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SUMMARY 

In this study, a digital fault location and monitoring technique using Programmable 

Logic Controller (PLC) for overhead power distribution lines is presented. This technique 

employs pre- and post-fault current and voltage information along with data from laterals. In 

this method a knowledge based algorithm is incorporated to the superimposed components 

based fault location and monitoring algorithm to locate shunt faults in radial power distribution 

lines with sub-feeders. By transferring current information from sub-feeders to the substation, 

through Shielded Twisted Pair (STP) cables the possibility of multiple fault point locations are 

eliminated. The effectiveness of this method is tested with Electro-magnetic Transients Program 

(EMTP) simulations. 

Key Words: Fault Location, Programmable Logic Controllers, Power Distribution Feeders, 

Superimposed Components,  
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HWWL÷LP�NÕ\PHWOL�KRFDP�YH�WH]�GDQÕúPDQÕP�6D\ÕQ�<DUG��'Ro��'U�<ÕOPD]�$6/$1¶D�WHúHNN�U��ELU�
borç bilirim. 

.D\QDN� DUDúWÕUPDODUÕPGD� \DUGÕP� DOGÕ÷ÕP� $UoHOLN� $�ù�¶\H� PDQHYL� GHVWHNOHULQL�
KLVVHWWL÷LP� W�P� GRVWODUÕPD�� \�NVHN� OLVDQV� GHUVOHULQGH� ELOJLOHULQGHQ� ID\GDODQGÕ÷ÕP� W�P�
KRFDODUÕPD�WHúHNN�U�HGHULP� 

%X� WH]LQ� KD]ÕUODQPDVÕ� VÕUDVÕQGD�� W�P� KD\DWÕP� ER\XQFD� GHVWHNOHULQL� YH� WHúYLNOHULQL�
HVLUJHPH\HQ�DQQH�YH�EDEDPD�ú�NUDQODUÕPÕ�ELU�ERUo�ELOLULP� 
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cbPaI ,,
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PsonV  $UÕ]D�VÕUDVÕQGD�ND\GHGLOHQ�JHULOLP�ID]|U� 

cbPaV ,,  ��ID]OÕ�GD÷ÕWÕP�KDWWÕQGD P ucunda kaydedilen gerilim fazörü 

AV
'  $UÕ]D�QRNWDVÕQGDNL�JHULOLPOHU�IDUNÕ 
AönV
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PV

'  3�XFXQGD�NL��KDW�EDúÕQGDNL��JHULOLP�IDUNÕ 
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��*ø5øù 

 2UWD�JHULOLP��2*��KDYDL�HQHUML�GD÷ÕWÕP�KDWODUÕ��HOHNWULN�HQHUMLVLQLQ��UHWLP�PHUNH]LQGHQ�
W�NHWLFLOHUH�XODúWÕUÕOPDVÕQGD�|QHPOL�ELU�LúOHYH�VDKLSWLUOHU���2*�KDWODUÕ��DQD�KDW�YH�EX�KDWWD�ED÷OÕ�
tali hatlardan meydana geldikleUL�LoLQ�HQHUML�LOHWLP�KDWODUÕQD�J|UH�GDKD�oRN�NDUPDúÕN�ELU�\DSÕ\D�
VDKLSWLU�� �'D÷ÕWÕP�KDWODUÕQÕQ�VRQXQGD�NRMHQHUDV\RQ�EXOXQPDVÕ��KDWWDQ�oHNLOHQ�HQHUMLQLQ�J�Q�Q�
EHOOL�VDDWOHULQH�J|UH�GH÷LúLNOLN�J|VWHUPHVL��KDW�NRQILJ�UDV\RQXQXQ�DQD�YH�WDOL�KDWODU�LoLQ�IDUNOÕ 
ROPDVÕ�DUÕ]D�DNÕPODUÕQÕQ�KHVDSODQPDVÕQÕ�GDKD�GD�NDUPDúÕN�KDOH�JHWLUPHNWHGLU�>�@� 
 'D÷ÕWÕP� KDWODUÕQGD� PH\GDQD� JHOHQ� DUÕ]DODU� ú|QW� YH� DoÕN� GHYUH� ROPDN� �]HUH� LNL\H�
D\UÕOPDNWDGÕUODU��$oÕN�GHYUH�DUÕ]DODU��KDWWÕQ�NRSPDVÕ�VRQXFXQGD�PH\GDQD�JHOLUOHU���ù|QW�DUÕ]DOar 

ise faz-toprak, faz-faz ve faz-faz-WRSUDN� NÕVD� GHYUH� VRQXFX� ROXúXUODU�� %X� KDWODUGD� \DSÕODQ�
|Oo�POHU� ú|QW� DUÕ]DODUÕQ� �-�� J�QGH� ELU� PH\GDQD� JHOGL÷LQL� J|VWHUPHNWHGLU�� ù|QW� DUÕ]DODUÕQ�
\DNODúÕN�RODUDN����¶LQL�ID]-WRSUDN�DUÕ]DODUÕ�ROXúWXUPDNWDGÕU�>��@� 

Enerji� GD÷ÕWÕP� KDWODUÕQGD� DUÕ]D� WHVSLWL� NRQXVXQGD� \DSÕODQ� oDOÕúPDODU� ROGXNoD� ID]OD�
LKWL\Do�ROPDVÕQD�UD÷PHQ�\HWHUVL]�NDOPÕúWÕU���%XQXQOD�EHUDEHU�GD÷ÕWÕP�KDWWÕQGD�DUÕ]DODUÕQ�\HULQLQ�
EXOXQPDVÕ�LoLQ�oHúLWOL�\|QWHPOHU�JHOLúWLULOPLúWLU���$UÕ]D�\HUL�EXOPD�WHNQLNOHUL��Kareketli dalgalar 

YH� \�NVHN� IUHNDQV� ELOHúHQOHULQH� GD\DQDQ� DUÕ]D� \HUL� EXOPD� WHNQL÷L�� WHPHO� IUHNDQV� DNÕPODUD� YH�
YROWDMODUD� GD\DQDQ� DUÕ]D� \HUL� EXOPD� WHNQL÷L� YH� ELOJL� WDEDQOÕ� \DNODúÕPODUD� GD\DQDQ� DUÕ]D� \HUL�
EXOPD�WHNQL÷L�ROPDN��]HUH��o�NDWHJRULGH�LQFHOHQHELOLU���%X�\|QWHPOHUGHQ�ED]ÕODUÕ�DúD÷ÕGD�|]HW�
olarak verilmektedir [31]. 

&ODUNH�YH�+RUQ�\HQL�ELU�VHQV|U�NXOODQDUDN�KDYDL�HQHUML�GD÷ÕWÕP�KDWODUÕQGD�\|QVHO�DUÕ]D�
\HUL� WHVSLWL� \DSPÕúODUGÕU�� � +DYDL� HQHUML� GD÷ÕWÕP� KDWWÕQGD� KHU� GLUH÷H� PRQWH� HGLOHQ� VHQV|U�
NXOODQÕODUDN��KHU�ELU�ID]GDQ�HOGH�HGLOHQ�DNÕP�YH�JHULOLP�ELOJLOHUL�LOH�oDOÕúPÕúODUGÕU�� �8\JXODPD�
LoLQ� JHOLúWLULOHQ� VHQV|UGH�� KHP�DNÕP�KHP�JHULOLP�|Oo�POHUL� LoLQ� ID]� EDúÕQD� VDGHFH�ELU�\�NVHN�
JHULOLP� DUDELULPL� JHUHNWLUPHNWHGLU�� � 6LQ\DOOHU�� DO�PLQ\XP� ELU� NXWX\OD� NDSODQPÕú� VHQV|UGHQ�
HNUDQODQPÕú�ELU�NDEOR�LOH�GLUHN��]HULQH�PRQWH�HGLOHQ�WHPHO�PDQWÕN�GHYUHOHULQH�J|QGHULOLU���(OGH�
HGLOHQ�JHULOLP�YH�DNÕP�YHNW|UOHUL�DUDVÕQGDNL�ID]�DoÕVÕQÕQ�|Oo�P�\OH�DUÕ]DQÕQ�\|Q��WHVSLW�HGLOLU���
6HQV|UOHU�EHOLUOL� DUDOÕNODUGD�GLUHNOHU��]HULQH�\HUOHúWLULOPLúWLU�� �<HUOHúWLULOHQ�VHQV|UOHU���N9�LOH�
��N9� DUDVÕQGDNL� JHULOLPOHUGH� oDOÕúDFDN� úHNLOGH� WDVDUODQPÕúWÕU�� � $QFDN�� VHQV|UOHU� G�]HQOL�
DUDOÕNODUOD�GD÷ÕWÕP�KDWWÕQÕQ�EDúÕQGDQ�VRQXQD�NDGDU�\HUOHúWLULOHFH÷LQGHQ��PRQWH�HWPH�PDOL\HWOHUL�
oldukça yüksektir.  DL÷HU� ELU� GH]DYDQWDMÕ� LVH� DUÕ]DQÕQ� PH\GDQD� JHOPHVLQGHQ� VRQUD� DUÕ]DOÕ�
QRNWD\Õ� WHVSLW�HWPHN� LoLQ�VHQV|U�ELULPOHULQL� LQFHOHPHN�LoLQ�ELU�HNLS�J|QGHULOHUHN�DUÕ]D�\HULQLQ�
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WHVSLW� HGLOPHVL� JHUHNOLGLU�� �%XGD� HQHUML� úLUNHWOHUL� LoLQ� DUÕ]D� WHVSLWLQGH� LODYH�PDOL\HW� YH� ]aman 

ND\EÕQD�QHGHQ�ROPDNWDGÕU�>�@� 
El-+DPL�� /DL�� 'DUXYYDOD�� -RKQV� oDOÕúPDODUÕQGD� ��� N9� GD÷ÕWÕP� VLVWHPOHUL� �]HULQGH�

DUÕ]DODUÕQ�\HULQL�EXOPD\D�oDOÕúPÕúODUGÕU�� �%X�WHNQLNWH�J�o�IUHNDQV�ELOHúHQOHULQGHQ�GDKD�]L\DGH�
\�NVHN� IUHNDQV� ELOHúHQOHUL� NXOODQÕOPÕúWÕU�� � %XQODU� DUÕ]D� WDUDIÕQGDQ� KDWWD� X\JXODQDQ� YH� KDW�
ER\XQFD�KHU�LNL�\|QGH�YH�DUÕ]D�QRNWDVÕQGDQ�KHU�LNL�\|QH�GR÷UX�\D\ÕODQ�GDOJDODUGÕU���$UÕ]D�\HUL�
EXOXFXODU��\|QVHO�DUÕ]D�WHVSLWL�LoLQ�DUÕ]DQÕQ�ROXúWXUGX÷X�\�NVHN�IUHNDQV�ELOHúHQOHULQL�J|]OHPHN�
LoLQ�GD÷ÕWÕP�KDWWÕ�ER\XQFD�X\JXQ�YH�G�]HQOL�DUDOÕNODUOD�\HUOHúWLULOLUOHU���%X�WHNQLNWH�KDW�WÕNDoODUÕ�
YH�ILOWUHOHU�NXOODQÕODUDN�DUÕ]DQÕQ�ROXúWXUGX÷X�EHOLUOL�EDQGÕQ��]HULQGHNL�\�NVHN�IUHNDQV�ELOHúHQOHUL�
HOGH�HGLOHUHN�DUÕ]DQÕQ�\|Q��WHVSLW�HGLOPHNWHGLU�� �%X�PHWRW�NDUPDúÕNWÕU�YH�|]HOOLNOH�D\DUODQPÕú�
ILOWUHOHU� JHUHNWLULU�� � %XQXQOD� ELUOLNWH� \|QVHO� DUÕ]D� \HU� EXOXFXODUÕ�� J|]O�� GD÷ÕWÕP� úHEHNHOHULQGH�
\DUDUOÕ�ROPDVÕQD�UD÷PHQ�X]XQ�UDG\DO�GD÷ÕWÕP�KDWODUÕQGD�LON�NXUXOXP�PDOL\HWOHUL�ROGXNoD�\�NVHN�
RODFDNWÕU�>��YH���@� 

*LUJLV� WDUDIÕQGDQ� JHOLúWLULOHQ� \|QWHPGH�� \HUHO� HQHUML� GD÷ÕWÕP� KDWODUÕQGD� J|U�Q�U�
HPSHGDQVD� GD\DQDUDN� DUÕ]D� \HUL� WHVSLWL� \DSÕOPÕúWÕU�� %X� WHNQLN� J|U�Q�U� HPSHGDQVÕQ� JHQHO�
NDYUDPÕ��]HULQH�GD\DQÕU���$NÕP�YH�JHULOLP�ELOJLOHUL��WHN�QRNWDGD�VD÷ODQÕU���%X�WHNQLNWH�DQD�KDWWD�
ED÷OÕ� RODQ� WDOL� KDWODU� GD� GLNNDWH� DOÕQDUDN� DNÕP� YH� JHULOLP� GH÷HUOHUL� KHU� WDOL� KDW� QRNWDVÕ� LoLQ�
KHVDSODQPDNWDGÕU�� �$VOÕQGD�EX�PHWRW�� DUÕ]D� WLSLQLQ� VÕQÕIODQGÕUÕOPDVÕQD�GD\DQÕU�� �*HULOLP-DNÕP�
oLIWL�DUÕ]D�ELOJLVLQGHQ�J|U�QHQ�HPSHGDQVÕ�KHVDSODPDN�LoLQ�VHoLOLU���%X�PHWRW�DUÕ]DOÕ�ID]�YH�DUÕ]D�
WLSLQH�J|UH�VHoLOPLú�JHULOLPLQ�DNÕPD�RUDQÕ�RODQ�J|U�QHQ�HPSHGDQVD�GD\DQÕU���%XUDGDQ�EXOXQDQ�
HPSHGDQV� |Oo�P� \HUL� LOH� DUÕ]D� QRNWDVÕQÕQ� DUDVÕQGDNL� PHVDIH\L� YHUPHNWHGLU�� � %X� WHNQLNWH�
(OHNWURPDJQHWLF� 7UDQVLHQWV� 6LP�ODV\RQ� 3URJUDPÕ� �(073�� NXOODQÕODUDN� ROGXNoD� L\L� VRQXoODU�
HOGH� HGLOPHVLQH� NDUúÕOÕN�� KDW� VRQXQD� ED÷ODQPDVÕ� RODVÕ� NRMHQHUDV\RQ� ND\QDN�� |Oo�P� KDWDODUÕ��
DUD\�]�KDWDODUÕ�JLEL�KDWDODU�GLNNDWH�DOÕQPDPÕúWÕU�>��@� 

=KX��/XENHPDQ�YH�*LUJLV�oDOÕúPDODUÕQGD��KDW�EDúÕQGD�|Oo�OHQ�WHPHO�IUHNDQVWDNL�JHUilim 

YH� DNÕP� |UQHNOHULQH� GD\DQDQ� GLMLWDO� DUÕ]D� \HUL� EXOPD� YH� WHúKLV� WHNQL÷L� JHOLúWLUPLúOHUGLU�� � %X�
WHNQLNWH� UDG\DO� VLVWHPOHU� LoLQ� WDOL� KDWODU� KHVDSODPDGD� GLNNDWH� DOÕQPÕúWÕU�� � $UÕ]D� \HUL� EXOPD�
DOJRULWPDVÕ��NDUDUOÕ�GXUXP��VWHDG\-VWDWH��DUÕ]D�NRúXOXQX�WDQÕPOD\DQ�GHQNOHPOHUH�WHNUDUOÕ�o|]�P�
�]HULQH�GD\DQÕU���%X�DOJRULWPDGD��UDG\DO�HQHUML�GD÷ÕWÕP�VLVWHPL�LoLQ�L\L�VRQXoODU�HOGH�HGLOPLúWLU���
%LOJLVD\DU� EHQ]HWLPOHULQGH�� GLQDPLN� \�NOHULQ� YDUOÕ÷Õ� YH� KDW� VRQX� EHVOHPH� ND\QD÷ÕQ� HWNLOHUL�
GLNNDWH�DOÕQPDPÕúWÕU�>��@� 

Das, SaFKGHY�� 6LGKX� oDOÕúPDODUÕQGD�� UDG\DO� HQHUML� GD÷ÕWÕP� KDWODUÕQGD� ú|QW� DUÕ]DODUÕ�
KHVDSODPDN�LoLQ�oHúLWOL�WHNQLNOHU�JHOLúWLUPLúOHUGLU���%X�PHWRWWD��KDW�EDúÕQGDQ�|Oo�OHQ�JHULOLP�YH�
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DNÕPODUÕQ� WHPHO� ELOHúHQOHUL� NXOODQÕOPDNWDGÕU�� � %X� WHNQLNWH� KRPRMHQ� ROPD\DQ� KDW� \DSÕVÕ��
NDSDVLW|U� \�NOHUL� YH� GLQDPLN� \�NOHU� GLNNDWH� DOÕQPÕúWÕU�� � %LU� DUÕ]D� WHVSLW� HGLOGL÷LQGH�� J�o�
IUHNDQVÕQGDNL� DUÕ]D� |QFHVL� JHULOLP�YH� DNÕP� ID]|UOHUL�KDW�EDúÕQGD�ND\GHGLOLU�� �$UÕ]D�DQÕQGD�YH�
|QFHVLQGH�WHUPLQDOGH�VÕUD�JHULOLPOHUL�YH�DNÕPODUÕ�KHVDSODQDUDN�DUÕ]DQÕQ�WLSL�EHOLUOHQLU�� �<�NOHU�
GLNNDWH�DOÕQDUDN��DUÕ]DQÕQ�WDP�RODUDN�\HUL�|WHOHPH�\ROX\OD�KHVDSODQPDNWDGÕU�� �%X�WHNQLNWH�KDW�
VRQXQD� ED÷OÕ� NRMHQHUDV\RQ� ND\QD÷ÕQ� YDUOÕ÷Õ�� \�N� WDKPLQ� KDWDODUÕ�� DUD\�]� YH� NXDQWDODPDGDQ 

ND\QDNODQDQ� KDWDODU� GLNNDWH� DOÕQPDPÕúWÕU�� � <DSÕODQ� WHVWOHUGH�� �Ω ile 25Ω� DUDVÕQGDNL� DUÕ]D�
GLUHQoOHUL� LoLQ� WDWPLQNDU� VRQXoODU� HOGH� HGLOPHVLQH� UD÷PHQ� GDKD� \�NVHN� GLUHQoOHUGH� ROXúDFDN�
DUÕ]DODU�LUGHOHQPHPLúWLU�>�@� 

.DNLPRWR�� HW� DO��� GD÷ÕWÕP� VLVWHPOHULQGH� DUÕ]D� \HUL� EXOPD� YH� EX� E|OJH\L� L]ROH� HWPH�
konuOX�ELU�oDOÕúPD�\DSPÕúODUGÕU���%X�WHNQLN�LOH��ID]-WRSUDN�DUÕ]DODU�KHU�ELU�GLUHNWH�NXOODQÕODQ�YH�
WRSUDNODPD� LOHWNHQL� �]HULQGHQ� ED÷ODQDQ� ELU� VHQV|U� LOH� WHVSLW� HGLOLU�� � +DWWD� RSWLN� NDEOR�
NXOODQÕOPDVÕ\OD�DUÕ]D�DQÕQGD�W�P�VLVWHPLQ�HQHUMLVLQL�NHVPHGHQ�DUÕ]DOÕ�KDW izole edilmektedir.  Bu 

teknik faz-WRSUDN� DUÕ]DODUÕ� NDSVDPDNWDGÕU�� � %XQXQ� GÕúÕQGD� KHU� ELU� GLUHNWH� DNÕP� VHQV|U�Q�Q�
NXOODQÕOPDVÕ� YH� GLUHNOHU� LOH� LVWDV\RQ� DUDVÕQVD� KDEHUOHúPHGH� ILEHU� RSWLN� NDEORQXQ�
NXOODQÕOPDVÕQGDQ�GROD\Õ�PDOL\HWOHUL�\�NVHNWLU�>��@� 

TenscherW� oDOÕúPDVÕQGD� NDUPDúÕN� GD÷ÕWÕP� VLVWHPOHUL� �]HULQGH� DUÕ]DODUÕQ� \HULQL� WHVSLW�
HWPHN� LoLQ� ELU� WHNQLN� JHOLúWLUPLúWLU�� � %X� WLS� VLVWHPOHU� KDYDL� KDWODUÕ� YH� \HU� DOWÕ� NDEORODUÕQGDQ�
ROXúPDNWDGÕU�� � %X� WHNQLNWH� GLMLWDO� PHVDIH� U|OHOHUL� YH� HPSHGDQV� KHVDEÕ� LOH� DUÕ]D� \HUi 
EXOXQPDNWDGÕU�� � %XQXQOD� ELUOLNWH� DUÕ]D� DUN� GLUHQFL�� GD÷ÕWÕP� KDWODUÕQÕQ� OLQHHU� ROPD\DQ� \DSÕVÕ��
GD÷ÕWÕP� KDWODUÕ� �]HULQGHNL� KDW� VRQX� ND\QD÷ÕQ� YDUOÕ÷Õ� DUÕ]D� \HULQL� EXOPDGD� KDWD\D� QHGHQ�
ROPDNWDGÕU�� �%X� WHNQLN� LOH�� UDG\DO� úHEHNHOHUGH�DUÕ]D�DUN�GLUHQFL� WDUDIÕQGDQ�ROXúDQ�KDWD�VDGHFH�
DUÕ]D�HPSHGDQVÕQÕQ�|Oo�OHQ�UHDNWDQVÕQ�KHVDSODQPDVÕ\OD�RUWDGDQ�NDOGÕUÕOÕU���(OGH�HGLOHQ�UHDNWDQV�
WDEORVX�KDW�ER\XQFD�ROXúWXUXOXU�YH�ELOJLVD\DUGD�VDNODQÕU�� �%LOJLVD\DU��HNUDQ��]HULQGH�P�PN�Q�
RODQ�DUÕ]D�\HUOHULQL�YH�W�P�KDW�SDUoDODUÕQÕ�ELU�OLVWHGHQ�VHoHU���5|OH�WDUDIÕQGDQ�|Oo�OHQ�UHDNWDQV�
H÷HU� KDW� VRQXQGD� YH� EDúODQJÕFÕQGDNL� UHDNWDQV� DUDVÕQGD� \HU� DOÕ\RUVD�� EX� NÕVÕP� RODVÕ� DUÕ]D�
QRNWDVÕQÕ� J|VWHUPHNWHGLU�� � 8\JXODQDQ� PHWRW� KDW� VRQX� ND\QD÷ÕQ� ROPDGÕ÷Õ� UDG\DO� VLVWHPOHUGH�
VÕQÕUOÕGÕU�� � %XQXQ� GÕúÕQGD� WHNQLNWH� VDGHFH� DUÕ]D� VRQUDVÕ� JHULOLP� YH� DNÕPODU� NXOODQÕOÕU� YH� \�N�
ED÷ODQWÕ�QRNWDODUÕQÕQ�HWNLOHUL�KHVDED�NDWÕOPD]�� �*HOLúWLULOHQ�PHWRWWD�\�NVHN�NDSDVLWHOL�\�NOHULQ�
YDUOÕ÷Õ�\�NVHN�KDWDODUD�VHEHS�ROPDVÕQGDQ�GROD\Õ�KHVDED�NDWÕOPDPÕúWÕU�>��@� 

$VODQ�� \DSWÕ÷Õ� GRNWRUD� WH]LQGH� %LOHúHQOHU� )DUNÕ� <|QWHPL� NXOODQDUDN�2*� KDYDL� HQHUML�
GD÷ÕWÕP�KDWODUÕQGD�ROXúDELOHFHN�ú|QW�DUÕ]DODU�YH�DUÕ]D�\HUOHULQL�WHVSLW�HWPLúWLU���'LMLWDO�U|OH�DNÕP�
YH� JHULOLP� YHULOHUL� NXOODQDUDN� DUÕ]D� ROXú� ]DPDQÕ�� DUÕ]D� WLSL� YH� DUÕ]D� QRNWDVÕQGDNL� DUÕ]a yol 
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DNÕPODUÕQÕQ�KHVDSODQPDVÕQÕ�J|VWHUPLúWLU���+HVDSODPDODUGD�HOGH�HGLOHQ�VRQXoODUÕ�(073�EHQ]HWLP�
SURJUDPÕ�NXOODQDUDN�JHUoHNOHúWLULOHQ�HQHUML�GD÷ÕWÕP�KDWWÕQGDQ�RNXQDQ�GH÷HUOHUOH�NDUúÕODúWÕUPÕúWÕU���
dDOÕúPDVÕQGD� HOGH� HWWL÷L� VRQXoODUOD� \|QWHPLQ� HQHUML� GD÷ÕWÕP� KDWODUÕQGD� HWNLOL� ELU� úHNLOGH�
NXOODQÕODELOLUOL÷LQGHQ�EDKVHWPLúWLU�>��YH��@� 

