLMDWD� ]D� SRORCEDWD� QD
UHJXODFLRQDWD� VNORSND� QD� WUDQVIRUPDWRURW� GD� VH� SUHQHVH� L� YL]XHOL]LUD� QD
RGGDOHaHQR�NRQWUROQR�PHVWR��3UHQRVRW�QD�LQIRUPDFLMDWD�WUHED�GD�VH�UHDOL]LUD�SR
GYRCLOHQ�YRG��1D�VO���H�GDGHQ�EORN�GLMDJUDPRW�QD�RYRM�VLVWHP�

VO�����%ORN�GLMDJUDP�QD�HOHNWURQVNLRW�VLVWHP

����5HJXODFLRQD�VNORSND
����3UHGDYDWHO�QD�LPSXOVQR�^LULQVNL�VLJQDO
����3ULHPQLN�QD�LPSXOVQR�^LULQVNL�VLJQDO
����6HGXPVHJPHQWHQ�GLVSOHM

(OHNWURQVNLRW�VLVWHP�VH�VRVWRL�RG�GYD�GHOD��SUHGDYDWHO��NRM�H�VPHVWHQ�SRNUDM
WUDQVIRUPDWRURW� L� SULHPQLN� ORFLUDQ� QD� NRQWUROQRWR� PHVWR�� =DGDaD� QD
SUHGDYDWHORW�H�YU]�RVQRYD�QD�PRPHQWDOQDWD�SRVWDYHQRVW�QD�UHJXODFLRQDWD�VNORSND
�NRMD� LPD� ��� SRORCEL��� GD� JHQHULUD� LPSXOVQR� ^LULQVNL� VLJQDO�� GD� JR� SULODJRGL
VLJQDORW� � QD� OLQLMDWD� ]D� SUHQRV� L� WDND� SRGJRWYHQLRW� VLJQDO� GD� JR� LVSUDWL� SR
OLQLMDWD�]D�SUHQRV�

=DGDaD� QD� SULHPQLNRW� H� GD� JR� SULPL�� GHWHNWLUD� L� YL]XHOL]LUD� LPSXOVQR
^LULQVNLRW�VLJQDO�LVSUDWHQ�RG�SUHGDYDWHORW�SUHNX�OLQLMDWD�]D�SUHQRV��1D�VWUDQDWD
QD� SULHPQLNRW� LQIRUPDFLMDWD� ]D� SRORCEDWD� QD� UHJXODFLRQDWD� VNORSND� QD
WUDQVIRUPDWRURW� VH� YL]XHOL]LUD� SUHNX� VHGXPVHJPHQWHQ� GLVSOHM�� $NR� QD� SULPHU�
UHJXODFLRQDWD�VNORSND�H�SRVWDYHQD�YR�SRORCED�����QD�VHGXPVHJPHQWQLRW�GLVSOHM�`H
VH�SURaLWD�EURMRW����

�����.UDWRN�RSLV�QD�NRODWD�YR�VLVWHPRW

3UHGDYDWHORW�VH� VRVWRL�RG���NROD� �VO�����8SRWUHEHQL� VH�CMOS� LQWHJULUDQL
NROD��6LJQDOLWH� i1 - i28 VH�RGUHGHQL�RG�SRORCEDWD�QD�UHJXODFLRQDWD� VNORSND��9U]
RVQRYD�QD�QLY�JHQHUDWRURW�JHQHULUD�LPSXOV�VR�VRRGYHWQD�^LULQD�

7� �1.39RiC



NDGH�H�

Ri -��YUHGQRVW�QD�RWSRUQLNRW�YR�VRRGYHWQDWD�SRORCED�QD�UHJXODFLRQDWD�VNORSND
C  - �YUHGQRVW�QD�NRQGHQ]DWRURW

VO�����3UHGDYDWHO�QD�LPSXOVQR�^LULQVNL�VLJQDO

G���*HQHUDWRU�QD�LPSXOV�VR�VRRGYHWQD�^LULQD
D���'HWHNWRU
R���.ROR�]D�UHVHW
P���.ROR�]D�SULODJRGXYDZH

9R�SUDNWLaQR�UHDOL]LUDQLRW�VLVWHP�VH�GRELYDW�VLJQDOL�VR�^LURaLQD�RG���ms
GR���K�� �����ms. 'HWHNWRURW�LPD�]DGDaD�GD�JR�SULPL�VLJQDORW�RG�JHQHUDWRURW�L�GD
JR� GHWHNWLUD� QHJRYLRW� QHJDWLYHQ� UDE�� 6R� SRMDYD� QD� QHJDWLYQLRW� UDE� GHWHNWRURW
SUHNX� VYRMRW� L]OH]� `H� JR� DNWLYLUD� NRORWR� ]D� UHVHW�R�� NRH� SRQDWDPX� `H� JR� ]DNRaL
JHQHUDWRURW�� .RORWR� P JR� SULODJRGXYD� VLJQDORW� RG� JHQHUDWRURW� ]D� SUHQRV� SR
OLQLMDWD�]D�SUHQRV��6LJQDO�]D�WULJHULUDZH�QD�SUHGDYDWHORW�VH�GRELYD�RG�VWUDQDWD
NDGH� H� ORFLUDQ� SULHPQLNRW�� SUHNX� OLQLMDWD� ]D� SUHQRV�� /LQLMDWD� ]D� SUHQRV� H
GYRCLOHQ�YRG��9R�SUDNWLaQR�UHDOL]LUDQLRW�VLVWHP�H�LVNRULVWHQ�SRVWRHaNLRW�YRG�VR
SUHVHN�RG�����mm.

9R�ID]DWD�QD�SURHNWLUDZH�QD�VLVWHPRW�H�VLPXOLUDQ�YRG�VR�GROCLQD�GR����m�
5H]XOWDWLWH�RG� VLPXODFLMDWD�EHD� ]DGRYROLWHOQL��6LPXODFLMDWD� EH^H�QDSUDYHQD� YR
NRPSMXWHUVNLRW� SURJUDP� WORKBENCH 5 NRM� UDERWL� SRG� RSHUDWLYQLRW� VLVWHP
WINDOWS 95.

1D�VO����H�SULNDCDQ�EORN�GLMDJUDPRW�QD�NRODWD�XSRWUHEHQL�YR� �SULHPQLNRW�
9R�UDERWDWD�QD�SULHPQLNRW�XaHVWYXYDW���NROD�

6LJQDO� VR� VRRGYHWQD� ^LULQD�� VH� SULPD� RG� OLQLMDWD� ]D� SUHQRV� SUHNX� ^PLW

WULJHU� �NRORWR� [T)�� 1HJRYD� ]DGDaD� H� GD� JL� RGVWUDQL� L]REOLaXYDZDWD� QD� VLJQDORW



SUHGL]YLNDQL� RG� YOLMDQLHWR� QD� OLQLMDWD� ]D� SUHQRV�� 1D� QHJRYLRW� L]OH]� VH� GRELYD
VLJQDO�NRM�H�LGHQWLaHQ�VR�JHQHULUDQLRW�VLJQDO�RG�SUHGDYDWHORW�
6DPR� NRJD� QD� YOH]RW� QD� SULHPQLNRW� H� SULVXWHQ� VLJQDO� VH� DNWLYLUDDW� NRODWD
R]QDaHQL�VR�G L�E. .RORWR�G JHQLULUD�LPSXOVL�VR�IUHNYHQFLMD�1kHz. .RORWR�E JL
RYR]PRCXYD�EURMDaLWH�YR�SULHPQLNRW�GD�VH�SRVWDYDW�YR�VRVWRMED�]D�EURHZH�NRJD�QD
YOH]RW� RG� SULHPQLNRW� LPD� VLJQDO��.RORWR�D - MD� GHOL�IUHNYHQFLMDWD� QD� QHJRYLWH
YOH]QL�LPSXOVL�VR����7DND�REUDERWHQLRW�VLJQDO�VH�SULPD�RG�EURMDaNDWD�GHNDGD�BD.

