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5����� 'UDJRVODY 5DMLaL`� 5LVWR $aNRYVNL L +ULVWDILO *UR]GDQRVNL� �1DVRNL ]D L]ERU QD

HOHPHQWL QD GLVWULEXWLYQD PUHCD VR QDMPDOL VSHFLILaQL JRGL^QL WUR^RFL�

9R UHIHUDWRW VH GDGHQL SRYH`H SUDNWLaQL QDVRNL ]D L]ERU L GLPHQ]LRQLUDZH QD

HOHPHQWLWH QD VUHGQRQDSRQVNLWH GLVWULEXWLYQL PUHCL� YR SUY UHG QD WUDQVIRUPDWRUVNLWH

VWDQLFL 61�11� 1DVRNLWH ED]LUDDW QD REHPQL L VHRSIDWQL DQDOL]L QD VSHFLILaQLWH

JRGL^QL WUR^RFL ]D GLVWULEXWLYQL PUHCL VR UD]OLaQL SDUDPHWUL� 6LWH DQDOL]L VH SUDYHQL

QD LGHDOL]LUDQ NRQ]XP VR NRQVWDWQD SRYU^LQVND JXVWLQD QD RSWRYDUXYDZHWR� 3ULWRD H

RSHULUDQR VR DNWXHOQLWH FHQL ]D HOHPHQWLWH L RSUHPDWD YR 61 L 11 GLVWULEXWLYQL PUHCL�

=D FHQLWH QD L]JXEHQDWD HOHNWULaQD PR`QRVW L HQHUJLMD VH NRULVWHQL DNWXHOQLWH FHQL QD

SUH]HPHQDWD PR`QRVW L HQHUJLMD QD QLYR QD 61� VSRUHG YDCHaNLWH WDULIQL QRUPL�

3UD^DZD ]D GLVNXVLMD�

�� 'DOL SRVWRL VWDWLVWLND ]D SRYU^LQVNDWD JXVWLQD QD RSWRYDUXYDZHWR ]D WUDQVIRUPDWRU�

VNLWH VWDQLFL NRL^WR VH YR XSRWUHED YR GLVWULEXWLYQLWH PUHCL YR 5HSXEOLND 0DNHGR�

QLMD"

5����� 9ODGLPLU .DWL` L 4XERPLU 1LNRORYVNL� �.YDOLWHW QD QDSRQRW YR GLVWULEXWLYQDWD

PUHCD � SUHJOHG QD HGQD VWXGLMD�

7UXGRW SUHWVWDYXYD SUHJOHG QD VWXGLMD YR NRMD VH YU^HQL PHUHZH L DQDOL]D QD

�]DJDGHQRVWD� VR YL^L KDUPRQLFL QD QHNRL GLVWULEXWLYQL PUHCL YR 9RUMYRGLQD� 65

-XJRVODYLMD� 0HUHZDWD L DQDOL]LWH VH QDSUDYHQL QD QL]RN ���� kV� L VUHGHQ QDSRQ ��� L �� kV�
YR UD]QL ]RQL QD NRQ]XPRW� VWDPEHQL REODVWL� GHORYQL REODVWL� LQGXVWULVNL ]RQL� SULJUDGVNL

L VHOVNL� 5H]XOWDWLWH RG PHUHZDWD VH REUDERWHQL VWDWLVWLaNL� VSRUHG PHWRGLWH SUHSRUDaDQL

RG IEC L CIGRE� D VH VSRUHGXYDQL VR VWDQGDUGRW IEEE-��� ]D GR]YROHQRWR QLYR QD YL^L

KDUPRQLFL� 9U] RVQRYD QD DQDOL]LWH H ]DNOXaHQR GHND SRVWRMDW SRL]UD]HQL YL^L KDUPRQLFL

QD VWUXMDWD RWNRONX NDM QDSRQRW� ,VWR WDND� ]DJDGXYDZHWR H SRL]UD]HQR QD QLVNLRW QDSRQ YR

LQGXVWULVNLWH ]RQL�

3UD^DZD ]D GLVNXVLMD�

�� 'DOL SRVWRL VRJOHGXYDZH ]D NYDOLWHWRW QD QDSRQRW YR LQGXVWULVNLWH ]RQL YR JUDGRYLWH QD

5HSXEOLND 0DNHGRQLMD"

�� 'DOL SRVWRL SRWUHED RG YDNYL VWXGLL L NDM QDV"

�� 3RVWRL VRRGYHWQD RSUHPHQD L NDGURYVNL HNLSLUDQD LQVWLWXFLMD NRMD EL PRCHOD GD JL

VSURYHGH YDNYLWH PHUHZD L DQDOL]L NDM QDV"



5����� 'UDJRVODY 5DMLaL`� 'UDJDQ 'LPLWURYVNL L 9HULFD )LOLSRYD� �=D^WLWD RG LQGLUHN�

WHQ GRSLU YR PUHCL VR UD]OLaQL QLVNRQDSRQVNL VLVWHPL�

9R WUXGRW H REUDERWHQD PQRJX YDCQD L DNWXHOQD WHPD VYU]DQD VR SUREOHPRW QD ]D^WLWD

RG LQGLUHNWHQ GRSLU NRJD RG HGQD WUDQVIRUPDWRUVND VWDQLFD VUHGHQ�QL]RN QDSRQ QDSRMXYD

QLVNRQDSRQVNL VLVWHPL RG WLSRW 77 L TN� $YWRULWH JL DQDOL]LUDOH VLWH PRCQL VLWXDFLL

NRL^WR PRCDW GD VH MDYDW SUL SRMDYD QD JUH^ND NRJD UDERWDW GYDWD VLVWHPD� 9U] RVQRYD QD

DQDOL]LWH L SUHWSRVWDYNL NRL^WR VH UHDOQL L YDOLGQL� WLH SUHGORCLOH HGQRVWDYHQ L]UD] ]D

SURYHUND QD PRCQRVWD HGHQ 77 VLVWHP GD ELGH YU]DQ QD LVWD PUHCD VR TN VLVWHP� 1D NUDMRW� VH

GDGHQL L NRPHQWDUL NDNR GD VH SRVWDSL DNR XVORYLWH ]D SDUDOHOQD UDERWD QD VLVWHPLWH QH VH

LVSROQHWL� 9UHGQR H GD VH QDSRPHQH GHND YR UDVSRORCLYDWD OLWHUDWXUD L WHKQLaNL SURSLVL

RYRM SUREOHP QH GHWDOQR REUDERWHQ� WDND ^WR SULGRQHVRW QD WUXGRW H RG JROHPD YDCQRVW ]D

LQCHQHUVNDWD SUDNVD YR 0DNHGRQLMD�

3UD^DZD ]D GLVNXVLMD�

�� .DNYD H SUDNVDWD YR GLVWULEXWLYQLWH RUJDQL]DFLL YR SRJOHG QD SRYU]XYDZHWR QD PUHCL RG

UD]OLaQL QLVNRQDSQVNL VLVWHPL"

�� 'DOL SRVWRMDW VRJOHGXYDZD NDNR RYRM SUREOHP VH UH^DYD YR ]HPMLWH NRL^WR LPDDW VOLaQL

LOL LVWL QLVNRQDSRQVNL PUHCL"

5����� 5XELQ 7DOHVNL� �(NRQRPVNR YUHGQXYDZH QD REMHNWLWH YR SUHQRVQLWH L GLVWULEXWLY�

QLWH PUHCL � 0HWRGRORJLMD�

5����� 5XELQ 7DOHVNL� �(NRQRPVNR YUHGQXYDZH QD REMHNWLWH YR SUHQRVQLWH L GLVWULEXWLY�

QLWH PUHCL � 3UDNWLaQD SULPHQD�

9R UHIHUDWLWH 5����� L 5����� H REUDERWHQ SUREOHPRW QD HNRQRPVNRWR YUHGQXYDZH QD

HOHNWURHQHUJHWVNLWH REMHNWL� XYDCXYDM`L JL SULWRD SULQFLSLWH QD UDERWD ^WR VH NRULVWDW

SUL DQDOL]DWD QD LVSODWOLYRVWD QD LQYHVWLFLLWH YR LQYHVWLFLRQLWH SURJUDPL� 1H

QDYOHJXYDM`L YR GHWDOLWH QD RVQRYQLWH SRVWDYNL QD PHWRGRORJLMDWD� QDNXVR H REUD]ORCHQR

NRL HNRQRPVNL SDUDPHWUL VH QHRSKRGQL ]D YUHGQXYDZH QD HGQD LQYHVWLFLMD� 9R SUYLRW WUXG H

REMDVQHWD PHWRGRORJLMDWD ]D RSUHGHOXYDZH QD YUHPHWR QD SRYUDWRN QD LQYHVWLFLMDWD L QHWR

VHJD^QDWD YUHGQRVW QD LQYHVWLFLMDWD� GRGHND YR YWRULRW UHIHUDW VH GDGHQL SUDNWLaQL

SULPHUL NDNR VH VSURYHGXYD SRVWDSNDWD ]D SUHVPHND L RGOXaXYDZH� 0HWRGRORJLMDWD H YR VNODG

VR SULIDWHQLWH QDaLQL QD UDERWD YR FHOLRW VYHW� D RG QHRGDPQD ]DGROCLWHOQD L NDM QDV SUL

L]JRWYXYDZHWR QD LQYHVWLFLRQLWH SURJUDPL�

3UD^DZD ]D GLVNXVLMD�

�� .RONX RYDD PHWRGRORJLMD H SULPHQOLYD YR XVORYL QD YLVRNL NDPDWL L UHODWLYQR YLVRND

LQIODFLMD"

�� .DNYR H YOLMDQLHWR QD FHQDWD QD HOHNWULaQDWD HQHUJLMD L PR`QRVW YU] LVSODWOLYRVWD QD

LQYHVWLFLLWH YR HOHNWURHQHUJHWVNLWH REMHNWL"

5����� 7DWMDQD ,OLHYVND� �5DFLRQDOQR NRULVWHZH QD HOHNWULaQDWD HQHUJLMD YR GRPD`LQ�

VWYDWD�

5DFLRQDOQRWR NRULVWHZH QD HOHNWULaQDWD HQHUJLMD H RVREHQR DNWXHOQD WHPD YR

VYHWRW GHQHV� 9R RYRM WUXG H REUDERWHQ GHORW RG RYDD SR^LURND SUREOHPDWLND NRM^WR VH

RGQHVXYD QD GRPD`LQVWYDWD� 1DMQDSUHG H GDGHQ SUHJOHG QD SR]QDaDMQLWH SRWUR^XYDaL YR

GRPD`LQVWYDWD L QLYQDWD SURVHaQD PHVHaQD SRWUR^XYDaND� 9R YWRULRW GHO VH QDYHGHQL



PRCQRVWLWH ]D UDFLRQDOL]DFLMD QD SRWUR^XYDaNDWD QD HOHNWULaQD HQHUJLMD YR GR�

PD`LQVWYDWD�

3UD^DZD ]D GLVNXVLMD�

�� 'DOL VH SUDYHQL VWDWLVWLaNL DQDOL]L ]D VSHFLILaQDWD SRWUR^XYDaND QD HOHNWULaQD

HQHUJLMD ]D RGGHOQLWH HOHNWULaQL DSDUDWL YR GRPD`LQVWYDWD YR 5HSXEOLND 0DNHGRQLMD"

�� 'DOL YR �(OHNWURVWRSDVWYR QD 0DNHGRQLMD� SRVWRL VOXCED �LOL HNLSD� NRMD H ]DGROCHQD

]D RYDD DQDOL]D QD VSHFLILaQDWD SRWUR^XYDaND QD SRHGLQLWH HOHNWULaQL XUHGL NDM

SRWUR^XYDaLWH"

�� .DNYL HIHNWL PRCDW GD VH SRVWLJQDW QD SROHWR QD ]D^WHGD QD HOHNWULaQDWD HQHUJLMD YR

GRPD`LQVWYDWD YR XVORYL NRJD FHQDWD QD HOHNWULaQDWD HQHUJLMD H YR GLVSDULWHW VR FHQDWD

QD HQHUJHWVNL SRHILNDVQLWH HOHNWULaQL XUHGL"

5����� 9DQJHO )X^WL`� 'UDJLFD 8VWDSHWURYD L 0LUNR ,YNRYL`� �$QDOL]D QD GLMDJUDPRW QD

WUDHZH QD RSWRYDUXYDZH L QHJRYD UHNRQVWUXNFLMD VR PLQLPXP YOH]QL SRGDWRFL�

9R WUXGRW DYWRULWH REUDERWXYDDW WHPD NRMD^WR QXGL NYDOLWHWQR UH^HQLH QD

SUREOHPRW QD GHILQLUDZH QD GLMJDUDPLWH QD WUDHZH QD RSWRYDUXYDZDWD NRJD UDVSRORCLYLWH

SRGDWRFL ]D QLYQD NRQVWUXNFLMD VH QHGRYROQL� .RULVWHM`L JL VWDQGDUGQLWH VWDWLVWLaNL

SRVWDSNL L PHWRGL� DYWRULWH QDSUDYLOH PRGHOLUDZH QD WUL WLSD QD GLMDJUDPL NRULVWHM`L JL

VDPR SRGDWRFLWH ]D PLQLPDOQR� PDNVLPDOQR L VUHGQR RSWRYDUXYDZH� 5H]XOWDWLWH RG

PRGHOLUDZHWR SRWRD VH VSRUHGHQL VR GLMDJUDPLWH GRELHQL RG PHUHQL SRGDWRFL� 3UHGPHW QD

DQDOL]DWD VH WUL JUXSL SRWUR^XYDaL� GRPD`LQVWYD� LQGXVWULMD L PH^DQD SRWUR^XYDaND� 2G

DQDOL]DWD� ]D UD]JOHGXYDQLRW NRQ]XP DYWRULWH ]DNOXaXYDDW GHND PRGHOLUDZHWR VR SRPR^ QD

*DXVRYDWD UDVSUHGHOED GDYD QDMPDOL JUH^NL�

3UD^DZD ]D GLVNXVLMD�

�� 'DOL PHWRGRORJLMDWD EL JL GDOD LVWLWH UH]XOWDWL DNR VH PRGHOLUDDW GLMDJUDPL QD

RSWRYDUXYDZH ]D GUXJ SHULRG"

�� .RONX EURMRW QD SRHGLQHaQL SRWUR^XYDaL YR DQDOL]LUDQDWD JUXSD YOLMDH YU] WRaQRVWD QD

DSURNVLPDFLMDWD"

5����� 0HOLWD -DQaHYVND� �$YWRQRPQL L PUHCQL IRWRQDSRQVNL SUHREUD]XYDaL QD HQHUJLMD�

9R RYRM UHIHUDW VH L]ORCHQL SULQFLSLWH QD UDERWD L NDUDNWHULVWLNLWH QD

IRWRQDSRQVNLWH SUHREUD]XYDaL QD HQHUJLMD� 2EUDERWHQL VH GYD WLS QD SUHREUD]XYDaL RG

DVSHNW QD PRCQRVWD ]D QLYQD UDERWD SDUDOHOQR VR MDYQDWD HOHNWURHQHUJHWVND PUHCD� PUHCQL

L DYWRQRPQL� 'HWDOQR VH DQDOL]LUDQL NDUDNWHULVWLNLWH ^WR VH RGQHVXYDDW QD NYDOLWHWRW QD

SURL]YHGHQDWD HOHNWULaQD HQHUJLMD �QDSRQ� IUHNYHQFLMD L YL^L KDUPRQLFL�� 9R YWRULRW GHO

RG WUXGRW VH SULNDCDQL QHNRL RG VYHWVNLWH LVNXVWYD� VWDQGDUGL L SURSLVL ]D SDUDOHOQD

UDERWD QD PUHCQLWH LQYHUWRUL VR HOHNWURHQHUJHWVNLRW VLVWHP�

3UD^DZD ]D GLVNXVLMD�

�� 'DOL YR QD^DWD ]HPMD SRVWRMDW SURSLVL LOL VWDQGDUGL ]D SRYU]XYDZH QD PUHCQL LQYHUWRUL

VR ((6"

�� 'DOL �(OHNWURVWRSDQVWYR QD 0DNHGRQLMD� LPD LQWHUQL SURSLVL VR NRL H UHJXOLUDQD

SDUDOHOQDWD UDERWD QD PUHCQLWH IRWRQDSRQVNL SUHWYRUXYDaL"



5����� .LULO .RFHY L 6WHIDQ +D[L�.RVWRY� �$YWRQRPHQ IRWRYROWDLaHQ VLVWHP � DOWHUQD�

WLYL SUL VQDEGXYDZH VR HOHNWULaQD HQHUJLMD QD PDOL SRWUR^XYDaL RGGDOHaHQL RG

HOHNWULaQDWD PUHCD�

9R RYRM WUXG H SUH]HQWLUDQD DQDOL]D ]D PRCQRVWD ]D NRULVWHZH QD DYWRQRPQL IRWR�

QDSRQVNL SUHWYRUXYDaL ]D VQDEGXYDZH VR HOHNWULaQD HQHUJLMD QD PDOLWH SRWUR^XYDaL ]D

aLMD^WR HOHNWULILNDFLMD EL ELOH SRWUHEQL ]QDaLWHOQL ILQDQVLVNL VUHGVWYD� $QDOL]DWD H

SUDYHQD RG WHKQLaNL L HNRQRPVNL DVSHNW� 9R WHKQLaNLRW GHO H SULNDCDQ QDaLQRW QD

GLPHQ]LRQLUDZH QD SRYU^LQDWD QD SDQHOLWH L L]ERURW QD NDSDFLWHWRW QD DNXPXODWRURW� 9R

GHORW ]D HNRQRPVNDWD DQDOL]D VH VSRUHGXYDQL LQYHVWLFLLWH L WUR^RFLWH QD UDERWHZH ]D

�NODVLaQD� HOHNWULILNDFLMD L HOHNWULILNDFLMD VR SRPR^ QD DYWRQRPHQ IRWRYROWDLaHQ

SUHREUD]XYDa�

3UD^DZD ]D GLVNXVLMD�

�� .RONX FHQDWD QD HOHNWULaQDWD HQHUJLMD RG ((6 PRCH GD YOLMDH YU] SULIDWOLYRVWD L

SRJROHPDWD ]DVWDSHQRVW QD DYWRQRPQQLWH IRWRYROWDLaQL VLVWHPL YR UXUDOQLWH SRGUDaMD

QD ]HPMDWD"

�� 'DOL GUCDYDWD L�LOL �(OHNWURVWRSDQVWYR QD 0DNHGRQLMD� WUHED GD YRYHGDW VWLPXODWLYQL

PHUNL �RVORERGXYDZH RG GDQRFL� FDULQL� SRYROQL NUHGLWL L VO�� ]D XSRWUHED QD

DYWRQRPQLWH VLVWHPL YR GHORYLWH NDGH ^WR L]JUDGEDWD QD GLVWULEXWLYQD PUHCD EL ELOD

VYU]DQD VR ]QDaLWHOQL LQYHVWLFLRQL YORCXYDZD" .DNYD H SUDNVDWD YR GUXJLWH GUCDYL"
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9U]� RVQRYD� QD� QDSUDYHQLWH� SUHVPHWNL� QD� PRGHO� VR� LGHDOL]LUDQL� XVORYL�� YR
WUXGRW� VH� GDGHQL� QDVRNL� ^WR� PRCDW� GD� ELGDW� NRULVQL� SUL� L]ERU� QD� HOHPHQWL� QD
GLVWULEXWLYQD�PUHCD�VR�RSWLPDOQL�VSHFLILaQL�JRGL^QL�WUR^RFL��3UHWSRVWDYHQR
H� GHND� QD� FHODWD� SRYU^LQD�� SRYU^LQVNDWD� JXVWLQD� QD� RSWRYDUXYDZHWR� H� HGQDNYD�
VLWH�WUDQVIRUPDWRUL�VUHGHQ�QL]RN�QDSRQ�VH�VR�HGQDNYL�QRPLQDOQL�PR`QRVWL�� VLWH
WUDQVIRUPDWRUL�VH�QRPLQDOQR�RSWRYDUHQL��VLWH�QLVNRQDSRQVNL�L]YRGL�VH�L]YHGHQL
VR�NDEOL�RG�LVW�WLS�L�SUHVHN�L�YR�QLVNRQDSRQVNLWH�L]YRGL��EH]�RWFHSL��]DJXEDWD�QD
QDSRQRW�QH�H�SRJROHPD�RG�����2G�GRELHQLWH�UH]XOWDWL�SURL]OHJXYD�GHND�PRCDW�GD�VH
SUHSRUDaDDW�� WUDQVIRUPDWRU� VR� QRPLQDOQD� PR`QRVW� ����kVA � ]D� SRYU^LQVNLWH
JXVWLQL� RG� �� GR� ��MVA/km2�� WUDQVIRUPDWRU� VR� QRPLQDOQD� PR`QRVW� �����kVA � ]D
SRYU^LQVNLWH�JXVWLQL�RG���GR����MVA/km2�L�WUDQVIRUPDWRU�VR�QRPLQDOQD�PR`QRVW
�����kVA �]D�SRYU^LQVNLWH�JXVWLQL�SUHNX���MVA/km2�

S U M M A R Y

Calculations of annual expenses per square kilometre for various ideal distribution
networks were made. It is supposed that: load per square kilometre is constant, all transformers
medium/low voltage have the same ratings, all transformers have nominal loading, all low voltage
cables are of the same type and the same cross section, voltage drop at main low voltage cables
does not exceed 3%. According to the results some propositions useful in distribution network
planning and designing can be formulated. It can be recommended: transformer rated 630 kVA
for load density 2-7 MVA/km2, transformer rated 1000 kVA for load density 6-19 MVA/km2, and
transformer rated 1600 kVA for load density over 7 MVA/km2.