<DSÕODQ�oDOÕúPDGD��LON�|QFH�DUÕ]D�\HULQL�EXOPDN�LoLQ�NXOODQÕODQ�KHVDSODPDODUGDQ��HQHUML�
GD÷ÕWÕP� WDOL� KDWODUÕQGD� DUÕ]D� DQDOL]L� YH� %LOHúHQOHU� )DUNÕ� <|QWHPLQGHQ� EDKVHGLOPLúWLU�� � 7Hzin 

�o�QF�� NÕVPÕQGD� DNÕP� VHQV|U�� DOJRULWPDVÕQÕQ� 3/&¶\H� X\JXODQPDVÕ� DQODWÕOPÕú� YH� 3/&� GH�
KD]ÕUODQDQ� SURJUDP� WDQÕWÕOPÕúWÕU�� � 'DKD� VRQUD� ELOJLVD\DU� LOH� 3/&� DUDVÕQGDNL� KDEHUOHúPH�
VLVWHPOHUL�DOW�EDúOÕNODU�KDOLQGH�DQODWÕODUDN�3/&¶GHNL�JLULú�GH÷HUOHULQLQ�J|UVHOOL÷H�GD\DQGÕUÕOPDVÕ�
LoLQ�KD]ÕUODQDQ�9LVXDO�%DVLF��9%��ELOJLVD\DU�SURJUDPÕ\OD�WHVSLW�HGLOPLúWLU� 

'|UG�QF��E|O�PGH��HOGH�HGLOHQ�|UQHN�X\JXODPD�VRQXoODUÕ�YHULOPLúWLU���%HúLQFL�E|O�PGH�
LVH��VRQXo�YH�|QHULOHUGHQ�EDKVHGLOPLúWLU� 
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��� (1(5-ø� '$ö,7,0� 7$/ø� +$7/$5,1'$� $5,=$� $1$/ø=ø� 9(� %ø/(ù(1/(5�
)$5.,�<g17(0ø 

����*LULú 

 (QHUML�GD÷ÕWÕP�VLVWHPOHUL�DQD�GD÷ÕWÕP�KDWWÕ�YH�EX�KDWWD�ED÷OÕ�WDOL�KDWODUGDQ�ROXúPDNWDGÕU���
2*� HQHUML� GD÷ÕWÕP� VLVWHPOHUL�� IL]LNVHO� \DSÕ� LWLEDUL\OH� HQHUML� LOHWLP� KDWODUÕQD� J|UH� |QHPOL�
farkOÕOÕNODU� J|VWHUPHNWHGLU�� � g]HOOLNOH� GD÷ÕWÕP� KDWWÕQD� ED÷OÕ� oRN� VD\ÕGDNL� WDOL� KDWODUÕQ� YDUOÕ÷Õ��
GD÷ÕWÕP�KDWODUÕQÕ�GDKD�NRPSOHNV�ELU�\DSÕ\D�VRNPDNWDGÕU� 
 +DYDL�HQHUML�GD÷ÕWÕP�KDWODUÕQGD�NODVLN�DUÕ]D�\HUL�WHVSLWL��DUÕ]DOÕ�KDWWÕQ�ELU�HNLS�WDUDIÕQGDQ�
kontrol ediOPHVL�� X]XQ� GD÷ÕWÕP� KDWODUÕQGD� LVH� DUDo� YH\D� KHOLNRSWHU� \DUGÕPÕ\OD� KDWWÕQ� J|]OH�
LQFHOHQPHVL� úHNOLQGH� \DSÕOPDNWDGÕU�� � %X� \|QWHPGH� GDLPL� ú|QW� DUÕ]DODU� WHVSLW� HGLOPHNWH� IDNDW�
JHoLFL� DUÕ]DODU� DQODúÕODPDPDNWDGÕU�� �6RQ�\ÕOODUGD� LOHUOH\HQ� WHNQRORML� LOH�ELUOLNWH�HQHUML�GD÷ÕWÕP�
KDWODUÕQGD� ROXúDELOHFHN� JHoLFL� YH\D� GDLPL� ú|QW� DUÕ]DODUÕQ� NÕVD� V�UHGH� WHVW� HGLOLS� DUÕ]D� \HULQLQ�
EHOLUOHQPHVL� JLGHUHN� |QHP� ND]DQPDNWDGÕU�� � 'D÷ÕWÕP� KDWODUÕQGD� ROXúDELOHFHN� oRN� NÕVD� V�UHOL�
NHVLQWLOHU� ELOH� KDVVDV� HOHNWURQLN� VLVWHPOHUGH� ELOH� oHúLWOL� DUÕ]D� YH� DNVDNOÕNODUD�� HQG�VWULGH� LVH�
]DPDQ�YH�LúJ�F��ND\EÕQD�\RO�DoPDNWDGÕU�>��@� 

+DWWD�ELU�DUÕ]D�PH\GDQD�JHOGL÷LQGH��KDWODUGD�NHVLFL�GHYUH\L�DoDU�YH�]DPDQ�JHFLNPHVL�LOH�
NDSDWÕU�� (÷HU� DUÕ]D� EX� LúOHPOH� WHPL]OHQLUVH� VLVWHP� QRUPDO� oDOÕúPDVÕQD� GHYDP� HGHU�� $UÕ]DQÕQ�
V�UPHVL�GXUXPXQGD�ELUNDo�NH]�\DSÕODQ�DoPD-NDSDPD� LúOHPLQGHQ�VRQUD�NHVLFL�GHYUH\L�DoDU�YH�
DUÕ]D� JLGHULOHQH� NDGDU� NLOLWOHU�� 0H\GDQD� JHOHQ� DUÕ]DODU� ��-��� PLOLVDQL\HGHQ� NÕVD� V�UHOL� LVH�
herhangi bir devre kesici operasyonuna yol açmazlar [10]. 

2*�GD÷ÕWÕP�KDWODUÕQGD��JHULOLP�UHJ�ODV\RQX�YH�J�o�NRPSDQ]DV\RQX�LoLQ�NDSDVLW|UOHULQ�
NXOODQÕPÕ�YH�KDUPRQLN��UHWHQ�GR÷UXVDO�ROPD\DQ�\�NOHULQ�YDUOÕ÷Õ�UH]RQDQVD�VHEHS�RODELOLU��%XQD�
ED÷OÕ�RODUDN�DNÕP�YH�JHULOLP�GDOJD�úHNLOOHUL�ER]XODELOLU��'D÷ÕWÕP�VLVWHPLQLQ�RWRPDV\RQunda bu 

IDNW|UOHULQ�J|]�|Q�QGH�WXWXOPDVÕ�JHUHNLU�>��YH���@� 
 ùHNLO� ���¶GH� HQG�VWUL\HO� \�N� YH\D� NRQXWODUD� D\UÕOPÕú� E|OJHOHULQ� ROXúWXUGX÷X� WDOL�
KDWODUGDQ�YH�DQD�KDWWDQ�ROXúPXú�2*�GD÷ÕWÕP�KDWWÕ�J|VWHULOPLúWLU���ùHNLOGH�9P ve IP KDW�EDúÕQGDQ�
elde edilen geriliP� YH� DNÕP� GH÷HUOHULQL� J|VWHUPHNWHGLU�� � ùHNLOGH� DQD� KDWWD� YH\D� WDOL� KDWODUÕQ�
KHUKDQJL�ELULQGH�DUÕ]DODU�ROXúWXUXODUDN�HOGH�HGLOHQ�JHULOLP�YH�DNÕP�GDOJD�úHNLOOHUL�VÕUDVÕ\OD�ùHNLO�
����� YH� ùHNLO� ���¶WH� J|VWHULOPLúWLU�� � %X� úHNLOOHU� ���� N9� 2*� HQHUML� GD÷ÕWÕP� KDWWÕndan elde 

HGLOPLúWLU�� 
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ùHNLO������$QD�YH�WDOL�KDWODUGDQ�ROXúPXú�2*�GD÷ÕWÕP�KDWWÕ 

 ùHNLO����¶GHNL�JHULOLP�GDOJD�úHNOLQGH�ID]�µD¶-WRSUDN�DUÕ]DVÕQGDQ�GROD\Õ�JHQOL÷LQGH�ELU�
G�úPH�PH\GDQD�JHOGL÷L�J|U�OPHNWHGLU� 

 

ùHNLO������$UÕ]D�DQÕQGD�KDW�EDúÕQGDQ�HOGH�HGLOHQ�JHULOLP�GDOJD�úHNOL 

 ùHNLO� ���¶GH� D\QÕ� DUÕ]D� LoLQ� DNÕP� GDOJD� úHNOL� YHULOPHNWHGLU�� � +DWWD� DUÕ]D� PH\GDQD�
JHOGL÷LQGH� ID]� DoÕVÕQGD� ELU� ND\PD� ROXúPXú� D\UÕFD� DUÕ]D� ROXúWXNWDQ� VRQUD� DNÕP� GH÷HULQGH�
\�NVHOPH�PH\GDQD�JHOPLúWLU� 
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ùHNLO������$UÕ]D�DQÕQGD�KDW�EDúÕQGDQ�HOGH�HGLOHQ�DNÕP�GDOJD�úHNOL 

 $QD� KDWWD� ROXúDQ� ú|QW� DUÕ]DODUÕQ� \HUOHUL� oHúLWOL� DUÕ]D� \HUL� WHVSLW� \|QWHPOHUL� LOH�
EXOXQPDNWDGÕU� >�����������������������@�� 'D÷ÕWÕP� VLVWHPOHULQGH� JHQHOOLNOH� KDW� VRQX� YH� hat 

EDúÕQGDQ�DOÕQDQ�DNÕP�YH�JHULOLP�ELOJLOHULQH�GD\DQÕODUDN�JHOLúWLULOHQ�DUÕ]D�\HUL�EXOPD�WHNQLNOHUL�
J�YHQLOLU� YH� KDVVDV� VRQXoODU� YHUPHNWHGLU�� �)DNDW� EX�GXUXPGD�KDW� EDúÕQGDQ�YH� VRQXQGDQ� HOGH�
HGLOHQ�YHULOHULQ�KDEHUOHúPH�NDQDOODUÕ�\DUGÕPÕ\OD�ELU�DUD\D�JHWLULlmesi gerekmektedir. 

 ùHNLO� ���¶WH� J|U�OHQ� ����� N9¶OXN� 2*� HQHUML� GD÷ÕWÕP� KDWWÕ� (073� EHQ]HWLP� SURJUDPÕ�
NXOODQÕODUDN�PRGHOOHQPLúWLU���ùHNLOGH�J|U�OG�÷��JLEL����WDOL�KDW�EDúODQJÕo�QRNWDVÕQGD�YH�WDOL�KDW�
\�N� QRNWDVÕQGD� ID]� µD¶-WRSUDN� DUÕ]DVÕ� ROXúWXUXOPXúWXU�� � %XQD� ED÷OÕ� RODUDN� úHNLO� ���¶WH� DUÕ]D�
DQÕQGD�KHP�DQD�KHP�GH�WDOL�KDWWD�HOGH�HGLOHQ�DNÕP�YH�JHULOLP�GDOJD�úHNLOOHUL�J|VWHULOPLúWLU���$QD�
KDW�YH�WDOL�KDWWD�ROXúWXUXODQ�DNÕP�YH�JHULOLP�GDOJD�úHNLOOHULQH�EDNÕOGÕ÷ÕQGD�ROXúDQ�DUÕ]DQÕQ�DQD�
hat veya tali hatta oldu÷XQXQ�DQODúÕOPDVÕ�ROGXNoD�]RUGXU� 

 

ùHNLO�����$QD�KDW�YH�WDOL�KDWWD�ROXúDQ�ID]�µD¶-WRSUDN�DUÕ]DVÕ 
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(b) 

ùHNLO��������WDOL�KDW�EDúODQJÕo�QRNWDVÕQGD�ROXúWXUXODQ�ID]µD¶-WRSUDN�DUÕ]DVÕ 
D��*HULOLP�(÷ULVL���E��$NÕP�(÷ULVL 
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(b) 

ùHNLO���������7DOL�KDWWD�ROXúWXUXODQ�ID]�µD¶-WRSUDN�DUÕ]DVÕ� 
D��*HULOLP�H÷ULVL���E��$NÕP�H÷ULVL 

7HN� QRNWDGDQ� |Oo�OHQ� DNÕP� YH� JHULOLP� ELOJLVLQL� NXOODQDUDN� JHOLúWLULOHQ� YH� HPSHGDQV�
|Oo�P�QH�GD\DQDQ� DUÕ]D�EXOPD�\|QWHPOHULQGH�HQHUML�GD÷ÕWÕP�KDWODUÕQGDNL� WDOL�KDWODUGD�ROXúDQ�
ú|QW� DUÕ]DODUÕQ� WHVSLWLQGH� J|U�Q�U� HPSHGDQVD� GD\DOÕ� WHVSLW� \|QWHPOHULQLQ� ROXúWXUGX÷X�
HPSHGDQVODU�GD÷ÕWÕP�VLVWHPOHULQGH�ELUGHQ�ID]OD�QRNWD\D�GHQN�JHOHELOPHNWHGLU���%X�GXUXPGD�WDOL�
KDWODUD�ED÷OÕ�VLJRUWD�YH�WHNUDU�NDSD\ÕFÕ�JLEL�HOHPDQODUÕQ�GD÷ÕWÕP�karakteristikleri incelenerek tali 

KDWODUGD�ROXúDQ�DUÕ]DODUÕQ�\HUL�WHVSLW�HGLOHELOLU���$QFDN�HQHUML�KDWODUÕQÕQ�\HU�DOWÕ�NDEORVX�LOH�KDYDL�
KDWODUGDQ�ROXúPDVÕ��WHNUDU�NDSD\ÕFÕ�NXOODQÕOPDPDVÕ��NXOODQÕODQ�VÕQÕUOÕ�VD\ÕGDNL�VLJRUWD�YH�NRUXPD�
HOHPDQÕ� NDUDNWHULVWLNOHULQLQ� ELUELULQH� \DNÕQ� YH\D� D\QÕ� ROPDVÕ� WDOL� KDWODUGD� ROXúDFDN� DUÕ]DODUÕQ�
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VDSWDQPDVÕQÕ� L\LFH� ]RUODúWÕUPDNWDGÕU�� � %X� GXUXPGD� DUÕ]DQÕQ� DQD� YH\D� WDOL� KDWWD� ROGX÷XQX�
EHOLUOHPHN�LoLQ�ELU�VHQV|U�NXOODQÕOPDVÕ�NDoÕQÕOPD]�KDOH�JHOPLúWLU�>�@ 

2.1.1. Ana ve tali hatODUGDQ�ROXúPXú�HQHUML�GD÷ÕWÕP�KDWWÕ 

ùHNLO� ���¶GH� DQD� YH� WDOL� KDWODUGDQ� ROXúDQ� HQHUML� GD÷ÕWÕP� KDWWÕQGDNL� WDOL� KDW� EDúODUÕQD�
\HUOHúWLULOHQ� DNÕP� VHQV|UOHUL� J|VWHULOPLúWLU�� � ùHNLOGH� J|U�OG�÷�� JLEL� WDOL� KDWODUÕQ� EDúODUÕQGD�
EXOXQDQ� DNÕP� VHQV|UOHUL� \DUGÕPÕ\OD� DUÕ]DOÕ� RODQ� WDOL� KDW� EXOXQXU� YH� R� DQNL� DNÕP� YH� JHULOLP�
|UQHNOHUL�'LMLWDO�$UÕ]D�.D\GHGLFL��'$.��WDUDIÕQGDQ�ND\GHGLOLU��%X�GH÷HUOHU�NXOODQÕODUDN�DUÕ]DOÕ�
WDOL�KDWWÕQ�EDúÕQGDNL�DNÕP�YH�JHULOLP�ID]|UOHUL�KHVDSODQÕU��+DWWÕQ�VRQXQGD�KHUKDQJL�ELU�ND\QDN�
EXOXQPDVÕ� GXUXPXQGD� KDWWÕQ� VRQXQGDNL� NHVLFL\H� DQL� DoWÕUPD� \DSWÕUÕODUDN� KDW� VRQX� ND\QDN�
DNÕPÕQÕQ� HWNLVL� RUWDGDQ� NDOGÕUÕOPÕúWÕU�� � $UÕ]DOÕ� WDOL� KDW� EDúÕQGDNL� DNÕP� YH� JHULOLP� ID]|UOHULQH�
%LOHúHQOHU�)DUNÕ�<|QWHPL�X\JXODQDUDN� WDOL�KDWWD�DUÕ]DQÕQ�\HUL�EXOXQXU��%X�PHWRW� LOH�DUÕ]D�\HUL�
WHVSLWL� KHVDEÕQGD�� DUÕ]D� |QFHVL� \�N� DNÕPODUÕQGDQ�ND\QDNODQDQ�KDWDODU� \RN� HGLOPLúWLU� >����� YH�
26]. 

 

ùHNLO������2*�HQHUML�GD÷ÕWÕP�KDWWÕQD�ED÷OÕ�WDOL�KDW�EDúODUÕQGDNL�DNÕP�VHQV|UOHUL 

%X� oDOÕúPDGD�� DQD� YH� WDOL� KDWODUGDQ� ROXúDQ� ELU� UDG\DO� HQHUML� GD÷ÕWÕP� KDWWÕQGDNL� WDOL� KDWODUGD�
PH\GDQD� JHOHQ� ú|QW� DUÕ]DODUÕQ� \HUOHULQLQ� WHVSLWL� KHGHIOHQPLúWLU�� 7DOL� KDWODUGDNL� DUÕ]D\Õ� WHVSLW�
HGHELOPHN�LoLQ�DNÕP�VHQV|U��\HULQH�3/&�NXOODQÕOPÕúWÕU���%LOHúHQOHU�)DUNÕ�<|QWHPL�NXOODQÕODUDN�
Orta Gerilim (OG) hDYDL�HQHUML�GD÷ÕWÕP�KDWODUÕQGD�ROXúDELOHFHN�DUÕ]DODUÕQ�DQDOL]L�\DSÕOPÕúWÕU� 
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�����%LOHúHQOHU�)DUNÕ�<|QWHPL 

%LOHúHQOHU�IDUNÕ�\|QWHPLQL�GDKD�L\L�DoÕNOD\DELOPHN�LoLQ�ùHNLO����¶�GH�WDOL�KDW�YH�\�NOHULQ�
LKPDO�HGLOGL÷L�ELU�GD÷ÕWÕP�KDWWÕQÕQ�PRGHOL�YHULOPLúWLU���%X�PRGHOGH�KDW�VRQXQGD�EXOXQPDVÕ�RODVÕ�
NRMHQHUDV\RQ�ND\QDN�GD�GLNNDWH�DOÕQPÕúWÕU�� �'D÷ÕWÕP�VLVWHPLQL�VDGHOHúWLUPHN�LoLQ�PRGHOGH�WDOL�
KDWODU�YH�\�NOHU�LKPDO�HGLOPLúWLU���$UÕ]DOÕ�GD÷ÕWÕP�VLVWHPLQH�V�SHUSR]LV\RQ�SUHQVLEL�X\JXODQPÕú�
ve DUÕ]D� |QFHVL� ELOHúHQOHU� ilH� ND\QDNODUÕQ� NÕVD� GHYUH� HGLOGL÷L� ELOHúHQOHU� IDUNÕ� GHYUHVL� olmak 

�]HUH� LNL� GHYUH\H� D\UÕOPÕúWÕU�� � ùHNLO� ���¶� GH��A� DUÕ]D� QRNWDVÕQÕ�� α� DUÕ]D� QRNWDVÕQÕQ�P ucuna 

X]DNOÕ÷ÕQÕ, ZL KDW� HPSHGDQVÕQÕ�� Ra RPLN� DUÕ]D� GLUHQFLQL, ZsP P ucu; ZsQ ise Q ucu kaynak 

empedanslDUÕQÕ� J|VWHUPHNWHGLU�� �$UÕ]D� DNÕPODUÕ� KHVDEÕQGD�� ELOHúHQOHU� IDUNÕ� NXOODQÕODUDN�� DUÕ]D�
|QFHVL�\�N�DNÕPODUÕQGDQ�ND\QDNODQDQ�KDWDODU�\RN�HGLOPLúWLU�>�������YH���@� 

 

ùHNLO����$UÕ]DOÕ�VLVWHP�PRGHOLQLQ�DUÕ]D�|QFHVL�YH�ELOHúHQ�IDUNÕ�GHYUHOHULQH�D\UÕúWÕUÕOPDVÕ�>��@�� 
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gOo�POHU� WHN� QRNWDGDQ� �3� XFXQGDQ�� \DSÕODUDN� DNÕP� YH� JHULOLP� ID]|UOHUL� HOGH�
edilmektedir.  Bu arada VPson ve IPön  P XFXQGDQ� ND\GHGLOHQ� DUÕ]D� |QFHVL JHULOLP� YH� DNÕP�
fazörleri, VPson ve IPson ise DUÕ]D� VÕUDVÕQGD� ND\GHGLOHQ (kesici operasyonundan hemen önce) 

JHULOLP�YH�DNÕP�ID]|UOHULGLU��3�XFXQGDNL�JHULOLP�YH�DNÕP�IDUNÕ�V’
P ve I’

P ise; 

V
’
P =  VPson - VPson          (2.1) 

ve 

I
’
P = IPson - IPön          (2.2) 

RODUDN�KHVDSODQDELOLU�� �ùHNLO����¶GHNL�ELOHúHQOHU�IDUNÕ�PRGHOLQGH�DUÕ]D�QRNWDVÕ�$’da, gerilimler 

IDUNÕ�V’
A ; 

V
’
A = VAson - VAön           (2.3) 

úHNOLQGH�KHVDSODQDELOLU���%XUDGD�VAson ; DUÕ]D�QRNWDVÕQGDNL DUÕ]D�VRQUDVÕ��VAön LVH��DUÕ]D�|QFHVL�
gerilim fazörlerini göstermektedir.  Bulunan V’

A JHULOLPL�ELOHúHQ� IDUNÕ�PRGHOLQH�DUÕ]D�QRNWDVÕ�
$¶\D�X\JXODQGÕ÷ÕQGD�|UQH÷LQ�ID]�µD¶-WRSUDN�DUÕ]DVÕ�LoLQ��I’

A(b,c) GH÷HUOHUL VÕIÕU� YH\D� VÕIÕUD� \DNÕQ�
GH÷HU�DOÕUNHQ��DUÕ]DOÕ�µD¶�ID]ÕQD�DLW�I’

A(a) GH÷HUL�DUÕ]D�DNÕPÕQÕ�J|VWHUPHNWHGLU�>�@ 

������<|QWHPLQ���ID]OÕ�GD÷ÕWÕP�KDWWÕQD�X\JXODQPDVÕ  

 ùHNLO����¶GD�WDOL�KDW�YH�\�NOHULQ�LKPDO�HGLOGL÷L�ELU�GD÷ÕWÕP�KDWWÕQÕQ�PRGHOL�YHULOPLúWLU��
%XUDGD�$�DUÕ]D�QRNWDVÕQÕ��α�DUÕ]D�QRNWDVÕQÕQ�3�XFXQD�X]DNOÕ÷Õ��β�YDUVD\ÕODQ�DUÕ]D�QRNWDVÕQÕQ�3�
ucuna mesafesini (kilometre)  IPa,b,c  ve  VPa,b,c  VÕUDVÕ\OD�3�XFXQGDQ�ND\GHGLOHQ�DNÕP�ve gerilim 

fazörlerini göstermektedir [2]. 
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ùHNLO�����ho�ID]OÕ�DUÕ]DOÕ��ID]�µD¶-�WRSUDN��GD÷ÕWÕP�KDWWÕ�PRGHOL�>�@ 

$UÕ]D�DQÕQGD��3�XFXQGDQ�ND\GHGLOHQ�DNÕP�YH�JHULOLP�|UQHNOHUL�NXOODQÕODUDN�β¶�GDNL�DUÕ]D�
öncesi gerilim; 

VAa,b,c(ön) (β) = -β[Zabc] IPa,b,c(ön) + VPa,b,c(ön)       (2.4) 