VO����%ORN�GLMDJUDP�QD�SULHPQLNRW

[T ���>PLW�WULJHU
G   ���*HQHUDWRU�VR�IUHNIHQFLMD���kHz
E�������.ROR�]D�HQDEOLUDZH�QD�NRODWD�]D�EURHZH
D  �����'HOLWHO�QD�IUHNIHQFLMD�VR��
BD����%URMDaND�GHNDGD

'D�SUHWSRVWDYLPH�GHND� VLJQDORW�QD�L]OH]RW�RG�SUHGDYDWHORW�H� VR�^LURaLQD
RG� ���� ms �WRD� ]QDaL� GHND� UHJXODFLRQDWD� VNORSND� H� YR� SRORCED� ����� =D
YUHPHWUDHZHWR�QD�RYRM�YOH]HQ�VLJQDO�JHQHUDWRURW�JHQHULUD�����LPSXOVL�VR�SHULRGD
RG� �� ms. 7LH� LPSXOVL� VH� SULPDW� RG� GHOLWHORW� QD� IUHNYHQFLMD� D, NRM� MD� GHOL
IUHNYHQFLMDWD�QD�LPSXOVLWH�VR��.�7DND�QD�QHJRYLRW�L]OH]�VH�GRELYDW�

�������� ����LPSXOVL

2YLH�LPSXOVL�VH�QRVDW�QD�EURMDaNDWD�GHNDGD�BD, NRMD�SR�RGUHGHQD�REUDERWND
JL�SULNDCXYD�QD�GLVSOHMRW��H�SRNDCDQ�EURMRW���� �QD�GLVSOHMRW��7DND�]QDaL��OLFHWR
QD� RGGDOHaHQRWR� NRQWUROQR� PHVWR� `H� ]DNOXaL� GHND� UHJXODFLRQDWD� VNORSND� H� YR
SRORCED����
�����=$./8A2.



9R�WUXGRW�EH^H�RSL^DQ�HGHQ�HOHNWURQVNL�VLVWHP�]D�NRQWUROD�QD�SRORCEDWD
QD� UHJXODFLRQDWD� VNORSND� NDM� WUDQVIRUPDWRU� �����kV QD� RGGDOHaHQR� NRQWUROQR
PHVWR��(OHNWURQVNLRW�VLVWHP�H�SUDNWLaQR�UHDOL]LUDQ�L�UDERWL�YH`H�RVXP�PHVHFL�GR
PRPHQWRW�NRJD�JR�SL^XYDPH�WUXGRW��9R�WHNRW�QD�GRVHJD^QDWD�UDERWD�QD�VLVWHPRW�VH
MDYLMD� QHNRL� PDOL� SUREOHPL� NRL� VH� UH]XOWDW�� QH� QD� NYDOLWHWRW� QD� SURHNWLUDQLRW
VLVWHP��WXNX�QD�WHKQRORJLMDWD�QD�SUDNWLaQDWD�L]UDERWND�QD�HOHNWURQVNRWR�UH^HQLH�
1D^H� PLVOHZH� H� GHND� UHDOL]LUDQRWR� UH^HQLH� `H� UDERWL� L� YR� LGQLQD� XVSH^QR
RSUDYGXYD`L� MD� VYRMDWD� UHDOL]DFLMD�� 6R� WRD� `H� VH� VR]GDGH� UHDOQD� RVQRYD� ]D� QHJRYD
QDGJUDGED�L�LPSOHPHQWDFLMD�YR�GUXJL�VOLaQL�SURFHVQL�REMHNWL�

/,7(5$785$
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