.OXaQL�]ERURYL��3RYU^LQVND�JXVWLQD�QD�RSWRYDUXYDZH��2SWLPDOQD�JXVWLQD�QD
VWUXMD��6SHFLILaQL�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQD�PUHCD�



���929('

9R�XVORYL�QD�SD]DUQD�HNRQRPLMD�RG�GLVWULEXWLYQLWH�PUHCL�VH�EDUD�QH�VDPR�GD
JL� ]DGRYROXYDDW� VRRGYHWQLWH�NULWHULXPL� ]D�NYDOLWHW�QD�LVSRUDaDQDWD� HOHNWULaQD
HQHUJLMD� WXNX� L� QLYQLWH� JRGL^QL� WUR^RFL� GD� ELGDW�^WR� H� PRCQR� SRQLVNL�� 7RD� H
NRPSOHNVQD�]DGDaD�L�QD�QHM]LQRWR�SUDYLOQR�UH^DYDZH�PRUD�GD�PX�VH�SRVYHWL�SROQR
YQLPDQLH��SUL�^WR�H�QHRSKRGQR�GD�VRUDERWXYDDW�NDNR�NDGULWH�RG�WHKQLaNDWD�VWUXND
WDND�L�NDGULWH�RG�HNRQRPVNDWD�VWUXND�

9R� RYRM� WUXG� VH� GDGHQL� JOREDOQL� QDVRNL� ]D� L]ERU� QD� RVQRYQL� SDUDPHWUL� QD
HGQD�GLVWULEXWLYQD�PUHCD�WDND�^WR�VRRGYHWQLWH�VSHFLILaQL�JRGL^QL�WUR^RFL�]D
PUHCDWD�GD�ELGDW�QDMPDOL�LOL�RG�QDMPDOLWH�PDONX�GD�VH�UD]OLNXYDDW�

6SHFLILaQLWH�JRGL^QL�WUR^RFL�VH�NRULVWDW�NDNR�SRPR^QD�LQIRUPDFLMD�]D
RG� WHKQLaNL� NRQNXUHQWQLWH� YDULMDQWL� GD� VH� L]EHUH� HNRQRPVNL� QDMSRYROQDWD�
1DaLQRW�QD�NRM�VH�SUHVPHWXYDDW�VSHFLILaQLWH�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQD
PUHCD�H�L]ORCHQ�YR�[1]��7LH�WUR^RFL�]DYLVDW�RG�SRYH`H�SDUDPHWUL��=D�GD�VH�VRJOHGD
YOLMDQLHWR� QD� RGGHOQL� SDUDPHWUL� QDSUDYHQL� VH� VRRGYHWQL� SUHVPHWNL� QD� PRGHORW�
3ULWRD�H�SUHWSRVWDYHQR�GHND�QD�FHODWD�SRYU^LQD�

− SULYLGQRWR�RSWRYDUXYDZH�H�UDPQRPHUQR�UDVSUHGHOHQR�SR�SRYU^LQDWD�

− VLWH�WUDQVIRUPDWRUVNL�VWDQLFD�VUHGHQ�QL]RN�QDSRQ�LPDDW�WUDQVIRUPDWRUL
VR�HGQDNYL�QRPLQDOQL�PR`QRVWL�L�VLWH�VH�QRPLQDOQR�RSWRYDUHQL�

− VHNRMD� WUDQVIRUPDWRUVND� VWDQLFD� VUHGHQ�QL]RN� QDSRQ� QDSRMXYD� SRWUR^X�
YDaL�QD�SRYU^LQD�YR�YLG�QD�NYDGUDW�

− VLWH� QLVNRQDSRQVNL� L]YRGL� QD� WUDQVIRUPDWRUVNLWH� VWDQLFL� VUHGHQ�QL]RN
QDSRQ�VH�VR�PH_XVHEQR�HGQDNYL�GROCLQL�L�L]YHGHQL�VH�VR�NDEOL�RG�LVW�WLS�L
SUHVHN�

− RSWRYDUXYDZDWD� QD� QLVNRQDSRQVNLWH� NDEOL� QH� VH� SRJROHPL� RG� WUDMQR
GR]YROHQLWH�

− ]DJXEDWD�QD�QDSRQ�YR�JODYQLWH�QLVNRQDSRQVNL�NDEOL�QH�H�SRJROHPD�RG����
3UL�SUHVPHWNLWH�QD�VSHFLILaQL�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQD�PUHCD

VH� ]HPHQL� SUHGYLG� WUR^RFLWH� ]D� VUHGQRQDSRQVNLWH� `HOLL� YR� WUDQVIRUPDWRUVNLWH
VWDQLFL� VUHGHQ�QL]RN� QDSRQ�� 1R�� QH� VH� ]HPHQL� SUHGYLG� WUR^RFLWH� ]D� VRRGYHWQL
VUHGQRQDSRQVNL� YRGRYL�� 3ULaLQDWD� ]D� WRD� H� ^WR� YNXSQRWR� RSWRYDUXYDZH� QD� HGQD
SRYU^LQD�VR�SURL]YROQD�SOR^WLQD�H�SURSRUFLRQDOQR�QD�SRYU^LQVNDWD�JXVWLQD�QD
RSWRYDUXYDZHWR� L� QD� JROHPLQDWD� QD� SOR^WLQDWD� L� QH� ]DYLVL� RG� EURMRW� QD
WUDQVIRUPDWRUVNLWH� VWDQLFL� VUHGHQ�QL]RN� QDSRQ�� =QDaL�� ]D� QDSRMXYDZH� QD
SRWUR^XYDaLWH�RG�HGQD�SRYU^LQD�`H�VH�NRULVWL�LVW�EURM�VUHGQRQDSRQVNL�YRGRYL�RG
LVW� WLS�� QH]DYLVQR� RG� L]ERURW� QD� QRPLQDOQDWD� PR`QRVW� QD� WUDQVIRUPDWRULWH
VUHGHQ�QL]RN�QDSRQ��9NXSQDWD�GROCLQD�QD�VUHGQRQDSRQVNLWH�YRGRYL�PDONX�]DYLVL�RG
QRPLQDOQDWD�PR`QRVW�QD�L]EUDQLRW�WUDQVIRUPDWRU�VUHGHQ�QL]RN�QDSRQ�

3UL� SUHVPHWNLWH� VH� NRULVWHQL� FHQLWH� ]D� QLVNRQDSRQVNL� YRGRYL� L� WUDQV�
IRUPDWRUVNL�VWDQLFL VR�NRL�VH�UDERWL�YR�-3�ì (OHNWURVWRSDQVWYR�QD�0DNHGRQLMDí �
=D�SRYU^LQVNLWH�JXVWLQL�RG��� GR����MVA/km2 VH�SUHVPHWDQL� VSHFLILaQL� JRGL^QL
WUR^RFL� ]D� GLVWULEXWLYQL� PUHCL� ]HPDM`L� UD]OLaQL� YUHGQRVWL� QD� SDUDPHWULWH� QD
HOHPHQWLWH� QD� PUHCDWD� L� UD]OLaQL� FHQL�� 'RELHQLWH� UH]XOWDWL� SUHWVWDYXYDDW
RVQRYD�]D�L]YOHNXYDZH�]DNOXaRFL�^WR�PRCDW�GD�VH�NRULVWDW�NDNR�SUDNWLaQL�QDVRNL
SUL�SODQLUDZH�QD�GLVWULEXWLYQL�PUHCL�YR�VRRGYHWQL�XVORYL�

9R�RYRM�WUXG�SRG�WHUPLQRW�SRYU^LQVND�JXVWLQD�QD�SULYLGQR�RSWRYDUXYDZH�VH
SRGUD]ELUD��SRYU^LQVND�JXVWLQD�SUL�YUYQR�SULYLGQR�RSWRYDUXYDZH�



�� 63(&,),A1,�*2',>1,�752>2&,�=$�9$5,-$17,
1$�',675,%87,91$�05(#$

6SRUHG� [1]�� VSHFLILaQLWH�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQD�PUHCD�PRCDW
GD�VH�SUHVPHWDDW�VR�VOHGQDYD�UDYHQND�
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             n− EURM�QD�QLVNRQDSRQVNL�L]YRGL�SR�WUDQVIRUPDWRUVND�VWDQLFD
VUHGHQ�QL]RN�QDSRQ�

             F− SOR^WLQD�QD�QDSUHaQLRW�SUHVHN�QD�QLVNRQDSRQVNLWH�L]YRGL�

        SQRP�− QRPLQDOQD�PR`QRVW�QD�WUDQVIRUPDWRU�VUHGHQ�QL]RN�QDSRQ�

   EYRG(F) − LQYHVWLFLRQL�WUR^RFL�]D�QLVNRQDSRQVNL�L]YRG�VR�HGLQLaQD
GROCLQD�L�VR�SOR^WLQD�QD�QDSUHaQLRW�SUHVHN�F�

E S n
W�V� QRP�

,b g− LQYHVWLFLRQL�WUR^RFL�]D�WUDQVIRUPDWRUVND�VWDQLFD�VUHGHQ�QL]RN

QDSRQ��VR�WUDQVIRUPDWRU�aLMD�QRPLQDOQD�PR`QRVW�H�SQRP���VR�GYH
L]YRGQL�VUHGQRQDSRQVNL�`HOLL��VR�VUHGQRQDSRQVND�WUDIR�`HOLMD�L
VR�QLVNRQDSRQVND�WDEOD�]D�n QLVNRQDSRQVNL�L]YRGL�

          cm. − SURVHaQD�PHVHaQD�FHQD�QD�L]JXEHQ�kW YUYQD�HOHNWULaQD�PR`QRVW
YR�PUHCDWD�

           ce. − SURVHaQD�FHQD�QD�kWh L]JXEHQD�HOHNWULaQD�HQHUJLMD�YR�PUHCDWD�

�������������τ − JRGL^QR�YUHPH�QD�]DJXEL�

        R(F) − DNWLYQD�RWSRUQRVW�QD�YRGRW��VR�QDSUHaHQ�SUHVHN�F��SR�HGLQLFD
GROCLQD��SUL�WHPSHUDWXUD�RG�����C�

 ∆P S
WU� QRP�b g− ]DJXEL�QD�DNWLYQD�PR`QRVW�YR�WUDQVIRUPDWRURW�VUHGHQ�QL]RN

QDSRQ�VR�QRPLQDOQD�PR`QRVW�SQRP���SUL�QRPLQDOQR�RSWRYDUXYDZH�
������������

σ − SRYU^LQVND�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH�

             k− IDNWRU�QD�]JROHPXYDZH�QD�GROCLQDWD�QD�QLVNRQDSRQVNLWH�L]YRGL
]DUDGL�QHPRCQRVWD�RG�SRVWDYXYDZH�SR�LGHDOQL�WUDVL�

           pv. − IDNWRU�VR�NRM�WUHED�GD�VH�SRPQRCDW�LQYHVWLFLLWH�]D�HGHQ

QLVNRQDSRQVNL�YRG��]D�GD�VH�GRELMDW�QHJRYLWH�JRGL^QL�WUR^RFL
^WR�QH�]DYLVDW�RG�RSWRYDUXYDZHWR��YR�SUHVPHWNLWH�H�NRULVWHQD
YUHGQRVWD� p

Y�
= 0,12��

         pt.s. − IDNWRU�VR�NRM�WUHED�GD�VH�SRPQRCDW�LQYHVWLFLLWH�]D�HGQD

WUDQVIRUPDWRUVND�VWDQLFD�VUHGHQ�QL]RN��]D�GD�VH�GRELMDW



QHM]LQLWH�JRGL^QL�WUR^RFL�^WR�QH�]DYLVDW�RG�RSWRYDUXYDZHWR
�YR�SUHVPHWNLWH�H�NRULVWHQD�YUHGQRVWD� p

W�V�
= 0 15, ��

       UQRP� − QRPLQDOHQ�QDSRQ�QD�QLVNRQDSRQVNLWH�YRGRYL��YR�SUHVPHWNLWH�H
NRULVWHQD�YUHGQRVWD�U

QRP�
= 400 V��

             l − GROCLQD�QD�QLVNRQDSRQVNLWH�L]YRGL�

9R�UDPNLWH�QD�RYD�LVWUDCXYDZH�QDSUDYHQL�VH�REHPQL�SUHVPHWNL�VR�FHO�GD�VH
VRJOHGDDW�YOLMDQLMDWD�QD�RGGHOQL�SDUDPHWUL�QD�GLVWULEXWLYQD�PUHCD�YU]�QHM]LQLWH
VSHFLILaQL�JRGL^QL�WUR^RFL��3ULWRD�VH�]HPHQL�SUHGYLG�

− SRYU^LQVNLWH� JXVWLQL� QD� SULYLGQRWR� RSWRYDUXYDZH� RG� ��MVA/km2 GR
���MVA/km2��SUL�IDNWRU�QD�PR`QRVW������

− QRPLQDOQLWH� PR`QRVWL� QD� WUDQVIRUPDWRULWH� VUHGHQ�QL]RN� QDSRQ� RG� ����
����������L������kVA �

− aHWLUL� L� RVXP� QLVNRQDSRQVNL� L]YRGL� SR� WUDQVIRUPDWRU� VUHGHQ�QL]RN
QDSRQ�

− QLVNRQDSRQVNLWH� NDEOL� VR� VSURYRGQLFL� RG� DOXPLQLXP� L� QRPLQDOQL
SOR^WLQL�QD�QDSUHaQLWH�SUHVHFL�RG������������������������L�����mm2�

− YUHGQRVWD�QD�C�RG�������������L�������GHQDUL�SR�kW L�JRGLQD�
− YUHGQRVWLWH�QD�EYRG(F)�L�EW�V�(SQRP�,n)�NDNR�YR�[1] L�]JROHPHQL�]D�����

=DVOXCXYD� GD� VH� QDJODVL� GHND� ]D� VHNRMD� SRYU^LQVND� JXVWLQD� QD
RSWRYDUXYDZHWR� VH� IRUPLUDQL� GLVWULEXWLYQL� PUHCL� VR� VLWH� NRPELQDFLL� QD
UD]JOHGXYDQLWH�SDUDPHWUL��3ULWRD��]D�VHNRMD�GLVWULEXWLYQDWD�PUHCD�H�SURYHUXYDQR
GDOL� WDD� SUHWVWDYXYD� WHKQLaNL� SULIDWOLYR� UH^HQLH�� 3URYHUXYDQR� H� GDOL� VH
]DGRYROHQL�WHKQLaNLWH�RJUDQLCXYDZD��W�H�

− GDOL�RSWRYDUXYDZDWD�QD�QLVNRQDSRQVNLWH�L]YRGL�QH�VH�SRJROHPL�RG�WUDMQR
GR]YROHQLWH�L

− GDOL�]DJXEDWD�QD�QDSRQRW�YR�QLVNRQDSRQVNLWH�L]YRGL�QH�H�SRJROHPD�RG����
2WIUODQL� VH� VLWH� YDULMDQWL� YR� NRL� EDUHP� HGHQ� RG� QDYHGHQLWH� WHKQLaNL

XVORYL�QH�H�]DGRYROHQ�

�� 5(=8/7$7,�2'�35(60(7.,7(

=D�L]EUDQDWD�SRYU^LQVND� JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH�GRELYDQL� VH
SRYH`H�YDULMDQWL�GLVWULEXWLYQL�PUHCL�^WR� JL� ]DGRYROXYDDW� QDYHGHQLWH� WHKQLaNL
XVORYL�� =D� WLH� YDULMDQWL� VH� SUHVPHWXYDQL� VSHFLILaQL� JRGL^QL� WUR^RFL�
3UHVPHWNDWD� QD� VSHFLILaQL� JRGL^QL� WUR^RFL� H� SUDYHQD� VR� SRPR^� QD� UDYHQNDWD
����� 3RWRD�� ]D� GD� VH� VRJOHGD� QLYQLRW� HNRQRPVNL� SULRULWHW�� YDULMDQWLWH� VH
SRGUHGXYDQL�VSRUHG�UDVWHaNLWH�VSHFLILaQL�JRGL^QL�WUR^RFL�

9R�WDEHODWD�I�H�SULNDCDQ�GHO�RG�GRELHQLWH�UH]XOWDWL��=D�VHNRMD�SRYU^LQVND
JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH�YR�WDEHODWD�I H�GDGHQD�YDULMDQWDWD�VR�QDMPDOL
VSHFLILaQL� JRGL^QL� WUR^RFL�� 7LH� WUR^RFL� VH� R]QDaHQL� VR� ����� L� VRRGYHWQRWR
SROH� H� ]DVHQaHQR�� 3RNUDM� WDD� YDULMDQWD� VH� SULNDCDQL� L� GUXJLWH� YDULMDQWL� aLL
VSHFLILaQL�JRGL^QL�WUR^RFL�QH�VH�SRJROHPL�]D�SRYH`H�RG����RG�QDMPDOLWH�

5H]XOWDWLWH� YR� WDEHODWD� I VH� GRELHQL� ]D� C = ⋅ ⋅10000GHQDUL JRGLQDkW-1 -1 �

9UHGQRVWLWH� QD� GUXJLWH� JROHPLQL� YR� UDYHQNDWD� ���� VH� ]HPHQL� NDNR� YR� WUXGRW� [1].
1LNRM�QH�PRCH�GD�WYUGL�GHND�VLWH�WLH�YUHGQRVWL�VH�DSVROXWQR�WRaQL�L�GHND�QHPD�GD



VH� PHQXYDDW� VR� WHNRW� QD� YUHPHWR�� 3RUDGL� WRD� L� GRELHQLWH� UH]XOWDWL� WUHED� GD� VH
]HPDW� VR� VRRGYHWQD� GR]D� QD� SUHWSD]OLYRVW�� 9VX^QRVW�� YDULMDQWLWH� aLL^WR
VSHFLILaQL�JRGL^QL�WUR^RFL�PDONX�PH_XVHEQR�VH�UDOLNXYDDW�WUHED�GD�VH�VPHWDDW
]D� SUDNWLaQR� UDPQRSUDYQL�� =D� VHNRM� NRQNUHWHQ� VOXaDM�� SR� SDW� QD� GRSROQLWHOQL
DQDOL]L�� WUHED� GD� VH� GRMGH� GR� UHOHYDQWQL� LQIRUPDFLL� ^WR� `H� SRPRJQDW� ]D
GRQHVXYDZH�RGOXND�

7DEHOD�I 6SHFLILaQL�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQL�PUHCL�VR�UD]OLaQL

SDUDPHWUL�−�L]UD]HQL�YR�SURFHQWL�RG�QDMPDOLWH

3URFHQWXDOQL YUHGQRVWL QD VSHFLILaQL JRGL^QL WUR^RFL

1RPLQDOQD PR`QRVW QD WUDQVIRUPDWRU

400 kVA 630 kVA 1000 kVA 1600 kVA
%URM QD L]YRGL L SOR^WLQD QD QDSUHaHQ SUHVHN QD VHNRM L]YRG − L]UD]HQD YR mm2

σ

MVA
/km2 4×

300
4×
240

4×
150

8×
150

8×
120

8×
95

4×
300

4×
240

4×
185

4×
150

8×
240

8×
185

8×
150

8×
120

4×
300

8×
300

8×
240

8×
185

1 106,9 100
2 105,1 105,2 100
3 103,9 103,2100
4 103,8 103,4 102,9100 106,8
5 105,9 105,6 104,9 102,1100 101,8
6 105,8 105,4 104,6 102,0100 106,0 100,7
7 106,6 104,1 102,1 102,3 101,9100
8 106,6 106,8 105,5 103,6 100 103,7
9 105,4 103,6 100 102,9
10 105,3 103,6 103,6100 102,2
11 105,2 103,5 103,6100 101,6 100,4
12 105,3 103,7 103,7 100,1 101,2100
13 105,7 104,1 104,2 100,6 101,2100
14 106,1 104,5 104,6 101,0 101,2100
15 106,5 104,9 105,0 101,4 101,2100
16 106,8 105,3 105,4 101,8 101,1100
17 105,7 105,7 102,2 101,1100
18 106,0 106,0 102,5 101,1100 100,3
19 106,3 106,3 102,8 101,1100 100,3
20 106,6 106,6 103,1 101,1100 100,3
30 105,4 101,0100 100,2
40 107,0 100,9100 100,2
50 100,8 100 100,2

6R� FHO� GD� VH� SURYHUL� NDNR� SURPHQLWH� QD� YUHGQRVWD� QD� C YOLMDDW� YU]
UHGRVOHGRW� QD� YDULMDQWLWH� SRGUHGHQL� VSRUHG� JROHPLQDWD� QD� QLYQLWH� VSHFLILaQL
JRGL^QL�WUR^RFL��QDSUDYHQL�VH�GYH�NRPSOHWQL�GRSROQLWHOQL�SUHVPHWNL��9R�HGQDWD

RG�QLY�H�VPHWDQR�VR�YUHGQRVWD�C = ⋅ ⋅8000GHQDUL JRGLQDkW-1 -1��D�YR�GUXJDWD�H�VPHWDQR

VR�YUHGQRVWD�C = ⋅ ⋅12000GHQDUL JRGLQDkW-1 -1 ��'RELHQLWH�UH]XOWDWL�XNDCXYDDW�GHND�

SULWRD�� LPDOR� SURPHQL� YR� VSLVRFLWH� �W�H�� UHGRVOHGLWH�� QDSUDYHQL� VSRUHG
UDVWHaNLWH�VSHFLILaQL�JRGL^QL�WUR^RFL�QD�YDULMDQWLWH��YR�RGQRV�QD�WLH�GRELHQL

]D� C = ⋅ ⋅10000GHQDUL JRGLQDkW-1 -1 �� 0H_XWRD�� LDNR� YR� UH]XOWDWLWH� RG� GYHWH

GRSROQLWHOQL�SUHVPHWNL�YNXSQLRW�EURM�QD�SURPHQLWH�H� ��� �RG� YNXSQR� GYD� SDWL�SR
����YDULMDQWL���WLH�VH�MDYXYDDW�NDM�YDULMDQWLWH�SRPH_X�aLL^WR�VSHFLILaQL�JRGL^QL
WUR^RFL�YR�WDEHODWD�I SRVWRL�PDOD�UD]OLND��7DD�UD]OLND�QH�H�SRJROHPD�RG������YR
�������VOXaDL��QH�H�SRJROHPD�RG����YR��������VOXaDL�L�QH�H�SRJROHPD�RG������YR



������ VOXaDL�� 7RD� XNDCXYD� GHND� SUL� SURPHQD� QD� YUHGQRVWD� QD� C ]D� ± 20%�� YR

QDMJROHP� EURM� QD� VOXaDL� QHPD� SURPHQL� YR� UHGRVOHGRW� QD� YDULMDQWLWH� VSRUHG
UDVWHaNLWH�VSHFLILaQL�JRGL^QL�WUR^RFL��D�YR�VOXaDLWH�NRJD�WDNYLWH�SURPHQL� VH
MDYXYDDW� YR� QLY� XaHVWYXYDDW� YDULMDQWLWH� aLL^WR� VSHFLILaQL� JRGL^QL� WUR^RFL
PH_XVHEQR�PDONX�VH�UD]OLNXYDDW�

2VYHQ�WRD��VR�FHO�GD�VH�SURYHUL�NDNR�SURPHQLWH�QD�LQYHVWLFLRQLWH�WUR^RFL
]D� QLVNRQDSRQVNLWH� L]YRGL� L� ]D� WUDQVIRUPDWRUVNLWH� VWDQLFL� VUHGHQ�QL]RN� QDSRQ
YOLMDDW� YU]� UHGRVOHGRW� QD� YDULMDQWLWH� SRGUHGHQL� VSRUHG� JROHPLQDWD� QD� QLYQLWH
VSHFLILaQL�JRGL^QL�WUR^RFL��QDSUDYHQD�H�X^WH�HGQD�GRSROQLWHOQD�SUHVPHWND��9R
WDD�SUHVPHWND�VH�]HPHQL�]D�����SRYLVRNL�YUHGQRVWL�]D�LQYHVWLFLRQLWH�WUR^RFL�]D
QLVNRQDSRQVNLWH� L]YRGL� L� ]D� WUDQVIRUPDWRUVNLWH� VWDQLFL� VUHGHQ�QL]RN� QDSRQ� RG
WLH�GDGHQL�YR� [1]��'RELHQLWH�UH]XOWDWL�XNDCXYDDW�GHND��SULWRD��LPDOR�SURPHQL�YR
VSLVRFLWH�QDSUDYHQL�VSRUHG�UDVWHaNLWH�VSHFLILaQL�JRGL^QL�WUR^RFL��YR�RGQRV�QD
WLH� GRELHQL� SUHG� ]JROHPXYDZHWR� QD� LQYHVWLFLRQLWH� WUR^RFLWH� ]D� �����3URPHQL
LPDOR� VDPR� YR� ��� VOXaDL�� 9R� ������ RG� WLH� VOXaDL� YR� SURPHQLWH� XaHVWYXYDOH
YDULMDQWL� aLL^WR� VSHFLILaQL� JRGL^QL� WUR^RFL� YR� WDEHODWD� I� PH_XVHEQR� QH� VH
UD]OLNXYDDW� ]D� SRYH`H� RG� ������ 9R� RVWDQDWLWH� ������ VOXaDL� YR� SURPHQLWH
XaHVWYXYDOH� YDULMDQLWH� aLL^WR� VSHFLILaQL� JRGL^QL� WUR^RFL� YR� WDEHODWD� I
PH_XVHEQR�QH�VH�UD]OLNXYDDW�]D�SRYH`H�RG�������,�WXND��QDMJROHPLRW�EURM�YDULMDQWL
QH� MD� PHQXYDDW� VYRMDWD� SR]LFLMD� YR� UHGRVOHGRW� QD� YDULMDQWLWH� VSRUHG� UDVWHaNLWH
VSHFLILaQL�JRGL^QL�WUR^RFL�

9U]� RVQRYD� QD� GRELHQLWH� UH]XOWDWL� PRCDDW� GD� VH� QDSUDYDW� QHNRONX
NRQVWDWDFLL�

3UYR��NRQNXUHQWQRVWD�QD�WUDQVIRUPDWRUL�VUHGHQ�QL]RN�QDSRQ�VR�RSUHGHOHQD
QRPLQDOQD�PR`QRVW�H�RJUDQLaHQD�QD�VRRGYHWHQ�LQWHUYDO�QD�SRYU^LQVNL�JXVWLQL�QD
SULYLGQRWR�RSWRUDYXYDZH��7DND��WUDQVIRUPDWRULWH�VR�QRPLQDOQD�PR`QRVW�����kVA
VH� NRQNXUHQWQL� ]D� SRYU^LQVNLWH� JXVWLQL� QD� SULYLGQRWR� RSWRYDUXYDZH� GR

��MVA/ NP��� WUDQVIRUPDWRULWH� VR� QRPLQDOQD� PR`QRVW� ����kVA � VH� NRQNXUHQWQL� ]D
SRYU^LQVNLWH� JXVWLQL� QD� SULYLGQRWR� RSWRYDUXYDZH� RG� �� GR� ��MVA/km2�
WUDQVIRUPDWRULWH� VR� QRPLQDOQD� PR`QRVW� �����kVA � VH� NRQNXUHQWQL� ]D
SRYU^LQVNLWH� JXVWLQL� QD� SULYLGQRWR� RSWRYDUXYDZH� RG� �� GR� ���MVA/km2� L
WUDQVIRUPDWRULWH� VR� QRPLQDOQD� PR`QRVW� �����kVA � VH� NRQNXUHQWQL� ]D
SRYU^LQVNLWH�JXVWLQL�QD�SULYLGQRWR�RSWRYDUXYDZH�SUHNX���MVA/km2�

9WRUR�� DNR� ]D� VHNRMD� SRYU^LQVND� JXVWLQD� QD� SULYLGQRWR� RSWRYDUXYDZH� VH
QDSUDYL� UHGRVOHG� QD� YDULMDQWLWH� RG� WDEHODWD� I�� YR� NRM� WLH� VH� SRGUHGHQL� VSRUHG
UDVWHaNLWH�VSHFLILaQL�JRGL^QL�WUR^RFL��PRCH�GD�VH�NRQVWDWLUD�GHND�WRM�UHGRVOHG
PDONX�`H�VH�SURPHQL�SUL�SURPHQD�QD�YUHGQRVWD�QD�C� ]D� ± 20%��7DPX�NDGH�^WR�LPD

SURPHQD� QD� UHGRVOHGRW�� YR� QHD� XaHVWYXYDDW� YDULMDQWLWH� aLL^WR� VSHFLILaQL
JRGL^QL� WUR^RFL� YR� WDEHODWD� I� QDMaHVWR� VH� UD]OLNXYDDW� ]D� SRPDONX�RG� ������ D� YR
QLHGHQ�RG�VOXaDLWH�UD]OLNDWD�QH�ELOD�SRJROHPD�RG������

7UHWR�� DNR� ]D� VHNRMD� SRYU^LQVND� JXVWLQD� QD� SULYLGQRWR� RSWRYDUXYDZH� VH
QDSUDYL� UHGRVOHG� QD� YDULMDQWLWH� RG� WDEHODWD� I�� YR� NRM� WLH� VH� SRGUHGHQL� VSRUHG
UDVWHaNLWH�VSHFLILaQL�JRGL^QL�WUR^RFL��PRCH�GD�VH�NRQVWDWLUD�GHND�WRM�UHGRVOHG
PDONX� `H� VH� SURPHQL� DNR� ]D� ���� VH� ]JROHPDW� LQYHVWLFLRQLWH� WUR^RFL� ]D
QLVNRQDSRQVNLWH�YRGRYL�L�WUDQVIRUPDWRUVNLWH� VWDQLFL� VUHGHQ�QL]RN�QDSRQ��7DPX
NDGH� ^WR� LPD� SURPHQD� QD� UHGRVOHGRW� YR� QHD� XaHVWYXYDDW� YDULMDQWLWH� aLL^WR
VSHFLILaQL�JRGL^QL�WUR^RFL�YR�WDEHODWD�I�QDMaHVWR�VH�UD]OLNXYDDW�]D�SRPDONX�RG
������D�YR�QLHGHQ�RG�VOXaDLWH�UD]OLNDWD�QH�ELOD�SRJROHPD�RG������



AHWYUWR��]D�GDGHQD�SRYU^LQVND�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH��L]EUDQD
QRPLQDOQD� PR`QRVW� QD� WUDQVIRUPDWRURW� VUHGHQ�QL]RN� QDSRQ� L� L]EUDQ� EURM� QD
QLVNRQDSRQVNL� L]YRGL� SR� WUDQVIRUPDWRU�� QDMPDOL� VSHFLILaQL� JRGL^QL� WUR^RFL
LPD� YDULMDQWDWD� YR� NRMD� JXVWLQDWD� QD� VWUXMDWD� QD� SRaHWRNRW� QD� QLVNRQDSRQVNLWH
L]YRGL� QDMPDONX� VH� UD]OLNXYD� RG� RSWLPDOQDWD� JXVWLQD� QD� VWUXMD�� �9R� WUXGRW� [1] H
SRNDCDQR�NDNR�VH�RSUHGHOXYD�RSWLPDOQD�JXVWLQD�QD�VWUXMD��

3HWWR�� NDM� SRYH`H� SRYU^LQVNL� JXVWLQL� QD� RSWRYDUXYDZHWR� LPD� YDULMDQWL
aLL^WR�VSHFLILaQL�JRGL^QL�WUR^RFL�PH_XVHEQR�VH�UD]OLNXYDDW�]D�SRPDONX�RG����
7LH�PRCDW�GD�VH�VPHWDDW�]D�UDPQRSUDYQL��ELGHM`L�YR�VOXaDM�QD�SURPHQD�QD�FHQLWH�QD
HQHUJLMDWD�LOL�QD�RSUHPDWD��LOL�QD�QHNRM�GUXJ�SDUDPHWDU�YR�UDYHQNDWD������PRCQR�H
WDD�UD]OLND�GD�GRELH�GUXJD�YUHGQRVW��SD�GXUL�L�QHM]LQLRW�]QDN�GD�VH�VPHQL�
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9U]� RVQRYD� QD� NRQVWDWDFLLWH� RG� WUHWRWR� SRJODYMH� PRCDW� GD� VH� GDGDW
SUDNWLaQL�QDVRNL�]D�L]ERU�QD�HOHPHQWL�QD�GLVWULEXWLYQD�PUHCD�QD�HGQR�SRGUDaMH�VR
SR]QDWD�SRYU^LQVND�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZHWR�

1DMQDSUHG�� YU]� RVQRYD� QD� SR]QDWDWD� SRYU^LQVND� JXVWLQD� QD� SULYLGQRWR
RSWRYDUXYDZH�L�SUYDWD�NRQVWDWDFLMD�RG�SRJODYMHWR���VH�L]ELUD�QRPLQDOQD�PR`QRVW
QD�WUDQVIRUPDWRU�VUHGHQ�QL]RN�QDSRQ�

6OHGXYD�XVYRMXYDZH�QD�EURMRW�QD�QLVNRQDSRQVNLWH�L]YRGL�
3RWRD� WUHED� GD� VH� L]EHUH� PDWHULMDO� L� SOR^WLQD� QD� QDSUHaQLRW� SUHVHN� QD

VSURYRGQLFLWH� QD� QLVNRQDSRQVNLWH� L]YRGL�� 3ULWRD�� RG� YDULMDQWLWH� ^WR� JL
]DGRYROXYDDW� WHKQLaNLWH� RJUDQLaXYDZD� �W�H�� NDM� NRL� RSWRYDUXYDZDWD� QD
QLVNRQDSRQVNLWH�L]YRGL�QH�JL�QDGPLQXYDDW�QLYQLWH�QDMJROHPL�GR]YROHQL�YUHGQRVWL
L� ]DJXEDWD� QD� QDSRQRW� YR� QLVNRQDSRQVNLWH� L]YRGL� QH� H� SRJROHPD� RG� ���� VH� GDYD
SULRULWHW� QD� YDULMDQWDWD� NDM� NRMD� JXVWLQDWD� QD� VWUXMDWD� QD� SRaHWRNRW� QD
QLVNRQDSRQVNLWH�L]YRGL�H�QDMEOLVNX�GR�RSWLPDOQDWD�JXVWLQD�QD�VWUXMD�]D�DNWXHOQLWH
XVORYL�

9R� SUHWKRGQLRW� SURFHV� PRCH� GD� VH� VOXaL� SUL� L]ERURW� QD� QRPLQDOQDWD
PR`QRVW� QD� WUDQVIRUPDWRURW� VUHGHQ�QL]RN� QDSRQ� LOL� SUL� L]ERURW� QD� EURMRW� QD
QLVNRQDSRQVNLWH�L]YRGL�GD�QH�VPH�VLJXUQL�NRMD�YUHGQRVW�WUHED�GD�VH�XVYRL��9R�WRM
VOXaDM� JL� ]HPDPH� YR� QDWDPR^QD� REUDERWND� GYHWH� PRCQRVWL�� 7DND� MD� HOLPLQLUDPH
PRCQRVWD� RG� QHNRUHNWQR� XVYRMXYDZH�� 1DYLVWLQD�� WDND� PDONX� MD� RWHCQXYDPH
UDERWDWD�� ELGHM`L� VR� WDNYLRW� SULVWDS� VH� ]JROHPXYD� EURMRW� QD� NRQNXUHQWQLWH
YDULMDQWL��QR�WRD�H�YR�SULORJ�QD�WRaQRVWD�

�� =$./8A2.

9U]� RVQRYD� QD� UH]XOWDWLWH� RG� REHPQLWH� LVWUDCXYDZD� QD� PRGHO� YR� NRM
SRYU^LQVNDWD�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH�H�HGQDNYD�SR�FHODWD�SRYU^LQD�
IRUPXOLUDQL� VH� QHNRONX� NRQVWDWDFLL�� 7LH� PRCDW� GD� ELGDW� NRULVQL� SUL
GHILQLUDZH� SUDNWLaQL� QDVRNL� ]D� SODQLUDZH� L� SURHNWLUDZH� QD� GLVWULEXWLYQL
PUHCL� YR� UHDOQL� XVORYL�� ,DNR� YR� UHDOQRVWD� WH^NR� PRCDW� GD� VH� QDMGDW� SRJROHPL
SRYU^LQL�VR�QDSROQR�HGQDNYD�JXVWLQD�QD�SULYLGQRWR�RSWRYDUXYDZH��YR�VRYUHPHQLWH



QDVHOEL� QH� VH� UHWNL� JROHPL� UHRQL� NDM� NRL� UD]OLNLWH� YR� SRYU^LQVNDWD� JXVWLQD� VH
UHODWLYQR�PDOL�

,]ORCHQLRW�SULVWDS�QHPD�]D�FHO�GD�SRNDCH�GHND�H�PRCHQ�UDFLRQDOHQ�L]ERU
QD� HOHPHQWLWH� QD� GLVWULEXWLYQD� PUHCD� EH]� NRULVWHZH� NRQNUHWQL� HNRQRPVNL
SRND]DWHOL�WXNX�GD� MD�SRWHQFLUD�SRWUHEDWD�RG�QLYQRWR�NRULVWHZH��QDPDOXYDM`L� JR
EURMRW�QD�NRQNXUHQWQLWH�YDULMDQWL�^WR�JL�]DGRYROXYDDW�WHKQLaNLWH�RJUDQLaXYDZD�
SRPH_X�NRL^WR�WUHED�GD�VH�RGEHUH�HNRQRPVNL�QDMSRYROQDWD�

���/,7(5$785$

[1] '��5DMLaL`��+��*UR]GDQRVNL��ì 6SHFLILaQL�JRGL^QL�WUR^RFL�]D�GLVWULEXWLYQL
PUHCL í, 9WRUR VRYHWXYDZH QD�0$.2�6,*5(��6HSWHPYUL������JRGLQD�
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�9R�RYRM�WUXG�GDGHDQD�H�DQDOL]D�QD�UH]XOWDWLWH�RG�PHUHZDWD�QD�YL^LWH�KDUPRQLFL�QD
WHULWRULMDWD� QD� -3� (OHNWURYRMYRGLQD� NRL� VH� VSURYHGHQL� YR� SRYH`H� QDYUDWL� YR
SHULRGRW�RG������GR������JRGLQD��0HUHZHWR�H�L]YU^HQR�QD�QLVNRQDSRQVNL�����kV��L
VUHGQR�QDSRQVNR�����KV �LOL����kV��VRELUQLFL�NDM�SRWUR^XYDaL�NRL�VH�JUXSLUDQL�YR
WUL�JUXSL��REODVWL��L�QHNRONX�SRGJUXSL�����3RWUR^XYDaL�YR�JUDGRYLWH���1RYL�6DG�L
6XERWLFD�� VR�SRGJUXSL�� VWDQEHQL�REODVWL��SRVORYQL�REODVWL�L� ]JUDGL�� � LQGXVWULVND
REODVW��XQLYHU]LWHWVNL�FHQWDU��L�PH^RYLWL�REODVWL��SRVORYQR�WUJRYVNL�L�VWDQEHQL��
���9RQJUDGVNL�SRWUR^XYDaL�VR�SRGJUXSL��SULJUDGVND�REODVW��SRPDOL�QDVHOHQL�PHVWD�L
VHOVNL�REODVWL�L����*ROHPL�LQGXVWULVNL�SRWUR^XYDaL��5H]XOWDWLWH�VH�REUDERWHQL�L
SUHVWDYHQL�VWDWLVWLaNL��VSRUHG�PHWRGLWH�SUHSRUDaDQL�RG�SIGRE�L�RG�IEC,�YR�IRUPD
QD�NXPXODWLYQD� YHURMDWQRVW� QD�THD� L� VR� XVUHGQHW� VSHNWDU� QD� QDSRQRW� L� VWUXMDWD� L
VSRUHGL� VH� VR� IEEE� �� ���� VWDQGDUGRW�� 6H� SRNDCXYD� GHND� YR� PUHCDWD� LPD� L]UD]HQL
KDUPRQLFL�QD�VWUXMDWD��GRGHND�KDUPRQLFLWH�QD�QDSRQRW�VH�YR�GR]YROHQLWH�JUDQLFL�

NOXaQL�]ERURYL��YL^L�KDUPRQLFL��PHUHZH��NYDOLWHW�QD�HOHNWULaQD�HQHUJLMD

SUMMARY

In this paper we give the analysis of the measuring results of harmonic content in the power
company of Electrovojvodina. The measurements are carried out in the time between 1992 and
1997 in the low (0,4kV) and middle (10kV or 20 kV) voltage level. The  loads are grouped in
several types, such as: 1: Loads in big towns (Novi Sad and Subotica) with subgroups: settlement
area; business area; industrial area; university campus, mixed area (business, trade and settlement).
2. Country areas, grouped in subgroups as: suburbs; small towns; and villages. 3. Big industrial
loads: The results are  statistically analysed and presented by the methods recommended by



CIGRE and IEC, and compared with the IEEE 519 standard. The results show that there are big
current harmonics, but voltage harmonics are under permitted limits.

key words: harmonics; measurements; power quality
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3UYLWH� PHUHZD� QD� YL^LWH� KDUPRQLFL� YR� PUHCDWD� QD� -3� (OHNWURYRMYRGLQD
]DSRaQDD�SRVOH�UHDOL]DFLMDWD�QD��PHUQLRW�VLVWHP�L�VRIWYHUVNLRW�SDNHW�]D�PHUHZH�L
DQDOL]D�QD�YL^LWH�KDUPRQLFL��***MAH*** ��YR�������NRJD�VH�L]YU^L�LVSLWXYDZH��D�YR
WHNRW��QD������JRGLQD�L�SUHOLPLQDUQLWH�PHUHZD�[1]��0HUHZDWD�VH�SURGROCHQL�YR�PDM
�����JRGLQD�L�VR�SRPDOL�SUHNLQL�]DUDGL�LQWHUYHQFLL��EDCGDUHZH�L�VLWQL�SRSUDYNL�D
VH� ]DYU^LMD� YR� IHEUXDUL� ������ � 3RVOHGQRWR� PHUHZH� VH� SRYWRUL� YR� QRHPYUL� ����
JRGLQD��3RHGLQHaQLWH�PHUQL�FLNOXVL�WUDHMD�SR���GHQD��QDMaHVWR�VR�LQWHUYDO�RG�SR���
PLQXWL�� 0HUHZDWD� VH� YU^HQL� YR� UD]QL� PHWHRUROR^NL� XVORYL�� JRGL^QR� GRED� L� QD
ORNDFLL� NRL� VH� NDUDNWHUL]LUDDW� VR� UD]OLaQL� WLSRYL� QD� SRWRUR^XYDaL�
3RWUR^XYDaLWH�VH�SRGHOHQL�YR�WUL�JUXSL��REODVWL��L�YR�QHNRONX�SRGJUXSL�

1 9R� REODVWLWH� QD� SRJROHPLWH� JUDGRYL� �1RYL� 6DG� L� 6XERWLFD�� L]GYRHQL� VH� �
NDUDNWHULVWLaQL�WLSRYL�SRWUR^XYDaL�����6WDQEHQL�REODVWL�����3RVORYQL�REODVWL
L� ]JUDGL�� ��� ,QGXVWULVNL� REODVWL�� ��� 8QLYHU]LWHWVNL� FHQWDU� L� ��� 0H^RYLWL
REODVWL��SRVORYQR�WUJRYVNL�VWDQEHQL��

2 9R�YRQJUDGVNLWH�REODVWL�SRWUR^XYDaLWH�VH�SRGHOHQL�YR�WUL�]RQL�����3ULJUDGVNL
QDVHOEL�����3RPDOL�QDVHOHQL�PHVWD�L����6HOVNL�REODVWL�

3 .DNR�SRVHEQD�JUXSD�VH�WUHWLUDQL�JROHPLWH�LQGXVWULVNL�SRWUR^XYDaL�

 9R�VHNRMD�SRGJUXSD�UHDOL]LUDQL�VH�QHNRONX�PHUHZD�QD�QDMSRJRGQLWH�ORNDFLL�
NRL�VH�L]GYRMXYDDW� VR�RGUHGHQL�SRWHVQL�NDUDNWHULVWLNL�QD�SRWUR^XYDaLWH��9NXSQR
L]YHGHQL� VH� ��� PHUQL� FLNOXVL� QD� ��� ORNDFLL� YR�1RYL� 6DG�� 6XERWLFD� L� X^WH� YR� ��
JUDGRYL�L� VHOD�YR�9RMYRGLQD� YR� HIHNWLYQR� WUHZH�RG� RNROX� ���� GHQRYL�LOL� ��� FHOL
PHVHFL�QHSUHNLQDWR��,]YU^HQL�VH�RNROX��������SRHGLQHaQL�PHUHZD�L�VREUDQL�VH����
MB�UH]XOWDWL�NRL�VH�VSDNXYDQL�YR�����GLVNHWL�

5H]XOWDWLWH� VH� REUDERWHQL� L� SUHVWDYHQL� YR� YUHPHQVNL� GRPHQ� L� VWDWLVWLaNL�
VSRUHG� PHWRGLWH� NRL� VH� SUHSRUDaDQL� RG� SIGRE� L� RG� IEC.� 3ULNDCDQL� VH
NDUDNWHULVWLaQLWH� UH]XOWDWL� RG� PHUHZDWD� L� VSRUHGHQL� VH� VR� IEEE-519� VWDQGDUGLWH
[2] L� WRD� YR� YLG� QD� YUHPHQVNL� GLMDJUDP� QD� SURPHQD� QD� YNXSQDWD� KDUPRQLVND
GLVWRU]LMD�L]REOLaXYDZH�� QD� VWUXMDWD� �THDI�� L� QDSRQRW� �THDU��� NXPXODWLYQDWD
YHURMDWQRVW� QD� SRMDYD� QD� RGUHGHQR� QLYR� QD� THDI� L� THDU�� L� XVUHGQHW� VSHNWDU� QD
VWUXMDWD�L�QDSRQRW�SR�PHUQLWH�ORNDFLL��SRGJUXSL�L�JUXSL�SRWUR^XYDaL��.DNR�JODYHQ
NULWHULMXP� ]D� RFHQXYDZH� QD� QLYRWR� QD� SULVXVWYRWR� QD� YL^L� KDUPRQLFL� SRVOXCL
YUHGQRVWD�QD�THDU�LOL�THDI��^WR�QH�EH^H�QDGPLQDWD�YR�����VOXaDL��YUHPH���9R�RYRM
NXV� SULND]� `H� ELGDW� SUHVWDYHQL� QHNRL� SRLQWHUHVQL� UH]XOWDWL� RG� DQDOL]DWD� L
NRQHaQLWH�]DNOXaRFL�RG�PHUHZDWD�
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���� $QDOL]D�QD�UH]XOWDWLWH�]D�SRWUR^XYDaLWH�RG�VWDQEHQLWH�REODVWL

3UHNX� DQDOL]DWD� RG� YUHPHQVNLRW� GLMDJUDP� QD� YNXSQDWD� KDUPRQLVND
L]REOLaHQRVW�QD�VWUXMDWD��THDI��PRCH�GD�VH�]DEHOHCL�GHND�NDUDNWHULVWLaQLRW�REOLN
QD� RYDD� IXQNFLMD� VH� MDYXYD� NDM� VLWH� ORNDFLL� QD� PHUHZHWR�� 7RM� JL� VOHGL� GQHYQLWH
DNWLYQRVWL� YR� GRPD`LQVWYRWR�� RGQRVQR� QLYRWR� QD� THDI� H� LVNOXaLWHOQR� QL]RN� YR
NDVQLWH� QR`QL� VDDWL� L� YR� UDQLWH� XWULQVNL� VDDWL�� EODJR� VH� ]JROHPXYD� YR� WHNRW� QD
SUHWSODGQHWR�� D� SRWRD� QDJOR� VNRNQXYD� YR� NDVQLWH� SRSODGQHYQL� aDVRYL� L� SUL
YHaHUQLWH�aDVRYL��0DNVLPXPRW�VHNRJD^�VH�]DEHOHCXYD�QD�SRaHWRNRW�QD�QR`WD��PH_X
���L����aDVRW��L�WDD�YUHGQRVW�YRJODYQR�VH�]DGUCXYD�GR�RNROX����aDVRW�LOL����aDVRW�
NRJD�QDJOR�SD_D�QD�LVNOXaLWHOQR�QLVNL�YUHGQRVWL� [3]��1DMJROHP�XGHO�YR�THDI�LPDDW
WUHWLRW� L� SHWWLRW� KDUPRQLN�� VR� WRD� ^WR� WUHWLRW� EH^H� QDML]UD]HQ�� 6SRUHGHQR� VR
JUDQLaQLWH� YUHGQRVWL� RG� VWDQGDUGRW� IEEE-519�� VH� JOHGD� GHND� WLH� YRJODYQR� VH
QDGPLQXYDDW�YR�NDVQLWH�YHaHUQL�aDVRYL�L� YR�SUYLWH�QR`QL�aDVRYL��NRJD�L]QRVRW�QD
WUHWLRW�KDUPRQLN�H�QHGRSX^WHQR�YLVRN��9DNYLWH�UH]XOWDWL�XSDWXYDDW�QD�]DNOXaRNRW
GHND� JODYQL� SULaLQLWHOL� ]D� YLVRNRWR� KDUPRQLaQR� ]DJDGXYDZH� VH� PUHCQLWH
LVSUDYXYDaL�L� VWDELOL]DWRULWH� ]D� QDSRQ�NDM�79�SULHPQLFLWH�� NDNR�L� GUXJL� VOLaQL
HQHUJHWVNL� SUHWYRUXYDaL� YR� RVWDQDWLWH� NX`QL� HOHNWURQVNL� DSDUDWL� �YLGHR�� DXGLR
XUHGL��NRPMXWHUL�L�VOLaQR��

9R� REODVWLWH� NDGH� SRNUDM� VWDQEHQ� SURVWRU� LPD� L� SRPDOL� UDERWLOQLFL�
WUJRYVNL�UDERWLOQLFL��NDQFHODULL�L�VOLaQR��VH�]DEHOHCXYD�QH^WR�SRJROHP�L]QRV�QD
QLYRWR� QD� KDUPRQLFLWH� YR� SUHGSODGQHYQLWH� aDVRYL�� SUL� ^WR� VSRPQDWLRW
NDUDNWHULVWLaHQ�REOLN�YR�GUXJLWH�GHORYL�QD�GHQRW�RVWDQDO�LVW� 6OLaHQ� GLMDJUDP� QD
GQHYQDWD� SURPHQD� VH� ]DEHOHCXYD� L� SUL� PHUHZHWR� QD� YNXSQRWR� KDUPRQLVNR
L]REOLaXYDZH� QD� QDSRQRW� �THDU��� SUL� ^WR� QH� VH� YRRaHQL� GHIRUPDFLL� SRYH`H� RG
SURSL^DQLWH����

6WDWLVWLaNL� REUDERWHQL� UH]XOWDWL� SRNDCXYDDW� GHND� NDM� 76� �=DJRUMH�� SUL
SUYRWR� PHUHZH� YR� ����� JRGLQD�� ���� RG� EUDQRYLWH� REOLFL� QD� VWUXMDWD� ELOH
L]REOLaHQL�SRYH`H�RG�JUDQLFDWD�RG�����GRGHND�YR�SRYWRUQRWR�PHUHZH�YR������JRGLQD
WRM�SURFHQW�ELO������VOLND�����.DM�76��.XSDOL^WH��QDMGHQR�H�����]DJDGHQL�EUDQRYL
REOLFL� QD� VWUXMDWD�� NDM� 76� YR� �*RUHQMVND�� XOLFD� �6XERWLFD�� RNROX� ����� D� NDM� 76
�5RPDQLVND�� VDPR�����$NR� VH� VXPLUDDW� VLWH� UH]XOWDWL�QD�PHUHZHWR� YR� VWDQEHQDWD
]RQD� QD� 1RYL� 6DG� L� YR� 6XERWLFD� QD� ���kV� �VOLND� ���� VH� JOHGD� GHND� YNXSQRWR
KDUPRQLaQLR�L]REOLaXYDZH�QD�VWUXMDWD��THDI�� MD�QDGPLQXYD�JUDQLFDWD�RG�����NDNR
]D� PDNVLPDOQDWD� YUHGQRVW�� WDND� L� YR� ���� YHURMDWQRVW�� ^WR� XNDCXYD� GHND� SRVWRL
YHURMDWQRVW� ]D� SRMDYXYDZH� QD� QHJDWLYQL� HIHNWL� QD� YL^LWH� KDUPRQLFL�� 2G
SRHGLQHaQLWH� KDUPRQLFL�� �� �� WLRW� L� ��WLRW� VH� QDML]UD]HQL� L� PQRJX� VH� EOLVNL� GR
GR]YROHQLWH�JUDQLFL�

+DUPRQLVNRWR�L]REOLaXYDZH�QD�QDSRQRW��THDU�L�HDUn���QH�SRNDCXYD�]QDWQL
YUHGQRVWL��RGQRVQR�PDNVLPDOQR�]DEHOHCDQLWH�L]QHVXYDDW�RGYDM����RG�GR]YROHQLWH�

���� $QDOL]D�QD�UH]XOWDWLWH�NDM�SRWUR^XYDaLWH�RG�]RQDWD�QD�SRVORYQL�REODVWL�L
]JUDGL



.DM� SRVORYQLWH� REODVWL� L� ]JUDGL�� VH� DQDOL]LUDDW� VOXaDLWH� QD� KDUPRQLaQL
L]REOLaXYDZD� QD� ���� kV� ��� ORNDFLL�� L� ��� kV� ��� ORNDFLL���.DNR�^WR� PRCH^H� GD� VH
RaHNXYD�� KDUPRQLFLWH� QD� VWUXMDWD� QD� ���kV� VH� SRL]UD]HQL�� L� XVUHGQHWLRW� VSHNWDU
SRNDCXYD� GHND� THDI� ������ JR� QDGPLQXYD� JUDQLFDWD� RG� ���� 2G� LQGLYLGXDOQLWH
KDUPRQLFL�L]UD]HQL�VH���WL����WL�L���PL��^WR�XNDCXYD�QD�YOLMDQLHWR�QD�UHJXOLUDQLWH
HOHNWURPRWRUQL�SRJRQL��HGQRQDVRaQL�HOHNWURPRWRUQL�SRJRQL��OLIWRYL�L�VO���1D���
kV�QLYR�QHPD�SRL]UD]HQL�KDUPRQLFL�QD�VWUXMDWD�

9R� RYDD� REODVW� QHPD� SRL]UD]HQL� KDUPRQLFL� QD� QDSRQRW�� RGQRVQR� QLYRWR� QD
KDUPRQLFLWH�H�SRG�����RGR^WR�GR]YROHQRWR�L�QD����kV�L�QD���kV�
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VO���8VUHGQHW� VSHNWDU� QD� VWUXMDWD� YR� VWDQEHQDWD� ]RQD� QD� JUDGRYLWH� YR� 9RMYRGLQD
�1RYL�6DG��6XERWLFD��

��� $QDOL]D� QD� UH]XOWDWLWH� ]D� SRWUR^XYDaL� RG� PH^RYLWDWD� ]RQD� �WUJRYVNR�
SRVORYQR�VWDQEHQD�



9R� PH^DQDWD� �WUJRYVNR�SRVORYQR�VWDQEHQD��� NRMD� RELaQR� JL� SRNULYD
FHQWUDOQLWH�GHORYL�QD�JUDGRW��PHUHZDWD�VH�L]YHGHQL�QD�HGQD�ORNDFLMD�RG�QDSRQVNRWR
QLYR�����kV��QR�YR�GYD�QDYUDWL�������L�������JRGLQD��5H]XOWDWLWH�RG�WLH�PHUHZD��NDNR
L�QLYQDWD�VWDWLVWLaND�REUDERWND��QH�SRNDCDOH�SRVWRHZH�QD�]QDaDMQL�L]REOLaXYDZD
QD� VWUXMDWD� LOL� QDSRQRW�� 1R�� PHUHZDWD� QD� ��� kV� NRL� JL� RSIDWLMD� SRVORYQR�
WUJRYVNLRW� FHQWDU� L� WHDWDURW�� SRNDCXYDDW� ]QDaDMQL� L]REOLaXYDZD� QD� VWUXMDWD�
RVREHQR� ]DUDGL� SRMDYDWD� QD� ��WLRW� KDUPRQLN�� NRM� ]DHGQR� VR� YNXSQRWR� KDUPRQLVNR
L]REOLaXYDZH��THDI��ELWQR�JL�QDGPLQXYD�GR]YROHQLWH�JUDQLFL��VOLND�����6HSDN��WRD
QH�GRYHOR�GR�SR]QDaDMQR�YUHGQRVW�QD�KDUPRQLVNRWR�L]REOLaXYDZH�QD�QDSRQRW�QD���
kV�

��� $QDOL]D�QD�UH]XOWDWLWH�]D�SRWUR^XYDaLWH�RG�LQGXVWULVNDWD�]RQD

9R� LQGXVWULVNDWD� ]RQD� QD� JUDGRYLWH� YR� 9RMYRGLQD� PHUHZHWR� H� L]YU^HQR� YR
1RYL�6DG��6XERWLFD�L�YR�GYD�SRPDOL�JUDGRYL��%HaHM�L�%DaND�3DODQND���6LWH�PHUHZD
EHD�QD� ��� kV� VRELUQLFL� L� WLH� � SRNDCD�PQRJX� JROHPL� YDULMDFLL� QD� KDUPRQLFLWH� YR
PUHCDWD�

.DNR� L� YR� SUHWKRGQLWH� VOXaDL�� KDUPRQLFLWH� QD� VWUXMDWD� VH� SRL]UD]HQL�� QR
YRJODYQR� WLH� VH� QD� JUDQLFDWD� LOL� QH^WR� PDONX� SRG� GR]YROHQRWR� QLYR�� ,PD� ELWQL
UD]OLNL�YR�QLYRWR�PH_X�UH]XOWDWLWH�]DEHOHCDQL�YR�1RYL�6DG�L�YR�SRPDOLWH�JUDGRYL
RG� HGQD� L�6XERWLFD� RG� GUXJD� VWUDQD�� 9R� YWRULRW� VOXaDM� QHPD� SR]QDaDMQL� L]QRVL� QD
KDUPRQLFLWH�� ^WR� QH� PRCH� GD� VH� SULSL^H� QD� SRNYDOLWHWQL� SRJRQL� LOL� SDN� QD
QLYQDWD�OLQHDUQRVW��1DMYHURMDWQD�SULaLQD� H� UDERWDWD� QD� LQGXVWULMDWD� VR� UD]OLaQL
�YRJODYQR�QL]RN��QLYR�QD�LVNRULVWHQRVW�QD�NDSDFLWHWLWH��^WR�H�NDUDNWHULVWLaQR�]D
SRVW�VDQNFLVNLRW�SHULRG��SD�L�GR�GHQ�GHQHVND�

+DUPRQLFLWH� QD� QDSRQRW� QHPDDW� SRJROHPL� QHGR]YROHQL� YUHGQRVWL�� QR
YRRaOLYR�H�]QDWQR�SULVXVWYR�QD���WLRW�KDUPRQLN�YR�PUHCDWD�1LYQRWR�YNXSQR�QLYR�H
SRG� ���� RG� GR]YROHQRWR�� 0H_XWRD�� YR� VOXaDM� QD� UDERWD� QD� LQGXVWULMDWD� VR� SROQ
NDSDFLWHW�� QLYRWR� QD� THDU� QH^WR� `H� VH� ]JROHPL�� QR� SUD^DZH� H� GDOL� L� QDG
GR]YROHQLWH����

7DND�� LQGXVWULVNDWD� ]RQD� RVWDQXYD� QDM]QDaDHQ� SRWHQFLMDOHQ� L]YRU� QD
KDUPRQLFL��,VWRYUHPHQR�� YR� QHD� VH� QDR_D� L� GREDU� GHO� RG� RSUHPDWD� L� XUHGLWH� aLMD
IXQNFLMD�PRCH� GD� ELGH� SRUHPHWHQD� ]DUDGL�SULVXVWYRWRWR�QD� YL^LWH� KDUPRQLFL� YR
PUHCDWD�� 7RD� QDODJD� SRWUHED� ]D� QDWDPR^QR� VOHGHZH� L� SRGHWDOQL� DQDOL]L� QD
KDUPRQLFLWH� YR� RYDD� REODVW�� NDNR� L� VRELUDZH� QD� SRGDWRFL� ]D� QHYRRELaDHQL� �LOL
QHREMDVQHWL��RWND]L�QD�UDERWDWD�QD�SRHGLQL�SRJRQL�YR�LQGXVWULMDWD�

����� $QDOL]D�QD�UH]XOWDWLWH�]D�SRWUR^XYDaLWH�RG�XQLYHU]LWHWVNDWD�]RQD

9R� XQLYHU]LWHWVNDWD� ]RQD� �NDPSXVRW�� ]DEHOHCDQL� VH� ]QDaDMQL� YUHGQRVWL� QD
YNXSQDWD� L]REOLaHQRVW� QD� VWUXMDWD�� D� RVREHQR� ��RW�� ��RW� L� ��RW� KDUPRQLN�� QR� WLH
L]QRVL� QH� MD� QDGPLQDD� JUDQLaQDWD� YUHGQRVW�� 6OLaQR� PRCH� GD� VH� ]DNOXaL� L� ]D
KDUPRQLFLWH�QD�QDSRQRW��NRL�VH�]QDWQR�SRG�JUDQLaQDWD�YUHGQRVW��SRPDOL�VH�RG����



RG� GR]YROHQRWR� QLYR��� RVYHQ� ��WLRW� KDUPRQLNN� NRM� H� RNROX� ���� RG� JUDQLaQDWD
YUHGQRVW�

���� $QDOL]D� QD� UH]XOWDWLWH� RG� PHUHZDWD� ]D� SRWUR^XYDaLWH� RG
YRQJUDGVNDWD�]RQD

9R�YRQJUDGVNDWD�]RQD�VH�SRVPDWUDDW�KDUPRQLFLWH�NDM�VHOVNLWH�L�SULJUDGVNLWH
QDVHOEL� QD� ��� kV� L]YRGL�� $QDOL]LUDM`L� JL� RYLH� UH]XOWDWL� L� QLYQLWH� XVUHGQHWL
VSHNWUL�� PRCH� GD� VH� XRaL� GHND� RVYHQ� SRHGLQHaQL� VOXaDL�� QHPD� ELWQR� KDUPRQLaQR
L]REOLaXYDZH�QD�VWUXMDWD�QLWX�QD�QDSRQRW��2G�SRHGLQHaQLWH�KDUPRQLFL��QDML]UD]HQL
VH���RW����RW�L���RW�

���� $QDOL]D�QD�UH]XOWDWLWH�RG�PHUHZHWR�NDM�JROHPLWH�LQGXVWULVNL�SRWUR^XYDaL

*ROHPLWH� LQGXVWULVNL� SRWUR^XYDaL� SUHVWDYXYDDW� QDM]QDaDMQLWH� L]YRUL� QD
YL^L�KDUPRQLFL�YR�GLVWULEXWLYQDWD�PUHCD��^WR�JR�SRWYUGLMD�L�PHUHZDWD��8RaHQR�H
]QDaDMQR� L]REOLaXYDZH� QD� � VWUXMDWD�� ELOR� QD� QLYRWR� ���� kV�� NRH� H� QDMaHVWR� YR
YQDWUH^QRVWD� QD� HQHUJHWVNLRW� VLVWHP� QD� VDPLRW� SRWUR^XYDa�� ELOR� QD� ��kV� LOL� ��
kV��9R�REDWD� VOXaDL�QDGPLQDWL� VH� GR]YROHQLWH� JUDQLaQL�YUHGQRVWL� ]D�THDI� L� ]D� ��
WLRW�KDUPRQLN��YR�YWRULRW�VOXaDM�L�]D����WLRW��VOLND�����1D�����kV�SULPHWHQ�H�YLVRN
L]QRV� L� QD� ��LRW� L� ��� �WLRW� KDUPRQLN�� ^WR� XSDWXYD� QD� SULVXVWYR� QD� UHJXOLUDQL
HOHNWURPRWRUQL�SRJRQL�VR�WULID]QL�LVSUDYXYDaL�
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VO�����8VUHGQHW�VSHNWDU�QD�6758-$7$�NDM�JROHPLWH�LQGXVWULVNL�SRWUR^XYDaL�QD���
LOL����kV�

+DUPRQLFLWH� QD� QDSRQRW� QD� ���� kV� LVWR� WDND� VH� QDG� LOL� QD� VDPDWD� JUDQLFD� QD
GR]YROHQLWH��^WR� XNDCXYD� QD� PRCQRVWLWH� ]D� SRMDYD� QD� QHNRL� QHJDWLYQL� HIHNWL� QD
SULVXVWYRWR� QD� YL^LWH� KDUPRQLFL� YR� PUHCDWD�� 1D� ��� kV� LOL� QD� ��� kV� QLYR� RYLH
KDUPLRQLFL� L� THDU� VH� SRG� JUDQLaQDWD� YUHGQRVW�� QR� KDUPRQLVNLRW� NDSDFLWHW� QD
PUHCDWD� YH`H� H� GREUR� LVNRULVWHQ� �VOLND� ���� 1DWDPR^QLWH� SULNOXaXYDZD� QD
SRWUR^XYDaL� VR� QHOLQHDUQD� NDUDNWHULVWLND� QD� WDNYL� VRELUQLFL� EL� PRCHOH� GD



GRYHGDW�GR�R]ELOQL�L]REOLaXYDZD�QD�QDSRQRW��^WR�EL�JL�]DJUR]LOR�GUXJLWH��OLQHDUQL
SRWUR^XYDaL��,�RYGH�QDML]UD]HQL�VH���RW����RW�L���RW�KDUPRQLN�

VELIKI IN D USTRIJSKI POTR O SAC I, Vojvod ina
10 ili 20 kV, U srednjeni spektar napona
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VO���8VUHGQHW�VSHNWDU�QD�1$32127�NDM� JROHPLWH�LQGXVWULVNL�SRWUR^XYDaL�QD���
kV�L����kV

�� ',6.86,-$�1$�5(=8/7$7,7(

9H]� RVQRYD� QD� SULNDCDQLWH� UH]XOWDWL� RG� VWDWLVWLaNDWD� REUDERWND�� VH� JOHGD
GHND� SR]QDaDMQL� RGVWDSXYDZD� RG� JUDQLaQLWH� YUHGQRVWL� L]PHUHQL� VH� VDPR� ]D
KDUPRQLFLWH� QD� VWUXMDWD� L� WRD� YRJODYQR� YR� VWDQEHQLWH� REODVWL�� NDM� SRHGLQL
SRVORYQR�WUJRYVNL�REMHNWL�L�NDM�LQGXVWULVNLWH�SRWUR^XYDaL��ELOR�GD�VH�YR�VNORSRW
QD� LQGXVWULVNLWH� ]RQL� SR� JUDGRYLWH�� ELOR� NDNR� JROHPL� SRHGLQHaQL� SRWUR^XYDaL��
,PD^H�SRYH`H�SRHGLQHaQL�VOXaDL� �QD�L]UD]LWL�GHIRUPDFLL�QD�EUDQRYLRW�REOLN�QD
VWUXMDWD�� QR� WLH� WUDHD� YRJODYQR� NUDWNR�� SD� WUHWLUDQL� VH� NDNR� VOXaDMQL� SRMDYL�
RGQRVQR� QH� YOHJXYDD� YR� YUHGQRVWD� VR� ���� YHURMDWQRVW�� 9U]� RVQRYD� QD� XVUHGQHWLWH
VSHNWUL��VH�JOHGD�GHND�YR�PUHCDWD�VH�SRMDYXYDDW�UHODWLYQR�VNURPHQ�EURM�KDUPRQLFL��
GR������WLRW�

0RCH� GD� VH� XRaL� L]YHVQD� ]DNRQLWRVW� QD� SRMDYXYDZHWR� QD� ]QDaDMQL� QLYRL� QD
YL^L� KDUPRQLFL� YR� VWDQEHQLWH� REODVWL� �� WLH� YRJODYQR� VH� SRMDYXYDDW� YR� YHaHUQLWH
aDVRYL�� 2EMDVQXYDZHWR� OHCL� YR� IDNWRW� GHND� VH� UDERWL� ]D� REODVW� NRMD� VH
NDUDNWHUL]LUD� VR� JROHP�EURM� LVWRYUHPHQR�SULNOXaHQL�QHOLQHDUQL�SRWUR^XYDaL� VR
PDOL�PR`QRVWL��RG�NRL�QDMJROHPLRW�GHO�JR�VRaLQXYDDW�79�DSDUWDWLWH��9R�SULORJ�QD
RYD� H� L� IDNWRW� ^WR� RG� SRHGLQHaQLWH� KDUPRQLFL� VR� SRJROHP� LQWHQ]LWHW�� � VH
SRMDYXYDDW� VDPR� ��WLRW� L� ��WLRW�� ^WR� H� NDUDNWHULVWLaQR� ]D� PRQRID]QLWH
LVSUDYXYDaL�

.DM� SRHGLQL� SRVORYQL� ]JUDGL� L� SRVORYQR�WUJRYVNL� FHQWUL�� YOLMDQLHWR� QD
UHJXOLUDQLWH�HOHNWULaQL�SRJRQL�QD�OLIWRYLWH��NOLPDWL]DFLMDWD��SRGYLCQLWH�VNDOL�
RVYHWOXYDZHWR�L�VO���SUHGL]YLNXYD�SRL]UD]HQL�KDUPRQLFL�RG���WL����PL�L����WL�UHG�

1DMJROHPL�L]QRVL�QD�KDUPRQLFLWH�VH��NDNR�^WR�L�VH�RaHNXYD^H��VH�MDYXYDDW�NDM
LQGXVWULVNLWH� SRWUR^XYDaL�� 2YGH� L]YRULWH� VH� QDMUD]OLaQL�� ]DVLWHQL� HOHNWULaQL



PD^LQL�L�GUXJR��1DMVHULR]QR�YOLMDQLH�YU]�PUHCDWD�VH� ]DEHOHCXYD�SUL�UDERWDWD�QD
HOHNWURODaQDWD�SHaND�YR�OLYQLFDWD�YR�.LNLQGD��7RJD^�VH�QDGPLQDWL�JUQDLFLWH�L�]D
VWXMDWD�L�]D�QDSRQRW�9DNYLRW�SRWUR^XYDa�H�RVREHQR�QH]JRGHQ�]D�PUHCDWD��L�]DWRD��]D
QHJRYDWD�UDERWD�WUHED�GD�VH�VR]GDGDW�SRVHEQL�XVORYL�

0H_XWRD��L�SRNUDM�L]UD]HQLWH�KDUPRQLFL�QD�VWUXMDWD�YR�PUHCDWD��KDUPRQLFLWH
QD� QDSRQRW� VNRUR� VHNRJD^� VH� GYLCDW� YR� GR]YROHQLWH� JUDQLFL��1LYQLRW� VSHUNWDU� H
QH^WR� SRQL]RN� RG� VSHNWDURW� QD� VWUXMDWD�� WDND� ^WR� PRCH� GD� VH� ]DNOXaL� GHND
GRPLQDWQLWH� KDUPRQLFL� YRJODYQLR� VH� RG� UHG� SRQL]RN� RG� ���� 1DVOLNLWH� �� L� �
SULNDCDQL�VH�YNXSQLWH�UH]XOWDWL�QD�PHUHZDWD�SRVOH�VWDWLVWLaNDWD�REUDERWND�]D�SN
L� NN� PUHCD� VRRGYHWQR�� *OHGDPH� GHND� QLYRWR� QD� KDUPRQLFLWH� YR� NN� PUHCD� H
SRYLVRNR�RGR^WR�YR�SN�PUHCD��QR�VHSDN�]QDWQR�SRQLVNR�RG�GR]YROHQLWH�JUDQLFL��7RD
XNDCXYD� GHND� PUHCDWD� H� GRYROQR� PR`QD� ]D� SRVWRHaNLRW� VWHSHQ� QD� KDUPRQLVNR
]DJDGXYDZH�L�GHND�SRVWRMDW�VROLGQL�UH]HUYL�]D�KDUPRQLVNL�NDSDFLWHW�

JP ELEKTROVOJVODINA, SN m reza
10 kV i 20 kV, Usrednjeni spektar napona
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VO���8VUHGQHW�VSHNWDU�]D�1$32127�]D�SN�PUHCD�QD�-3�(OHNWURYRMYRGLQD��]D����L
���kV�

.DNR�UHIHUHWQL�YUHGQRVWL�]D�NYDOLWHWRW�NRULVWHQL�VH�JUDQLaQLWH�YUHGQRVWL
�OLPLWL�� GDGHQL� YR� VWDQGDUGRW IEEE-519 [2]�� =D� WUHWLUDQRWR� ]DJDGXYDZH� L
UHJLVWULUDQLRW� VSHNWDU� WLH� VH� SRNDCDOH� GXUL� L� SUHPQRJX� UHVWULNWLYQL�� ELGHM`L
SUHaHNRUXYDZHWR�QD� OLPLWRW� ]D� KDUPRQLFLWH� QD� VWUXMDWD� QH� SUHGL]YLND� RaHNXYDQR
]JROHPXYDZH�QD�KDUPRQLFLWH�QD�QDSRQRW��3RNUDM�RYLH�OLPLWL��WUHED�GD�JL�VSRPHQLPH
L�RQLH�NRL�JL�L]GDGRD�PH_XQDURGQLWH�RUJDQL]DFLL� IEC�L�CIGRE [4,5]��CIGRE�GDYD�GYD
NRPSOHWD� QD� OLPLWL� �� JRUQL� L� GROQL�� *RUQLWH� OLPLWL�� NRL� VH� SULIDWHQL� RG� IEC
L]GDGHQL�VH�NDNR�VWDQGDUG�IEC�����������L�WLH�VH�QH^WR�SRJROHPL�RG�IEEE-519�OLPLWRW
�THDUlimit=8%��L�WRD�VH�RQLH�NRL�UHWNR� VH�SRVWLJQXYDDW�YR�PUHCDWD��QR�LPD� JROHPD
YHURMDWQRVW�]D�SUHGL]YLNXYDZH�QD�QHVDNDQL�HIHNWL��2G�GUXJD�VWUDQD��GROQLWH�OLPLWL
QD�CIGRE�]D�NRL�H�YHURMDWQR�GHND�VH�SUHaHNRUXYDDW�YR�EOL]LQDWD�QD�VLOQL�L]YRUL�QD
KDUPRQLFL��LPDDW�PDOD�YHURMDWQRVW�]D�SUHGL]YLNXYDZH�QD�QHJDWLYQL�HIHNWL��7LH�VH



QH^WR�VH�SRYLVRNL�RG��RQLH�YR� IEEE-519�VWDQGDUGLWH�]D�KDUPRQLFL�RG�UHGRW�n≤7,�QR
SRVWURJL�VH�]D�KDUPRQLFLWH�RG�SRYLVRN�UHG�

%LGHM`L� UHJLVWULUDQLWH� KDUPRQLFL� QD� QDSRQRW� YR� PUHCDWD� QD� -3
(OHNWURYRMYRGLQD�QH�JL�QDGPLQDD�OLPLWLWH�QD�IEEE-519��NRL�VH�QDMVWURJL��YR�GRPHQRW
QD�QLVNLWH�KDUPRQLFL����WL����WL�����PL���D�WRD�VH�WRNPX�RQLH�NRL�QDMaHVWR�VH�MDYXYDDW
YR� PUHCDWD�� SUHGODJDPH� LGQLRW� WHKQLaNL� SURSLV� GD� QH� SURSL^XYD� OLPLWL� ]D
KDUPRQLFLWH�QD�QDSRQRW�RG�UHGRW�n≤7 SRQL]RN�RG�RQRM�GDGHQ�YR�VWDQGDUGRW�IEEE-519�
D�]D�SRYLVRN�UHG���QH�SRQL]RN�RG�GROQLRW�OLPLW�QD�CIGRE�� �*RUQDWD�JUDQLFD�YR�NRMD
EL� WUHEDOR� GD� VH� QDMGDW� OLPLWLWH�� EL� ELOH� YUHGQRVWLWH� GDGHQL� YR� IEC VWDQGDUGRW�
RGQRVQR�JRUQLWH�OLPLWL�QD�CIGRE.

JP ELEKTROVOJVODINA, NN mreza
0,4 kV, Usrednjeni spektar napona
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VO�����8VUHGQHW�VSHNWDU�]D�1$32127�]D�NN�PUHCD�QD�-3�(OHNWURYRMYRGLQD��]D����
kV�

��� =$./8A2.

9U]� RVQRYD� QD� SULNDCDQLWH� UH]XOWDWL� RG� PHUHZDWD� L� QLYQDWD� VWDWLVWLaND
REUDERWND�� VH� JOHGD� GHND� VH� UHJLVWULUDQL� ]QDaDMQL� RWVWDSXYDZD� RG� JUDQLaQLWH
YUHGQRVWL�VDPR�NDM�KDUPRQLFLWH�QD�VWUXMDWD�L�WRD�JODYQR�NDM�VWDQEHQLWH�REODVWL��NDM
SRHGLQL� SRVORYQR�WUJRYVNL� REMHNWL� L� NDM� LQGXVWULVNL� SRWUR^XYDaL� �ELOR� GD� VH� YR
VNORSRW� QD� LQGXVWULVNLWH� ]RQL� YR� JUDGRYLWH�� ELOR� GD� VH� WRD� JROHPL� LQGXVWULVNL
SRWUR^XYDaL��� =DEHOHCHQL� VH� LVWR� WDND� L� QHNRL� VOXaDL� QD� LVNOXaLWHOQR� JROHPL
GHIRUPDFLL� QD� REOLNRW� QD� VWUXMDWD�� QR� WLH� QDMaHVWR� WUDHMD� PQRJX� NUDWNR�� SD� VH
WUHWLUDDW�NDNR�SRHGLQHaQL�SRMDYL�L�QH�YOHJXYDDW�YR�����YUHGQRVW�

3RVPDWUDM`L� JL� XVUHGQHWLWH� VSHNWUL�� VH� JOHGD� GHND� YR� PUHCDWD� VH� MDYXYDDW
UHODWLYQR�VNURPHQ�EURM�KDUPRQLFL�QD�VWUXMDWD���GR����WLRW��D�SUL�WRD�QDML]UD]HQL�VH
��WLRW����WLRW����PLRW�L����WLRW��+DUPRQLFLWH�VH�SRLQWHQ]LYQL�QD����kV�YR�VSRUHGED
VR����LOL���KV �QLYR��1DML]UD]LWLWH�KDUPRQLFL�VH�MDYXYDDW��NDNR�^WR�VH�RaHNXYD^H�
NDM� LQGXVWULVNLWH� SRWUR^XYDaL�� D� QDMVHULR]QR� YOLMDQLH� YU]� PUHCDWD� ]DEHOHCHQ� H
SUL� UDERWDWD� QD� HOHNWURODaQDWD� SHaND� YR� �/LYQLFD�� RG� .LNLQGD�� 7RJD^



KDUPRQLFLWH� QD� VWUXMDWD� L� KDUPRQLFLWH� QD� QDSRQRW� JL� QDGPLQDD� SRVWDYHQLWH
JUDQLFL��9DNYL�SRWUR^XYDaL�JHQHULUDDW�YLVRNL�QLYRL�QD�KDUPRQLFL�L�WRD�RVREHQR
NDM�VWUXMDWD��^WR�PRCH�GD�SUHGL]YLND�GHJUDGDFLMD�QD�QDSRQRW�YR�PUHCDWD��L�]DWRD�]D
QLYQRWR�SULNOXaXYDZH�L�UDERWD�PRUD�GD�VH�SRVWDYDW�L�REH]EHGDW�SRVHEQL�XVORYL�

0H_XWRD��L�SRNUDM�L]UD]HQLWH�KDUPRQLFL�QD�VWUXMDWD���KDUPRQLFLWH�QD�QDSRQRW
VNRUR�VHNRJD^�VH�GYLCHD�YQDWUH�YR�GR]YROHQLWH�JUDQLaQL�YUHGQRVWL��5H]XOWDWLWH�RG
PHUHZDWD� L� RG� VWDWLVWLaNDWD� REUDERWND� SRNDCDD� GHND� � YR�NN� L� SN� PUHCD� RG� -3
(OHNWURYRMYRGLQD�SRVWRL�RGUHGHQ�QLYR�QD�YL^LWH�KDUPRQLFL�QD�QDSRQRW�� aLL� ���
XVUHGQHWL�YUHGQRVWL�]D�SN�PUHCD����kV�L����kV��L]QHVXYDDW�THDU����� �������D�]D
NN� PUHCD� ����kV�� WLH� L]QHVXYDDW� THDU����� ������� 0DNVLPDOQDWD� XVUHGQHWD
YUHGQRVW� QD� KDUPRQLVNRWR� L]REOLaXYDZH� ]D� SN� PUHCD� L]QHVXYD� THDUmax =2,42%,
RGQRVQR� ]D� NN� PUHCD� THDUmax�  ������� 1LYQLRW� VSHNWDU� H� QH^WR� SRWHVHQ� RG
VSHNWDURW� QD� VWUXMDWD�� WDND� ^WR� PRCH� GD� VH� ]DNOXaL� GHND� GRPLQDQWQL� KDUPRQLFL
YRJODYQR�VH�RG�UHGRW�SRPDO�RG����

.DNR� UHIHUHQWQL� YUHGQRVWL�� W�H�� NDNR� PHUND� ]D� NYDOLWHWRW� NRULVWHQL� VH
JUDQLaQLWH�YUHGQRVWL�GDGHQL�YR�VWDQGDUGRW�IEEE-519��NRL�YR�SRMDVRW�QD�SRVPDWUDQLWH
KDUPRQLFL� VH� SRVWURJL� RG� PH_XQDURGQLWH� �IEC� LOL�CIGRE��� 7LH� VH� SRNDCDD� GXUL� L
NDNR� SUHPQRJX� UHVWULNWLYQL�� ELGH`L� QDGPLQXYDZHWR� QD� JUDQLaQLWH� YUHGQRVWL� QD
KDUPRQLFLWH� QD� VWUXMDWD� QH� SUHGL]YLND� RaHNXYDQR� ]JROHPXYDZH� QD� KDUPRQLFLWH� QD
QDSRQRW�� 7RD� SRNDCXYD� GHND� PUHCDWD� H� GRYROQR� PR`QD� ]D� SRVWRHaNLRW� VWHSHQ� QD
KDUPRQLVNR�]DJDGXYDZH��WDND�^WR�SRVWRMDW�GREUL�UH]HUYL�]D�KDUPRQLVNL�NDSDFLWHW�

/,7(5$785$

[1]��9�.DWL`���6DYUHPHQL�VLVWHPL�]D�PHUHQMH�YL^LK�KDUPRQLND�X�GLVWULEXWLYQRM�PUHCL�� -8.2�

&,*5(� �� 6WUXaQD� NRQVXOWDFLMD� .YDOLWHW� HOHNWULaQH� HQHUJLMH�� 9UQMDaND� %DQMD�� 2NW�� �����

SS���������

[2]  IEEE Standard 519: "IEEE Recommended Practices and Requirements for Harmonic Control
in Electrical Power Systems", IEEE, New York, 1992.

[3]��9�.DWL`�� 1�.DWL`���0HUHQMH� YL^LK� KDUPRQLND� X� GLVWULEXWLYQRM� QLVNR�QDSRQVNRM� PUHCL��

;;,,�6DYHWRYDQMH�-8.2�&,*5(��9UQMDaND�%DQMD��0DM�������5������

[4]  IEC 1000-2-2: “Electromagnetic compatibility (EMC) - Part 2: Environment - Section 2:
Compatibility levels for low-frequency conducted disturbances and signaling in public low-voltage
power supply systems”, International standard, IEC, Geneve, 1990.

[5]  CIGRE Study Committee 36-WG5: “Harmonics, characteristic parameters, methods of study,
estimates of existing values in the network”, Electra, No.77, July 1981, pp.35-54.



0$.('216.,�.20,7(7�=$�*2/(0,�(/(.75,A1,�6,67(0,�
6,*5(��6.23-(

97252�629(789$:(�1$�0$.2�6,*5(

G�U�'UDJRVODY�5DMLaL`��6NRSMH�
'UDJDQ�'LPLWURYVNL��GLSO�HO�LQC��L
9HULFD�)LOLSRYD��GLSO�HO�LQC���-3�ì (OHNWURVWRSDQVWYR�QD�0DNHGRQLMDí �
�����������������������������������������������������������3RGUXCQLFD�ì (OHNWURGLVWULEXFLMDí �>WLS

= $> 7 , 7 $ � 2 ' � , 1 ' , 5 ( . 7 ( 1 � ' 2 3 , 5 � 9 2 � 0 5 (#,
6 2 � 5 $ = / , A 1 , � 1 , 6 . 2 1$ 321 6 . , � 6 , 6 7 (0,

. 5 $ 7 . $ � 6 2 ' 5#,1$

9R� SUDNWLNDWD� H� aHVW� VOXaDM� HGQD� QRYD� WUDQVIRUPDWRUVND� VWDQLFD
VUHGHQ�QL]RN� QDSRQ� GD� QDSRMXYD� GHORYL� RG� QLVNRQDSRQVNLWH� PUHCL� QD� SRVWRMQLWH
WUDQVIRUPDWRUVNL� VWDQLFL�� 3ULWRD�� QH� UHWNR�� SRVWRMQLWH� PUHCL� VH� L]JUDGHQL
VSRUHG�UD]OLaQL�QLVNRQDSRQVNL�VLVWHPL��HGQLWH�NDNR�TT�VLVWHP��D�GUXJLWH�NDNR�TN�
VLVWHP�� 7RD� ]QDaL� GHND� L� ]D^WLWDWD� RG� LQGLUHNWHQ� GRSLU� ELOD� UHDOL]LUDQD� QD
UD]OLaQL�QDaLQL��(GQR�RG�YDCQLWH�SUD^DZD�QD�NRH�PRUD�GD�VH�RGJRYRUL�H�GDOL�YR
QRYRIRUPLUDQDWD�PUHCD�VR�UD]OLaQL�VLVWHPL�H�HILNDVQD�]D^WLWDWD�RG�LQGLUHNWHQ
GRSLU��9R�WUXGRW�H� VHVWUDQR�REUDERWHQ�RYRM�SUREOHP��3UHNX� VRRGYHWQD�DQDOL]D� VH
GHILQLUDQL� XVORYLWH�^WR� PRUD� GD� ELGDW� ]DGRYROHQL� ]D� ]D^WLWDWD� RG� LQGLUHNWHQ
GRSLU�YR�WDNYLWH�PUHCL�GD�ELGH�HILNDVQD�

S U M M A R Y

Developing a distribution system, very often, we introduce new substation medium/low
voltage between two existing substations. In such a case, the new substation may supply parts of
low voltage networks, which were previously built as different low voltage systems, having
different protection against indirect touch. It is very important to know what conditions must be
satisfied in order to have adequate protection in the new low voltage network. This problem is the
main topic of the paper. Based on corresponding analysis some criterions were defined. They may
be used as practical rules in the procedure of indirect touch protection quality examination.

.OXaQL�]ERURYL��TT�VLVWHP��TN�VLVWHP��=D^WLWD�RG�LQGLUHNWHQ�GRSLU��2aHNXYDQ
QDSRQ�QD�GRSLU



���929('

(OHNWULaQLWH� XUHGL�PRCDW� GD� LPDDW� VSURYRGQL� GHORYL�^WR� VR� QL^WR� QH� VH
]D^WLWHQL� GD� ELGDW� GRSUHQL� RG� aRYHN�� 7DNYLWH� GHORYL� VH� QDUHNXYDDW� L]ORCHQL
VSURYRGQL�GHORYL��7LH�GHORYL�VH�HOHNWULaQR�L]ROLUDQL�RG�GHORYLWH�QD�XUHGRW�^WR
VH�SRG�QDSRQ��$NR�RG�ELOR�NRMD�SULaLQD�GRMGH�GR�SURELY�QD�WDD�L]RODFLMD��W�H�� DNR
GRMGH�GR�VSRM�SRPH_X�ID]QLRW�VSURYRGQLN�L�L]ORCHQLWH�VSURYRGQL�GHORYL��PRCDW�GD
VH� VR]GDGDW� XVORYL� aRYHN� HGQRYUHPHQR� GD� GRSUH� GYD� VSURYRGQL� GHOD� SRPH_X� NRL
SRVWRL�]QDaLWHOQD�SRWHQFLMDOQD�UD]OLND��.RJD�VH� MDYL�WDNRY�YLG�JUH^ND��GRSLU�QD
aRYHN�VR�L]ORCHQLWH�VSURYRGQL�GHORYL�VH�QDUHNXYD�LQGLUHNWHQ�GRSLU�

,QGLUHNWHQ� GRSLU� PRCH� GD� ELGH� RSDVHQ� ]D� aRYHN�� =DWRD� H� QHRSKRGQR� GD� VH
SUH]HPDW� VRRGYHWQL� PHUNL� QD� ]D^WLWD� RG� LQGLUHNWHQ� GRSLU�� 9R� SUDNWLNDWD� VH
MDYXYD�JROHP�EURM�UD]OLaQL�VOXaDL�L�QH�H�UDFLRQDOQR�GD�VH�LQVLVWLUD�QD�HGLQVWYHQ
QDaLQ�QD�]D^WLWD�RG�LQGLUHNWHQ�GRSLU��3RUDGL�WRD��YR�VWDQGDUGRW�0.6�1�%������
^WR�H�QD�VLOD�RG������JRGLQD��VH�GDGHQL�SHW�PHUNL�QD�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�
6HNRMD�RG�QLY�LPD�VSHFLILaQR�SRGUDaMH�QD�SULPHQD��.RJD�VH�YR�SUD^DZH�QLVNRQD�
SRQVNLWH�PUHCL�]D�QDSRMXYDZH�QD�RS^WDWD�SRWUR^XYDaND��QDMUDVSURVWUDQHWD�PHUND
QD�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�H�DYWRPDWVNR�LVNOXaXYDZH�QD�QDSRMXYDZHWR��2YDD
PHUND�VH�SULPHQXYD�L�YR�VOXaDM�QD�TT�VLVWHP��SRUDQR�QDUHNXYDQ�VLVWHP�VR�]D^WLWQR
]D]HPMXYDZH�� L� YR� VOXaDM� QD� TN�VLVWHP� �SRUDQR� QDUHNXYDQ� VLVWHP� VR� QXORYDZH��
1D]LYLWH� TN�VLVWHP� L� TT�VLVWHP� VH� PH_XQDURGQR� SULIDWHQL� WHUPLQL�� .DM� QDV� VH
YRYHGHQL�VR�VWDQGDUGRW�0.6�1�%������

.DNR� XUHGL� VR� NRL� PRCH� GD� VH� L]YHGXYD� DYWRPDWVNR� LVNOXaXYDZH� QD
QDSRMXYDZHWR� PRCDW� GD� VH� NRULVWDW� ]D^WLWQL� XUHGL� RG� SUHNXPHUQD� VWUXMD� �W�H�
RVLJXUXYDaL�L�SUHNLQXYDaL��LOL�]D^WLWQL�XUHGL�]D�GLIHUHQFLMDOQD�VWUXMD��SRUDQR
QDUHNXYDQL�]D^WLWQL�VWUXMQL�SUHNLQXYDaL��

9R� VWDQGDUGRW� 0.6�1�%������ VH� GDGHQL� XVORYLWH� ^WR� PRUD� GD� ELGDW
]DGRYROHQL�]D�GD�VH�REH]EHGL�HILNDVQD�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�NDNR�YR�VOXaDM
QD�TT�VLVWHP�WDND�L�YR�VOXaDM�QD�TN�VLVWHP��1R��QH�H�GHWDOQR�REMDVQHW�VOXaDMRW�NRJD
PUHCDWD� H� PH^DQD�� RGQRVQR� NRJD� HGHQ� QHM]LQ� GHO� H� JUDGHQ� NDNR� TT�VLVWHP�� D� GUXJ
NDNR�TN�VLVWHP�

9R� RYRM� WUXG� VH� UD]JOHGXYD� SUREOHPRW� QD� ]D^WLWD� RG� LQGLUHNWHQ� GRSLU� YR
XVORYL� NRJD� HGQD� WUDQVIRUPDWRUVND� VWDQLFD�� ^WR� H� JUDGHQD� VSRUHG� TN�VLVWHP�
QDSRMXYD� PH^DQD� QLVNRQDSRQVND� PUHCD�� (GQLRW� GHO� QD� QLVNRQDSRQVNDWD� PUHCD� H
JUDGHQ�NDNR�TT�VLVWHP��D�GUXJLRW�NDNR�TN�VLVWHP��6RVHPD�H�UD]ELUOLYR�GHND�QLNRM
QDPHUQR� QHPD� GD� JUDGL� QLVNRQDSRQVNL� PUHCL� VSRUHG� UD]OLaQL� VLVWHPL�� GRNRONX
RGQDSUHG� ]QDH� GHND� WLH� `H� VH� QDSRMXYDDW� RG� HGQD� WUDQVIRUPDWRUVND� VWDQLFD
VUHGHQ�QL]RN� QDSRQ�� 0H_XWRD�� YR� XVORYL� QD� SRUDVW� QD� SRYU^LQVNDWD� JXVWLQD� QD
RSWRYDUXYDZHWR�� aHVWR� VH� SUDNWLNXYD� YPHWQXYDZH� QRYL� WUDQVIURPDWUVNL� VWDQLFL
YR�PUHCDWD��1RYLWH�WUDQVIRUPDWRUVNL�VWDQLFL�SULID`DDW�GHO�RG�QLVNRQDSRQVNLWH
PUHCL�QD�SRVWRMQLWH�WUDQVIRUPDWRUVNL�VWDQLFL��'RNRONX�SRVWRMQLWH�WUDQVIRUPD�
WRUVNL� VWDQLFL� L� QLYQLWH� QLVNRQDSRQVNL� PUHCL� ELOH� JUDGHQL� VSRUHG� LVWLRW
QLVNRQDSRQVNL�VLVWHP�NDNR�L�QRYDWD�WUDQVIRUPDWRUVND�VWDQLFD��WRJD^�L�]D�QRYDWD
WUDQVIRUPDWRUVND� VWDQLFD� L� ]D� QHM]LQDWD� QLVNRQDSRQVND� PUHCD� YDCDW� LVWLWH
XVORYL� ]D� ]D^WLWD� RG� LQGLUHNWHQ� GRSLU� NDNR� L� ]D� SRVWRMQLWH�� 1R�� GRNRONX
SRVWRMQLWH�WUDQVIRUPDWRUVNL�VWDQLFL�ELOH�JUDGHQL�NDNR�UD]OLaQL�QLVNRQDSRQVNL
VLVWHPL��VR�GRSROQLWHOQD�DQDOL]D�WUHED�GD�VH�SURYHUL�SRG�NDNYL�XVORYL�PRCH�GD�VH
REH]EHGL� HILNDVQD� ]D^WLWD� RG� LQGLUHNWHQ� GRSLU� YR� QRYRIRUPLUDQDWD� QLVNRQD�
SRQVND�PUHCD�
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6WDQGDUGRW� 0.6�1�%������ SUHGYLGXYD� YR� VHNRMD� ]JUDGD� GD� VH� L]YHGH� JODYQR
L]UDPQXYDZH� QD� SRWHQFLMDOLWH�� =D� WDD� FHO� VH� NRULVWL� VSURYRGQLN� ]D� JODYQR
L]UDPQXYDZH�QD�SRWHQFLMDOLWH�VR�NRM�PRUD�GD�VH�SRYU]DW�

Á JODYHQ�]D^WLWHQ�VSURYRGQLN�
Á ]D^WLWQR�QHXWUDOHQ�VSURYRGQLN��DNR�H�YR�SUD^DZH�TN�VLVWHP�L�NRJD
GR]YROHQLRW�QDSRQ�QD�GRSLU�H����V�LOL�SRYLVRN�

Á JODYHQ�]HPMRYRG�LOL�JODYHQ�SULNOXaRN�]D�]D]HPMXYDaNLRW�VLVWHP
�SRGUD]ELUDM`L�L�]D]HPMXYDa�YR�WHPHORW��

Á FHYNL�L�VOLaQL�PHWDOQL�NRQVWUXNFLL�YR�]JUDGDWD��YRGRYRG��JDVRYRG�
FHQWUDOQR�JUHHZH��NOLPDWL]DFLMD��

Á PHWDOQL�NRQVWUXNFLL�QD�]JUDGDWD�
Á JURPREUDQVND�LQVWDODFLMD�
0HWDOQLWH�GHORYL�^WR�YOHJXYDDW�YR�]JUDGDWD�PRUD�GD�VH�SRYU]DW�VR�VSURYRG�

QLNRW� ]D� JODYQR� L]UDPQXYDZH� QD� SRWHQFLMDOLWH� L� WRD� ^WR� H� PRCQR� SREOLVNX� GR
PHVWRWR�QD�YOHJXYDZHWR�YR�]JUDGDWD��6SURYRGQLFLWH�]D�L]UDPQXYDZH�QD�SRWHQFLMD�
OLWH� PRUD� GD� ELGDW� YR� VRJODVQRVW� VR� VWDQGDUGRW� 0.6��1�%������� =DVOXCXYD� GD� VH
QDJODVL� GHND� JODYQRWR� L]UDPQXYDZH� QD� SRWHQFLMDOLWH� H� PHUND� NRMD� PRUD� GD� VH
L]YHGXYD� QH]DYLVQR� RG� WRD� GDOL� YR� QLVNRQDSRQVNDWD� PUHCD� H� SULPHQHW�TT�VLVWHP
LOL�TN�VLVWHP�

3UL�DQDOL]D�QD�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�VH�NRULVWDW�WHUPLQLWH��QDSRQ
QD� GRSLU�� RaHNXYDQ� QDSRQ� QD� GRSLU� L� QDSRQ� QD� JUH^ND�� @H� JL� QDYHGHPH� QLYQLWH
GHILQLFLL�VSRUHG�VWDQGDUGLWH�0.6�1�$������L�0.6�1�%������

3UL� JUH^ND� �GHIHNW�� QD� L]RODFLMDWD�� QDSRQRW� SRPH_X� HGQRYUHPHQR� GRVWDS�
QLWH� VSURYRGQL� GHORYL� VH� QDUHNXYD� QDSRQ� QD� GRSLU�� 3UL� JUH^ND� QD� L]RODFLMDWD�
QDSRQRW� SRPH_X� L]ORCHQLWH� VSURYRGQL� GHORYL� L� ]HPMDWD� VH� QDUHNXYD� QDSRQ� QD
JUH^ND��2aHNXYDQ�QDSRQ�QD�GRSLU�VH�GHILQLUD�NDNR�QDMYLVRN�QDSRQ�QD�GRSLU�^WR�VH
RaHNXYD� NRJD� YR� HOHNWULaQDWD� LQVWDODFLMD� QDVWDQH� JUH^ND� VR� ]DQHPDUOLYD
LPSHGDQFLMD�� 7XND� L� SRQDWDPX�� SRG� JUH^ND� `H� SRGUD]ELUDPH� VSRM� QD� ID]HQ
VSURYRGQLN�VR�L]ORCHQLWH�VSURYRGQL�GHORYL�LOL�VR�]D^WLWQLRW��RGQRVQR�]D^WLWQR�
QHXWUDOQLRW�VSURYRGQLN�

9R� VOXaDM� QD�TN�VLVWHP�� NRJD� ]JUDGDWD� QHPD� VYRM� ]D]HPMXYDa� L� QH� H� L]YHGHQR
L]UDPQXYDZH�QD�SRWHQFLMDOLWH� �^WR�H� VOXaDM� VR�VLWH�SRVWDUL�REMHNWL���PRCH�GD� VH
VPHWD�GHND�RaHNXYDQLRW�QDSRQ�QD�GRSLU�H�HGQDNRY�QD�QDSRQRW�QD�JUH^NDWD��,VWRWR
YDCL� L� YR� VOXaDM� QD� TT�VLVWHP�� NRJD� YR� ]JUDGDWD� QH� H� L]YHGHQR� L]UDPQXYDZH� QD
SRWHQFLMDOLWH�

.RJD� YR� PUHCLWH� VR� QDL]PHQLaHQ� QDSRQ� ]D^WLWDWD� RG� LQGLUHNWHQ� GRSLU� VH
L]YHGXYD�VR�DYWRPDWVNR�LVNOXaXYDZH�QD�QDSRMXYDZHWR��]D^WLWDWD�PRUD�GD�GHMVWYXYD
YR� YUHPH� NRH� QH� GR]YROXYD� RGUCXYDZH� RaHNXYDQ� QDSRQ� QD� GRSLU� VR� HIHNWLYQD
YUHGQRVW�SRYLVRND�RG�Udozv. = 50 V �

1DWDPR^QLWH� UD]JOHGXYDZD� `H� VH� RGQHVXYDDW� VDPR� QD� ]D^WLWDWD� RG
LQGLUHNWHQ�GRSLU�VR�DYWRPDWVNR�LVNOXaXYDZH�QD�QDSRMXYDZHWR�YR�QLVNRQDSRQVNLWH
PUHCL� L� LQVWDODFLL� VR� QDL]PHQLaHQ� QDSRQ�� YR� NRL� QRPLQDOHQ� QDSRQ� QD� ID]QLWH
VSURYRGQLFL�YR�RGQRV�QD�]HPMDWD�H�U0 230= V �

3UL�QDVWDQXYDZH�QD�JUH^ND��SUHNX�PHVWRWR�QD�JUH^NDWD�VH�IRUPLUD�VWUXMQR
NROR�^WR�JR�QDUHNXYDPH�NRQWXUD�QD�JUH^ND��6WUXMDWD�YR�NRQWXUDWD�QD�JUH^NDWD�`H
MD�QDUHNXYDPH�VWUXMD�QD�JUH^ND��7DD�VWUXMD�`H�MD�R]QDaXYDPH�VR� Igr e{ ka�
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3UHGPHW� QD� UD]JOHGXYDZH� YR� RYD� SRJODYMH� `H� ELGH� VOXaDMRW� NRJD� NRQ� HGQD
WUDQVIRUPDWRUVND� VWDQLFD� VUHGHQ�QL]RN�QDSRQ�L� VRRGYHWQD�QLVNRQDSRQVND�PUHCD�
^WR�VH�L]YHGHQL�NDNR�TN�VLVWHP��H�SULNOXaHQ�GUXJ�GHO��W�H��QLVNRQDSRQVNL�YRGRYL�
^WR�H�L]YHGHQ�NDNR�TT�VLVWHP��1D^LRW�LQWHUHV�H�SURYHUND�QD�XVORYLWH�]D�HILNDVQD
]D^WLWD� RG� LQGLUHNWHQ� GRSLU� YR� WDND�IRUPLUDQDWD� PH^DQD� PUHCD��3UHWSRVWDYX�
YDPH�GHND�YR�GHORW�^WR�H�L]YHGHQ�NDNR�TT�VLVWHP�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�H
HILNDVQD�YR�VLWH�VOXaDL�NRJD�VSRM��JUH^ND��SRPH_X�QHNRM�RG�ID]QLWH�VSURYRGQLFL�L
L]ORCHQLWH� VSURYRGQL� GHORYL� QDVWDQH� YR� WRM� GHO� QD� PUHCDWD�� ,VWRWR� JR
SUHWSRVWDYXYDPH�L�]D�GHORW�JUDGHQ�NDNR�TN�VLVWHP��1R��GDOL�SUL�JUH^ND�YR�HGQLRW
GHO�RG�PUHCDWD�PRCDW�GD�VH� MDYDW�SUREOHPL�YR�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�YR
GUXJLRW�GHO�QD�PUHCDWD"�3UL�UD]JOHGXYDZHWR�QD�RYRM�SUREOHP�`H�UD]OLNXYDPH�GYD
NDUDNWHULVWLaQL�VOXaDMD��9R�SUYLRW�RG�QLY�JUH^NDWD�H�YR�GHORW�^WR�H�JUDGHQ�NDNR
TN�VLVWHP�� D� YQLPDQLHWR�`H� ELGH� VYUWHQR�NRQ� XVORYLWH�QD� ]D^WLWD� RG� LQGLUHNWHQ
GRSLU�YR�GHORW�^WR�H�JUDGHQ�NDNR�TT�VLVWHP��9R�YWRULRW�VOXaDM�JUH^NDWD�H�YR�GHORW
^WR� H� JUDGHQ� NDNR� TT�VLVWHP�� D� YQLPDQLHWR� `H� ELGH� VYUWHQR� NRQ� XVORYLWH� QD
]D^WLWD�RG�LQGLUHNWHQ�GRSLU�YR�GHORW�^WR�H�JUDGHQ�NDNR�TN�VLVWHP�

�����*UH^ND�YR�GHORW�QD�PUHCDWD�^WR�H�JUDGHQ�NDNR�TN-VLVWHP

'D� JR� UD]JOHGDPH� VOXaDMRW� QD� JUH^ND� �W�H�� VSRM� SRPH_X� ID]HQ� VSURYRGQLN� L
L]ORCHQLWH� VSURYRGQL�GHORYL�LOL� ]D^WLWQLRW� VSURYRGQLN�LOL� ]D^WLWQR�QHXWUDO�
QLRW�VSURYRGQLN��YR�GHORW�L]YHGHQ�NDNR�TN-VLVWHP��NDNR�^WR�H�SULNDCDQR�QD�VOLND
��� 9R� YUVND� VR� VOLNDWD� �� H� QHRSKRGQR� GD� VH� GDGH� SRMDVQHQLH�� 1D� WDD� VOLND� QH� H
QDYHGHQR�RG�NRM�YLG�H�XSRWUHEHQLRW�XUHG�]D�]D^WLWD�RG�LQGLUHNWHQ�GRSLU��'RNRONX
]D� ]D^WLWDWD� RG� LQGLUHNWHQ� GRSLU� VH� NRULVWL� ]D^WLWHQ� XUHG� ]D� GLIHUHQFLMDOQD
VWUXMD��QHRSKRGQR�H��SRNUDM�WRM�XUHG��YR�]D^WLWXYDQRWR�NROR�GD�SRVWRL�L�VRRGYHWHQ
XUHG�]D�]D^WLWD�RG�SUHJROHPD�VWUXMD��1D�VOLNDWD���WDNYL�XUHGL�QH�VH�SULNDCDQL�

9R� VOXaDM� QD� JUH^ND� NDNR� QD� VOLNDWD� ��� VWUXMDWD� QD� JUH^NDWD� H� UHODWLYQR
JROHPD�� 1R�� RVYHQ� YR� ID]QLRW� VSURYRGQLN�� WDD� JODYQR� VH� MDYXYD� YR� ]D^WLWQLRW� L
]D^WLWQR�QHXWUDOQLRW� VSURYRGQLN�� 0DO� GHO� RG� VWUXMDWD� QD� JUH^NDWD� PRCH� GD� JR
NRULVWL�L�SDWRW�SUHNX�]HPMDWD��RG�]D]HPMXYDaRW�QD�]JUDGDWD��NDGH�VH�MDYLOD�JUH^NDWD�
GR� VLWH� ]D]HPMXYDaL� ]D� NRL� H� SRYU]DQ� QHXWUDOQLRW� VSURYRGQLN�� 2YRM� GHO� H� PDO
ELGHM`L� SDWRW� SUHNX� ]D]HPMXYDaRW� QD� ]JUDGDWD� H� VR� ��� L� SRYH`H� SDWL� SRJROHPD
RWSRUQRVW�RWNRONX�SDWRW�SUHNX�QHXWUDOQLRW�VSURYRGQLN�

9R� VOXaDM� QD� RYRM� YLG� JUH^ND� QH� VH� MDYXYD� VWUXMD� YR� ]D]HPMXYDaLWH� ]D� NRL� VH
SRYU]DQL�L]ORCHQLWH�VSURYRGQL�GHORYL�QD�XUHGLWH�^WR�VH�QDSRMXYDDW�SUHNX�GHORW
QD�PUHCDWD� JUDGHQ� NDNR�TT�VLVWHP��6OHGVWYHQR�� SRWHQFLMDOLWH� QD� WLH� ]D]HPMXYDaL
QHPD�GD�VH�]JROHPXYDDW�YR�RGQRV�QD�QLYQDWD�RNROLQD��7RD�]QDaL�GHND�SUL�JUH^ND�YR
GHORW� QD� PUHCDWD� ^WR� H� JUDGHQD� NDNR� TN�VLVWHP� QHPD� GD� VH� MDYDW� GRSROQLWHOQL
SUREOHPL�VR�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�YR�GHORW�^WR�H� JUDGHQ�NDNR�TT�VLVWHP�
2YRM�]DNOXaRN�QDSROQR�YDCL�L�]D�VOXaDLWH�NRJD�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�YR
GHORW� ^WR� H� L]YHGHQ� NDNR� TN�VLVWHP� QH� JR� LVNOXaXYD� QDSRMXYDZHWR� YR� YUHPH
SUHGYLGHQR�VR�VWDQGDUGRW�0.6�1�%�������=DNOXaRNRW�YDCL�GXUL�L�]D�VOXaDLWH�NRJD
GRD_D� GR� VSRM� QD�ID]HQ� VSURYRGQLN� GLUHNWQR� VR� ]HPMD� LOL� VR� ]D]HPMHQL� VSURYRGQL
GHORYL�^WR�QH�VH�SRYU]DQL�VR�]D^WLWQR�QHXWUDOQLRW�VSURYRGQLN�



2G�SUHWKRGQRWR�SURL]OHJXYD�GHND�YR�QLHGHQ�VOXaDM�JUH^NLWH�YR�GHORW�^WR�H
JUDGHQ� NDNR� TN�VLVWHP� QHPDDW� YOLMDQLH� YU]� RaHNXYDQLWH� QDSRQL� QD� GRSLU�� L� QH
SUHGL]YLNXYDDW�RSDVQRVWL��YR�GHORW�^WR�H�JUDGHQ�NDNR�TT�VLVWHP��2VYHQ�WRD��YR�VLWH
VOXaDL� NRJD� JUH^NDWD� H� YR� GHORW� JUDGHQ� NDNR� TN�VLVWHP�� YU]� ]D^WLWDWD� RG
LQGLUHNWHQ� GRSLU� YR� WRM� GHO� QD� PUHCDWD� QHPD� QLNDNYR� YOLMDQLH� SULVXVWYRWR� QD
GHORW�JUDGHQ�NDNR�TT�VLVWHP�

6UHGHQ QDSRQ 1L]RN QDSRQ 1LVNRQDSRQVND PUHCD

                                                                                                                                           L1

                                                                                                                                           L2

                                                                                                                                           L3

                                                                                                                                           PEN

                                                                                 

.

                                                            IJUH^ND

                              
                 

               R]�Q�                                Rz.o.

Rzaz.

=HPMD

6OLND�����>HPD�QD�PH^DQD�QLVNRQDSRQVND�PUHCD�VR�JUH^ND
YR�GHORW�JUDGHQ�NDNR�TN�VLVWHP

1D�VOLNDWD���VH�XSRWUHEHQL�VOHGQLYH�R]QDNL�
L1, L2, L3 ––ID]QL�VSURYRGQLFL�

N ––QHXWUDOHQ�VSURYRGQLN�
             PE –– ]D^WLWHQ�VSURYRGQLN�

PEN ––]D^WLWQR�QHXWUDOHQ�VSURYRGQLN�
         R]�Q� –– RWSRUQRVW�QD�UDVSURVWLUDZH�QD

]D]HPMXYDaRW�]D�NRM�H�SRYU]DQ�QHXWUDOQLRW�VSURYRGQLN�
         R]D]� –––– RWSRUQRVW�QD�UDVSURVWLUDZH�QD

]D]HPMXYDaRW�]D�NRM�VH�SRYU]DQL�L]ORCHQLWH�VSURYRGQL�GHORYL

L3
N
PE

L3
N
P(

,]ORCHQL VSURYRGQL
GHORYL QD HOHNWU� XUHG

8UHG ]D ]D^W�
RG LQG� GRSLU

8UHG ]D ]D^W�
RG LQG� GRSLU



�YR�TT�VLVWHPRW���]JROHPHQD�]D�RWSRUQRVWD�QD�VSURYRGQLFLWH�VR
NRL�H�L]YU^HQR�SRYU]XYDZHWR�

R]�R� ––otpornost na rasprostirawe na zazemjuva~ot na

objektot (vo TN�VLVWHPRW� zgolemena za otpornosta
na sprovodnikot pome|u zazemjuva~ot i razvodnata
tabla;

     I JUH^ND – –struja vo konturata na gre{kata.

�����*UH^ND�YR�GHORW�QD�PUHCDWD�^WR�H�JUDGHQ�NDNR�TT �VLVWHP

9R�RYD�SRWSRJODYMH�`H�ELGDW�UD]JOHGXYDQL�VOXaDLWH�NRJD�YR�GHORW�QD�PUHCDWD
^WR�H�L]YHGHQ�NDR�TT�VLVWHP�`H�GRMGH�GR�VSRM�SRPH_X�QHNRM�RG�ID]QLWH�VSURYRGQLFL�L
L]ORCHQLWH�VSURYRGQL�GHORYL�^WR�VH�SRYU]DQL�]D�]D]HPMXYDa��RGQRVQR�NRJD�`H�GRMGH
GR�VSRM�SRPH_X�ID]QLRW�L�]D^WLWQLRW�VSURYRGQLN��VOLND�����2VREHQRVW�QD�VOXaDMRW�H
YR�WRD�^WR�]D]HPMXYDaRW�NDM�NRM�GR^OR�GR�VSRM�VR�ID]HQ�VSURYRGQLN�QH�PX�SULSD_D�QD
PQRCHVWYRWR�]D]HPMXYDaL�VR�NRL�H�]D]HPMHQ�QHXWUDOQLRW�VSURYRGQLN�

6UHGHQ QDSRQ 1L]RN QDSRQ 1LVNRQDSRQVND PUHCD

                                                                                                                                           L1

                                                                                                                                           L2

                                                                                                                                           L3

                                                                                                                                           PEN

                                                                                 

IJUH^ND

                             

               R]�Q�                                R]�R�

R]D]�

L3
N
PE

L3
N
PE

8UHG ]D ]D^W�
RG LQG� GRSLU

8UHG ]D ]D^W�
RG LQG� GRSLU



=HPMD

����>HPD�QD�PH^DQD�QLVNRQDSRQVND�PUHCD�VR�JUH^ND
YR�GHORW�JUDGHQ�NDNR�77�VLVWHP

Vo slu~aj na gre{ka kako na slikata 2, uprostenata ekvivalentna
{ema na konturata na gre{kata mo`e da bide kako na slikata 3.
Uprostuvaweto se sostoi vo toa {to ne e zemen predvid faktot deka
transformatorot i faznite sprovodnici na niskonaponskata mre`a
pripa|aat i na drugi strujni kola. Osnovite na zanemaruvaweto na
vlijanieto na drugite strujni kola se: prvo, faktot deka struite vo
drugite strujni kola se zna~itelno pomali i, vtoro, relativno se mali
vzaemnite impedancii na elementite na konturata na gre{kata so
elementite na drugite strujni kola.

                                                     ZWU�

ΣZID]QL

I JUH^ND

                                   U 0

                                                      R]�Q�             
R]D]�

6OLND�����(NYLYDOHQWQD�^HPD�QD�NRQWXUDWD�QD�JUH^NDWD�RG�VOLNDWD��

2G�VOLNDWD����]D�VWUXMDWD�QD�JUH^NDWD�PRCH�GD�VH�QDSL^H�

I
U

Z

U

R R R Z ZJUH^ND
NRQW� ]�Q� ]D]� JU� WU� ID]QL

= =
+ + + + ∑

0 0 . (1)

1D�VOLNDWD���L�YR�UDYHQNDWD�����VH�XSRWUHEHQL�VOHGQLYH�R]QDNL�
   ZNRQW� − VXPD� QD� LPSHGDQFLLWH� QD� HOHPHQWLWH� ^WR� MD� REUD]XYDDW

NRQWXUDWD�QD�JUH^NDWD�
     ZWU� – LPSHGDQFLMD�QD�QDSRMQLRW�WUDQVIRUPDWRU�SR�ID]D�

     R]�Q. –– HNYLYDOHQWQD� RWSRUQRVW� QD� UDVSURVWLUDZH� QD� VLWH
]D]HPMXYDaL�VR�NRL�H�]D]HPMHQ�]D^WLWQR�QHXWUDOQLRW�VSURYRGQLN�

     RJU. –– RWSRUQRVW�QD�VSRMRW�QD�PHVWRWR�QD�JUH^NDWD�

     R]D]� ‡ VXPD� QD� RWSRUQRVWD� QD� ]D^WLWQLRW� VSURYRGQLN� RG
PHVWRWR� QD� JUH^NDWD� GR� ]D]HPMXYDaRW� �YR� TT�VLVWHPRW�� L
RWSRUQRVWD�QD�UDVSURVWLUDZH�QD� ]D]HPMXYDaRW� �^WR�QH�H�SRYU]DQ
VR�]D^WLWQR�QHXWUDOQLRW�VSURYRGQLN��



      U0 – QRPLQDOHQ�QDSRQ�QD�ID]D�YR�RGQRV�QD�]HPMD�
ZID]QL∑ – VXPD�QD�LPSHGDQFLLWH�QD�ID]QLWH�VSURYRGQLFL�QD�YRGRYLWH��RG�QD�

SRMQLRW� WUDQVIRUPDWRU� GR� PHVWRWR� QD� JUH^NDWD�� �=D� UHDNWDQFL�
MDWD�QD�ID]QLRW� VSURYRGQLN� VH� ]HPD�HGQD�SRORYLQD�RG� UHDNWDQFL�
MDWD�QD�VRRGYHWHQ�GYRCLaHQ�YRG��

1HND� VR� RID]QL∑ � MD� R]QDaLPH� VXPDWD� QD� DNWLYQL� RWSRUQRVWL� QD� ID]QLWH

VSURYRGQLFL�YR�NRQWXUDWD�QD�JUH^NDWD�
9R�SUDNWLaQLWH�VOXaDL�VXPDWD�

R R R R]�Q� ]D]� JU� ID]QL+ + + ∑ � ���

LPD� ]QDaLWHOQR� SRJROHPD� YUHGQRVW� NDNR� RG� VXPDWD� QD� UHDNWLYQLWH� RWSRUQRVWL� QD
WUDQVIRUPDWRURW�L�QD�ID]QLWH�VSURYRGQLFL�QD�QLVNRQDSRQVNLWH�YRGRYL�WDND�L�RG
DNWLYQDWD�RWSRUQRVW�QD�WUDQVIURPDWRURW��6R�WRD��UDYHQNDWD�����PRCH�GD�VH�QDSL^H
YR�YLG�

I
U

R R R RJUH^ND
]�Q� ]D]� JU� ID]QL

=
+ + + ∑

0 � ���

1DWDPX��]D�SRWHQFLMDORW�QD�QHXWUDOQLRW�VSURYRGQLN�VOHGXYD�

U
R U

R R R RQHXWU�
]�Q�

]�Q� ]D]� JU� ID]QL

=
⋅

+ + + ∑
0 � (4)