úHNOLQGH�EXOXQDELOLU�� �VAa,b,c(ön) (β); β� QRNWDVÕQGDNL� DUÕ]D�|QFHVL�JHULOLP� ID]|UOHULQL�� >Zabc] hat 

birim empedans matrisini (ohm/kilometre), VPa,b,c(ön) ve IPa,b,c(ön) VÕUDVÕ\OD� KDW� EDúÕQGD�
ND\GHGLOHQ� DUÕ]D� |QFHVL� DNÕP� YH� JHULOLP� ID]|UOHULQL� J|VWHUPHNWHGLU� β¶GDNL� DUÕ]D� DQÕQGDNL�
gerilim; 

VAa,b,c(son) (β) = -β[Zabc] IPa,b,c(son) + VPa,b,c(son)     (2.5) 

olarak bulunabilir.  VAa,b,c(son) ve IPa,b,c(son) VÕUDVÕ\OD�3�XFXQGD�DUÕ]D�DQÕQGD�ND\GHGLOHQ�JHULOLP�YH�
DNÕP�Iazörlerini göstermektedir. β�QRNWDVÕQGD�KDWWD�X\JXODQDFDN�JHULOLPOHU�IDUNÕ�V'Aa,b,c ; 

V'Aa,b,c (β) = VAa,b,c(son) (β) - VAa,b,c(ön) (β)      (2.6) 

HúLWOL÷L� LOH� EXOXQDELOLU� ùHNLO� ����¶GD� DUÕ]D� QRNWDVÕQD� JHULOLP� IDUNODUÕQÕQ� X\JXODQPDVÕ�
J|VWHULOPLúWLU��� %XUDda V'Aa,b,c $UÕ]D� QRNWDVÕ� β� \D� X\JXODQDQ� JHULOLP� IDUNODUÕQÕ�� I'Pa,b,c  β 

QRNWDVÕQGDQ�3�XFXQD�DNDQ�DNÕP�IDUNÕ���I'Aa,b,c  β QRNWDVÕQGDNL�DUÕ]D�IDUN�DNÕPODUÕQÕ��I'Qa,b,c ise  β 

QRNWDVÕQGDQ�4�XFXQD�DNDQ�IDUN�DNÕPODUÕQÕ�J|VWHUPHNWHGLU�>�@�� 
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ùHNLO�������+DWWD�JHULOLP�IDUNODUÕQÕQ�X\JXODQPDVÕ�>�@ 

β�QRNWDVÕQGDQ�3�XFXQD�DNDQ�DNÕP�IDUNÕ�I'Pa,b,c  ; 

I'Pa,b,c  = IPa,b,c(son) - IPa,b,c(ön)         (2.7) 

ve Q�XFXQD�DNDQ�DNÕP�IDUNÕ�I'Qa,b,c ise ; 

I'Qa,b, c= [(L-β)[Zabc]+ [ZSR]]
-1

[V'Aa,b,c (β)]       (2.8) 

úHNOLQGH� EXOXQXU�� � %XUDGD�� L� NLORPHWUH� RODUDN� KDWWÕQ� X]XQOX÷XQX� YH� [ZSR] hat sonu kaynak 

empedans matrisini göstermektedir.  β�QRNWDVÕQGDNL�DUÕ]D�\RO�DNÕPODUÕ� 

I'Aa,b,c = I'Pa,b,c + I'Qa,b,c        (2.9) 

RODUDN� \D]ÕODELOLU�� � *HOLúWLULOHQ� \|QWHPH� J|UH� β� DUÕ]D� QRNWDVÕ� VLVWHPDWLN� RODUDN� ND\GÕUÕODUDN�
I'Aa,b,c GH÷HUOHUL�NRQWURO�HGLOPHNWHGLU�>�@� 

2.2.2 Admitans matrislerinin elde edilmesi 

ùHNLO�����¶�GH�ELU�UDG\DO�HQHUML�GD÷ÕWÕP�KDWWÕ�YH�EX�KDWWD�ED÷OÕ�WDOL�KDWODU�J|U�OPHNWHGLU��
Burada VP ve IP� KDW� EDúÕQGDQ� HOGH� HGLOHQ�DNÕP�YH� JHULOLP� ID]|UOHULQL��

iTV  i�� WDOL� KDW� ED÷ODQWÕ�
QRNWDVÕQGDNL�JHULOLPL��

iLI  i.�7DOL�KDWWÕQ�DNÕPÕQÕ��Ij LVH�DQD�KDWWÕQ�j.�NÕVPÕQGDQ�DNDQ�DNÕPÕ��Zj ise 

LNL�WDOL�KDW�DUDVÕQGD�NDODQ�DQD�KDWWÕQ�HPSHGDQV�PDWUisini göstermektedir.  
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ùHNLO�������5DG\DO�HQHUML�GD÷ÕWÕP�KDWWÕ�>��@ 

(QHUML�GD÷ÕWÕP�KDWWÕQGD�ELU�DUÕ]D�PH\GDQD�JHOGL÷LQGH�YDUVD\ÕODQ�DUÕ]D�QRNWDVÕQGDQ�KDWWÕQ�
KHU�LNL�XFXQD�GR÷UX�J|U�OHQ�HPSHGDQVODU��KDW�VRQXQD�ED÷ODQPDVÕ�RODVÕ�NRMHQHUDV\Rn kaynakta 

GLNNDWH� DOÕQPDOÕGÕU� >�@�� � ùHNLO� ����¶� GH� LVH� GD÷ÕWÕP� KDWWÕQD� ED÷OÕ� ELU� WDOL� KDW� PRGHOL�
görülmektedir.  Burada, 

iLV ; i.�WDOL�KDWWÕQD�ED÷OÕ�\�N�Q�JHULOLPLQL��
iLI �DNÕPÕQÕ��

iLY bu yüke ait 

admitans matrisini, li�LVH�WDOL�KDWWÕQ�X]XQOX÷XQX�J|VWHUPHNWHGLU� 

7DOL�KDW�EDúÕQGDNL�JHULOLP�VTi ; 

[VTi] = Ii[ZTi][ILi][VLi]       (2.10) 

úHNOLQGH�EXOXQXU��%XUDGD� >ZTi]=[YTi]
-1 olmak üzere i.� WDOL�KDWWÕQ�HPSHGDQV�PDWULVLGLU� �Ω/birim 

X]XQOXN���<�N�DNÕPÕ�ILi ; 

[ILi] = [ITi] = [YLi][VLi]         (2.11) 

RODUDN�HúLWOLN�������¶�GD�\HULQH�NRQXOGX÷XQGD� 

 

ùHNLO�������7DOL�KDW�PRGHOL�>��@ 



 16 

[VTi] = [U + Ii[ZTi][YLi]][VLi]        (2.12) 

úHNOLQGH�EXOXQXU��(úLWOLN�����¶�GHQ�VLi oHNLOLS�HúLWOLN�����¶�GH�\HULQe konulursa i.�WDOL�KDW�DNÕPÕ�
ITi ; 

[ITi] = [YLi][U + Ii[ZTi][YLi]]
-1[VTi] = [YEi][VTi]      (2.13) 

elde edilir. Burada i.�WDOL�KDWWÕQ�DQD�KDW�ED÷ODQWÕ�QRNWDVÕQGDQ�J|U�QHQ�DGPLWDQV�PDWULVL� 

[YEi] = [YLi] [U + Ii[ZTi][YLi]]
-1        (2.14) 

RODUDN�\D]ÕODELOLr [31] 

ùHNLO�����¶GH�DQD�YH�WDOL�KDWODUGDQ�ROXúDQ��KDW�VRQXQGD�NRMHQHUDV\RQ�ND\QDN�EXOXQDQ�ELU�
GD÷ÕWÕP�KDWWÕ�PRGHOOHQPLúWLU���$UÕ]D�QRNWDVÕ�µA¶�GD�IDUN�DNÕPODUÕQÕQ�EXOXQDELOPHVL�LoLQ�P ve Q 

XoODUÕQD�GR÷UX�J|U�OHQ�>YES] ve [YER@��DGPLWDQV�PDWULVOHULQLQ�oÕNDUÕOPDVÕ�JHUHNLU�� 

 

ùHNLO�������>YER] ve [YES] matrislerinin elde edilmesi [2] 

Burada li; i� WDOL� KDWWÕQÕQ� X]XQOX÷XQX� lij; i ve j� ED÷ODQWÕ� QRNWDODUÕ� DUDVÕQGDNL� DQD� KDW�
SDUoDVÕQÕQ�X]XQOX÷XQX��Li; i. yükü, [YSS]; P ucu kaynak admittans matrisini, [YSR]; Q ucu kaynak 

admittans matrisini göstermektedir. 4 nolu noktadan Q�XFXQD�GR÷UX�J|U�OHQ�HúGH÷HU�DGPLWWDQV�
[Y4S] ; 

[ ] [ ] [ ]454ES4 YYY +=          (2.15) 
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úHNOLQGHGLU���%XUDGD���QXPDUDOÕ�WDOL�KDW�HúGH÷HU�DGPLWWDQV�PDWULVL� [ ]4EY  YH���QXPDUDOÕ�ED÷ODQWÕ�
QRNWDVÕQGDQ� 4� XFXQD� J|UH� WDOL� KDW� KDULo� HúGH÷HU� DGPLWWDQV� PDWULV [ ]45EY ¶LQ� KHVDSODQPDVÕ�
VÕUDVÕ\OD��������YH�������¶GH�J|VWHULOPLúWLU� 

[ ] [ ] [ ][ ][ ] 1

4L44L4E YZlUYY
−

+=       (2.16) 

ve 

[ ] [ ] [ ][ ][ ] 1

SR4SR45E YZ5lUYY
−

+=       (2.17) 

(úLWOLN� �������� >YL4], L4 yükünün admittans matrisini, [Z] hat empedans matrisini, U ise birim 

PDWULVL�J|VWHUPHNWHGLU��$UÕ]D�QRNWDVÕ�‘A’ dan Q�XFXQD�J|UH�HúGH÷HU�DGPLWWDQV�>YER] ; 

[ ] [ ] [ ][ ][ ] 1

S4'A4S4ER YZlUYY
−

+=        (2.18) 

RODUDN�\D]ÕODELOLU��%XUDGD�l4A’�DUÕ]D�QRNWDVÕ�A�LOH���QROX�ED÷ODQWÕ�QRNWDVÕ�DUDVÕQGDNL�PHVDIHGir. 

$UÕ]D� QRNWDVÕ� ‘A’ dan P ucuna bakan admittans [YES@¶LQ� EXOXQDELOPHVÕ� LoLQ� |QFH� ��
QXPDUDOÕ� ED÷ODQWÕ� QRNWDVÕQGDQ� P� XFXQD� EDNDQ� HúGH÷HU� DGPLWWDQV� >Y1S@¶LQ� DúD÷ÕGDNL� JLEL�
KHVDSODQPDVÕ�JHUHNLU� 

[ ] [ ] [ ]
011ES1

YYY +=       (2.19) 

Buradaki [YE1] ve [Y01@�PDWULVOHULQLQ�GH÷HUOHUL��������YH��������HúLWOLNOHULQGH�YHULOPLúWLU� 

[ ] [ ] [ ][ ][ ] 1

1L11L1E YZlUYY
−

+=       (2.20) 

[ ] [ ] [ ][ ][ ] 1

SS01SS01 YZlUYY
−

+=       (2.21) 

��QROX�ED÷ODQWÕ�QRNWDVÕQGDQ�P�XFXQD�J|UH�HúGH÷HU�DGPLWWDQV�>Y2S]; 

[ ] [ ] [ ]212ES2 YYY +=       (2.22) 

YH�EHQ]HUL�úHNLOGH���QROX�ED÷ODQWÕ�QRNWDVÕQGDQ�P�XFXQD�J|UH�HúGH÷HU�DGPLWWDQV�>Y3S]; 

[ ] [ ] [ ]2333 YYY ES +=       (2.23) 

RODUDN�\D]ÕODELOLU�� �(úLWOLN������YH�����¶WHNL�>YE2], [Y12], [YE3], [Y23], matrisleri (2.20) ve (2.21) 

HúLWOLNOHULQH�EHQ]HUGLU� 

$UÕ]D�QRNWDVÕ�‘A’ dan P�XFXQD�J|UH�HúGH÷HU�DGPLWWans [YES]; 
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[ ] [ ] [ ][ ][ ] 1
333

−
+= SASES YZlUYY        (2.24) 

olarak bulunur.  Burada l3A� DUÕ]D� QRNWDVÕ� A� LOH� ��� ED÷ODQWÕ� QRNWDVÕ� DUDVÕQGDNL� PHVDIH\L�
göstermektedir [2]. 

������7DOL�KDW�EDúODUÕQGD�DNÕP�YH�JHULOLPOHU 

ùHNLO������¶GH�J|U�OHQ�GD÷ÕWÕP�VLVWHPLQGH�WDOL�KDW�i�EDúÕQGDNL�JHULOLPOHU� 

[ ] [ ] [ ][ ]
j

i

j

jPT IZVV
i ∑

=

−=
1

        (2.25) 

RODUDN�\D]ÕODELOLU���7DOL�KDWODU�DUDVÕQGD�NDODQ�DQD�GD÷ÕWÕP�KDWWÕQGDQ�JHoHQ�DNÕP�LVH�\�N�DNÕPODUÕ�
GLNNDWH�DOÕQDUDN�HúLWOLN�������¶GDNL�JLEL�KHVDSODQDELOLU� 

[ ] [ ] [ ]∑
−

=

−=
1

1

N

j

LPi j
III          (2.26) 

$UÕ]DVÕ]�WDOL�KDWODUGDNL�DUÕ]D�|QFHVL�YH�VRQUDVÕ�DNÕPODU� 

[ ] [ ] [ ]1+−= jjL III
i

         (2.27) 

úHNOLQGH�YH�KHUKDQJL�ELU�WDOL�KDWWD�DUÕ]D�ROPDVÕ�GXUXPXQGD�DUÕ]D�DQÕQGDNL�KDW�DNÕPÕ�LVH� 

[ ] [ ] [ ][ ]
iii ERTiL YVII −=          (2.28) 

RODUDN� EXOXQXU�� � <XNDUÕGDNL� HúLWOLNWH�
iERY  i.� WDOL� KDW� ED÷ODQWÕ� QRNWDVÕQGDQ� KDW� VRQXQD� GR÷UX�

J|U�OHQ�HPSHGDQVÕ��EX�QRNWDGDNL�WDOL�KDW�HPSHGDQVÕ�KDULo��J|VWHUPHNWHGLU�>��@� 

�����7DOL�+DWODUGD�$UÕ]D�%XOPD�$OJRULWPDVÕ 

 (QHUML� GD÷ÕWÕP� KDWODUÕQGD� DUÕ]D� \HUL� EXOPD� YH� WHúKLV� WHNQLNOHUL�� oHúLWOL� oDOÕúPDODUGD�
DoÕNODQPÕúWÕU�� �%XQXQOD�ELUOLNWH�\DSÕODQ�oDOÕúPDODUGD��DUÕ]D�\HUL�EXOPD�DOJRULWPDODUÕQGD�LOHWLP�
VLVWHPOHULQGH� JHOLúWLULOPLú� UDG\DO� GD÷ÕWÕP� úHEHNHOHULQGH� X\JXQ� GH÷LOGLU�� <DSÕODQ� oDOÕúPDODUGD�
GD÷ÕWÕP� úHEHNHOHUL� LoLQ� NXOODQÕODELOHQ� DOJRULWPDODU� DGUHVOHPH� \DSDPDPDNWDGÕU�� � 6RQ� \ÕOODUGD�
\DSÕODQ� oDOÕúPDODU�� ELOJL\H� GD\DOÕ� \DNODúÕPODU� NXOODQÕODUDN� DUÕ]D� WHúKLV� VLWHPL� �]HULQH�
RGDNODQPÕúWÕU�� � %X� WHNQLNOHU� GDKD� oRN� 6&$'$� �6XSHUYLVRU\� &RQWURO� DQG� 'DWD� $FTXLVLWLRQ��
DODUPODUÕ��ILGHU�|Oo�POHUL��\�N�YROWDM�VHQV|UOHUL�JLEL�KDULFL�ELOJL\H�GD\DQÕU� 
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 ùHNLO������D��YH������E�¶�GH�DUÕ]D�DQÕQGD�KDW�EDúÕQGDQ�'$.�WDUDIÕQGDQ�ND\GHGLOHQ�DNÕP�
YH�JHULOLP�GDOJD�úHNLOOHUL�J|U�OPHNWHGLU���$UÕ]D�\HUL�WHVSLWLQGH��DUÕ]D�|QFHVLQGH��DUÕ]D�DQÕQGD�YH�
VRQUDVÕQGD�ND\GHGLOHQ�WRSODP�����PV¶�OLN�DNÕP�YH�JHULOLP�|UQHNOHUL�NXOODQÕOPDNWDGÕU�>��@� 

 

(a) 

 

(b) 

ùHNLO�����������N9¶OXN�DUÕ]DOÕ�HQHUML�GD÷ÕWÕP�KDWWÕ�>�@ 
D��*HULOLP�GDOJD�úHNOL���E�$NÕP�GDOJD�úHNOL 

�������$NÕP�YH�JHULOLP�ID]|UOHULQLQ�HOGH�HGLOLúL�YH�DUD\�]�KDWDODUÕ 

*HOLúWLULOHQ�PHWRW�� |Oo�P� \DSÕODQ� EDUDGDQ� DOÕQDQ� DNÕP� YH� JHULOLP� |UQHNOHULQGHQ� HOGH�
HGLOHFHN� ID]|UOHU� LOH� oDOÕúDFDN� úHNLOGH� WDVDUODQPÕúWÕU�� ùHNLO� ����¶GH� '$.� EORN� GL\DJUDPÕ�



 20 

YHULOPHNWHGLU��$NÕP�YH�JHULOLP�WUDQVIRUPDW|UOHULQGHQ��$7�YH�*7��HOGH�HGLOHQ�DOWÕ�DQDORJ�LúDUHW�
PLNURLúOHPFL�WDEDQOÕ�GRQDQÕP�VD\HVLQGH�GHYDPOÕ�RODUDN�ND\GHGLOPHNWHGLU��%X�DúDPDGD�DQDORJ-

GLMLWDO� oHYLULFL� �$'&�� DQDORJ� LúDUHWOHUL� D\UÕN� ]DPDQOÕ� GH÷HUOHUH� G|Q�úW�U�OPHNWHGLU�� $UÕ]D�
DQÕQGD��'$.� WDUDIÕQGDQ� ND\GHGLOHQ� ��� SHUL\RWOXN� DUÕ]D� |QFHVL� YH� �� SHUL\RWOXN� DUÕ]D� VRQUDVÕ��
DNÕP� YH� JHULOLP� ELOJLOHUL� NXOODQÕODUDN� DUÕ]D� ROXú� ]DPDQÕ�� DUÕ]D� WLSL� YH� DUÕ]D� \RO� DNÕPODUÕ�
KHVDSODQPDNWDGÕU�� 8\JXODPDGD� $7� YH� *7� µOHULQ� IUHNDQV� WHSNLOHUL� LOH� DQDORJ� DUD\�]�
birimlerinden kaynaklanan hatalar, antialising filtrelerinin tepkileri ile analog-dijital çevrimden 

ND\QDNODQDQ�NXDQWDODPD�KDWDODUÕ��EX�ELULPOHULQ�PRGHOOHUL�ELOJLVD\DU�EHQ]HWLPLQH�GDKLO�HGLOPHN�
VXUHWL\OH� GLNNDWH� DOÕQPÕúWÕU�� � (073� ELOJLVD\DU� EHQ]HWLPLQGHQ� HOGH� HGLOHQ� DNÕP� YH� JHULOLP 

YHULOHUL� �� N+]� GH� |UQHNOHQPLúWLU�� � %|\OHFH� HOGH� HGLOHQ� VRQXoODUÕQ� GDKD� JHUoHNoL� ROPDVÕ�
VD÷ODQPÕúWÕU [1]. 

 

ùHNLO�������'$.�WDUDIÕQGDQ�HOGH�HGLOHQ�DNÕP�YH�JHULOLP�ID]|UOHUL 
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�������$UÕ]D�ROXú�]DPDQÕ�WHVSLWL 

 2*� KDWWÕQÕQ� ED÷OÕ� ROGX÷X� GD÷ÕWÕP� LVWDV\RQXQGDNL�'$.�� DNÕP� YH� JHULOLP� VHQV|UOHULQL�
NXOODQDUDN�DNÕP�YH�JHULOLP�GH÷HUOHULQL�V�UHNOL�ND\GHWPHNWHGLU��'$.
GDNL�EXIIHU����SHUL\RWOXN�
ELOJL\L� V�UHNOL� RODUDN� PXKDID]D� HWPHNWHGLU�� ùHNLO� ����¶GD� DUÕ]D� ROXú� ]DPDQÕ� DOJRULWPDVÕ�
J|U�OPHNWHGLU��$UÕ]D�ROXú�]DPDQÕQÕQ�WHVSLWL�LoLQ�ELU�SHUL\RWOXN�DNÕP�|UQHNOHUL�V�UHNOL�RODUDN�ELU�
|QFHNL�SHUL\RWWDNL�DNÕP�|UQHNOHUL� LOH�NDUúÕODúWÕUÕOPDNWDGÕU��$UGÕúÕN� LNL�SHUL\RWWDNL�NDUúÕOÕNOÕ��o�
DNÕP�|UQH÷L�LoLQ�GH÷LúLP������YH�GDKD�ID]OD�LVH�D\QÕ�LúOHP�JHULOLP�|UQHNOHULQH�GH�Xygulanmakta 

YH� DUÕ]D� ROXú� ]DPDQÕ� EHOLUOHQPHNWHGLU�� � ùHNLOGH�1� WRSODP�|UQHN� VD\ÕVÕ��1C periyottaki örnek 

VD\ÕVÕ�� v∆ , i∆ 9�YH�,�LoLQ�HúLN�VHYL\HVL�� T∆ �]DPDQ�DUDOÕ÷ÕQÕ�LIDGH�HWPHNWHGLU�>�@� 

 

ùHNLO�������$UÕ]D�ROXú�]DPDQÕ�WHVSLWL 
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�����$NÕP�VHQV|U� 

 7DOL�KDWODUGD�ROXúDQ�DUÕ]DODUÕQ�EXOXQPDVÕ�YH�WRSUDN�DUÕ]DVÕ�LoLQ�JHOLúWLULOHQ�DNÕP�VHQV|U��
NXOODQÕOPÕúWÕU�� �%X�DPDoOD�DúÕUÕ�DNÕP�U|OHOHUL�YH\D�WHNUDU�NDSD\ÕFÕ�JLEL�NRUXPD�HOHPDQODUÕ�LoLQ 

GDKD�|QFH�KDWWD�ED÷ODQDQ�DNÕP�WUDQVIRUPDW|UOHULQGHQ�\DUDUODQÕOPÕúWÕU���ùHNLO������¶GH�J|U�OG�÷��
JLEL��DúÕUÕ�DNÕP�VHQV|U�QGH�DNÕP�WUDQVIRUPDW|U�QGHQ�HOGH�HGLOHQ�JLULú�DNÕPÕ�GR÷UXOWXOXS�ILOWUH�
HGLOGLNWHQ�VRQUD�UHIHUDQV�DNÕP�GH÷HUL�LOH�NDUúÕODúWÕUÕOPDNWDGÕU���6HQV|U�JLULú�DNÕP�GH÷HUL�EHOLUOL�
ELU�V�UH�����PV��UHIHUDQV�DNÕPÕ�VHYL\HVLQGHQ�\�NVHN�NDOÕ\RUVD��ED÷OÕ�EXOXQGX÷X�WDOL�KDW�LoLQ�DQD�
LVWDV\RQD�ELU�DUÕ]D�VLQ\DOL�J|QGHULU���<DSÕODQ�oDOÕúPDGD�DNÕP�VHQV|U��\HULQH�3/&�NXOODQÕOPÕúWÕU��
Gelen sinyale göre ana hat EDúÕQGD�EXOXQDQ�'$.�WDUDIÕQGDQ�ND\GHGLOHQ�DUÕ]D�DNÕP�YH�JHULOLP�
|UQHNOHUL� NXOODQÕODUDN� DUÕ]DOÕ� WDOL� KDWWÕQ� EDúÕQGDNL� DNÕP� YH� JHULOLP� GH÷HUOHUL� KHVDSODQÕU�� � %X�
GH÷HUOHU�%LOHúHQOHU�)DUNÕ�<|QWHPL\OH�GH÷HUOHQGLULOHUHN�WDOL�KDWWDNL�DUÕ]D�\HUL�EXOXQXU���%|\OHFH�
DQD�LVWDV\RQGDQ�ND\GHGLOHQ�YHULOHU�NXOODQÕODUDN�VLQ\DOLQ�J|QGHULOGL÷L�WDOL�KDW�EDúÕQGDNL�DNÕP�YH�
JHULOLP��ID]|UOHUL�KHVDSODQÕU�>��@� 

 

ùHNLO�������$NÕP�VHQV|U��EORN�GL\DJUDPÕ�>��@ 
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��3/&¶'(�+$=,5/$1$1�352*5$0,1�7$1,7,/0$6,�9(�3/&�ø/(�+$%(5/(ù0(� 

%X�E|O�PGH�3/&¶�OHULQ�JHQHO�oDOÕúPD�SUHQVLEL��KDEHUOHúPH�LOH�LOJLOL�WHPHO�ELOJLOHUGHQ�YH�
3/&�LOH�ELOJLVD\DU�DUDVÕQGDNL�KDEHUOHúPHGH�NXOODQÕODQ SURVHG�UOHULQGHQ�EDKVHGLOPLúWLU���$\UÕFD�
3/&¶GH�KD]ÕUODQDQ�SURJUDP��]HULQGH�GXUXOPXú�YH�\D]ÕODQ�9LVXDO�EDVLF�SURJUDPÕ�DQODWÕOPÕúWÕU��
3/&� LOH� ELOJLVD\DU� DUDVÕQGDNL� KDEHUOHúPH� LoLQ� KD]ÕUODQDQ� 9LVXDO� %DVLF� SURJUDPÕ� (N-A’ da 

YHULOPLúWLU� 

�����3URJUDPODQDELOLU�0DQWÕNVDO�.RQWURO|U��3/&� 

3/&��3URJUDPODQDELOLU�/RMLN�.RQWURO|U���DOJÕOD\ÕFÕODUGDQ�DOGÕ÷Õ�ELOJL\L�NHQGLQH�verilen 

SURJUDPD�J|UH�LúOH\HQ�YH�Lú�HOHPDQODUÕQD�DNWDUDQ�PLNUR�LúOHPFL�WDEDQOÕ�ELU�FLKD]GÕU� 
$\QÕ�]DPDQGD��HQG�VWUL\HO�RWRPDV\RQ�VLVWHPOHULQLQ�NXPDQGD�YH�NRQWURO�GHYUHOHULQL�
JHUoHNOHPH\H�X\JXQ�\DSÕGD�JLULú–oÕNÕú�ELULPOHUL�YH�LOHWLúLP�DUDELULPOHUL�LOH�GRQDWÕOPÕú��NRQWURO�
\DSÕVÕQD�X\JXQ�ELU�VLVWHP�SURJUDPÕ�DOWÕQGD�oDOÕúDQ�ELU�HQG�VWUL\HO�ELOJLVD\DUGÕU���ùHNLO����¶GH�
3/&�oHúLWOHUL�J|U�OPHNWHGLU�>���YH���@� 

 

ùHNLO������3URJUDPODQDELOLU�0DQWÕNVDO�.RQWURO|U�>��@ 

Günümüzde üretilen PLC’ lHU� LVH�� ORMLN� LúOHPOHUH� HN� RODUDN� DULWPHWLN� YH� |]HO�
PDWHPDWLNVHO� LúOHPOHULQ� \DSÕOPDVÕQÕ� VD÷OD\DQ� NRPXWODUÕ� GD� LoHULUOHU�� � .RPXW� N�PHVLQLQ�
JHQLúOHPHVL� VRQXFX� GDKD� NDUPDúÕN� NXPDQGD� YH� NRQWURO� LúOHYOHUL� JHUoHNOHQPHNWHGLU�� �%LU� oRN�
üretici firma, bu kontrolörlerin hem lojik temelli kumanda devrelerinde hem de geri beslemeli 

NRQWURO�VLVWHPOHULQGH�NXOODQÕOPDODUÕ�QHGHQL\OH��3/&�\HULQH��SURJUDPODQDELOLU�\DGD�SURJUDPODQÕU�
NRQWURO|U� DGÕQÕ� NXOODQPD\Õ� GDKD�X\JXQ� EXOPXú� YH� NLúLVHO� ELOJLVD\DUODUGDQ� D\ÕUPDN� DPDFÕ\OD��
NÕVDFD� 3&� �3URJUDPPDEOH� &RQWUROOHU�� RODUDN� WDQÕPODPÕúWÕU�� � %D]Õ� �UHWLFL� ILUPDODU� LVH� LON 

VXQXOGX÷X�DQGDNL�3/&�DGÕQÕ�NXOODQPD\Õ�V�UG�UPHNWHGLUOHU�>��@� 
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�������7HPHO�\DSÕVÕ 

%�W�Q�VD\ÕVDO�ELOJLVD\DUODU�JLEL�3/&��ELU�LúOHPFL��EHOOHN�YH�JLULú-oÕNÕú�DUDELULPOHULQGHQ 

ROXúXU���%LU�3/&¶�QLQ�Lo�\DSÕVÕ�úHNLO����¶GH�GDKD�DoÕN�ELU�úHNLOGH�J|U�OPHNWHGLU���%XQD�J|UH� 
6D\ÕVDO� LúOHPFL�� 3/&� VLVWHP� SURJUDPÕ� DOWÕQGD� NXOODQÕFÕ� SURJUDPÕQÕ� \�U�WHQ�� 3/&¶QLQ�

oDOÕúPDVÕQÕ� G�]HQOH\HQ� YH� EX� LúOHPOHUL� � \DSPDN� LoLQ� JHUHNOL� ELULPOHUL� EXOXQDQ� ELU� HOHPDQGÕU�
[22]. 

 

ùHNLO������%LU�3/&¶�QLQ�Lo�\DSÕVÕ�>��@ 

%HOOHN��VLVWHP�SURJUDPÕQÕQ�EXOXQGX÷X�VLVWHP�EHOOH÷L��NXOODQÕFÕ�SURJUDPÕQÕQ�EXOXQGX÷X�
SURJUDP� EHOOH÷L� YH� YHUL� EHOOH÷L� JLEL� E|O�POHUGHQ� ROXúXU�� � 6LVWHP� EHOOH÷L� YH� 3/&¶� \H� LOLúkin 

GH÷LúWLULOPH\HQ� YHULOHU� LoLQ� VDOW� RNXQXU� EHOOHN� �520��� SURJUDP� EHOOH÷L� YH� YHUL� EHOOH÷L� LoLQ�
UDVJHOH�HULúLPOL�EHOOHN��5$0��NXOODQÕOÕU���9HUL�EHOOH÷L��JLULú-oÕNÕú�LúDUHW�GXUXPODUÕQÕQ�WXWXOGX÷X�
JLULú-oÕNÕú�J|U�QW��EHOOH÷L�YH�NXOODQÕFÕ\D�D\UÕOPÕú�EHOOHN�DODQODUÕQGDQ�ROXúXU� 

6LVWHP� EHOOH÷L�� �UHWLFL� ILUPDQÕQ� JHOLúWLUGL÷L� 3/&� LúOHWLP� VLVWHPL� SURJUDPÕQÕQ� \�NO��
ROGX÷X� EHOOHN� DODQÕ�� SURJUDP� EHOOH÷L� LVH� NXOODQÕFÕ� WDUDIÕQGDQ� \D]ÕODQ� SURJUDPÕQ� \�NOHQGL÷L�
EHOOHN� DODQÕGÕU�� � 9HUL� EHOOH÷L� DODQÕQGD� EXOXQDQ� JLULú� J|U�QW�� EHOOH÷L�� SURJUDPÕQ� \�U�W�OPHVL�
V�UHFLQGH�� JLULú� ELULPLQGHNL� QRNWDODUÕQ� � LúDUHW� GXUXPODUÕQÕQ� �9DU-Yok: 0-��� VDNODQGÕ÷Õ� EHOOHN 
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DODQÕ�� oÕNÕú�J|U�QW��EHOOH÷L� LVH�NXOODQÕFÕ�SURJUDPÕQÕQ�\�U�W�OPHVL� V�UHFLQGH�� oÕNÕú�QRNWDODUÕQD�
LOLúNLQ�KHVDSODQDQ�GH÷HUOHULQ�VDNODQGÕ÷Õ�EHOOHN�DODQÕGÕU�>��@� 

3.1.2. Ana birimleri 

Bir PLC’ nin ana birimleri ; 

• %LU�VD\ÕVDO�LúOHPFL�YH�EHOOHN 

• *LULú�YH�oÕNÕú�ELULPOHUL 
• 3URJUDPOD\ÕFÕ�ELULPL 
• %HVOHPH�J�o�ND\QD÷Õ�JLEL�WHPHO�NÕVÕPODUGDQ�ROXúXU� 

$\UÕFD�SURJUDPÕ�\HGHNOHPHN�YH�EDúND�ELU�3/&¶�\H�DNWDUPDN�LoLQ�NDOÕFÕ�EHOOHN�ELULPL��JLULú-oÕNÕú�
VD\ÕVÕQÕ�DUWWÕUPDN�LoLQ�JHQLúOHPH�ELULPL��HQHUML�NHVLOPHOHUL�GXUXPXQGD�3/&¶�\L�EHVOH\HQ�\HGHN�
J�o�ND\QD÷Õ�YH�LOHWLúLP�DUDELULPL�JLEL�HOHPDQODU�GD�EXOXQXU�>��@� 

• *LULú�ELULPL 
.RQWURO� HGLOHQ� VLVWHPOH� LOJLOL� DOJÕODPD� YH� NXPDQGD� HOHPDQODUÕQGDQ� JHOHQ� HOHNWULNVHO�

LúDUHWOHUL� ORMLN�JHULOLP�VHYL\HOHULQH�G|Q�úW�UHQ�ELULPGLU�� �*HULOLP�VHYL\HVL����9'&�����9'&��
100 VAC-120 VAC veya 200 VAC-����9$&�GH÷HUOHULQGH�RODELOLU�>��@� 

• dÕNÕú�ELULPL 
PLC’de üretilen lojik gerilim seviyelerLQGHNL� LúDUHWOHUL�� NRQWURO� HGLOHQ� VLVWHPGHNL�

NRQWDNW|U�� U|OH�� VHOHQRLG� JLEL� NXPDQGD� HOHPDQODUÕQÕ� V�UPH\H� X\JXQ� HOHNWULNVHO� LúDUHWOHUH�
G|Q�úW�UHQ�ELULPGLU�� �$QD� LúOHP�ELULPL� JLULú� YHULOHULQL�� EHOLUOHQPLú�SURJUDPD�J|UH� LúOHU��GDKD�
VRQUD�oÕNÕú�ELULPL�LOJLOL�GHQHWLP�LoLQ�JHUHNOL�NRQWURO�VLQ\DOOHULQL��UHWLU���%LU�PRWRUXQ�oDOÕúPDVÕQÕ�
VD÷ODPD��ELU�FLVPL�LWPH�YH�oHNPH��LúÕN�\D\PD�YH�DODUP�YHUPH�JLEL�ELU�oRN�|UQHN�YHULOHELOLU�>���
ve 15]. 

• øúOHP�ELULPL�YH�GL÷HU�ELULPOHU 

øúOHP�ELULPL��JLULú�ELULPLQGHQ�DOGÕ÷Õ�ELOJL\L�NHQGLQH�YHULOHQ�SURJUDPD�J|UH� LúOH\HQ�YH�
VRQXFX�oÕNÕú�ELOJLVL�RODUDN�DNWDUDQ�DQD�LúOHP�ELULPLGLU���3/&¶�OHUGH�\XNDUÕGD�DoÕNODQDQ�JLULú�YH�
oÕNÕú�ELULPOHUL�GÕúÕQGD����DQDORJ�JLULú��$'&��YH�DQDORJ�oÕNÕú��'$&��JLEL�JLULú-oÕNÕú�ELULPOHUL�GH�
bulunur [15 ve 22]. 
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• PrRJUDPOD\ÕFÕ�ELULP 

øúOHP�ELULPL�WDUDIÕQGDQ�X\JXODQDFDN�SURJUDPODUÕQ�ROXúWXUXOGX÷X�ELULPGLU���.XPDQGD�YH�
NRQWURO� DPDFÕ\OD�\D]ÕODQ�ELU�SURJUDPÕQ�3/&�SURJUDP�EHOOH÷LQH�\�NOHQPHVL�ELU�SURJUDPOD\ÕFÕ�
ELULPL�LOH�VD÷ODQÕU���3URJUDPOD\ÕFÕ�ELULPL�PLNURLúOHPFL�WDEDQOÕ�|]HO�ELU�HO�D\JÕWÕ�RODELOHFH÷L�JLEL�
JHQHO� DPDoOÕ� NLúLVHO� ELU� ELOJLVD\DUD� \�NOHQPLú� ELU� \D]ÕOÕP� GD� RODELOLU�� � %X� ELULP�� SURJUDPÕQ�
\D]ÕOPDVÕ�� 3/&¶� \H� DNWDUÕOPDVÕ� YH� oDOÕúPD� DQÕQGD� JLULú�oÕNÕú� YH\D� VDNOD\ÕFÕ� GXUXPODUÕQÕQ�
J|]OHQPHVL� \D� GD� GH÷LúWLULOPHVL� JLEL� RODQDNODUÕ� GD� VD÷ODU�� � 3/&¶� OHUL� SURJUDPODPDN� LoLQ�
JHOLúWLULOPLú� RODQ� \D]ÕOÕPODU�� |]HOOLNOH� NXPDQGD� GHYUHOHUL� LOH� LOJLOL� NLúLOHULQ� NROD\FD�
NXOODQDELOHFHNOHUL�YH\D�X\XP�VD÷OD\DELOHFHNOHUL�HGLW|U-GHUOH\LFL�SURJUDPODUÕGÕU�>���YH���@� 

�������dDOÕúPD�ELoLPL 

PLC¶� OHUL� GL÷HU� PLNURLúOHPFL� VLVWHPOHUGHQ� D\ÕUDQ� HQ� |QHPOL� |]HOOLNOHUGHQ� ELUL� GH�
oDOÕúPD�ELoLPLQLQ�ELU�VLVWHP�SURJUDPÕ�LOH�G�]HQOHQPHVLGLU���%�W�Q�3/&�VLVWHPOHULQGH�ELUELULQH�
oRN�EHQ]H\HQ�VLVWHP�SURJUDPODUÕ�EXOXQXU���%X�SURJUDPODU��UHWLP�DúDPDVÕQGD�NDOÕFÕ�ELU bellek 

DODQÕQD�\�NOHQLU��*HQHO�RODUDN�VLVWHP�SURJUDPÕ�DúD÷ÕGDNL�LúOHPOHUL�\HULQH�JHWLULU� 

• .XOODQÕFÕ�SURJUDPÕ�\�U�W�U� 

• .HVPHOL�oDOÕúPD�YH�LOHWLúLP�ROD\ODUÕQÕ�G�]HQOHU� 

• 6LVWHP�oDOÕúPD�GXUXPODUÕQÕ�NRQWURO�HGHU�>��@� 

3.1.4. Programlama biçimleri 

• Genel olarak �o�W�UO��SURJUDPODPD�ELoLPL�NXOODQÕOÕU��%XQODU�� 

• .RPXW�NXOODQÕPÕ�LOH�SURJUDPODPD��6WDWHPHQW�OLVW� 

• 0HUGLYHQ�GL\DJUDPÕ�J|VWHULPL�LOH�SURJUDPODPD��/DGGHU�SURJUDPPLQJ� 

• 'L÷HU�SURJUDPODPD�\|QWHPOHUL��/RMLN�NDSÕ��NRQWURO�DNÕú�JLEL�� 
Bu programlama yöntemlerinden GH\LP�OLVWHVL�YH�PHUGLYHQ�GL\DJUDPÕ�LOH�SURJUDPODPD��

JHQHOOLNOH� HO� SURJUDPOD\ÕFÕODUÕQGD� NXOODQÕOÕU�� .LúLVHO� ELOJLVD\DUODUGD� KHU� �o� \|QWHPL� GH�
kullanmak mümkündür [22 ve 24].  
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�������3/&¶�OHULQ�X\JXODPD�DODQODUÕ 

1. 6ÕUD� GHQHWLPL� LOH� LOJLOL� X\JXODPDODU�� \DSÕODFDN� LúOHULQ� EHOLUOL� ELU� VÕUD\OD� \DSÕOPDVÕQÕ�
GHQHWOHU�� $VDQV|UOHULQ� KDQJL� NDWODUD� KDQJL� VÕUD\OD� X÷UD\DFD÷ÕQÕQ� GHQHWOHQPHVL�� ELU�
�UHWLP�EDQGÕQGD�EHOLUOL�ELU�NRQXPGD�oDOÕúDQ�PDNLQHOHULQ�VÕUDVÕQÕ�EHOLUOHPH�� 

2. Hareket denetimi ile ilgili uygulamalara; metal kesme�� PHWDO� úHNLOOHQGLUPH�� PRQWDM�
PDNLQHOHULQGH�GHQHWLP�VD÷ODPD� 

3. 6�UHo� GHQHWLPL� LOH� LOJLOL� X\JXODPDODUD�� VÕFDNOÕN�� EDVÕQo�� QHP�� KÕ]�� GHEL� JLEL�
SDUDPHWUHOHULQ�GHQHWOHQPHVLQL�JHUHNWLUHQ�X\JXODPDODUGD�NXOODQÕODELOPHVL� 

4. Veri yönetimi ile ilgili uygulamalara; bir iúOHWPHGH� \HU� DODQ� KHU� W�UO�� V�UHoWH�
ROXúDELOHFHN�YHULOHULQ�WRSODQPDVÕ�YH�V�UHoOHULQ�JHUHNWL÷L�úHNLOGH�\|QOHQGLULOPHVL��V�UHo�
LoHULVLQGH�\HU�DODQ�oHúLWOL�PDNLQH�YH�EHQ]HUL�WHoKL]DW�KDNNÕQGD�YHUL�WRSODQPDVÕ��WRSODQDQ�
YHULOHULQ� UHIHUDQV� YHULOHU� LOH� NDUúÕODúWÕUÕOPDVÕ�� LQFHOHQPHVL�� L]OHQPHVL�� UDSRUODQPDVÕ�
DPDFÕ\OD�EDúND�ELU�D\JÕWD�DNWDUÕOPDVÕ��|UQHN�RODUDN�YHULOHELOLU�>��@� 

�����+D]ÕUODQDQ�3URJUDPÕQ�dDOÕúPD�0DQWÕ÷Õ 

<DSÕODQ� oDOÕúPDGD�� 6LHPHQV�PDUND� 6�-����3/&�NXOODQÕOPÕúWÕU�� � 6�-200 serisi, mikro 

programlanabilir� RWRPDV\RQ� FLKD]ODUÕQÕ� �PLNUR� 3/&�� WDQÕPOD\DQ� ELU� VHULQLQ� DGÕ� ROXS�� IDUNOÕ�
X\JXODPDODUGD�NXPDQGD�HWPH�\HWHQH÷LQH�VDKLS�ELULPOHUL�LoHUPHNWHGLU�>��@� 

S7-���� 3/&¶QLQ� ���� &38� ELULPL� NXOODQÕOPÕúWÕU�� � &38¶QXQ� LúOHYOHUL� GLMLWDO� PRG�OOHU��
DQDORJ�PRG�OOHU�� DNÕOOÕ�PRG�OOHU� YH� GL÷HU�PRG�OOHU� NXOODQÕODUDN� DUWWÕUÕODELOLU� >��@�� �7RSODP���
JLULú� YH� �� oÕNÕúWDQ� ROXúDQ� 3/&¶\H�� �]HULQGH� �� DGHW� DQDORJ� JLULú� EXOXQDQ� (0���� JHQLúOHPH�
PRG�O�� LODYH� HGLOHUHN� DQDORJ� JLULúOHU� ROXúWXUXOPXúWXU�� � $QDORJ� JLULú� JHULOLPL� PDNVLPXP� ���
V’tur.  ùHNLO� ���¶WH� 6LHPHQV� 6�-���� 3/&�� ùHNLO� ���¶WH� (0���� DQDORJ� JHQLúOHPH� PRG�O��
gösterilmektedir. 
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��������������������������ùHNLO������6�-200 Mikro PLC (Siemens 2002) 

 

ùHNLO������(0����$QDORJ�*HQLúOHPH�0RG�O���6LHPHQV����2) 

3URJUDPÕQ� WDVDUÕPÕQGD� |QFHOLNOH� 3/&¶QLQ� &38� �&HQWUDO� 3URFHVVLQJ� 8QLW�� 0HUNH]L�
øúOHP� %LULPL�� ELULPL� SURJUDPODQPÕúWÕU�� � $NÕP� VHQV|U�� PDQWÕ÷ÕQD� J|UH� WUDQVIRUPDW|U�Q�
oÕNÕúÕQGDQ�HOGH�HGLOHQ�GH÷HUOHU�3/&¶GH�D\DUODQDQ�HúLN�GH÷HUL�LOH�NDUúÕODúWÕUÕOÕU� 

.Her tali�KDW�LoLQ�ELU�ID]�EDúÕQD�ELU�DQDORJ�JLULú�WDKVLV�HGLOPLúWLU���0RGHOOHQHQ�VLVWHPGH�
WDOL�KDW�EDúODUÕQGD�KHU�ID]�LoLQ�ELU�DGHW�DNÕP�WUDQVIRUPDW|U��NXOODQÕOPÕúWÕU���7UDQVIRUPDW|UOHULQ�
oÕNÕú�DNÕPODUÕ�JHULOLPH�oHYULOLS�GR÷UXOWXODUDN�3/&¶QLQ�DQDORJ�JLULúOHULQH�X\gulanmakta ve faz 

DNÕPODUÕ� HúLN� GH÷HUOHUL� LOH� V�UHNOL� NDUúÕODúWÕUÕOPDNWDGÕU�� � 3URJUDPGD� KHU� JLULú� ELU� ID]Õ�
J|VWHUPHNWHGLU���+D]ÕUODQDQ�SURJUDPD�J|UH�J|UVHOOLN�LoLQ�KHU�JLULú�ELU�WDOL�KDW�JLEL�J|VWHULOPLúWLU� 
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.XOODQÕODQ�JHQLúOHPH�PRG�O�Q�Q�|]HOOL÷LQH�ED÷OÕ�NDODUDN�DQDORJ�JLULúH�PDNVLPXP����9�
GH÷HULQGH� ELU� JHULOLP� X\JXODQDELOPHNWHGLU�� � %XUDGD� ��� 9¶OXN� JHULOLP� KDWWDQ� oHNLOHELOHFHN�
PDNVLPXP�DNÕPD�NDUúÕOÕN�JHOPHNWHGLU�� �$QDORJ�JLULúOHUH� WDKVLV�HGLOHQ�D\DUOÕ�GLUHQo�VD\HVLQGH�
DQDORJ� JLULú� GH÷HUL� �� 9� LOH� ��� 9� DUDVÕQGD� GH÷LúWLULOPLúWLU�� � 3/&¶\H� X\JXODQDQ� JHULOLP� HúLN�
GH÷HULQGH� YH\D� GDKD� G�ú�N� ROGX÷XQGD� EX� ID]GD� ELU� DUÕ]DQÕQ� ROPDGÕ÷Õ�� E�\�N� ROGX÷X� ]DPDQ�
DUÕ]DQÕQ�ROGX÷X�NDEXO�HGLOPLúWLU� 

�����+DEHUOHúPH�øOH�øOJLOL�7HPHO�%LOJLOHU 

øOHWLúLP�WHULPL�ELOJL\L�HOHNWULNVHO�\ROODUOD�J|QGHUPH\H��DOPD\D��LúOHPH\H�NDUúÕOÕN�JHOLU��
øOHWLúLPLQ� DPDFÕ�� KHUKDQJL� ELU� ELoLPGHNL� ELOJLQLQ� ]DPDQ� YH� X]D\� LoLQGH� ND\QDN� RODUDN�
DGODQGÕUÕODQ� ELU� QRNWDGDQ�� NXOODQÕFÕ� GHQLOHQ� EDúND� ELU� QRNWD\D� DNWDUÕOPDVÕGÕU�� � 0RGHUQ� ELU�
LOHWLúLP� VLVWHPL� ELOJL� J|QGHUPHGHQ� |QFH�� RQXQ� VÕUD\D� NR\XOPDVÕ\OD�� LúOHQPHVL\OH� YH�
NRUXQPDVÕ\OD�LOJLOHQLU� 

%LU�QRNWDGDQ�GL÷HU�ELU�QRNWD\D�GLMLWDO�YH\D� LNLOL� �ELQDU\��ELOJLOHULQ� LOHWLOPHVL� LúOHPLQH�
“veri iletimi” denir.  Veri iletim sistemleri, bilgisayar-bilgisayar ve bilgisayar-terminDO�DUDVÕQGD�
YHUL� LOHWLPLQL� VD÷ODU�� �'LMLWDO� WHNQLNOHULQ�YHULPOLOL÷L�\�NVHN��PDOL\HWOHUL�ROGXNoD�G�ú�NW�U�� �%X�
QHGHQOH��GLMLWDO�YHUL�LOHWLP�VLVWHPOHUL�ROGXNoD�NXOODQÕúOÕGÕU���%LQDU\�ELOJLOHULQ�ELU�\HUGHQ�EDúND�ELU�
yere transferinde paralel ve seri veri iletLPL�ROPDN��]HUH�LNL�WHPHO�\|QWHP�NXOODQÕOÕU�>��@� 

'LMLWDO�RODUDN�NRGODQPÕú�ELOJLQLQ��W�P�ELWOHUL�D\QÕ�DQGD�WUDQVIHU�HGLOL\RUVD��EXQD�³SDUDOHO�
YHUL� LOHWLPL´� GHQLU�� � 9HULQLQ� DOÕFÕ\D� J|QGHULOPHVL� VÕUDVÕQGD�� YHULQLQ� KHU� ELWL� LoLQ� D\UÕ� ELU� KDW�
NXOODQÕOÕU���$\UÕFD�YHUL�LOHWLPL�oRN�NDEOROX�ELU�KDWWÕQ�NXOODQÕPÕQÕ�JHUHNWLULU� 

6HUL� YHUL� LOHWLPLQGH� LVH� ELU� YHUL� LoLQGHNL� ELWOHULQ�� D\QÕ� KDW� �]HULQGHQ� DUW� DUGD�
J|QGHULOPHVLGLU�� �+HU�ELW�EHOOL�ELU�]DPDQ�DUDOÕ÷ÕQGD�J|QGHULOLU�� �6HUL�YHUL� LOHWLPLQGH�EDúODQJÕo�
QRNWDVÕQÕQ� EHOLUOHQPHVL� LoLQ� EDúODPD� QRNWDVÕ�� LOHWLúLPGH� YHUL� DNWDUÕP� LúOHPL� VÕUDVÕQGD�
ROXúDELOHFHN� ER]XOPDODUÕ� RUWD\D� oÕNDUPDN� LoLQ� SDULW\� ELWL� NXOODQÕOÕU� YH� EDúODQJÕo� DOÕFÕ\D�
EHOLUWLOGL÷L�JLEL�ELWLúWH�EHOLUWLOPHOLGLU���%X�GXUXPGD�VWRS�ELWL�NXOODQÕOÕU���6HUL�YHUL�LOHWLPinde bir 

NHUHGH� NDUDNWHULQ� VDGHFH� ELU� ELWL� LOHWLOLU�� � $OÕFÕ� PDNLQH� GR÷UX� KDEHUOHúPH� LoLQ� NDUDNWHU�
X]XQOX÷XQX�� EDúOD-dur (start-VWRS�� ELWOHULQL� YH� LOHWLP� KÕ]ÕQÕ� ELOPHN� ]RUXQGDGÕU�� � 6HUL� úHNLOGH�
ED÷ODQWÕ\OD�LNL�W�U�LOHWLP�VD÷ODQÕU���%LULQFLVL�GLUHN�VHUL�ED÷ODPD��LNLQFLVL�\HUHO�DODQ�D÷ODUÕ��/RFDO�
$UHD�1HWZRUN��/$1��DUDFÕOÕ÷Õ�LOH�ED÷ODQPD�|UQHN�RODUDN�J|VWHULOHELOLU�>��@� 
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�������9HUL�LOHWLP�KDWODUÕ 

+DWODU� GLMLWDO� ELOJLQLQ� LOHWLOGL÷L� RUWDPODUGÕU�� � *HQHOGH� KDEHUOHúPH� KDWODUÕ�� 7HN� <|QO��
øOHWLúLP��6LPSOH[���<DUÕP-ÇLIW�<|QO��øOHWLúLP��+DOI-GXEOH[���dLIW�<|QO��øOHWLúLP��)XOO-Dublex) 

olmak üzere 3 tipte incelenir [27]. 

• 7HN�\|QO���6LPSOH[��LOHWLúLP���(Q�EDVLW�VLQ\DO�LOHWLP�WHNQL÷L�VLPSOH[�\|QWHPGLU��9HUL�
VDGHFH� WHN� \|QGH� LOHWLOHFHNVH� EX� \|QWHP� NXOODQÕOÕU�� � <DQOÕ]FD� YHUL gönderme veya 

\DQOÕ]FD� YHUL� DOPDQÕQ� JHUHNOL� ROGX÷X� GXUXPODU� LoLQ� X\JXQGXU�� � %X� NDQDO� WLSL�
GL]D\QODUÕQÕQ�NXUXOPDVÕ�NROD\�YH�XFX]GXU��6LQ\DOLQ�KHGHIWHQ�JHUL\H�G|QPHVL�LVWHQLOGL÷L�
GXUXPODUGD��UHWLFLOHU�WDUDIÕQGDQ�EX�\|QWHP�NXOODQÕOÕU�>���YH���@� 

• <DUÕP�oLIW�\önlü (Half-'XEOH[��LOHWLúLP : Half-Dublex modun iletimi, devre üzerinde 

KHU�LNL�\|QGH�VD÷ODQÕU��)DNDW�ELU�]DPDQGD�VDGHFH�WHN�\|QGHGLU���%X�WLS�LOHWLP�YHUL�LúOHP�
X\JXODPDODUÕQGD�JHQLú�ELU�úHNLOGH�NXOODQÕOÕU���%X�KDEHUOHúPH�WHNQL÷L�WHN�NDQDOGD�KHU�LNL�
yönde VLPSOH[� KDEHUOHúPHVL� VD÷ODU�� � %X� \|QWHP� ED÷OÕ� LNL� D\JÕWÕQ� VÕUD\OD� YHUL�
DOÕúYHULúLQGH�EXOXQPDODUÕ�LVWHQGL÷LQGH�NXOODQÕOÕU���&LKD]ODUGDQ�DQFDN�ELUL�GL÷HULQGHQ�ELU�
LVWH÷H�FHYDS�RODUDN�YHUL�J|QGHUL\RUVD�EX�LOHWLúLP�\|QWHPL�NXOODQÕOÕU�>���YH���@� 

• Çift Yönlü (Full –�'XEOH[��øOHWLúLP���$\QÕ�DQGD�KHU�LNL�\|QGH�YHUL�DNÕúÕ�VD÷OD\DELOHQ�
KDWODUGÕU�� � +DWODUÕQ� D\QÕ� NDQDO� SD\ODúÕODUDN� YH� VLQ\DO� DNÕúÕ� KHU� LNL� \|QGH� VD÷ODQDUDN�
�UHWLFLOHU�NDQDO�JHQLúOL÷LQL�DUWWÕUPDGDQ�NDSDVLWH\L�DUWWÕUPÕúODUGÕU�� �(Q�ID]OD�WHUPLQDO�YH�
mikrobiOJLVD\DUODU�oLIW�\|QO��LOHWLúLP�GH�oDOÕúPDN�LoLQ�D\DUODQÕU�>���YH���@� 

3.3.2. Asenkron ve senkron veri iletimi 

 %LOJLVD\DUODUÕQ�YH�WHUPLQDOOHULQ�KDEHUOHúPHVL�LoLQ�LOHWLPGHQ�|QFH�ELUELUOHULQL�X\DUPDODUÕ�
JHUHNLU�� �9HULFL� �� ELW� J|QGHUPHGHQ� |QFH� DOÕFÕ\Õ� X\DUPD]VD�� DOÕFÕ� JHOHQ� ELW� VHULVL� LoLQ� JHUHNOL�
]DPDQÕ� D\ÕUDPD]�� � %X� QHGHQOH� ]DPDQODPD� oRN� |QHPOLGLU�� � 6LQ\DO� DOÕFÕ� WDUDIÕQGDQ� \DQOÕú�
]DPDQGD�LQFHOHQLUVH�JHOHQ�ELOJL�\DQOÕú�\RUXPODQDELOLU���%LOJLQLQ�X\JXQ�]DPDQGD�LQFHOHQPHVLQH�
³VHQNURQL]DV\RQ´�DGÕ�YHULOLU���6HQNURQL]DV\RQX�VD÷ODPDN�LoLQ�VDDW��FORFN��VLQ\DOL�NXOODQÕOÕU��6DDW�
VLQ\DOLQLQ�LNL�J|UHYL�YDUGÕU� 

• 9HUL�WDPDPHQ�XODúPDGDQ�|QFH�DOÕFÕ\Õ�LOHWLPH�VHQNURQL]H�HGHU� 

• $OÕFÕ\Õ�JLUHQ�YHUL�ELWOHUL\OH�VHQNURQ�KDOGH�WXWDU� 
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Seri veri iletimi saat sinyalinin iletilmesine göre senkron ve asenkron veri iletimi olmak üzere 

LNL\H�D\UÕOÕU� 
$VHQNURQ� LOHWLP�PHWRGX�� JHQHOGH� LOHWLOHFHN� GDWD� JHOLúLJ�]HO� DUDOÕNODUGD� ROXúWXUXOGX÷X�

]DPDQ�NXOODQÕOÕU���%X�WLS�ELU�LOHWLúLPGH�NXOODQÕFÕ�ELUELULQL�WDNLS�HGHQ�NDUDNWHUOHUL�GDKD�X]XQ�YH�
JHOLúLJ�]HO� ]DPDQ� DUDOÕNODUÕ\OD� WXúODU�� � %XGD�� LOHWLúLP� KDWWÕQGDNL� VLQ\DOLQ� NDUDNWHUOHU� DUDVÕQGD�
X]XQ�V�UHOL�]DPDQ�DUDOÕNODUÕ\OD�ERúWD�ROPDVÕGÕU���$VHQNURQ�LOHWLPH�oR÷X�]DPDQ�VWDUW-stop iletimi 

GH� GHQLOPHNWHGLU�� � .ÕVDFD� DYDQWDMODUÕ� LVH�� J|QGHULOHQ� YH\D� DOÕQDQ� KHU� NDUakter kendi 

VHQNURQL]DV\RQ�ELOJLVLQL�GXUPD�YH�EDúODPD�ELWOHUL�DUDFÕOÕ÷Õ\OD�LoHUPHVL�LOH�NDUDNWHUOHULQ�G�]HQOL�
YH\D� G�]HQVL]� ]DPDQ� DUDOÕNODUÕ\OD� J|QGHULOPHVLQLQ� KLoELU� |QHPL� \RNWXU�� � %XQODUÕQ� GÕúÕQGD�
DVHQNURQ� YHUL� LOHWLPLQLQ� GH]DYDQWDMODUÕ� LVH�� VHQNURQL]DV\RQ� VDGHFH� ELOLQHQ� ³EDúODPD´� YH�
³GXUPD´� ELWOHULQH� ED÷OÕ� ROGX÷XQGDQ�� KHUKDQJL� ELU� J�U�OW�� VLQ\DOLQLQ� EX� ELWOHUL� ER]PDVÕ�
GXUXPXQGD� LOHWLúLPGH� KDWDODU� ROXúDFDNWÕU�� �$\UÕFD� oRN� ID]OD� VD\ÕGD� NDUDNWHUL� KÕ]OÕ� ELU� úHNLOGH�
göndermek için gönderilecek mesajda bilgi tDúÕPD\DQ�oRN�VD\ÕGD�ELWL�GH�PHVDMD�HNOHPLú�ROXU� 

6HQNURQ�LOHWLPGH�LVH�YHUL�EOR÷XQXQ�EDúÕQGDNL�YH�VRQXQGDNL�ELOGLUL�NDUDNWHUOHUL�GÕúÕQGD�
DOÕFÕ�YH�YHULFL�DUDVÕQGD�VDDW�VLQ\DOL�WDúÕ\DQ�D\UÕ�ELU�KDW�YDUGÕU���%X�KDWWDQ�X\JXODQDQ�VDDW�VLQ\DOL�
DOÕFÕ� YH� YHULFLQLQ� D\QÕ� ELW� ]DPDQÕQGD� oDOÕúPDVÕQÕ� VD÷ODU�� � 6HQNURQ� LOHWLPGH� LOHWLP� VRQXQGD�
³PHVDM� VRQX´� VLQ\DOL� J|QGHULOLU�� � 6HQNURQ� LOHWLPLQ� DYDQWDMODUÕ� NÕVDFD� LOHWLOHQ� ELOJLQLQ�
VHQNURQL]DV\RQ�ELOJLVLQH�RUDQÕ�oRN�GDKD�ID]ODGÕU�YH�LOHWLP�GDKD�KÕ]OÕGÕU���'H]DYDQWDMODUÕ�LVH��Eir 

VHQNURQL]DV\RQ� KDWDVÕ� ROXUVD�� W�P� YHUL� EOR÷X� ND\ERODFD÷ÕQGDQ� EX� YHUL� EOR÷XQXQ� \HQLGHQ�
J|QGHULOPHVL�JHUHNHFHNWLU�YH�VHQNURQ�LOHWLPGH�DOÕFÕ�YH�YHULFL\L�VHQNURQ�KDOGH�WXWPDN�LoLQ�D\UÕ�
hat gerekmektedir.  Bu yüzden uzun mesafelerde senkron iletim dezavantaj� ROXúWXUPDNWDGÕU�
[13,14 ve 27]. 

�����3/&�LOH�+D]ÕUODQDQ�3URJUDPÕQ�7DQÕWÕOPDVÕ 

 +D]ÕUODQDQ� SURJUDPGD� 6LHPHQV� WDUDIÕQGDQ� 3/&� LoLQ� |]HO� RODUDN� JHOLúWLULOHQ� 6WHS�-

0LFUR�:,1� SURJUDPODPD� SDNHWLQGHQ� \DUDUODQÕOPÕú� YH� \D]ÕODQ� SURJUDP� PHUGLYHQ� GL\DJUDPÕ�
(Ladder DiagUDP��NXOODQÕODUDN�ROXúWXUXOPXúWXU���6�-����3/&¶GH�KD]ÕUODQDQ�SURJUDPGD�DQDORJ�
JLULúOHUL� WDUD\DUDN�JLULúOHUGHNL�VLQ\DO�VHYL\HVLQL�RNXU��NRQWURO� ORML÷LQL�GH÷HUOHQGLUHUHN�SURJUDP�
oDOÕúWÕNoD�YHULOHUL�J�QFHOOHU�YH�oÕNÕúODUD�\D]PDNWDGÕU���3/&¶QLQ�SURJUDPODQPDVÕQdan sonra VB 

SURJUDPÕQÕQ�J|UVHO�ROPDVÕQGDQ�\DUDUODQÕODUDN�DQD�YH�WDOL�KDWODUGDQ�ROXúDQ�2*�JHULOLP�GD÷ÕWÕP�
KDWWÕ�WDVDUODQDUDN�WDOL�KDWODU�WDUDQPDNWDGÕU� 
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�������3/&�SRUWXQXQ�NXOODQÕPD�D\DUODQPDVÕ 

3/&� LOH� ELOJLVD\DU� DUDVÕQGD� VHUL� YH� DVHQNURQ� YHUL� LOHWLPL� NXOODQÕOPDNWDGÕU�� � %XQXQOD�
ELUOLNWH�KDEHUOHúPH�LoLQ�X\JXQ�RODQ�SURWRNRO�VHoLOPLúWLU�� 

*HOLúWLULOHQ�SURJUDPGD�LON�RODUDN�3/&¶QLQ�&38�ELULPLQLQ�LOHWLúLP�SRUW�D\DUÕ�\DSÕOPÕúWÕU���
%X�úHNLOGH�ELOJLVD\DU� LOH� LOHWLúLP�LoLQ�3/&�KD]ÕUODQPÕú�ROXU�� �<D]ÕODQ�SURJUDPGD��VHUL� LOHWLúLP�
SRUWX� �]HULQGHQ� LOHWLúLP� NXUPDN� YH� LOHWLúLP� SRUWXQX� NRQWURO� HWPHN� LoLQ� )UHHSRUW� NRQXPX�
NXOODQÕOPÕúWÕU�� � )UHHSRUW�� &38¶QXQ� LOHWLúLP� SRUWXQXQ� \D]ÕODQ� SURJUDP� WDUDIÕQGDQ� NRQWURO�
HGLOPHVLQH�GHQPHNWHGLU�� �%X�E|O�PGH� WDOL�KDW�EDúÕQD�NRQDFDN�RODQ�3/&�LOH� WDOL�KDWWÕ� WDUDPDN�
LoLQ�KD]ÕUODQDQ�SURJUDP�SDUoD�SDUoD�HOH�DOÕQDUDN�DQODWÕODFDNWÕU� 

S7-���� 3/&¶QLQ� SURJUDPODQPDVÕQGD� NXOODQÕODQ� |]HO� KDIÕ]D� ELWOHULQGHQ� �6SHFLDO�
0HPRU\� %\WH�� 60%�� \DUDUODQÕOPÕúWÕU�� � %X� ELWOHU� 3/&¶QLQ� GXUXP� YH� NRQWURO� LúOHYOHULQL�
VD÷OD\DUDN�&38�LOH�\D]ÕODQ�SURJUDP�DUDVÕQGD�LOHWLúLPL�JHUoHNOHúWLULU� 

ùHNLO� ����D�� YH� ùHNLO� ����E�� 3/&� LOHWLúLP� SRUWXQXQ� D\DUODQPDVÕ� LoLQ� KD]ÕUODQPÕú� ELU�
SURJUDPÕQ�SDUoDODUÕ�YHULOPHNWHGLU���ùHNLO�����D�¶GD�3/&�SRUWXQXQ�KDEHUOHúPHVL�LoLQ�KD]ÕUODQDQ�
SURJUDPÕQ� ELU� SDUoDVÕ� J|U�OPHNWHGLU�� � ùHNLOGH� 3/&� LOH� 3&� LOHWLúLPL� LoLQ� 60%��� ED\WÕ�
NXOODQÕOPÕúWÕU�� � %X� ED\W� D\UÕFD� IUHHSRUW� NXPDQGD� N�W�÷�� RODUDN� DGODQGÕUÕODELOLU�� � %X� ED\W�
NXOODQÕODUDN�LOHWLúLP�SRUWX��LOHWLP�KÕ]Õ��SDULWH�D\DUODUÕ�YH�YHUL�ELWL�VD\ÕVÕ�D\DUODQPDNWDGÕU���%una 

D\DUODUÕ�\DSDELOPHN�LoLQ�60%���ED\WÕ�������RODUDN�NRGODQPÕúWÕU���%X�NRG�LOH�3/&¶QLQ�LOHWLúLP�
SRUWX�VÕIÕU��LOHWLúLP�KÕ]Õ������EDXG��SDULWH�VHoLPLQGH�LVH�SDULWH�\RN�YH�NDUDNWHU�EDúÕQD�YHUL�ELWL���
RODUDN�VHoLOPLúWLU���+D]ÕUODQDQ�������NRGX�029B%�NRPXWX�LOH�60%���N�W�÷�QH�WDúÕQPDNWDGÕU� 

.XOODQÕODQ� GL÷HU� GXUXP� ED\WODUÕ� LVH� PHVDM� DOÕPÕ� NRQWURO�� LoLQ� NXOODQÕODQ� 60%��� YH�
60%���ED\WODUÕGÕU���60%���ED\WÕQGD����%��NRGXQXQ�NXOODQÕOPDVÕ\OD�PHVDM�DOÕP�IRQNVL\RQXQX�
�5&9���5HFHLYH��GHYUH\H�VRNDU�YH�PHVDM�ELWLú�NDUDNWHUL�VDSWDQPDNWDGÕU���5&9�NRPXWX��LOHWLúLP�
SRUWX� �]HULQGHQ� EHOOL� NDUDNWHUH� YH\D� ]DPDQ� DUDOÕ÷ÕQD� ED÷OÕ� RODUDN� ELU� PHVDMÕQ� EDúODWÕOPDVÕQÕ�
YH\D� ELWLULOPHVLQL� VD÷ODPDNWDGÕU�� � 60%��� ED\WÕQGD� LVH� PHVDM� ELWLú� NDUDNWHULQL� VHoPHN� LoLQ�
NXOODQÕOPÕúWÕU���3URJUDPGD�PHVDM�ELWLú�NDUDNWHUL�))�RODUDN�VHoLOPLúWLU� 

.XOODQÕODQ�60:���|]HO�KDIÕ]D�ED\WÕ�LVH�60%��¶\H�ED÷OÕ�RODUDN�NXOODQÕOPÕúWÕU���%X�ED\W�
D\UÕFD�PHVDM� DUDVÕ�ERúOXN�]DPDQÕQÕ�EHOLUOHPHN� LoLQ�NXOODQÕOÕU�� �3URJUDPGD�ERú�KDW� V�UHVL��PV�
RODUDN�D\DUODQPÕúWÕU���øOHWLúLP�KDWWÕQGD��PV�ER\XQFD�VHVVL]OLN�YDUVD�DOÕP�LúOHPL�EDúODWÕOÕU� 

ùHNLO� ����E�� LVH� ùHNLO� ����D�¶QÕQ� GHYDPÕ� RODUDN� YHULOPLúWLU�� � ùHNLO� ����E�¶GH� DOÕQDQ�
PDNVLPXP�NDUDNWHU� VD\ÕVÕQÕ� EHOLUOHPHN� LoLQ� 60%��� ED\WÕ� NXOODQÕOPÕúWÕU�� � 3URJUDPGD�KHU� ID] 
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LoLQ���NDUDNWHU�NXOODQÕOPDN�VXUHWL\OH���ID]�LoLQ�WRSODP����NDUDNWHU�PDNVLPXP����NDUDNWHU�VD\ÕVÕ�
EHOLUOHQPLúWLU� 
 ùHNLO�����E�¶GH�DOÕP�YH�J|QGHULP�RODUDN�LNL�IDUNOÕ�LVLP�NXOODQÕOPÕúWÕU���%XQD�ED÷OÕ�RODUDN�
ELOJLVD\DUGDQ� 3/&¶\H� DNWDUÕODQ� YHULOHU� DOÕP�� 3/&¶GHQ� ELOJLVD\DUD� DNWDUÕODQ� YHUiler ise 

gönderilen� RODUDN� LIDGH� HGLOPLúWLU�� �%XQXQ� LoLQ�PHVDM� DOÕPÕ� WDPDPODQGÕ÷Õ� ]DPDQ� WDPDPODQGÕ�
ROJXVX�ELU�LQWHUUXSW�LOH�LOLúNLOHQGLULOLU���%X�LQWHUUXSW����ROJXVX�LOH�EHOLUWLOPLúWLU���6RQ�NDUDNWHULQ�
DOÕPÕ�WDPDPODQÕQFD�DOÕP�ELWWL�RODUDN�EHOLUWLOLU���ùHNLl 3.5(b)’de DOÕPELWWLLQW ifadesini interrupt 23 

ile gönderimbitti�LIDGHVLQL�LQWHUUXSW���LOH�$7&+�NRPXWX�NXOODQÕODUDN�LOLúNLOHQGLULOPLúWLU� 
3/&¶QLQ�LOHWLúLP�SRUWXQXQ�JHUHNOL�DOW�\DSÕVÕ�WDPDPODQGÕNWDQ�VRQUD�3/&¶QLQ�VÕIÕU�LOHWLúLP�

SRUWXQGDQ�DOÕQDQ�PHVDMODU�9%����DGUHVLQGHQ�LWLEDUHQ�\D]ÕOÕU� 

 

(a) 
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(b) 

ùHNLO�����D��YH�ùHNLO�����E���3/&�LOHWLúLP�SRUW�NXOODQÕPÕQÕQ�D\DUODQPDVÕ 

�������3/&�LOH�ELOJLVD\DU�DUDVÕQGD�PHVDM�DOÕP�YH�LOHWLP�NRQWURO� 

%X� E|O�PGH� DOÕQDQ� YH� J|QGHULOHQ� PHVDMODUÕQ� GXUXPXQX� NRQWURO� HWPHN� LoLQ� ED]Õ� DOW�
SURJUDPODU� LOH� LQWHUUXSWODU� �NHVPHOHU�� KD]ÕUODQPÕúWÕU�� � ùHNLO� ���¶GD� PHVDM� DOÕP� LQWHUUXSWÕ�
J|VWHULOPLúWLU�� �0HVDM� DOÕPÕQÕQ�ELWLS�ELWPHGL÷LQLQ�DQODúÕOPDVÕ� LoLQ�60%���PHVDM� DOÕPÕ�GXUXP�
ED\WÕ�NXOODQÕOPÕúWÕU���%LWLú�NDUDNWHUL�DOÕQGÕ�DQODPÕ�������LIDGHVL�LOH�NRGODQPÕúWÕU���ùHNLO����¶GD�
J|U�OG�÷�� JLEL� ELWLú� NDUDNWHUL� DOÕQPDGÕ\VD� PHVDM� DOPD\D� GHYDP� HGHFHN�� NDUDNWHU� DOÕQGÕ\VD�
]DPDQ� NRQWURO� LQWHUUXSWÕQÕQ� NXOODQÕPÕ� LoLQ� ]DPDQ� NRQWURO� ED\WÕ� 60%��� SURJUDPGD�
NXOODQÕOPDNWDGÕU�� �%LWLú�NDUDNWHUL� DOÕQGÕNWDQ� VRQUD�YHUL� LOHWLPL� LoLQ���PV¶OLN�ELU� ]DPDQ�GH÷HUL�
JLULOPLúWLU���$\DUODQDQ���PV¶OLN�ELU�V�UH�YHULOHU�DUDVÕQGD�NDUÕúÕNOÕN�ROPDPDVÕ�LoLQ�NXOODQÕOPÕúWÕU� 
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ùHNLO� ����D�¶GD� YH� ùHNLO� ����E�¶GH� ]DPDQ� NRQWURO� LQWHUUXSWÕQÕQ� SURJUDPODQPDVÕ� Ye 

J|QGHULPELWWL� LQWHUUXS¶ÕQÕQ� SURJUDPÕ� J|U�OPHNWHGLU�� � +D]ÕUODQDQ� EX� SURJUDPGD�� PHVDM� DOÕPÕ�
ELWWLNWHQ� VRQUD� EX� V�UHNOLOL÷LQ� VD÷ODQPDVÕ� LoLQ�PHVDM� DOÕP� LQWHUUXSWÕ� LúOHPGHQ� oÕNDUÕOPDNWDGÕU�
�'7&+��� �0HVDM� DOÕPÕQÕQ� WDPDPODQPDVÕQGDQ� VRQUD� 3/&� JLULúLQH� DNWDUÕODQ� ���NDUDNWHU� VD\ÕVÕ�
��PV�EHNOHGLNWHQ�VRQUD�9%����DGUHVLQGHQ�EDúOD\DUDN�VÕIÕU�SRUWXQ¶GDQ�ELOJLVD\DUD�J|QGHULOPH\H�
EDúODU���'DKD�VRQUD�]DPDQ�LQWHUUXSW¶GD�X\JXODQDQ�V�UH�ELWLQFH�WHNUDU�J|QGHULPELWWL�LQWHUUXSWÕQD�
gelerek VB100 adresinden itibaren tekrar almaya�EDúOD\DFDNWÕU� 

 

ùHNLO������0HVDM�DOÕP�LQWHUUXSWÕQÕQ�SURJUDPODQPDVÕ 
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(a)       (b) 

ùHNLO������=DPDQ�NRQWURO�LQWHUUXSWÕQÕQ�SURJUDPODQPDVÕ�YH�J|QGHULPELWWL�LQWHUUXSW�SURJUDPÕ 

�������.DUúÕODúWÕUPD�SURJUDPÕQÕQ�KD]ÕUODQPDVÕ 

+D]ÕUODQPÕú� RODQ� EX� SURJUDPGD� LVH�� KHU� WDOL� KDWWD� ID]� EDúÕQD� NRQDFDN� RODQ� DNÕP�
WUDQVIRUPDW|U�Q�Q� oÕNÕúÕQGD� GR÷UXOWXOPXú� GH÷HUOHUH� J|UH� KDQJL� ID]GD� DUÕ]D� ROGX÷XQX�
DQOD\DELOPHN� LoLQ� ELU� NDUúÕODúWÕUPD� \DSÕOPDVÕ� JHUHNPHNWHGLU�� � %XQD� J|UH� EX� NDUúÕODúWÕUPD�
progUDPÕ�EX�E|O�PGH�EDKVHGLOHFHNWLU� 
ùHNLO����¶WH�3/&¶QLQ�DQDORJ�JLULú�GH÷HUOHULQLQ�DGUHVOHQPHVL�YHULOPHNWHGLU���ùHNLOGHNL�SURJUDPGD�
3/&¶QLQ� DQDORJ� JLULúLQH� YHULOHQ� JHULOLP� GH÷HUOHULQL� DOJÕOD\DELOPHVL� LoLQ� NXOODQÕODQ� DQDORJ�
JHQLúOHPH� PRG�O�Q�Q� E�W�Q� JLULúOHUL� NXOODQÕODUDN� �� JLULú� DGUHVL� EHOLUOHQPLúWLU�� � %X� DGUHVOHU�
9:����� 9:����� 9:���� YH� 9:���� RODUDN� YHULOPLúWLU�� � %X� DQDORJ� GH÷HUOHU� WDP� VD\ÕGDQ�
$6&,,¶\H� G|Q�úW�UPH� NRPXWX� �,QWHJHU� WR� $6&,,� �� ,7$�� NXOODQÕODUDN� 9%���� DGUHVLQGHQ�
EDúOD\DUDN�\D]ÕOÕU� 
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ùHNLO������3/&¶QLQ�DQDORJ�JLULú�GH÷HUOHULQLQ�DGUHVOHQPHVL 

ùHNLO� ���¶GD� DQDORJ� JLULú� GH÷HUOHULQLQ� 3/&¶GH� ED]Õ� DULWPHWLN� LúOHPGHQ� JHoWL÷LQL� LIDGH�
HGHQ� ELU� SURJUDP� J|VWHULOPLúWLU�� � %X� SURJUDPGD� NXOODQÕQ� DQDORJ� JHQLúOHPH�PRG�O�QGH� JLULú�
gerili maksimum 10 V verilebilir.  PLC içerisinde 10 V gerilim yada 10 ifadesi 32000 ile 

HúGH÷HUGHGLU�� � ùHNLO� ���¶GD� KD]ÕUODQDQ� DOW� SURJUDP� LOH� J|UHELOHFH÷LPL]� GH÷HUOHUH�
G|Q�úW�U�OPHNWHGLU�� � %X� SURJUDPGD�$,:� JLULú� GH÷HUOHULQL� J|VWHUPHNWHGLU�� � %XQXQOD� ELUOLNWH�
DIV_I komutu ise CPU içindeki 320���GH÷HULQLQ�����VD\ÕVÕQD�E|O�QHUHN���EDVDPDNOÕ�ELU�VD\Õ�
J|VWHUPHN� LoLQ� NXOODQÕOPÕúWÕU�� � %X� úHNLOGH� DQDORJ� JLULú� GH÷HUOHUL� �� 9� LOH� ��� 9� DUDVÕQGD�
GH÷LúHELOPHNWHGLU� 
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ùHNLO������$QDORJ�JLULú�GH÷HUOHULQLQ�3/&¶GH�D\UÕ�RODUDN�KHVDSODQPDVÕ 

ùHNLO� ����¶GD� ELOJLVD\DUGDQ� JLULOHQ� GH÷HUOHULQ� 3/&¶\H� DNWDUÕOPDVÕ� LoLQ� KD]ÕUODQDQ�
SURJUDP�J|VWHULOPLúWLU���%X�SURJUDPGD�3/&¶QLQ�JLULúLQH�X\JXODQDQ�JHULOLP�LOH�NDUúÕODúWÕUÕODFDN�
RODQ�HúLN�JHULOLP�GH÷HULQLQ�DGUHVOHQPHVL�\DSÕOPÕúWÕU�� �3/&¶\H�9%����DGUHVLQGHQ�EDúlayarak 4 

DQDORJ� JLULúL� LoHUHQ� ��� NDUDNWHU� X]XQOX÷X� 9%���� DGUHVLQH� ��OÕN� �+H[DGHFLPDO�� VLVWHPH�
G|Q�úW�U�OHUHN� DNWDUÕOPÕúWÕU�� � $6&,,¶GHQ� ��¶OÕN� VLVWHPH� G|Q�ú�P� �$6&,,� 7R�+H[DGHFLPDO� ��
$7+��NRPXWX\OD�JHUoHNOHúPLúWLU� 
 7DOL�KDWWDQ�JHoHQ�DNÕP�LOH�NDUúÕODúWÕUÕODFDN�RODQ�HúLN�GH÷HUOHUL�9:�����9:�����9:����
YH�9:���� RODUDN� DGUHVOHQHUHN� 3/&� µQLQ� JLULú� GH÷HUOHUL� LOH� D\QÕ� VD\ÕVDO� |]HOOLNWH� ROPDVÕ� LoLQ�
WDPVD\Õ��,QWHJHU��VLVWHPH�G|Q�úW�U�OHUHN�9:����DGUHVLQGHQ�\D]PD\D�EDúODU� 
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ùHNLO�������%LOJLVD\DUGDQ�JLULOHQ�HúLN�GH÷HUOHULQLQ�3/&¶\H�DNWDUÕOPDVÕ 

ùHNLO� ����¶GH� KHU� ID]GDQ� JHoHQ� DNÕP� LOH� 3/&¶GH� D\DUODQDQ� HúLN� GH÷HULQLQ�
NDUúÕODúWÕUÕOPDVÕ� LOH� DUÕ]D� WHVSLWL� LoLQ� KD]ÕUODQDQ� SURJUDP� YHULOPLúWLU�� � 3URJUDPGD� 9:�����
VW302, VW304 ve VW306 adresleri PLC’nin analog� JLULúLQH� X\JXODQDQ� WUDQVIRUPDW|U�
oÕNÕúÕQGDNL� GH÷LúNHQ� DNÕP� GH÷HUOHULQL� J|VWHUPHNWHGLU�� �9:�����9:�����9:���� YH�9:����
DGUHVOHUL�LVH�ELOJLVD\DUGDQ�JLULOHQ�YH�DQDORJ�JLULú�GH÷HUOHUL�LOH�NDUúÕODúWÕUÕODFDN�RODQ�DNÕPÕQ�HúLN�
GH÷HUOHULQL� LIDGH� HWPHNWHGLU�� � (÷HU� WUDQVIRUPDW|U� oÕNÕúÕQGDNL� DNÕP� GH÷HUL� DQD� KDWWDNL� DUÕ]D�
ROXúWXUPD\DFDN� PDNVLPXP� HúLN� GH÷HULQGHQ� E�\�N� LVH� 3/&¶\H� ELU� VLQ\DO� J|QGHUHUHN� DUÕ]D�
oÕNÕúÕQÕ�3/&¶\H�\D]PDNWDGÕU� 
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ùHNLO�������$UÕ]D�WHVSLWL�LoLQ�NDUúÕODúWÕUPD�SURJUDPÕ 

3.5. Visual BDVLF�3URJUDPÕ�øOH�+D]ÕUODQDQ�$UD\�] 

+D]ÕUODQDQ�3/&�SURJUDPÕQGDQ�VRQUD�VLVWHPLQ�WDUDQPDVÕ�YH�DUÕ]D�WHVSLWL�LoLQ�J|UVHOOLN�|Q�
SODQD� oÕNDUÕODUDN� 9LVXDO� %DVLF� SURJUDPÕ� NXOODQÕOPÕúWÕU�� � ùHNLO� ����¶GH� YH� ùHNLO� ����¶GH� 9%�
NXOODQÕODUDN�2*�DQD�YH�WDOL�KDWODUGDQ�ROXúDQ�UDG\DO�HQHUML�GD÷ÕWÕP�KDWWÕ�J|VWHULOPLúWLU� 
 8\JXODPDGD� ��������N9� YH� �� DGHW� WDOL� KDWWDQ� ROXúDQ� ELU� HQHUML� GD÷ÕWÕP� KDWWÕ�
KD]ÕUODQPÕúWÕU���(úLN�DNÕPÕ�KDWWÕQ�WDúÕPDVÕ�|QJ|U�OHQ�QRPLQDO�oDOÕúPD�DNÕPÕQÕ��KDW�DNÕPÕ�LVH�WDOL�
KDWWDQ� R� DQGD� JHoHQ� DNÕP� GH÷LúLPLni vermektedir.  Programdaki PLC’ye gönder butonu, tali 

KDWWDNL� HúLN� DNÕPÕQÕQ� 3/&¶QLQ� DOJÕODPDVÕ� LoLQ� NXOODQÕODQ� ELU� EXWRQGXU�� � (úLN� DNÕPÕQÕQ� GH÷HUL�
KDWWÕQ� GXUXPXQD� J|UH� SURJUDP� NXOODQÕFÕVÕ� WDUDIÕQGDQ� JLULOPHNWHGLU�� � +DWWDQ� JHoHQ� DNÕP�3/&�
WDUDIÕQGDQ�DOJÕODQDUDN�SURJUDP�NXOODQÕFÕVÕQD�KDEHUOHúPH�LOH�JHOPHNWHGLU� 

ùHNLO������D�¶GD���� WDOL�KDWWÕQ� HúLN�DNÕPÕ�����$��������YH���� WDOL�KDWODUÕQ�HúLN�DNÕPODUÕ�
PDNVLPXP� ���� $� RODUDN� JLULOPLúWLU�� � %XQD� ED÷OÕ� RODUDN� 3/&¶QLQ� DQDORJ� JLULúOHULQGHNL� DNÕP�
GH÷LúLPOHUL�\DQL�KDW�DNÕPODUÕ�LVH����WDOL�KDWWD�����$�����WDOL�KDWWD�����$�����WDOL�KDWWD�����$�YH����
WDOL�KDWWD�����$�RODUDN�J|U�OPHNWHGLU�� �$QODúÕODFD÷Õ�JLEL�DOÕQDQ�YH�J|QGHULOHQ�DNÕP�YHULOHULQH�
J|UH����WDOL�KDWWD�HúLN�DNÕPÕ�����$�LNHQ�KDWWDQ�JHoHQ�DNÕP�����$¶H�XODúWÕ÷ÕQGD������$¶OLN�HúLN�
GH÷HUL�JHoWL÷L� LoLQ��KDWWD�ELU�GH÷LúLP�V|]�NRQXVX�ROPDNWDGÕU�� �+DWWÕQ� UHQJL�NÕUPÕ]Õ\D�G|QHUHN�
KDWWD�ELU�DUÕ]D�PH\GDQD�JHOGL÷LQL�J|VWHUPHNWHGLU� 

ùHNLO� �����E�¶GH� ùHNLO� ����¶GH� ROGX÷X� JLEL� KDWWDQ� JHoHQ� DNÕP� GH÷HUOHUL� GH÷LúWL÷LQGH�
GD÷ÕWÕP�KDWWÕQÕQ�GXUXPX�J|U�OPHNWHGLU���7DOL�KDWODUGDQ�JHoHQ�HúLN�GH÷HUOHUL�ùHNLO������D�¶GDNL 
HúLN�GH÷HUOHUL�LOH�D\QÕ�RODUDN�3/&¶\H�J|QGHULOPLúWLU�� �%XQXQOD�ELUOLNWH�3/&¶QLQ�JLULú�GH÷HUOHUL�
GH÷LúWLULOPLúWLU���%XQD�ED÷OÕ�RODUDN����WDOL�KDW�DNÕPÕ�����$�����WDOL�KDW�DNÕPÕ�����YH����WDOL�DNÕPÕ 
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����$�YH����WDOL�KDW�DNÕPÕ�����$�RODUDN�RNXQPXúWXU���ùHNLOGH�GH�J|U�OG�÷��JLEL����WDOL�KDW�LOH����
WDOL�KDWWD�JHoHQ�KDW�DNÕPODUÕQÕQ�HúLN�GH÷HUOHULQGHQ�E�\�N�ROPDVÕ�EX�WDOL�KDWODUGD�DUÕ]D�ROGX÷XQX�
göstermektedir. 

%X� úHNLOGH� DUÕ]DOÕ� RODQ� WDOL� KDW� VHoLOHUHN� ELOHúHQOHU� IDUNÕ� \|QWHPLQLQ� NXOODQÕOPDVÕ\OD�
DUÕ]DOÕ� WDOL� KDWWDNL� DUÕ]D� \HUL� EXOXQPDNWDGÕU�� � $UÕ]DOÕ� RODQ� WDOL� KDW� (073� EHQ]HWLP� SURJUDPÕ�
NXOODQÕODUDN�WHVW�HGLOPHVL�%|O�P��¶GH�J|VWHULOPLúWLU� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 42 

 

ùHNLO�������(QHUML�GD÷ÕWÕP�WDOL�KDW�PRGHOLQLQ�ELOJLVD\DU�RUWDPÕQGD�úHPDWLN�J|VWHULPL 
D�����7DOL�KDWWD�ROXúDQ�DUÕ]D 
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ùHNLO�������(QHUML�GD÷ÕWÕP�WDOL�KDW�PRGHOLQLQ�ELOJLVD\DU�RUWDPÕQGD�úHPDWLN�J|VWHULPL 
b) 1. ve 4. Tali KDWWD�ROXúDQ�DUÕ]D 
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�����3/&�LOH�%LOJLVD\DUÕQ�+DEHUOHúPHVL 

9%�SURJUDPÕQGD�KDEHUOHúPH�LoLQ�ELU�NRG�KD]ÕUODQPÕúWÕU���%LOJLVD\DU�LOH�3/&�DUDVÕQGDNL�
LOHWLúLPL� VD÷OD\DQ� ELOJLVD\DU� \D]ÕOÕP� úHNOL�� 06&RPP��&RPP3RUW ���
MSComm1.Settings=9600,n,8,1 ve MSComm1.PortOpen�  � 7UXH� RODUDN� WDQÕPODQPÕúWÕU���
&RPP��ELOJLVD\DU�LOH�3/&�DUDVÕQGDNL�LOHWLúLPL�VD÷OD\DFDN�RODQ�SRUW�VHoLPL�ROXS�EXUDGD�SRUW���
RODUDN�D\DUODQPÕúWÕU���%LOJLVD\DU�LOH�3/&�DUDVÕQGDNL�KDEHUOHúPHQLQ�JHUoHNOHúPHVL�LoLQ�3/&¶GHNL�
KD]ÕUODQDQ� SRUW� D\DUÕQÕQ� D\QÕ� GXUXPX� ELOJLVD\DUGD� GD� D\QÕ� ROPDVÕ� JHUHNLU�� �9%� SURJUDPÕQGD�
KDEHUOHúPH�LoLQ�3/&¶GH�ROGX÷X�JLEL�YHUL�KÕ]Õ��YHUL�VD\ÕVÕ�YH�VWRS�ELWLQLQ�NXOODQÕPÕ�\DSÕOPÕúWÕU���
%XUDGD� 06&RPP��6HWWLQJV �����Q����� LIDGHVL\OH� \XNDUÕGD� EDKVHGLOHQ� D\DUODU� EHOLUWLOPLúWLU���
Programda ayrÕFD�06&RPP��3RUW2SHQ� �7UXH�LIDGHVL�LVH�SRUW¶XQ�KDEHUOHúPH�LoLQ�NXOODQÕODELOLU�
GXUXPGD�ROGX÷XQX�J|VWHUPHNWHGLU�� �%LOJLVD\DUGD�KDEHUOHúPH�LoLQ�NXOODQÕODQ�SRUW�56-232 iken 

3/&¶GH�NXOODQÕODQ�KDEHUOHúPH�SRUWX�56-485’dir. 

RS-���� LOHWLúLP� SURWRNRO��� VHUL� DVHQNURQ� RODUDN� J|QGHULOHQ� YHULQLQ� DOÕQPDVÕ� YH\D�
LOHWLOPHVLQL�JHUoHNOHúWLUHQ�FLKD]ODU�DUDVÕQGD�KDEHUOHúPHQLQ�VD÷ODQDELOPHVL�LoLQ�JHOLúWLULOPLú�VHUL�
ED÷ODQWÕ� VWDQGDUWÕGÕU�� � 56-���� G�ú�N� YHUL� RUDQODUÕ� YH� NÕVD� PHVDIHOHUGH� YHUL� LOHWPH\L�
VD÷ODPDNWDGÕU�>���YH���@� 

RS-4��� LOHWLúLP� SURWRNRO��� 56-���¶QLQ� PHVDIH� \|Q�QGHQ� ROXúWXUGX÷X� GH]DYDQWDMÕ�
D]DOWPDN�LoLQ�JHOLúWLULOPLú�ELU�SURWRNROG�U���%X�SURWRNRO�LOH����DGHW�DOÕFÕ�YHULFLQLQ�WHN�ELU�NDEOR�
LOH� YHUL� LOHWLúLPL� VD÷ODQDELOPHNWHGLU� YH� D\UÕFD� X]DN� PHVDIHOHU� DUDVÕ� KDEHUOHúPH� Loin 

NXOODQÕODELOPHNWHGLU�>���������YH���@� 
ùHNLO� ����¶GH� DNÕP� WUDQVIRUPDW|U�� LOH� 3/&¶QLQ� WDOL� KDWODUGDNL� úHNOL� úHPDWLN� RODUDN�

gösterilmektedir.  Burada RS-485 PLC’nin portuna RS-���� LVH� ELOJLVD\DUÕQ� SRUWXQD� GHQN�
gelmektedir.  Bunun için bilgisayardaki ve PL&¶GHNL� YHUL� LOHWLúLPL� LoLQ� 56-232/RS-485 

G|Q�úW�U�F�OHU�NXOODQÕOPDNWDGÕU� 
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ùHNLO�������$�7�YH�3/&¶QLQ�WDOL�KDWODUGDNL�úHPDWLN�J|VWHULP 

ùHNLO� ����¶GH� X\JXODPD� GD� 3/&� LOH� ELOJLVD\DU� DUDVÕQGDNL� KDEHUOHúPH� LoLQ� NXOODQÕODQ�
3&�33,�NDEORVXQXQ�úHNOL�J|U�OPHNWHGLU�� �%X�NDEOR�3/&¶QLQ�SURJUDPODQPDVÕ�YH�ELOJLVD\DU� LOH�
KDEHUOHúPHVL�LoLQ�NXOODQÕODQ�HQ�\D\JÕQ�NDEOR�oHúLGLGLU� 

 

ùHNLO�������3&�33,�.DEORVX�>��@ 

3&�33,� NDEORVXQGD�� ELOJLVD\DUÕQ� VHUL� SRUWXQD� ED÷ODQDQ� NÕVÕP� 3&�� 3/&¶QLQ� SRUWXna 

ED÷ODQDQ�NÕVÕP�LVH�33,�RODUDN�J|VWHULOPHNWHGLU���56-232 konnektörü PC, RS-485 konnektörü ise 

3/&� WDUDIÕQGDGÕU�� � øOHWLúLPGH� YHULOHU� 56-232 portundan RS-485 portuna gönderilirken kablo 

LOHWLP�NRQXPXQGD��EXQXQ�WHUVL�GXUXPGD�DOÕP�NRQXPXQGDGÕU���.DEOR�KDW��]HULQGH�G|Q�ú�V�UHVL�
RODUDN� WDQÕPODQDQ� ELU� V�UH� NDGDU� �\DNODúÕN� ���� PV�� ERúOXN� J|UG�÷�QGH� DOÕP� NRQXPXQD�
JHoPHNWHGLU�� � 3&�33,� NDEORVX�� ����� EDXG� LOD� ������ NEDXG� DUDVÕQGDNL� LOHWLúLP� KÕ]ODUÕQÕ�
GHVWHNOHPHNWHGLU� >��@�� � .XOODQÕODQ� 3&�33,� NDEORVX� LOH� \DNODúÕN� RODUak 1.5 km’ye kadar 

KDEHUOHúPH� VD÷ODQPDNWDGÕU�� � %XQXQ� \DQÕQGD� úHEHNH� LoLQGH� WHNUDUOD\ÕFÕ� NXOODQÕOGÕ÷ÕQGD� DOÕFÕ�
YHULFL�DUDVÕQGDNL�PHVDIH���NP¶\H�NDGDU�oÕNDELOPHNWHGLU� 

8\JXODPDGD� NDSODPDOÕ� GRODQPÕú� oLIW� �6KLHOGHG� 7ZLVWHG� 3DLU-STP) tipi kablo 

NXOODQÕOPÕúWÕU�� � ùHNLO� ����¶GD� 673� NDEOR� oHúLGL� J|U�OPHNWHGLU�� � %X� WLS� NDEORGD� GRODQPÕú� WHO�
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oLIWOHUL�NRDNVL\HO�NDEORGD�ROGX÷X�JLEL�PHWDO�ELU�]ÕUK� LOH�NDSODQPÕúWÕU�� �(Q�GÕúWDNL�PHWDO�]ÕUKÕQ�
HOHNWURPDQ\HWLN�DODQODUGDQ�JHoHUNHQ�NDEOR�LoLQGHNL�VLQ\DOLQ�ER]XOPDVÕQD�HQJHO�ROPDVÕ�EHNOHQLU�
[25]. 

 

ùHNLO�������673�NDEOR 

3.7. +DEHUOHúPH�7RSRORMLOHUL�9H�8\JXODPDGD�.XOODQÕODQ�3URWRNRO 

$÷� WRSRORMLVL� D÷ODUÕQ� JHRPHWULN� EDNÕPGDQ� ELUELUOHULQH� RODQ� NRQXPODUÕ� DQODPÕQD�
JHOPHNWHGLU��<DQL�D÷�WRSRORMLVL��D÷Õ�ROXúWXUDQ�ELOJLVD\DUODUÕQ�ELUELUOHULQH�IL]LNVHO�ED÷ODQWÕODUÕQÕQ�
QDVÕO�\DSÕODFD÷ÕQÕ�EHOLUOHU���$÷�VLVWHPOHULQGH�SHN�oRN�WRSRORML�P�PN�QG�U���%XQODU�DUDVÕQGDNL�HQ�
|QHPOL�IDUN�PDOL\HW�YH�LOHWLúLP�KÕ]Õ�ROPDNWDGÕU�>��@� 

�������)L]LNVHO�WRSRORML�oHúLWOHUL 

%LU� D÷ÕQ� IL]LNVHO� WRSRORMLVL� NDEORODUÕQ�� ELOJLVD\DUODUÕQ� YH� GL÷HU� oHYUH� ELULPOHULQLQ�
NRQILJ�UDV\RQXQX� EHOLUOHU�� � )L]LNVHO� WRSRORML� NDUDUÕQÕ� YHULUNHQ� PDOL\HW�� NXOODQÕODFDN� NDEOR�
PHWUDMÕ�� D÷ÕQ� E�\�PHVL� YH�NDEOR� WLSL� JLEL� SDUDPHWUHOHU� LQFHOHQPHOLGLU�� �&R÷UDIL� NRQXPD�J|UH�
LOHWLúLP� VLVWHPOHUL� \HUHO� DODQ� D÷ODUÕ� �/$1�� YH� JHQLú� DODQ� D÷ODUÕ� �:$1�� RODUDN� LNL\H� D\UÕOÕU���
<HUHO�DODQ�D÷ODUÕQGD�\R÷XQ�RODUDN�YHUL�\ROX��\ÕOGÕ]�YH\D�KDOND�WRSRORMLOHUL�NXOODQÕOÕU�>��YH���@� 

Veri yolu (bus) topolojisi; Veri yolu topolojisinde bir kablo boyunca tüm terminallerin 

GR÷UXVDO�OLQHHU�NDEOR\D�ED÷ODQPDVÕGÕU���9HUL�ELU�XoWDQ�GL÷HULQH�LOHWLOLU�YH�G|QHU��øOHWLúLP�KDWWÕQÕQ�
VRQXQGD� ELU� VRQODQGÕUÕFÕ� �WHUPLQDW|U�� EXOXQXU�� � %X� WRSRORMLN� \DSÕ� GD÷ÕWÕOPÕú� NRQWURO�
VLVWHPOHULQGH�LON�NXOODQÕODQ�ROXS�HQ�EDVLW��HQ�HNRQRPLN�\DSÕGÕU�>������YH���@� 

<ÕOGÕ]�WRSRORMLVL��ELUGHQ�ID]OD�ELOJLVD\DUÕQ�DQDKWDU�LOH�ELUELULQH�ED÷ODQPDVÕ�LOH�ROXúDQ�WHN�
PHUNH]OL�ELU�WRSRORMLGLU���0HUNH]L�DQDKWDU�G�÷�P��GL÷HU�D÷�G�÷�POHUL�DUDVÕQGDNL�YHUL�LOHWLúLPLQL�
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kontrol eder ve veri yolu topolojisine göre dDKD�SHUIRUPDQVOÕGÕU���+HUKDQJL�ELU�G�÷�P�oDOÕúPD]�
KDOH�JHOLUVH��RWRPDWLN�RODUDN�GHYUH�GÕúÕ�NDOÕU���<ÕOGÕ]�WRSRORMLVLQLQ�HQ�E�\�N�DYDQWDMÕ�LVH��WHVLVL�
YH�NDEORODPDQÕQ�NROD\�ROPDVÕGÕU���$\UÕFD�D÷GDQ�ELU�WHUPLQDOLQ�oÕNDUÕOPDVÕ�YH\D�HNOHQPHVL�D÷ÕQ�
WDPDPÕQÕ�HWNLOHPH]�YH�SUREOHPOHULQ�WHVSLWL�oRN�NROD\GÕU���'L÷HU�WDUDIWDQ�YHUL�\ROX�WRSRORMLVL�LOH�
NDUúÕODúWÕUÕOGÕ÷ÕQGD�GDKD�ID]OD�NDEOR�NXOODQÕOÕU�>�@� 

+DOND��5LQJ�� WRSRORMLVL��.X\UXN�\DSÕVÕQGDNL�ELU�D÷GDQ�VRQODQGÕUÕFÕODUÕQ�oÕNDUÕODUDN�LNL�
XFXQXQ� ELUOHúWLULOPHVL\OH� ROXúDQ� D÷� \DSÕVÕGÕU�� +DOND� \DSÕVÕQGDNL� D÷ODUGD� WHN� ELU� LOHWLúLP�
ED÷ODQWÕVÕ\OD�G�÷�POHU�D÷D�GDKLO�HGLOLU�YH�YHULOHU�KDOND�ER\XQFD�G|QHUOHU���%XUDGD�D÷D�GDKLO�RODQ�
ELU� ELOJLVD\DUÕQ� GHYUH� GÕúÕ� NDOPDVÕQÕQ� VLVWHP� �]HULQH� ELU� HWNLVL� \RNWXU�� � %LOJL� J|QGHULOGLNWHQ�
sRQUD��DOÕFÕ\D�JHOHQH�NDGDU�KDOND�HWUDIÕQGD�GRODúÕU�� �(OHNWULNVHO�VLQ\DO�ELULPGHQ�ELULPH�WHN�ELU�
\|QGH�LOHWLOLU��+HU�ELULP��JHOHQ�NDEORGD�DOÕFÕ��JLGHQ�NDEORGD�J|QGHULFL�LúOHYL�J|U�U���6LQ\DO�KHU�
ELULPGH� NXYYHWOHQGLULOGL÷L� YH\D� \HQLGHQ� ROXúWXUXOGX÷X� LoLQ� ]D\ÕIODPD� HQ� DOW� G�]H\GHGLU� YH�
SHUIRUPDQVÕ�\�NVHNWLU�ùHNLO�����¶GH�LOHWLúLP�VLVWHPOHUL�LoLQ�/$1�WRSRORMLOHUL�J|U�OPHNWHGLU�>���
ve 24]. 

 

ùHNLO�������/$1�WRSRORMLOHUL�>��@ 
D��%XV�WRSRORMLVL��E��<ÕOGÕ]�WRSRORMLVL��F�+DOND�WRSRORMLVL 
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3.7.2. HabHUOHúPH�SURWRNROOHUL 

3/&�YH�ELOJLVD\DU�DUDVÕQGD�ED÷ODQWÕ�úHNLOOHULQH�YH�NXOODQÕODFDN�DOÕFÕ–YHULFL�VD\ÕVÕQD�J|UH�
KDEHUOHúPHGHNL�SURWRNRO�úHNOL�GH÷LúPHNWHGLU���3/&¶OHU�PDVWHU-VODYH�WDU]Õ�oDOÕúDQ�LOHWLúLP�D÷ÕQÕ�
GHVWHNOHPHNWHGLUOHU���0DVWHU�RODQ�ELU�FLKD]�EDúND�ELU�FLKD]ODUOD�LOHWLúLP�EDúODWDELOLU���0DVWHU�LOH�
VODYH� DUDVÕQGDNL� IDUN� LVH�� � PDVWHU� FLKD]� KHP� VODYH� KHP� GH� PDVWHU� FLKD]KD]ODUÕQ� WDOHSOHULQL�
\DQÕWODUNHQ� VODYH� RODUDN� WDQÕPODQDQ� FLKD]� LVH� \DOQÕ]FD� PDVWHU� FLKD]GDQ� JHOHQ� WDOHSOHUL�
\DQÕWOD\DELOLU� 

PLC ile anD� LVWDV\RQ� DUDVÕQGDNL� KDEHUOHúPH\L� VD÷ODPDN� DPDFÕ\OD� IDUNOÕ� KDEHUOHúPH�
SURWRNROOHUL\OH� ELU� oRN� DOWHUQDWLI� EXOXQPDNWDGÕU�� � 8\JXODPDQÕQ� JHUHNWLUGL÷L� LúOHYVHOOLN� YH�
SHUIRUPDQVD�ED÷OÕ�RODUDN�DúD÷ÕGDNL�LOHWLúLP�VHoHQHNOHUL�NXOODQÕODELOLU� 

• 1RNWDGDQ�1RNWD\D�øOHWLúLP��11ø� 

• dRN�1RNWDOÕ�øOHWLúLP��d1ø� 

• PROFIBUS 

øOHWLúLP�SDNHWOHUL��|]HO�EDúODQJÕo�YH�ELWLú�NDUDNWHUL��ND\QDN�YH�KHGHI�LVWDV\RQ�DGUHVOHUL��
SDNHW�ER\XWX�YH�NRQWURO�ELOJLVLQGHQ�ROXúXU��+HU�SURWRNRO�LoLQ�LOHWLúLP�KÕ]Õ�D\QÕ�ROGX÷X�V�UHFH��
EX�SURWRNROOHU�D\QÕ�LOHWLúLP�D÷ÕQGD�ELUELUOHULQL�HWNLOHPHNVL]LQ�D\QÕ�DQGD�oDOÕúDELOLUOHU�>��@� 

8\JXODPDGD� NXOODQÕODQ� W�P� FLKD]ODU� \DQL� ELOJLVD\DU� YH� 3/&� WHN� ELU� KDW� �]HULQGHQ�
KDEHUOHúWL÷L�LoLQ�X\JXODPDGD�EXV�ED÷ODQWÕVÕ�NXOODQÕOPÕúWÕU���%XQXQOD�ELUOLNWH�3/&�LOH�ELOJLVD\DU�
DUDVÕQGDNL�LOHWLúLPGH�LVH�QRNWDGDQ�QRNWD\D�KDEHUOHúPH�SURWRNRO��NXOODQÕOPÕúWÕU� 

• 1RNWDGDQ�QRNWD\D� LOHWLúLP� �11ø�� ��11ø�SURWRNRO���ELU�PDVWHU�– slave protokolüdür.  

0DVWHU�FLKD]�VODYH�FLKD]D�WDOHS�J|QGHULU�YH�VODYH�FLKD]�LVH�EX�WDOHEL�\DQÕWODU�� �0DVWHU�
cihaz ile slDYH�FLKD]ODU� LOH�11ø�SURWRNRO�� WDUDIÕQGDQ�\|QHWLOHQ�SD\ODúÕPOÕ�ED÷ODQWÕ� LOH�
LOHWLúLP� NXUDUODU�� � 11ø�� ELU� VODYH� LOH� ED÷ODQWÕ� NXUDELOHFHN�PDVWHU� VD\ÕVÕQÕ� NÕVÕWODPD]��
IDNDW�D÷GD�HQ�ID]OD����DGHW�PDVWHU�EXOXQDELOLU�>��@� 
ùHNLO�����¶GH�ELU�11ø�LOHWLúLP�D÷Õ�J|U�lmektedir.  Burada, bilgisayarda PLC’yi kontrol 

HWPHN� DPDFÕ\OD� NXOODQÕODQ� 67(3�-0LFUR�:,1� \DGD� ELOJLVD\DU� PDVWHU� FLKD]Õ�� NRQWURO� HGLOHQ�
3/&�LVH�VODYH�FLKD]Õ�WHPVLO�HWPHNWHGLU� 



 49 

 

ùHNLO�������11,�øOHWLúLP�$÷Õ��6LHPHQV������ 

8\JXODPD� GÕúÕQGD� NXOODQÕODQ� 3/&� VD\ÕVÕ� ELUGHQ� ID]OD� YH� X]DN� PHVDIHOHU� LoLQ�
NXOODQÕODFDNVD� 11ø� LOHWLúLP� SURWRNRO�Q�Q� \DQÕQGD� d1ø� YH� 352),%86� SURWRNROOHUL�
NXOODQÕODELOLU� 

d1ø� LVH� KHP� PDVWHU� – master, hemde slave –� VODYH� LOHWLúLPLQH� L]LQ� YHUHQ� LOHWLúLP�
protokolüdür.  Bu protRNROH�D\UÕFD�0XOWL-'URS�WRSRORMLVL�GH�GHQPHNWHGLU���$\UÕFD�56-485 seri 

KDEHUOHúPH�VWDQGDUWÕQÕ�GHVWHNOHPHNWHGLU���%XQD�ED÷OÕ�RODUDN����DGHW�DOÕFÕ-vericinin tek bir kablo 

LOH�YHUL�LOHWLúLPLQL�VD÷ODPDNWDGÕU��8]DN�PHVDIHOHUGH�KDEHUOHúPH�LoLQ�X\JXQ�RODQ�ELU�SURtokoldür. 

352),%86� SURWRNRO�QGH� X]DNWD� \HU� DODQ� GD÷ÕWÕOPÕú� JLULú�oÕNÕú� ELULPOHUL� KÕ]OÕ�
KDEHUOHúPH� LoLQ� WDVDUODQPÕú�ELU�SURWRNROG�U�� �352),%86�D÷ODUÕQGD� WLSLN�ELU�PDVWHU�YH�ELUGHQ�
oRN�JLULú�oÕNÕú�FLKD]Õ�\HU�DOPDNWDGÕU�� �0DVWHU�KDQJL�DGUHVWH�QH�WDU]�VODYH�FLKD]ÕQ�EXOXQGX÷XQX�
ELOHFHN�úHNLOGH�D\DUODQÕU�YH�VODYH�FLKD]ODUÕQ�D\DUODPDODUD�X\JXQ�ROGX÷XQX�NRQWURO�HGHU�>��@� 
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4. ÖRNEK UYGULAMA 

%X� E|O�PGH� KHP� DQD� KDWWD� KHP� GH� WDOL� KDWWD� oHúLWOL� DUÕ]DODU� ROXúWXUXOPXú� YH�
EHQ]HWLPGHQ�HOGH�HGLOHQ�DNÕP�YH�JHULOLP�|UQHNOHUL�NXOODQÕODUDN�DUÕ]DOÕ�WDOL�KDWWÕQ�DQD�LVWDV\RQD�
RODQ�PHVDIHVL�KHVDSODQDUDN�WDOL�KDWWDNL�DUÕ]D�\HUL�KHVDSODQPÕúWÕU��<|QWHPLQ�J�YHQLOLUOL÷L�GH÷LúLN�
ND\QDN�NDSDVLWHOHUL��DUÕ]D�WLSOHUL�YH�DUÕ]D�GLUHQFL�LoLQ�WHVW�HGLOPLúWLU� 

4.1. Ana Hatta OlXúWXUXODQ�$UÕ]D 

ùHNLO� ���¶GH� J|U�OHQ� 2*� GD÷ÕWÕP� KDWWÕ� (073� VLP�ODV\RQ� SDNHWL� NXOODQÕODUDN�
PRGHOOHQPLúWLU�� 0RGHOOHQHQ� VLVWHPGH� 3� XFXQGDQ� ��� NP� X]DNOÕNWD� ID]� µD¶-WRSUDN� DUÕ]DVÕ�
ROXúWXUXOPXúWXU� 

T.Hat 1

YÜK 1
1MVA
 3 faz

34.5kV ISTASYON HAT SONU BESLEM E

YÜK 2
1MVA
 3 faz

YÜK 3
1MVA
 3 faz

5 km

5 km 5 km

5 km

5 km

5 km Q ucu
10 M VA SCL
Zso/Zs1=1

X/R=10

P ucu
100 MVA SCL
Zso/Zs1=0.5

X/R=10

5 km

T.Hat 2 T.Hat 3V,I

 

ùHNLO������(073�2*�GD÷ÕWÕP�KDWWÕ�PRGHOL 

P ucundan kaydedilen aUÕ]D� |QFHVL� YH� VRQUDVÕ� DNÕP� YH� JHULOLP� |UQHNOHUL� NXOODQÕODUDN�
YDUVD\ÕODQ� DUÕ]D� QRNWDODUÕQGD� ���� P�� DUDOÕNODUOD�� KHVDSODQDQ� I

’
A(a,b,c) DUÕ]D� \RO� DNÕPODUÕQÕQ�

GH÷LúLPOHUL�IDUNOÕ�DUÕ]D�GLUHQoOHUL�LoLQ�KHVDSODQDUDN�úHNLO����¶GH�YHULOPLúWLU���ùHNLO����¶GH�DUÕ]D�
direnci 2Ω ve 50Ω�RODUDN�DOÕQPÕúWÕU� 
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$

,
$�D��DNÕPÕ
,
$�E��DNÕPÕ
,
$�F��DNÕPÕ

.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

9$56$<,/$1�$5,=$�<(5ø��NP

$.
,0

��$

 

$

,
$�D��DNÕPÕ
,
$�E��DNÕPÕ
,
$�F��DNÕPÕ

.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
0.0

20.0

40.0

60.0

80.0

100.0

120.0

9$56$<,/$1�$5,=$�<(5ø��NP

$.
,0

��$

 

(a) (b) 

ùHNLO������)D]�µD¶-WRSUDN�DUÕ]DVÕ 

a) RA=2Ω,   b) RA=50Ω 

ùHNLO� ����D�¶GD� J|U�OG�÷�� JLEL� DUÕ]D� GLUHQFL� RA=2Ω için faz ‘a’-WRSUDN� DUÕ]DVÕ�
ROXúWXUXOPXúWXU���µD¶�ID]ÕQD�DLW�DUÕ]D�\RO�DNÕPÕ��D�ID]ÕQGDQ�WRSUD÷D�DNDQ�DNÕP�� '

)(aAI �JHUoHN�DUÕ]D�
QRNWDVÕ�µA¶GD�\�NVHN�ELU�GH÷HU�DOÕUNHQ��DUÕ]DVÕ]�‘b’ ve ’c’�ID]ODUÕ�\RO�DNÕPODUÕ��E�YH�F�ID]ODUÕQGDQ�
WRSUD÷D�DNDQ�DNÕPODU� '

),( cbAI � VÕIÕUD�\DNÕQ�GH÷HUOHU�DOPÕúWÕU��%X�QRNWDGDQ�VRQUD�JHULOLPOHU�IDUNÕ�
X\JXODQDQ� QRNWDODUGD� DUÕ]D� \RO� DNÕPODUÕ� JHUoHN� GH÷HUGHQ� X]DNODúPDNWD� YH� DUWPDNWDGÕU�� %X�
DUWÕúÕQ� GL÷HU� ELU� QHGHQL� KDW� VRQXQD� \DNODúÕOGÕNoD� KDW� VRQX� ND\QD÷ÕQ� YDUOÕ÷ÕQGDQ� GROD\Õ�
HPSHGDQVÕQ�D]DOPDVÕGÕU� 

ùHNLO� ����E�¶GH� DUÕ]D� GLUHQFL� 5A=50Ω LoLQ� DUÕ]D� \RO� DNÕPODUÕ� GH÷LúLPL� YHULOPLúWLU��
%XUDGD�DUÕ]D�GLUHQFLQGHQ�GROD\Õ�YDUVD\ÕODQ�DUÕ]D�QRNWDODUÕQGD�DUÕ]D�\RO�DNÕPODUÕ�|QHPOL�|Oo�GH�
G�úP�úW�U��%X� GXUXPGD� DUD\�]� YH� |UQHNOHPHGHQ� ND\QDNODQDQ� KDWDODUÕQ� HWNLOHULQLQ� DUWPDVÕQD�
UD÷PHQ� JHUoHN� DUÕ]D� QRNWDVÕ� µA¶GD� DUÕ]DOÕ� µD¶� ID]ÕQÕQ� DOGÕ÷Õ� \�NVHN GH÷HU� E�\�N� KDVVDVL\HWOH 
KHVDSODQPDNWDGÕU. 
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A

,
$�D��DNÕPÕ
,
$�E��DNÕPÕ
,
$�F��DNÕPÕ

.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
0.0

5.0

10.0

15.0

20.0

9$56$<,/$1�$5,=$�<(5ø��NP

A
K

IM
, 

A

A

.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
0.0

50.0

100.0

150.0

200.0

9$56$<,/$1�$5,=$�<(5ø��NP

$.
,0

��$

,
$�D��DNÕPÕ
,
$�E��DNÕPÕ
,
$�F��DNÕPÕ

 

(a) (b) 

�������������ùHNLO������$UÕ]D�GLUHQFL�5A=2Ω�LoLQ�DUÕ]D�\RO�DNÕPODUÕ�GH÷LúLPL 
a) Faz ‘a’-µE¶�DUÕ]DVÕ���E��)D]�µD¶-‘b’-WRSUDN�DUÕ]DVÕ 

ùHNLO� ����D�¶GD� ID]� µD¶-µE¶� DUÕ]DVÕ� LoLQ� DUÕ]D� \RO� DNÕPODUÕQÕQ� GH÷LúLPL� J|U�OPHNWHGLU���
$UÕ]DVÕ]� µF¶� ID]Õ� IDUN� DNÕPÕ� I’

A(c) DUÕ]D� QRNWDVÕ� µA¶� GD� VÕIÕUD� \DNÕQ� GH÷HU� DOÕUNHQ� µE¶� YH� µF¶�
ID]ODUÕQD�DLW�I’

A(b,c) DUÕ]D�\RO�DNÕPODUÕ�HúLW�YH�\�NVHN�GH÷HUOHU�DOPÕúWÕU���%X�DUÕ]D�WLSLQGH�ID]-faz 

DUÕ]DVÕQÕQ�HQ�EHOLUJLQ�|]HOOL÷L�RODUDN�DUÕ]DOÕ�ID]ODUÕQ�\RO�DNÕPODUÕ�HúLW�YH�]ÕW�\|QO��ROGX÷X�KDOGH�
úHNLOGH�VDGHFH�E�\�NO�N�RODUDN�J|VWHULOPLúWLU� 

ùHNLO� ����E�¶GH� LVH� ID]� µD¶-‘b’-WRSUDN� DUÕ]DVÕ� LoLQ� DUÕ]D� \RO� DNÕPODUÕQÕQ� GH÷LúLPL�
J|U�OPHNWHGLU���ùHNLOGHQ�J|U�OG�÷���]HUH�DUÕ]D�QRNWDVÕ�µA¶�GD�µD¶�ID]ÕQGDQ�WRSUD÷D�DNDQ�I’

A(a) ve 

µE¶�ID]ÕQGDQ�WRSUD÷D�DNDQ�I’
A(b) DNÕPÕ�ELUELULQGHQ�IDUNOÕ�YH�\�NVHN�GH÷HUOHU�DOPÕúODUGÕU���$UÕ]DVÕ]�

µF¶� ID]Õ� DUÕ]D� \RO� DNÕPÕ� I’
A(c) ise ‘A¶� QRNWDVÕQGD� VÕIÕUD� \DNÕQ� GH÷HU� DOPÕúWÕU�� � )D]-faz-toprak 

DUÕ]DVÕQÕQ�HQ�EHOLUJLQ�|]HOOL÷L��DUÕ]DOÕ�ID]ODUD�DLW�DUÕ]D�\RO�DNÕPODUÕQÕQ�ELUELULQH�\DNÕQ�YH�\�NVHN�
GH÷HU� DOPDODUÕ� úHNOLQGH� RUWD\D� oÕNPDNWDGÕU�� � 7RSUDN� GLUHQFL� \�NVHOGLNoH� EX� DUÕ]D� ID]-faz 

DUÕ]DVÕQD�EHQ]HPHNWH�YH�EXQD�ED÷OÕ�RODUDN�DUÕ]DOÕ�ID]�DNÕPODUÕ�ELUELULQH�\DNODúÕN�RODUDN�HúLW�YH�
]ÕW�ROPDNWDGÕU� 

ùHNLO����¶GH�����NP�GH�ROXúWXUXODQ���ID]�¶D¶-toprak (a-H��DUÕ]DVÕ��ID]�µD¶-‘b’-WRSUDN�DUÕ]DVÕ�
(a-b-e) ve faz ’a’-‘b’ (a-E��JLEL�oHúLWOL�DUÕ]D�WLSOHUL�LoLQ�|Oo�OHQ�YH�KHVDSODQDQ�DUÕ]D�\RO�DNÕPODUÕ�
Çizelge 4.1’de görülmektedir.  
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Çizelge 4.1. �� QXPDUDOÕ� ED÷ODQWÕ� QRNWDVÕQGD� ROXúDQ� DUÕ]DODU� LoLQ� |Oo�OHQ� YH� KHVDSODQDQ� DUÕ]D�
DNÕPODUÕ 

gOo�OHQ�DUÕ]D�DNÕPÕ��$� +HVDSODQDQ�DUÕ]D�DNÕPÕ��$� $UÕ]D�
tipi 

(RA�$UÕ]D�
direnci(�) 

I
’
A(a) I

’
A(b) I

’
A(c) I

’
A(a) I

’
A(b) I

’
A(c) 

a-e 2,0 1485,0 0,0 0,0 1495,0 0,0 0,0 

a-e 20,0 950,0 0,0 0,0 950,9 0,0 0,0 

a-e 50,0 491,9 0,0 0,0 495,4 0,0 0,0 

a-b-e 2,0 1794,3 1614,0 0,0 1815,1 1620,3 0,0 

a-b 2,0 1591,5 -1591,5 0,0 1610,0 -1609,5 0,0 

 

Ancak uygulamada, hat sonu besleme, hat konfigürasyonu ve sensörlerden kaynaklanan 

KDWDODU�LOH�\�N�J�oOHULQLQ�WDKPLQLQH�ED÷OÕ�KDWDODU�EXOXQDELOLU��%X�QHGHQOH�KDWWD�ED÷OÕ�\�NOHULQ�YH�
KDW� VRQXQD� ED÷ODQDELOHFHN� ND\QD÷ÕQ� J�oOHULQH� oHúLWOL� WDKPLQ� KDWDODUÕ� X\JXODQPÕú� YH� VRQXoODU�
dL]HOJH� ���¶GH� |]HWOHQPLúWLU�� dL]HOJHGHQ� J|U�OHFH÷L� JLEL�� \�N� YH� ND\QDN� NDSDVLWHOHULQLQ�
WDKPLQLQGH�����JLEL�E�\�N�ELU�KDWD�GXUXPXQGD�GDKL�DUÕ]D�\RO�DNÕPODUÕ��������JLEL�N�o�N�ELU�
KDWD�LOH�KHVDSODQPDNWDGÕU� 

Çizelge 4.2����QXPDUDOÕ�ED÷ODQWÕ�QRNWDVÕQGD�ROXúDQ�DUÕ]DODU�LoLQ�KDVVDVL\HW�DQDOL]L 

AUÕ]D�WLSL (RA��DUÕ]D�
direnci (�) 

Kaynak ve yük 
WDKPLQ�KDWDVÕ 

gOo�OHQ�DUÕ]D�
DNÕPÕ��$� 

%hata 

a-e 2,0 %±0 1495,0 0,00 

a-e 2,0 %±5 1505,0 0,67 

a-e 2,0 %±10 1514,0 1,27 

a-e 2,0 %±20 1535,0 2,67 

 

�����7DOL�+DWODUGD�2OXúWXUXODQ�$UÕ]DODU 

%X� E|O�PGH� ùHNLO� ���¶GH� J|U�OG�÷�� JLEL� DQD� YH� WDOL� KDWODUGDQ� ROXúDQ� ����N9� HQHUML�
GD÷ÕWÕP�KDWWÕ�PRGHOOHQPLúWLU�%HQ]HWLPL�\DSÕODQ�GD÷ÕWÕP�VLVWHPLQGH�\DWD\�KDW�G�]HQL�NXOODQÕOPÕú 
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YH�LOHWNHQOHU�DUDVÕ�PHVDIH�����P�DOÕQPÕúWÕU���7DOL�KDW�\�N�J�oOHUL�KHU�\�N�LoLQ���09$�YH�J�o�NDW�
sayÕVÕ������JHUL�NDEXO�HGLOPLúWLU� 

 

ùHNLO����������N9�(QHUML�GD÷ÕWÕP�VLVWHPL 

ùHNLO����¶GHNL�GD÷ÕWÕP�VLVWHPLQGH�KDW�VRQXQD�ED÷OÕ�ND\QDN�GHYUH�GÕúÕ�HGLOHUHN��������YH�
3. tali hatlarda oHúLWOL� DUÕ]DODU� ROXúWXUXOPXúWXU�� � %X� DUÕ]DODU� ID]-toprak DUÕ]DVÕ� ³D-e”, faz-faz-

WRSUDN� DUÕ]DVÕ� ³D-b-e” ve faz-ID]� DUÕ]DVÕ� ³D-E´� RODUDN� DGODQGÕUÕODUDN� DúD÷ÕGDNL� oL]HOJHOHUGH�
J|VWHULOPLúWLU���+DWD�\�]GHVL�LVH�JHUoHN�DUÕ]D�PHVDIHVL�LOH�KHVDSODQDQ�DUÕ]D�PHVDIHVL�DUDVÕQGDNL�
IDUN�KDWD�RUDQÕQÕ�EHOLUWPHNWHGLU� 

Çizelge 4.3. ��QXPDUDOÕ�WDOL�KDWWD�PH\GDQD�JHOHQ�ú|QW�DUÕ]DODU�LoLQ�JHUoHN�YH�KHVDSODQDQ�DUÕ]D�
yerleri (Hat sonu kaynak yok). 

$UÕ]D�WLSL (RA�$UÕ]D�'LUHQFL��
(Ω) 

Gerçek mesafe 
(km) 

Hesaplanan mesafe 
(km) 

% Hata 

a-e 2,00 3,00 3,13 2,16 

a-e 20,00 3,00 3,28 4,67 

a-e 50,00 3,00 3,53 8,83 

a-b-e 2,00 3,00 2,80 3,33 

a-b 2,00 3,00 3,00 0,00 

 

Çizelge 4.3’deki sonuçlardan faz-WRSUDN� DUÕ]DODU� LoLQ� DUÕ]D� GLUHQFLQLQ� DUWÕúÕQD� ED÷OÕ�
RODUDN� KDWD�PLNWDUÕQÕQ� GD� DUWWÕ÷Õ� J|U�OPHNWHGLU�� � $QFDN�� �����Ω� OXN� DUÕ]D� GLUHQFLQH� NDUúÕOÕN�
me\GDQD�JHOHQ�KDWD�������FLYDUÕQGD�NDOPDNWDGÕU��)D]-faz-toprak ve faz-ID]�DUÕ]DODUÕQGDNL�KDWD�
ROGXNoD� G�ú�NW�U�� � ùHNLO� ����¶GHNL� GD÷ÕWÕP� KDWWÕQÕQ� VÕUDVÕ\OD� ��� YH� ��� WDOL� KDWODUÕQGD� DUÕ]DODU 
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ROXúWXUXOGX÷XQGD� HOGH� HGLOHQ� GH÷HUOHU� dL]HOJH� ���� YH� ���¶WH� YHULOPLútir.  Çizelge 4.4’den 

J|U�OHFH÷L� JLEL� |]HOOLNOH� ID]-WRSUDN� DUÕ]DVÕQGD� DUÕ]D� GLUHQFLQLQ� DUWPDVÕ\OD� ELUOLNWH� |Oo�PGHNL�
KDWDQÕQ� DUWPDVÕQÕQ� EHNOHQPHVLQH� NDUúÕOÕN�� DUÕ]D� QRNWDVÕQGD� VD÷ODP� ID]� DUÕ]D� \RO� DNÕPODUÕQÕQ�
PLQLPXP� ROGX÷X� GH÷HUOHU� ELUELULQGHQ� X]DNODúPDNWDGÕU�� � %X� QRNWDODUÕQ� DULWPHWLN� RUWDODPDVÕ�
DOÕQGÕ÷ÕQGD� KDWD� G�úHELOPHNWHGLU�� � )D]-ID]� DUÕ]DVÕQGD� LVH� KDWDQÕQ� QLVSHWHQ� \�NVHN� oÕNPDVÕQÕQ�
QHGHQL�VD÷ODP�ID]ODU�LoLQ�KHVDSODQDQ�DUÕ]D�\RO�DNÕPODUÕQÕQ�oRN�G�ú�N�VH\UHWPHVL�YH�DUD\�]�LOH�
oHYULP�KDWDODUÕQGDQ�GDKD�oRk etkilenmeleridir. 

Çizelge 4.4. ��QXPDUDOÕ�WDOL�KDWWD�PH\GDQD�JHOHQ�ú|QW�DUÕ]DODU�LoLQ�JHUoHN�YH�KHVDSODQDQ�DUÕ]D�
yerleri  

$UÕ]D�WLSL (RA�$UÕ]D�'LUHQFL��
(Ω) 

Gerçek mesafe 
(km) 

Hesaplanan mesafe 
(km) 

% Hata 

a-e 2,00 3,00 3,20 3,33 

a-e 20,00 3,00 3,15 2,50 

a-e 50,00 3,00 2,92 1,33 

a-b-e 2,00 3,00 3,10 1,65 

a-b 2,00 3,00 2,70 5,00 

 

Çizelge 4.5. ��QXPDUDOÕ�WDOL�KDWWD�PH\GDQD�JHOHQ�ú|QW�DUÕ]DODU�LoLQ�JHUoHN�YH�KHVDSODQDQ�DUÕ]D�
yerleri  

$UÕ]D�WLSL (RA�$UÕ]D�'LUHQFL��
(Ω) 

Gerçek mesafe 
(km) 

Hesaplanan mesafe 
(km) 

% Hata 

a-e 2,0 3,0 3,23 3,83 

a-e 20,0 3,0 3,30 5,00 

a-e 50,0 3,0 3,55 9,15 

a-b-e 2,0 3,0 3,30 5,00 

a-b 2,0 3,0 2,50 8,33 

 

ùHNLO�����¶GHNL�GD÷ÕWÕP�KDWWÕ�VRQXQGDNL�ND\QDN�NÕVD�GHYUH�VHYL\HVL��6KRUW�&LUFXLW�/HYHO���
6&/�� VÕUDVÕ\OD� ���09$�YH� ����09$�GH÷HUOHULQH� oÕNDUÕODUDN� DUÕ]DODU� WHNUDU� HGLOGL÷LQGH� HOGH�
HGLOHQ� VRQXoODU� dL]HOJH� ���� YH� ���¶GH� YHULOPLúWLU�� � 6RQXoODUGDQ� D\QÕ� W�U� DUÕ]DODU� LoLQ� |OoPH�
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KDWDODUÕQÕQ�ELUELULQH�oRN�\DNÕQ�ROGX÷X J|U�OPHNWHGLU��%XQXQ�QHGHQL�DUÕ]D�DQÕQGD�KDW�VRQXQGDNL�
kesiciye anL�DoWÕUPD�\DSWÕUÕODUDN�KDWWÕQ�VRQXQGDNL�ND\QDN�GHYUH�GÕúÕ�HGLOPHNWHGLU��'ROD\ÕVÕ\OD�
KDWWÕQ� VRQXQGDNL� ND\QD÷ÕQ� DUÕ]D� DNÕPODUÕQD� \DSDFD÷Õ� HWNL� RUWDGDQ� NDOGÕUÕOPDNWDGÕU�� <DSÕODQ�
WHVWOHU��KDW�VRQX�ND\QDN�GHYUH�GÕúÕ�HGLOGLNWHQ�HQ�D]����PV�VRQUD�DUÕ]D�VRQUDVÕ�DNÕP�YH�JHULOLP�
|Oo�POHULQLQ�\DSÕOPDVÕ�JHUHNWL÷LQL�J|VWHUPLúWLU� 

Çizelge 4.6. ��QXPDUDOÕ�WDOL�KDWWD�PH\GDQD�JHOHQ�ú|QW�DUÕ]DODU�LoLQ�JHUoHN�YH�KHVDSODQDQ�DUÕ]D�
yerleri (Hat sonu kaynak SCL 10 MVA) 

$UÕ]D�WLSL (RA�$UÕ]D�'LUHQFL��
(Ω) 

Gerçek mesafe 
(km) 

Hesaplanan mesafe 
(km) 

% Hata 

a-e 2,00 3,00 3,25 4,15 

a-e 20,00 3,00 3,30 5,00 

a-b-e 2,00 3,00 3,30 5,00 

a-b 2,00 3,00 2,50 8,33 

 

Çizelge 4.7. ��QXPDUDOÕ�WDOL�KDWWD�PH\GDQD�JHOHQ�ú|QW�DUÕ]DODU�LoLQ�JHUoHN�YH�KHVDSODQDQ�DUÕ]D�
yerleri (Hat sonu kaynak SCL 100 MVA) 

$UÕ]D�WLSL (RA�$UÕ]D�'LUHQFL��
(Ω) 

Gerçek mesafe 
(km) 

Hesaplanan mesafe 
(km) 

% Hata 

a-e 2,00 3,00 3,28 4,65 

a-e 20,00 3,00 3,33 5,50 

a-b-e 2,00 3,00 3,30 5,00 

a-b 2,00 3,00 2,50 8,33 
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%X�WH]�oDOÕúPDVÕQGD�DQD�YH�WDOL�KDWWDQ�ROXúDQ�2*�HQHUML�GD÷ÕWÕP�KDWWÕQGD�DUÕ]D�DQDOL]L�
\DSÕOPÕúWÕU���%X�oDOÕúPDGD�NXOODQÕODQ�ELOHúHQOHU�IDUNÕ�\|QWHPL�LOH�DUÕ]D�\HUL�EXOPD�DQDOL]L�|UQHN�
VLVWHPOHU� �]HULQGH� GHQHQPLúWLU�� � 7H]GH� LODYH� RODUDN� 2*� GD÷ÕWÕP� KDWWÕQGD� DUÕ]DQÕQ� WDOL� KDWWD�
ROPDVÕ�GXUXPXQGD�WDOL�KDW�EDúÕQD�NRQDFDN�RODQ�DNÕP�VHQV|UOHUL�LOH�3/&�NXOODQÕODUDN�DUÕ]DOÕ�WDOL�
KDW� EXOXQXS� X]DN� QRNWDGDNL� DQD� LVWDV\RQ� LOH� KDEHUOHúPHVL� VD÷ODQPÕúWÕU�� � 'DKD� VRQUD� KDW�
EDúÕQGDQ� DUÕ]D� |QFHVL� YH� VRQUDVÕ� HOGH� HGLOHQ� DNÕP� YH� JHULOLP� GH÷HUOHUL\OH� ELOHúHQOHU� IDUNÕ�
yöntePL�NXOODQÕODUDN�WDOL�KDWWDNL�DUÕ]D�\HUL� WHVSLW�HGLOPLúWLU�� �3/&�LOH�X]DN�LVWDV\RQ�DUDVÕQGDNL�
KDEHUOHúPHGH�J|UVHOOL÷L�|Q�SODQD�oÕNDUPDN�LoLQ�9LVXDO�%DVLF�SURJUDPÕ�\D]ÕOPÕúWÕU� 

<|QWHPGH� NXOODQÕODQ� 3/&� LOH� KHUKDQJL� ELU� WDOL� KDWWDNL� DUÕ]D� oRN� UDKDW� ELU� úHNLOGH 
VHoLOLUNHQ�3/&�LOH�ELOJLVD\DU�DUDVÕQGDNL�KDEHUOHúPH�KHUKDQJL�ELU�JHFLNPH�ROPDNVÕ]ÕQ�DQD�YH�WDOL�
KDW� V�UHNOL� J|]OHPOHQHELOPHNWHGLU�� � %XQXQ� \DQÕQGD� DUÕ]D� \HUL� EXOPD� \|QWHPLQGH� NXOODQÕODQ�
LQWHUDNWLI� \DNODúÕP�� HQHUML� GD÷ÕWÕP� KDWWÕ� �]HULQGH� oHúLWOL� \�N� QRNWDODUÕ� YH� KDW� VRQX� EHVOHPHVL�
EXOXQPDVÕ� GXUXPXQGD� NDUúÕODúÕODQ� oHúLWOL� VLVWHP� YH� DUÕ]D� úDUWODUÕQGD� \�NVHN� GR÷UXOXNOD� DUÕ]D�
\HULQL�VDSWDPDNWDGÕU� 

*HOLúWLULOHQ� EX� \|QWHPLQ�� |]HOOLNOH� WDOL� KDW� X]XQOXNODUÕQÕQ� DQD� KDW� X]XQOX÷X� LOH�
NÕ\DVODQDELOLU�RODQ�GD÷ÕWÕP�VLVWHPOHULQGH�GDKD�LúOHYVHO�RODUDN�X\JXODQDELOHFH÷L�J|U�OPHNWHGLU���
8\JXODQDQ�DOJRULWPD�oHYULP�GÕúÕ��RII-OLQH��ROGX÷X�LoLQ�DUÕ]D�DQÕQGD�KDEHUOHúPH�NDQDOODUÕQGDQ�
ND\QDNODQDELOHFHN�JHFLNPHOHU�VDNÕQFD�\DUDWPD\DFDNWÕU� 

$NÕP� VHQV|U�� RODUDN� 3/&¶QLQ� NXOODQÕPÕ� GÕú� HWNHQOHUH� NDUúÕ� GD\DQÕNOÕOÕ÷Õ��
SURJUDPODQPDVÕQÕQ� NROD\� ROPDVÕ�� NXPDQGD� |]HOOL÷LQLQ� DUWWÕUÕODELOPHVL�� X]XQ� V�UH� EDNÕP�
JHUHNWLUPHPHVL�� KDFLP� RODUDN� D]� \HU� NDSODPDVÕ�� \�NVHN� SHUIRUPDQVÕ� YH� ROXPVX]� RUWDPODUGD�
�QHP�� VÕFDNOÕN� YV�� oDOÕúDELOPH� |]HOOL÷L� YH� J�Q�P�]� WHNQROojisine ayak uydurarak sürekli 

\HQLOHQPHVL�YH�X]XQ�V�UH�NXOODQÕOPDVÕ�3/&¶\L�DYDQWDMOÕ�NÕODELOLU� 
(QHUML�GD÷ÕWÕP�VLVWHPLQLQ�VLQ\DOOHULQL�ELU�NXPDQGD�PHUNH]LQH�WUDQVIHU�HWPHN�LoLQ��X\JXQ�

ELoLPGH�GD÷ÕWÕOPÕú�3/&¶OHU�NXOODQÕODELOLU���%X�úHNLOGH�VLVWHPLQ�VLQ\DOOerinin uzak mesafelerden 

NRQWURO� HGLOPHVL� GDKD� UDKDW� YH� J�YHQLOLU� RODELOLU�� � %XQXQOD� ELUOLNWH�� ]DPDQGDQ� Lú� J�F�QGHQ�
WDVDUUXI� VD÷ODQDELOLU� YH� J�YHQLOLUOLN� DUWÕUÕODELOLU�� � $UÕ]DODUGDQ� DQÕQGD� KDEHUGDU� ROXQDUDN�
JHFLNPHOHULQ�|QOHQPHVL�YH�ND\ÕSODUÕQ�HQ�D]D�LQGLUJHQPHVL�VD÷ODQDELOLU� 
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$UÕ]D� GLUHQFLQLQ� \�NVHN� ROGX÷X� GXUXPODUGD� DNÕPÕQ� G�úPHVL� LOH� VHQV|U� EX� GXUXPX�
DOJÕOD\DPD\DELOLU�� �%XQXQ�LoLQ�PDWHPDWLNVHO�LúOHPOHUL�\DSDELOPHVLQGHQ�GROD\Õ�3/&¶QLQ�VHoLPL�
EX�VRUXQX�RUWDGDQ�NDOGÕUDELOLU���$\UÕFD�3/&¶QLQ�NXOODQÕODELOHQ�JHQLúOHPH�PRG�OOHULQGHQ�GROD\Õ��
ELU�QRNWDGD�ELUGHQ�oRN�WDOL�KDW�ROPDVÕ�GXUXPXQGD�NXOODQÕOPDVÕ�GDKD�DYDQWDMOÕ�VD\ÕODELOLU� 
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Ek-$��3/&¶GHNL�*LULú�'H÷HUOHULQL�.RQWURO�(WPHN�øoLQ�+D]ÕUODQDQ�%LOJLVD\DU�3URJUDPÕ 

'LP�DOÕQDQ�$V�6WULQJ 
Dim gönderilen As String 
 
 
Private Sub Frame1_DragDrop(Source As Control, X As Single, Y As Single) 
 
End Sub 

***************************************************************************** 

Private Sub Command1_Click() 
Dim h, a, k As Integer 
 
For h = 0 To 3 
If Len(Text1(h)) = 1 Then 
Text1(h) = "000" + Text1(h) 
End If 
Next h 
 
For a = 0 To 3 
If Len(Text1(a)) = 2 Then 
Text1(a) = "00" + Text1(a) 
End If 
Next a 
 
For k = 0 To 3 
If Len(Text1(k)) = 3 Then 
Text1(k) = "0" + Text1(k) 
End If 
Next k 
 
gönderilen = Text1(0) + Text1(1) + Text1(2) + Text1(3) 
 
End Sub 

***************************************************************************** 

Private Sub Form_Load() 

 
MSComm1.CommPort = 1 
MSComm1.Settings = "9600,n,8,1" 
MSComm1.PortOpen = True 

 
Text1(0) = 0 
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Text1(1) = 0 
Text1(2) = 0 
Text1(3) = 0 
Text2(0) = 0 
Text2(1) = 0 
Text2(2) = 0 
Text2(3) = 0 

End Sub 

***************************************************************************** 

Private Sub Text1_keypress(Index As Integer, keyascii As Integer) 
 
If IsNumeric(Chr(keyascii)) = False Then keyascii = 0 
 
End Sub 

***************************************************************************** 

Private Sub Timer1_Timer() 
On Error Resume Next 
DOÕQDQ� �06&RPP��,QSXW 
 
7H[W����� �0LG�DOÕQDQ������� 
7H[W����� �0LG�DOÕQDQ������� 
7H[W����� �0LG�DOÕQDQ�������� 
7H[W����� �0LG�DOÕQDQ�������� 
If Text1(0) < Int(Text2(0)) Then 
 
Line6(0).BorderColor = &HFF& 

������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�$5,=$�9$5',5� 
      Label8(0).ForeColor = &HFF& 

Else 

Line6(0).BorderColor = &H80000001 

������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�%ø5�62581�<2.785� 
      Label8(0).ForeColor = &HC000& 

End If 
 
If Text1(1) < Int(Text2(1)) Then 
 
Line6(1).BorderColor = &HFF& 

�������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�$5,=$�9$5',5� 
       Label8(1).ForeColor = &HFF& 

Else 

Line6(1).BorderColor = &H80000001 

       Label8(1).Caption = "��7$/ø�+$77$�%ø5�62581�<2.785� 
       Label8(1).ForeColor = &HC000& 
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End If 

 
If Text1(2) < Int(Text2(2)) Then 
 
Line6(2).BorderColor = &HFF& 

�������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�$5,=$�9$5',5� 
       Label8(2).ForeColor = &HFF& 

Else 

Line6(2).BorderColor = &H80000001 

�������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�%ø5�62581�<2.785� 
       Label8(2).ForeColor = &HC000& 

End If 
 
If Text1(3) < Int(Text2(3)) Then 
 
Line6(3).BorderColor = &HFF& 

�������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�$5,=$�9$5',5� 
       Label8(3).ForeColor = &HFF& 

Else 

Line6(3).BorderColor = &H80000001 

�������/DEHO�����&DSWLRQ� ����7$/ø�+$77$�%ø5�62581�<2.785� 
       Label8(3).ForeColor = &HC000& 

End If 

MSComm1.Output = gönderilen + Chr(255) 
 
End Sub 
 

 