5DYHQNDWD�����PRCH�GD�VH�QDSL^H�YR�YLG�

R R R
U U

U
R]D]� JU� ID]QL

QHXWU�

QHXWU�
]�Q�+ + =

−
⋅∑ 0

. ���

$NR�YR�UDYHQNDWD�����VH�]DPHQDW�U0 230= V L�U UQHXWU� GR]Y�≤ = 50 V `H�VH�GRELH�

R R R R]D]� JU� ID]QL ]�Q�+ + ≥ ⋅∑ 3 6, . (6)

5HODFLMDWD� ����SUHWVWDYXYD�XVORY�^WR�WUHED�GD�JR�]DGRYRODW�SDUDPHWULWH�QD
NRQWXUDWD�QD�JUH^NDWD�RG�VOLNDWD���� ]D� GD� VH�REH]EHGL�SRWHQFLMDORW�QD� ]D^WLWQR�
QHXWUDOQLRW�VSURYRGQLN�GD�QH�MD�QDGPLQH�WUDMQR�GR]YROHQDWD�YUHGQRVW�UGR]Y� = 50 V �

.RJD� VH� UDERWL� ]D� REMHNWL� YR� NRL� QH� H� L]YHGHQR� L]UDPQXYDZH� QD� SRWHQFLMDOLWH�
UHODFLMDWD� ���� SUHWVWDYXYD� XVORY� VR� NRM� VH� REH]EHGXYD� HILNDVQD� ]D^WLWD� RG
LGLUHNWHQ�GRSLU�YR�HGQD�PH^DQD�PUHCD�

9R�RYD�SRWSRJODYMH�JR�UD]JOHGXYDPH�VOXaDMRW�NRJD�YR�PH^DQD�PUHCD�GRMGH�GR
VSRM�QD�ID]HQ�VSURYRGQLN�VR�]D]HPMHQLWH�VSURYRGQLFL�YR�GHORW�^WR�H� JUDGHQ�NDNR
TT�VLVWHP�� 3R]QDWR� H� GHND� ]D]HPMXYDaLWH� QD� REMHNWLWH� UHWNR� LPDDW� RWSRUQRVW� QD
UDVSURVWLUDZH�^WR�H�SRPDOD�RG�QHNRONX�RPD��3RUDGL�WRD�VWUXMDWD�QD�JUH^NDWD�QH�H
VR�PQRJX�JROHP�LQWHQ]LWHW�L�PRCH�SRGROJR�YUHPH�GD�VH�RGUCXYD��EH]�QD�PHVWRWR�QD
JUH^NDWD�GD�VH� MDYDW�SR]QDaDMQL�SURPHQL��3UL�WDNRY�YLG�JUH^ND��SUL�SUHVPHWNLWH
QD� VWUXMDWD� QD� JUH^NDWD�� QH� VHNRJD^� H� NRUHNWQR� GD� VH� ]DQHPDUXYD� RWSRUQRVWD� QD



VSRMRW� SUHNX� NRM� QDVWDQDOD� JUH^NDWD�� 0H_XWRD�� NRJD� VH� UDERWL� ]D� SURYHUND� QD
HILNDVQRVWD� QD� ]D^WLWDWD� RG� LQGLUHNWHQ� GRSLU�� QDMQHSRYROHQ� VOXaDM� H� NRJD� YR
UHODFLMDWD�����VH�]HPH�GHND�H�

RJU. = 0 � ���

7XND�PRCH�GD�VH�]DEHOHCL�GHND�YR�VOXaDM�QD�JUH^ND�YR�TN�VLVWHP�VWUXMDWD�QD
JUH^NDWD� H� UHODWLYQR� JROHPD�� .DNR� SRVOHGLFD� QD� WRD�� NRJD� QDVWDQH� JUH^ND� VR
NRQHaQD�RWSRUQRVW� RJU. �WDD�]D�PQRJX�NXVR�YUHPH�SUHPLQXYD�YR�JUH^ND�VR�RJU. = 0 �

�����.RPHQWDU

2G� UHODFLMDWD� ���� PRCH� GD� VH� ]DNOXaL� NDNR� GD� VH� SRVWDSXYD� VR� ]D]HPMHQLWH
VSURYRGQL�GHORYL�^WR�VH�QDR_DDW�YR�EOL]LQD�QD�ID]QLWH�VSURYRGQLFL�QD�HGHQ�TN�
VLVWHP�LOL�HGHQ�PH^DQ�VLVWHP�

$NR� SRVWRL� PRCQRVW�� SUL� JUH^ND� RG� ELOR� NDNRY� YLG�� GD� GRMGH� GR� VSRM� QD
ID]QLRW� VSURYRGQLN� VR� ]D]HPMHQLWH� VSURYRGQL� GHORYL�� WRJD^� ]D� ]D^WLWDWD� RG
LQGLUHNWHQ�GRSLU�H�SRSRYROQR�DNR�WLH�VSURYRGQL�GHORYL�VH�SRYU]DQL�VR�]D^WLWQR�
QHXWUDOQLRW� VSURYRGQLN�� %LGHM`L�� YR� RS^W� VOXaDM�� QH� H� SUDNWLaQR� VLWH� ]D]HPMHQL
VSURYRGQL�GHORYL�GD�ELGDW�SRYU]DQL�VR�]D^WLWQR�QHXWUDOQLRW�VSURYRGQLN��SRPH_X
QLY� WUHED� GD� VH� QDSUDYL� VHOHNFLMD�� .ULWHULXPRW� ]D� VHOHNFLMD� H� RWSRUQRVWD� QD
UDVSURVWLUDZH�QD�]D]HPMXYDaRW�]D�NRM�VH�SRYU]DQL��6SURYRGQLWH�GHORYL�SRYU]DQL�VR
]D]HPMXYDa�aLMD�RWSRUQRVW�QD�UDVSURVWLUDZH�H� ì PDODí � VH� SRYU]XYDDW� ]D� ]D^WLWQR�
QHXWUDOQLRW�VSURYRGQLN��3RG� ì PDODí � RWSRUQRVW�SRGUD]ELUDPH�RQDD�aLMD� YUHGQRVW
QH�H�SRJROHPD�RG�YUHGQRVWD�QD�L]UD]RW�

3 6, ⋅ − ∑R R]�Q ID]QL. � ���

3UL�RYLH�UD]JOHGXYDZD�H�SULURGQR�GD�VH�SRVWDYL�SUD^DZHWR��GDOL�UHODFLMDWD
���� SUHWVWDYXYD� XVORY� ]D� HILNDVQRVW� QD� ]D^WLWDWD� RG� LGLUHNWHQ� GRSLU� ^WR� PRUD
VHNRJD^�GD�ELGH�]DGRYROHQ"�2GJRYRURW�QD�RYD�SUD^DZH�QH�H�HGLQVWYHQ��9R�UD]OLaQL
VLWXDFLL�WRM�H�UD]OLaHQ��9R�QDWDPR^QRWR�UD]JOHGXYDZH�`H�ELGDW�DQDOL]LUDQL�WUL
NDUDNWHULVWLaQL�VOXaDL�

D�� 9R� VOXaDLWH� QD� JUH^ND� YR� GHORW� ^WR� H� JUDGHQ� NDNR� TT�VLVWHP�� NRJD
]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�QH�JR�LVNOXaXYD�QDSRMXYDZHWR��LOL�JR�LVNOXaXYD�]D
YUHPH� SRGROJR� RG� SUHGYLGHQRWR� VR� VWDQGDUGRW�0.6�1�%������� ]D� SRWHQFLMDORW� QD
QHXWUDOQLRW�VSURYRGQLN�GD�QH� MD�QDGPLQH�GR]YROHQDWD�YUHGQRVW��XVORYRW� ����PRUD
GD�ELGH�]DGRYROHQ�

E�� 1HND� SUL� JUH^ND� YR� GHORW� ^WR� H� JUDGHQ� NDNR� TT�VLVWHP� ]D^WLWDWD� RG
LQGLUHNWHQ� GRSLU� JR� LVNOXaXYD� QDSRMXYDZHWR� YR� YUHPH�^WR� QH� H� SRGROJR� RG� ����s�
7RJD^�PRCH�GD�VH�VPHWD�GHND�H�HILNDVQD�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�YR�GHORW
^WR�H�JUDGHQ�NDNR�TN�VLVWHP��9R�WRM�VOXaDM�QH�PRUD�GD�ELGH�]DGRYROHQ�XVORYRW�����
=DVOXCXYD�GD�VH�]DEHOHCL�GHND�]D�GD�VH�UHDOL]LUD�EDUDZHWR�]D�PQRJX�NXVL�YUHPLZD
QD�GHMVWYXYDZH�QD� ]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU��PRUD� GD� VH� SUH]HPDW� VRRGYHWQL
PHUNL��$NR�NDNR�XUHGL�]D�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�VH�NRULVWDW�]D^WLWQL�XUHGL
RG� SUHNXPHUQD� VWUXMD�� WRJD^� H� QHRSKRGQR� VRRGYHWQLWH� ]D]HPMXYDaL� GD� ELGDW� VR
LVNOXaLWHOQR� PDOD� RWSRUQRVW�� 7RM� XVORY� WH^NR� PRCH� GD� ELGH� ]DGRYROHQ� QD



UDFLRQDOHQ�QDaLQ��'UXJ�QDaLQ�H�NDNR�XUHGL�]D�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�GD�VH
NRULVWDW�]D^WLWQL�XUHGL�]D�GLIHUHQFLMDOQD�VWUXMD�

Y�� 9R� GHORW� QD� PUHCDWD� ^WR� H� L]YHGHQ� NDNR� TN�VLVWHP� QHPD� GD� VH� MDYDW
SUREOHPL�YR�YUVND�VR�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�L�SUL�JUH^ND�YR�GHORW�^WR
H�JUDGHQ�NDNR�TT�VLVWHP��GRNRONX�YR�VLWH�]JUDGL�^WR�PX�SULSD_DDW�QD�TN�VLVWHPRW
VH�LVSROQHWL�VOHGQLYH�GRSROQLWHOQL�XVORYL�

Á L]YHGHQR�H�JODYQR�L]UDPQXYDZH�QD�SRWHQFLMDOLWH��VSRUHG�VWDQGDUGRW�0.6�
1�%�������L

Á YR� QLVNRQDSRQVNLWH� LQVWDODFLL� ]D^WLWQLRW� VSURYRGQLN� H� L]YHGHQ� NDNR
RGGHOQD�CLOD�RG�SRYH`HCLOHQ�NDEHO�LOL�NDNR�RGGHOHQ�VSURYRGQLN�

'RNRONX� QH� H� ]DGRYROHQ� QLHGHQ� RG� XVORYLWH� QDYHGHQL� SRG� D��� E�� L� Y��� SUL
JUH^ND�YR�GHORW�^WR�H�JUDGHQ�NDNR�TT�VLVWHP��QH�PRCDW�GD�VH�REH]EHGDW�XVORYL�]D
HILNDVQD�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�YR�GHORW�QD�QLVNRQDSRQVNDWD�PUHCD�^WR�H
JUDGHQ� NDNR� TN�VLVWHP�� 6R� GUXJL� ]ERURYL�� DNR� QLHGHQ� RG� QDYGHQLWH� XVORYL� QH� H
LVSROQHW�QH�VPHH�GD�VH�GR]YROL�GHORW�JUDGHQ�NDNR�TT�VLVWHP�GD�VH�SRYU]H�VR�GUXJ�GHO
JUDGHQ�NDNR�TN�VLVWHP��1LYQRWR�SRYU]XYDZH�`H�ELGH�GR]YROHQR�GRNRONX�VH�L]YU^DW
VRRGYHWQL�SUHSUDYNL�YR�GHORW�JUDGHQ�NDNR�TT�VLVWHP��3UHSUDYNLWH�PRCDW�GD�ELGDW
QDVRaHQL�NRQ�LVSROQXYDZH�QD�HGHQ�RG�XVORYLWH�QDYHGHQL�SRG�D���E��L�Y���1R��PRCQR�H
GHORW� JUDGHQ� NDNR� TT�VLVWHP� GD� VH� SUHSUDYL� ]D� GD� ELGH� JUDGHQ� NDNR� TN�VLVWHP�
3UHSUDYNDWD�QH�PRUD� VHNRJD^�GD�ELGH� VORCHQD��3ULPHU� ]D� WRD� H� VOXaDMRW� NRJD� YR
VHNRMD� ]JUDGD�� ^WR� SULSD_DOD� QD� GHORW� JUDGHQ� NDNR� TT�VLVWHP�� VLWH� ]D^WLWQL
VSURYRGQLFL�WUJQXYDDW�RG�JODYQDWD�UD]YRGQD�WDEOD�YR�NRMD�H�L]YU^HQR�SRYU]XYDZH
QD�]D^WLWQLRW�VSURYRGQLN�VR�]D]HPMXYDaRW�QD�]JUDGDWD��9R�WRM�VOXaDM��VR�SRYU]XYDZH
QD�]D^WLWQLRW�L�QHXWUDOQLRW�VSURYRGQLN�QD� JODYQDWD�UD]YRGQD�WDEOD�QD� ]JUDGDWD�
RG�TT�VLVWHP�VH�SUHPLQXYD�QD�TN�VLVWHP�

�� =$./8A2.

3UHGPHW�QD�WUXGRW� VH� XVORYLWH�QD� ]D^WLWD�RG� LQGLUHNWHQ� GRSLU� YR�PH^DQL
QLVNRQDSRQVNL� PUHCL�� 5D]JOHGXYDQL� VH� NDUDNWHULVWLaQL� VOXaDL� ^WR� PRCDW� GD
QDVWDQDW�YR�PUHCD�VRVWDYHQD�RG�GYD�GHOD��HGHQ�JUDGHQ�NDNR�TN�VLVWHP�L�GUXJ�JUDGHQ
NDNR�TT�VLVWHP� $QDOL]LUDQR�H�YOLMDQLHWR�QD�RGGHOQL�IDNWRUL�RG�NRL�ELWQR�]DYLVL
HILNDVQRVWD�QD�]D^WLWDWD�RG�LQGLUHNWHQ�GRSLU�

9U]�RVQRYD�QD�DQDOL]LWH�L]ORCHQL�YR�WUXGRW�L]YHGHQL�VH�XVORYL�^WR�WUHED�GD
JL� ]DGRYROXYDDW� SDUDPHWULWH� QD� HGQD� PH^DQD� QLVNRQDSRQVND� PUHCD�� ]D� YR� QHD� GD
ELGDW�LVSROQHWL�NULWHULXPLWH�]D�HILNDVQD�]D^WLWD�RG�LQGLUHNWHQ�GRSLU�

7UXGRW� GDYD� SUDNWLaQL� QDVRNL� ]D� UH^DYDZH� QD� SUREOHPRW� QD� ]D^WLWD� RG
LQGLUHNWHQ�GRSLU�YR�PUHCL�aLL�GHORYL�VH�JUDGHQL�VSRUHG�UD]OLaQL�QLVNRQDSRQVNL
VLVWHPL�� 9VX^QRVW� QDMJROHPLRW� GHO� RG� WUXGRW� VH� RGQHVXYD� QD� VOXaDMRW� NRJD� NRQ
QLVNRQDSRQVND�PUHCD�JUDGHQD�NDNR�TN�VLVWHP�VH�GRGDGH�GHO�^WR�H�JUDGHQ�NDNR�TT�
VLVWHP�

���/,7(5$785$

 [1] '��5DMLaL`��9RYHG�YR�GLVWULEXWLYQL�HOHNWURHQHUJHWVNL�VLVWHPL��8QLYHU]L�
WHW�ì 6Y��.LULO�L�0HWRGLMí, (OHNWURWHKQLaNL�IDNXOWHW��6NRSMH������JRGLQD.



 [2] 0DNHGRQVNL�VWDQGDUG�0.6�1�%������
 [3] 0DNHGRQVNL�VWDQGDUG�0.6�1�%������
 [4] 0DNHGRQVNL�VWDQGDUG�0.6�1�$�����
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9R�WUXGRW��YU]�RVQRYD�QD�PHWRGLWH�^WR�VH�NRULVWDW�SUL�ILQDQVLVNLWH�DQDOL�
]L��H�L]ORCHQ�HGQRVWDYHQ�PRGHO�]D�HNRQRPVNR�YUHGQXYDZH�QD�DOWHUQDWLYQL�WHKQLaNL
UH^HQLMD��0HWRGRW�H�SULPHQOLY�]D�REMHNWL�NDM�NRL^WR�RFHQNDWD�L�DQDOL]DWD�QD�SUL�
KRGLWH�L�WUR^RFLWH�PRCH�GD�MD�QDSUDYDW�L�OLFD�NRL^WR�SR�VWUXND�QH�VH�HNRQRPLVWL�
0DWHPDWLaNLWH�L]UD]L�SRWUHEQL�]D�L]YHGXYDZH�QD�SUHVPHWNLWH�VH�PQRJX�HGQRVWDYQL
L�PRCH�GD�VH�SULPHQDW�NDNR�]D�UDaQL�SUHVPHWNL��WDND�L�]D�SUHVPHWNL�VR�SRPR^�QD
QHNRM�RG�SRSXODUQLWH�NRPSMXWHUVNL�SURJUDPL�]D�WDEHODUQL�SUHVPHWNL�

SUMMARY

A simple method based on the methods used for investment appraisal used by economists,
for economic evaluation of investments in power and distribution networks is presented in this
paper. Its application is somewhat limited to investments for which non-economists can easily
determine and analyse the revenues and costs. Mathematical formulae necessary to conduct the
appraisal are very simple and they can be used both for hand calculations, as well as with some of
the popular spreadsheet programs.

.OXaQL�]ERURYL��DNWXDOL]DFLMD��GLVNRQWLUDZH��SHULRG�QD�SRYUDWRN��QHWR�VHJD^QD
YUHGQRVW

1. 929('

6HNRMGQHYQR�LQCHQHULWH� VH� VWDYHQL� YR� VLWXDFLMD� GD� RGOXaXYDDW� ]D� WHKQLaNR
UH^HQLH�]D�QHNRM�SUREOHP��3UL�WRD��VNRUR�VHNRJD^�VH�UD]JOHGXYDDW�SRYH`H�YDULMDQ�
WL�]D�GD�VH�SURYHUL�NRMD�YDULMDQWD�H�SRGREUD�RG�WHKQLaNL�DVSHNW��$NR�YR�WRM�SURFHV
VDPR� HGQD� RG� YDULMDQWLWH� JL� LVSROQXYD� PLQLPDOQLWH� WHKQLaNLWH� L�LOL� ]DNRQVNL
SURSLVL�L�HYHQWXDOQLWH�EDUDZD�QD�LQYHVWLWRURW��QHPD�GD�SRVWRL�GLOHPD�SUL�L]ER�
URW��3UREOHP�VH� MDYXYD�� D� WRD�H� YHURMDWQR�QDMaHVW� VOXaDM�� NRJD�SRYH`H�YDULMDQWL� VH
YNORSXYDDW�YR�RGQDSUHG�SRVWDYHQLWH�EDUDZD�L�WLH�LPDDW�SULEOLCQR�LVWL�WHKQLaNL
NDUDNWHULVWLNL�L�SHUIRUPDQVL��9R�WRM�VOXaDM�VLJXUQR�H�GHND�WUHED�GD�VH�SULVWDSL�L
NRQ�GRSROQLWHOQD�RFHQND�QD�YDULMDQWLWH��D�]D�QDMSRYROQD�GD�VH�SURJODVL�RQDD�YDUL�
MDQWD�NRMD^WR�REH]EHGXYD�QDMGREUD�SHUIRUPDQVD�RG�HNRQRPVNL��ILQDQVLVNL��DVSHNW�



9R�RYRM�WUXG�H�QDSUDYHQ�RELG�SRVWDSNLWH�NRL^WR�HNRQRPLVWLWH�JL�NRULVWDW
]D�HNRQRPVNR�YUHGQXYDZH�QD�LQYHVWLFLLWH�GD�VH�SULODJRGDW�L�SRHGQRVWDYDW�]D�SUL�
PHQD�QD�QHNRL�VSHFLILaQL�REMHNWL�LOL�RSUHPD��SRVHEQR�REMHNWLWH�YR�SUHQRVQLWH�L
GLVWULEXWLYQLWH� PUHCL��,DNR� RYD� H� PQRJX� YDCHQ� VHJPHQW� YR� SURFHVRW� QD� GRQHVX�
YDZH� QD� RGOXNL�� QD� QD^LWH� SURVWRUL� SRVWRL� PQRJX� PDONX� OLWHUDWXUD� NRMD^WR� JR
GHWDOQR�JR�REUDERWXYD�RYRM�SUREOHP�[1]��3RUDGL�WRD�H�QDSUDYHQ�QDSRU�QD�HGQRVWDYHQ
QDaLQ� RYDD� SUREOHPDWLND� GD� VH� SULEOLCL� GR� LQCHQHULWH� VR� FHO� LVWDWD� GD� PRCH
HGQRVWDYQR�L�GD�VH�SULPHQXYD�

(NRQRPVNRWR��NRPHUFLMDOQRWR��YUHGQXYDZH�QD�LQYHVWLFLLWH�VH�VRVWRL�RG�GYD
GHOD��3UYLRW� GHO� MD� RSID`D� DQDOL]DWD� QD� LVSODWOLYRVWD� QD� LQYHVWLFLMDWD�� GRGHND
YWRULRW�GHO�VH�VRVWRL�RG�ILQDQVLVND�DQDOL]D��%LGHM`L�]DGDaDWD�QD�LQCHQHULWH�QH�H
HNRQRPVNL� GD� JL� YUHGQXYDDW� NRPSOHWQLWH� LQYHVWLFLL�� RYGH� `H� ELGH� L]ORCHQD
PHWRGRORJLMD�VR�NRMD^WR�PRCH�GD�VH�RSUHGHOL�LVSODWOLYRVWD�QD�HGQD�LQYHVWLFLMDWD�
7UHED� GD� VH� QDSRPHQH� GHND�� LDNR� RVQRYQDWD� PHWRGRORJLMD� LPD� JHQHUDOQD� SULPHQD�
PHWRGRW� L]ORCHQ� YR� RYRM� WUXG� H� SULODJRGHQ� ]D� REMHNWLWH� NDNYL� ^WR� SRVWRMDW� YR
SUHQRVQLWH�L�GLVWULEXWLYQLWH�PUHCL�

2. $1$/,=$�1$�,63/$7/,9267$�1$�,19(67,&,-$7$

9R� HNRQRPVNDWD� WHRULMD� L� SUDNVD� SRVWRMDW� SRYH`H� PHWRGL� L� NULWHULXPL� ]D
DQDOL]D� QD� LVSODWOLYRVWD� QD� LQYHVWLFLRQLWH� YORCXYDZD�� 1DMaHVWR� NRULVWHQL
NULWHULXPL� ]D� RFHQND� VH�� SHULRGRW�QD� SRYUDWRN� QD� LQYHVWLFLMDWD�� QHWR� VHJD^QDWD
YUHGQRVW� QD� LQYHVWLFLMDWD� L� LQWHUQDWD� VWDSND� QD� UHQWDELOQRVW�� 6LWH� RYLH
NULWHULXPL�VH�YR�WHVQD�YUVND��D�RVQRYDWD�QD�WDD�YUVND�H�YR�QHWR�JRWRYLQVNLWH�WHNRYL
QD�LQYHVWLFLMDWD�

.RJD� HGQD� LQYHVWLFLMD� VH� YUHGQXYD� RG� HNRQRPVNL� DVSHNW�� VH� DQDOL]LUDDW� L
LVSLWXYDDW�DOWHUQDWLYL�YR�NRL�SDUDPHWULWH�VH�RG�aLVWR�HNRQRPVND�SULURGD��VWHSHQ
QD� NUHGLWLUDZH�� NDPDWQL� VWDSNL�� UL]LFL� ]D� YORCXYDZD� L� GUXJL� SDUDPHWUL�
1DSURWLY��YR�SURFHVRW�QD�HNRQRPVNR�YUHGQXYDZH�QD�SRYH`H�DOWHUQDWLYQL�WHKQLaNL
UH^HQLMD�VRVHPD�H�NRUHNWQR�GD�VH�SUHWSRVWDYDW�SRGHGQDNYL�HNRQRPVNL�SDUDPHWUL�]D
VLWH�DOWHUQDWLYL�

=DHGQLaNR�]D�VLWH�PHWRGL�H�WRD�^WR�LQYHVWLFLMDWD�VH�YUHGQXYD�YR�RSUHGHOHQ
YUHPHQVNL�SHULRG� �SHULRG�QD� YUHGQXYDZH���3HULRGRW� QD� YUHGQXYDZH�PRUD� GD� ELGH
SRNXV�LOL�QDMPQRJX�HGQDNRY�QD�HNRQRPVNLRW�SHULRG�QD�HNVSORDWDFLMD�QD�RSUHPDWD�
3UL� WRD�� VH� ]HPD� GHND� LQYHVWLFLMDWD� VH� MDYXYD� YR� JRGLQDWD� SUHG� WRM� SHULRG� �QXOWD
JRGLQD��� ,VWR� WDND�� YRRELaDHQR� H� VLWH� JROHPLQL� ^WR� VH� RGQHVXYDDW� QD� WHNRYQDWD
JRGLQD�GD�RGJRYDUDDW�QD�VRVWRMEDWD�QD�NUDMRW�RG�JRGLQDWD�

2.1 0HWRG�QD�QHGLVNRQWLUDQ�QHWR�JRWRYLQVNL�WHN

9R�RS^W�VOXaDM�SHULRGRW�QD�DPRUWL]DFLMD�na� H�SRJROHP�RG�SHULRGRW�QD�HNR�
QRPVNR�YUHGQXYDZH�n��1R��GD�SUHWSRVWDYLPH�GHND�na=n��D�YR�QDWDPR^QRWR�L]ODJDZH
VHSDN�GD�NRULVWLPH�UD]OLaQL�R]QDNL�]D�RYLH�GYD�SHULRGD��9VX^QRVW��VR�WRD�SUHWSRV�
WDYXYDPH� GHND� RVWDWRNRW� QD� LQYHVWLFLMDWD� RC�n�� �YUHGQRVWD� QD� LQYHVWLFLMDWD� QD
NUDMRW�RG�JRGLQDWD�n��H�HGQDNRY�QD�QXOD�

3HULRGRW�QD�SRYUDWRN�QD�LQYHVWLFLMDWD�C�SUHWVWDYXYD�SHULRG�QD�YUHPH�NRJD
QHWR� JRWRYLQVNLRW� WHN�NCF�k�� `H� VWDQH� SR]LWLYHQ�� 3RLQDNX� NDCDQR�� SHULRGRW� QD
SRYUDWRN�H�JRGLQDWD�YR�NRMD�NXPXODWLYQDWD�VXPD�QD�JRWRYLQVNLWH�SULOLYL�RG�SUHW�



KRGQLWH� JRGLQL� �CBi �� `H� MD� QDGPLQH� YUHGQRVWD� QD� LQYHVWLFLMDWD� C�� 0DWHPDWLaNL

L]UD]HQR��SHULRGRW�PRCH�GD�VH�RSUHGHOL�DNR�VH�QDMGH�QXODWD�QD�VOHGQDWD�IXQNFLMD�
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$NR�VR�UH^DYDZH�QD�UDYHQNDWD�����GRELHPH�GHND� k n≤ ��]DNOXaXYDPH�GHND�LQ�
YHVWLFLMDWD�H�LVSODWOLYD�YR�SHULRGRW�n��YR�VSURWLYQR�LQYHVWLFLMDWD�QH�H�LVSODWOL�
YD��$QDOLWLaNRWR�UH^DYDZH�QD�SUREOHPRW�YRRS^WR�QH�H�SUDNWLaQR�]DWRD�^WR�JRWR�
YLQVNLWH� SULOLYL� SR� JRGLQL� VH� GLVNUHWQL� JROHPLQL�� 3RUDGL� WRD�� SUREOHPRW
QDMGREUR� VH� UH^DYD� QXPHULaNL�� NRULVWHM`L� MD� VOHGQDWD� SRVWDSND�� 3RaQXYDM`L� RG
SUYDWD� JRGLQD� VH� SUHVPHWXYDDW� JRWRYLQVNLWH� SULOLYL� SR� JRGLQL� L� QHWR
JRWRYLQVNLWH�WHNRYL��*RGLQDWD�YR�NRMD�QHWR� JRWRYLQVNL�WHN�`H� VWDQH�SR]LWLYHQ� VH
VPHWD�]D�SHULRG�QD�SRYUDWRN�QD�LQYHVWLFLMDWD��3RVWDSNDWD�SURGROCXYD�VH�GR�NUDMRW
QD�UD]JOHGXYDQLRW�SHULRG�DNR�H�SRWUHEQR�GD�VH�SUHVPHWD�QHWR�JRWRYLQVNLRW�WHN�]D
FHOLRW�SHULRG�

=D� GD� VH� SULPHQL� SUHWKRGQDWD� SRVWDSND� H� SRWUHEQR� GD� VH� REMDVQL� NDNR� VH
SUHVPHWXYDDW�JRWRYLQVNLWH�SULOLYL�YR�SRHGLQLWH�JRGLQL��*RWRYLQVNLRW�SULOLY�YR
JRGLQDWD� i� QDMGREUR� PRCH� GD� VH� REMDVQL� VR� GLMDJUDPRW� QD� VOLNDWD� ��� $NR
LQYHVWLFLMDWD�SUHWVWDYXYD�SUR^LUXYDZH�QD�SRVWRHQ�REMHNW��L]QRVLWH�QD�SULKRGLWH
L� UDVKRGLWH� WUHED� GD� RGJRYDUDDW� QD� UD]OLNLWH� RG� QRYRQDVWDQDWDWD� VRVWRMED
�YNOXaXYDM`L� JL� HIHNWLWH� RG� LQYHVWLFLMDWD�� L� SUHWKRGQDWD� VRVWRMED� �EH]
LQYHVWLFLMD��

9NXSHQ SULKRG

$PRUWL]DFLMD L NDPDWD

3URILW

1HWR SURILW

*RWRYLQVNL SULOLY

'DQRN QD SURILW

2VWDQDWL WUR^RFL
�)LNVQL L YDULMDELOQL�

6OLND���'LMDJUDP�QD��QHWR��JRWRYLQVNLWH�SULOLYL�

9U]�RVQRYD�QD�GLMDJUDPRW�RG�VOLNDWD���]D�JRWRYLQVNLRW�SULOLY�YR�JRGLQDWD� i
PRCH�GD�VH�QDSL^H�
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� 9R DQJOLVNDWD WHUPLQRORJLMD net cash benefitsLOL cash benefits.



KAMi NDPDWD�QD�NUHGLWRW�]D�ILQDQVLUDZH�QD�LQYHVWLFLMDWD�C�
tr VWDSND�QD�RGDQRaXYDZH�NDNR�SURFHQW�RG�SURILWRW�SUHG�GDQRFL�
C na/ DPRUWL]DFLMD�QD�RSUHPDWD�LQYHVWLUDQD�YR�QXOWDWD�JRGLQD�

,]UD]RW� ���� VH� L]YHGHQL� SRG� SUHWSRVWDYND� GHND� GHO� RG� LQYHVWLFLMDWD� VH
ILQDQVLUD�VR�NUHGLW�VR�RVQRYLFD�K�� K C< ��L�JRGL^QD�NDPDWQD�VWDSND� ir ��VR�URN�QD
RWSODWD�nk �nk n< ��� 'RNRONX� LQYHVWLFLMDWD� VH�ILQDQVLUD� VDPR� VR� VRSVWYHQL� VUHG�
VWYD��YR�����α = 0 �]D�FHOLRW�UD]JOHGXYDQ�SHULRG�

=QDaDMQR� H� GD� VH� QDSRPHQH� GHND� DPRUWL]DFLMDWD� L� NDPDWDWD� QD� NUHGLWRW� ]D
LQYHVWLUDZH� YR� RSUHPDWD�� LDNR� SUHWVWDYXYDDW� WUR^RFL� QD� UDERWHZHWR�� LVWLWH� QH
SUHWVWDYXYDDW� RGOLY�� 1DSURWLY�� NDNR� ^WR� PRCH� GD� VH� YLGL� RG� ����� WLH� LPDDW
NDUDNWHU� QD� SULOLY� SRUDGL� WRD� ^WR� RVQRYLFDWD� QD� RGDQRaXYDZH� VH� QDPDOXYD� ]D
]DNRQVNL�GR]YROHQDWD�DPRUWL]DFLMD��L�NDPDWDWD�QD�NUHGLWRW�

5D]OLNDWD� SRPH_X� LQYHVWLFLMDWD� C� L� VXPDWD� QD� JRWRYLQVNLWH� SULOLYL� ]D
SHULRGRW�n�SUHWVWDYXYD�QHWR�JRWRYLQVNL�WHN�]D�UD]JOHGXYDQLRW�SHULRG��6H�UD]ELUD
GHND� QHWR� JRWRYLQVNLRW� WHN� WUHED� GD� ELGH� SR]LWLYHQ� ]D� GD� LQYHVWLFLMDWD� ELGH
LVSODWOLYD��,VWR� WDND�� NRONX� WDD� H� SRJROHPD�� GRWRONX� L� SHULRGRW� QD� SRYUDWRN� `H
ELGH�SRNXV�

2SUHGHOXYDZHWR�QD�SHULRGRW�QD�SRYUDWRN�QD�LQYHVWLFLMDWD�PRCH�GD�VH�LOXV�
WULUD�VR�VOHGQLRW�SULPHU��'D�SUHWSRVWDYLPH�GHND�WUHED�HNRQRPVNL�GD�YUHGQXYDPH
GYH�YDULMDQWL��$�L�9��QD�HGQR�WHKQLaNR�UH^HQLH�NRL^WR�JL�]DGRYROXYDDW�PLQLPDO�
QLWH�WHKQLaNL�NULWHULXPL��6SRUHGEDWD�`H�MD�SUDYLPH�]D�SHULRG�RG� n = 20��SUL�^WR
YHNRW�QD�DPRUWL]DFLMD�QD�RSUHPDWD�YR�GYHWH�YDULMDQWL�H�LVWR�WDND����JRGLQL��,QYHV�
WLFLLWH� VH� CA = 2500� L� CB = 1500��'D� SUHWSRVWDYLPH� GHND� JRWRYLQVNLWH� WHNRYL� YR
YDULMDQWDWD�$�SRVWHSHQR�RSD_DDW�RG�����YR�SUYDWD�JRGLQD�GR���YR�SRVOHGQDWD�JRGLQD�
D�YR�YDULMDQWDWD�9�LVWLWH�WHNRYL�SRVWHSHQR�UDVWDW��RG�����YR�SUYDWD�JRGLQD�GR�����YR
SRVOHGQDWD�JRGLQD��1D�JUDILFLWH�QD�VOLNDWD���VH�SULNDCDQL�JRWRYLQVNLWH�SULOLYL
YR�VHNRMD�JRGLQD��CB��L�SURPHQDWD�QD�QHWR�JRWRYLQVNLRW�WHN�SR�JRGLQL��NCF��
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6OLND���1HWR�JRWRYLQVNL�WHNRYL�]D�YDULMDQWLWH�$�L�9

� $PRUWL]DFLMDWD YR RYRM VOXaDM H VPHWDQD VR WDNDQDUHaHQLRW �OLQHDUHQ PRGHO� VSRUHG NRM^WR YUHGQRVWD QD
RSUHPDWD OLQHDUQR RSD_D VHNRMD JRGLQD ]D NRQVWDQWHQ L]QRV C/na� 3ULPHQDWD QD �QHOLQDUQLRW PRGHO� H
LVWR WDND PRCQD� QR L NDM GYDWD PRGHOD� L]QRVRW QD DPRUWL]DFLMDWD ^WR H RVORERGHQ RG SOD`DZH QD GDQRN QD
SURILW H ]DNRQVNL RJUDQLaHQ�



2G�VOLNDWD���VH�JOHGD�GHND�YR�YDULMDQWDWD�$�QHWR�JRWRYLQVNLWH�WHNRYL�VWDQX�
YDDW�SR]LWLYQL�YR�aHWYUWDWD�JRGLQD��^WR�]QDaL�GHND�SHULRGRW�QD�SRYUDWRN�H�aHWLUL
JRGLQL�� 9R� YDULMDQWDWD� 9� WRD� VH� VOXaXYD� YR� ^HVWDWD� JRGLQD�� 2G� GUXJD� VWUDQD�� YR
YDULMDQWDWD�9�QHWR�JRWRYLQVNLRW�WHN�]D�FHOLRW�SHULRG�L]QHVXYD�������GRGHND�LVWLRW
SRND]DWHO�]D�YDULMDQWDWD�$�H�������6R�RJOHG�QD�WRD�^WR�UD]OLNDWD�YR�SHULRGLWH�QD
SRYUDWRN�QD�LQYHVWLFLLWH�H�UHODWLYQR�PDOD��RNROX�GYH�JRGLQL��YR�VSRUHGED�VR�UD]�
JOHGXYDQLRW�SHULRG��PRCH�GD�VH�]DNOXaL�GHND�YDULMDQWDWD�9�H�SRSRYROQD�RG�YDULMDQ�
WDWD�$�]DWRD�^WR�LPD�]QDaLWHOQR�SRJROHP�QHWR�JRWRYLQVNL�WHN�]D�FHOLRW�SHULRG�

2.2 0HWRG�QD�GLVNRQWLUDQ�JRWRYLQVNL�WHN

2VQRYQD�FHO�SUL�UDERWDWD�QD�ILUPLWH� H� GD� VH�PDNVLPL]LUD� VXPDWD�QD� JRWR�
YLQVNLWH�WHNRYL�YR�RSUHGHOHQ�SHULRG��QDPDOXYDZH�QD�JRWRYLQVNLWH�RGOLYL�L�]JROH�
PXYDZH� QD� JRWRYLQVNLWH� SULOLYL��� D� YR� LVWR� YUHPH� GD� VH� QDPDODW� LQYHVWLFLLWH�
7RNPX�]DUDGL�WRD��YR�SUHWKRGQLRW�SULPHU�YDULMDQWDWD�9� � VH�SRNDCD�NDNR�SRGREUD
�SRJROHPL� YNXSQL� JRWRYLQVNL� WHNRYL� L� SRQLVND� LQYHVWLFLMD��� 1HGRVWDWRNRW� QD
PHWRGRW� QD� QHGLVNRQWLUDQ� JRWRYLQVNL� WHN� H� YR� WRD� ^WR� SUHWSRVWDYXYD� GHND
ILQDQVLVNLWH�VUHGVWYD��SDULWH��YR�VLWH�JRGLQL�LPDDW�HGQDNYD�YUHGQRVW�

9R�GRVHJD^QLWH�UD]PLVOXYDZD�QH�VH�YRGH^H�VPHWND�]D�]DYLVQRVWD�QD�JRWRYLQ�
VNLWH� WHNRYL� �SDULWH�� RG� YUHPHWR�� RGQRVQR� VH� VPHWD^H� GHND� LVWD� VXPD� QD� SDUL� YR
SUYDWD� JRGLQD� YUHGL� SRGHGQDNYR� NDNR� L� YR� SRVOHGQDWD� JRGLQD�� $NR� WRD� H� WRaQR�
WRJD^�EDQNLWH�L� RVWDQDWLWH�ILQDQVLVNL�LQVWLWXFLL�QHPD� GD� LVSOD`DDW� NDPDWL�QD
GHSR]LWLWH��6R�GUXJL�]ERURYL��DNR�YR�EDQND�VH�YORCL�VXPD�SDUL�A��EDQNDWD�SRVOH�m
JRGLQL�`H�YUDWL�VXPD�SDUL� Am�NRMD�^WR�H�SRJROHPD�RG�YORJRW�]D�SUHVPHWDQLWH�NDPD�

WL�]D�m�JRGLQL��$NR�NDPDWQDWD�VWDSND�H�NRQVWDQWQD�L�DNR�NDPDWDWD�VH�NDSLWDOL]LUD
�VH�GRGDYD�QD�GHSR]LWRW�QD�NUDMRW�RG�VHNRMD�JRGLQD��� Am�VH�SUHVPHWXYD�RG�VOHGQLRW

L]UD]�

A A irm
m= ⋅ +1b g�� ���

9DCL�L�REUDWQDWD�ORJLND��6XPD�SDUL�Bm�^WR�EL�ELOD�QD�UDVSRODJDZH�SRVOH�m
JRGLQL�� GHQHV� YUHGL�B�� SRPDONX� RG� Bm� ]D� L]QRVRW� QD� GLVNRQWQDWD� �GHNDPDWQD� LOL
DNWXDOL]DFLVND��VWDSND�dr�
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3RVWDSNDWD�]D�SUHVPHWND�QD�VHJD^QDWD�YUHGQRVW�QD�LGQL�ILQDQVLVNL�VUHGVWYD
VH�QDUHNXYD�GLVNRQWLUDZH� �LOL�DNWXDOL]DFLMD���2G� ����L� ���� H� RaLJOHGQR� GHND�� DNR
NDPDWQDWD�VWDSND� ir � L� GLVNRQWQDWD� VWDSND�dr� VH� HGQDNYL�� VHJD^QDWD�YUHGQRVW�QD�Am

�GHSR]LWRW�A�]ERJDWHQ�VR�NDPDWDWD�]D�m�JRGLQL��H�HGQDNYD�QD�GHSR]LWRW�
9R�HNRQRPVNLWH�DQDOL]L�VWDSNDWD�QD�GLVNRQWLUDZH�PRUD�GD�ELGH�HGQDNYD�LOL

SRJROHPD�RG�PRPHQWDOQLWH�NDPDWQL�VWDSNL�QD�SD]DURW��*ROHPLQDWD�QD�GLVNRQWQDWD
VWDSND�LPD�JROHPR�YOLMDQLH�YU]�UH]XOWDWLWH�RG�SUHVPHWNLWH�QD�GLVNRQWLUDQLWH�WH�
NRYL�� 3RUDGL� WRD�� SUDYLOQLRW� L]ERU� H� LVNOXaLWHOQR� YDCHQ� GHO� SUL� HNRQRPVNLWH
DQDOL]L�� 0QRJX� aHVWR�� D� WRD� GRQHNDGH� L� JL� SRHGQRVWDYXYD� L� SUHVPHWNLWH�� VH� ]HPD
GHND�RYLH�GYH�VWDSNL�VH�HGQDNYL�

$NR�SRVWDSNDWD�]D�GLVNRQWLUDZH� MD�SULPHQLPH�QD�JRWRYLQVNLWH�WHNRYL�^WR
SURL]OHJXYDDW� RG� LQYHVWLFLMDWD�C�� RG� ���� ]D� VHJD^QDWD� YUHGQRVW� QD� JRWRYLQVNLRW
SULOLY�YR�JRGLQDWD�i��SULPHQXYDM`L�GLVNRQWHQ�IDNWRU�q dr= +1 ��VH�GRELYD�
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=D�SULPHQD�QD�L]UD]RW�����H�SRWUHEQR�GD�VH�L]JRWYL�DPRUWL]DFLRQHQ�SODQ�]D
RWSODWD�QD�NUHGLWRW��,DNR�WRD�L�QH�SUHWVWDYXYD�SRVHEHQ�SUREOHP��WRD�QHPD�SRWUHED
GD�VH�QDSUDYL��]DWRD�^WR��NDNR�^WR�SRGRFQD�`H�ELGH�SRNDCDQR��L]UD]RW�]D�����`H�VH
SRHGQRVWDYL�

1HWR�VHJD^QDWD�YUHGQRVW�QD�LQYHVWLFLMDWD�SUHWVWDYXYD�UD]OLND�SRPH_X�VXPD�
WD�QD�GLVNRQWLUDQLWH�JRWRYLQVNLWH�SULOLYL�YR�SHULRGRW�L�LQYHVWLFLMDWD�C�
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9R�GRVHJD^QLWH�UD]JOHGXYDZD�EH^H�SUHWSRVWDYHQR�GHND�SHULRGRW�n�H�HGQDNRY
QD�SHULRGRW�QD�DPRUWL]DFLMD�QD�RSUHPDWD��$NR�WRD�QH�H�VOXaDM��RGQRVQR�DNR�na>n��YR
JRWRYLQVNLRW�WHN�RG�SRVOHGQDWD�JRGLQD�WUHED�GD�VH�GRGDGH�RVWDWRNRW�QD�YUHGQRVWD
QD�RSUHPDWD��GLVNRQWLUDQ�]D�FHOLRW�SHULRG�
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,b g= ⋅ −F

HG
I
KJ⋅1

1
�

9DCQR�H�GD�VH�QDSRPHQH�GHND�SRVWDSNDWD�QD�GLVNRQWLUDZH�QH�]QDaL�NRUHNFLMD
QD�ILQDQVLVNLWH�VUHGVWYD�SRUDGL�SRVWRHZH�QD�LQIODFLMD��WRNPX�RG�SULaLQD�^WR��L
YR�XVORYL�QD�LQIODFLMD�HGQDNYD�QD�QXOD��EDQNLWH�QDSOD`DDW�NDPDWL�QD�SR]DMPLFLWH�
*RWRYLQVNLWH� SULOLYL� VH� SUHVPHWXYDDW� LOL� SRG� SUHWSRVWDYND� GHND� LQIODFLMDWD� H
HGQDNYD�QD�QXOD��LOL�SDN�LQIODFLMDWD�PRCH�GD�VH�YJUDGL�YR�PRGHORW�SUHNX�NRUHNFLMD
QD�GLVNRQWQLRW�IDNWRU�

$NR� YR� SULPHURW� RG� SUHWKRGQRWR� SRJODYMH� JL� GLVNRQWLUDPH� JRWRYLQVNLWH
SULOLYL�`H�VH�GRELMDW�SRLQDNYL�UH]XOWDWL��9R�RYRM�VOXaDM�GD�SULPHQLPH�GLVNRQWQD
VWDSND� dr = 15%� �q = 115, ��� 5H]XOWDWLWH� JUDILaNL� VH� SULNDCDQL� QD� VOLNDWD� ��� 9R

YDULMDQWDWD� $� GLVNRQWLUDQLWH� JRWRYLQVNL� SULOLYL� RSD_DDW� RG� ���� GR� �� YR
SRVOHGQDWD�JRGLQD��D�QHWR�VHJD^QDWD�YUHGQRVW�H������9R�YDULMDQWDWD�9�JRWRYLQVNLWH
WHNRYL�LVWR�WDND�RSD_DDW�RG�����GR�����D�QHWR�VHJD^QDWD�YUHGQRVW�H������2G�VOLNDWD
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6OLND���'LVNRQWLUDQL�QHWR�JRWRYLQVNL�WHNRYL�]D�YDULMDQWLWH�$�L�9��q = 115, �



VH� JOHGD� GHND� VHJD� YDULMDQWDWD�$� LPD� SRNXV� SHULRG� QD� SRYUDWRN� �RNROX� �� JRGLQL�
RWNRONX� YDULMDQWDWD� 9� ���� JRGLQL��� %LGHM`L� L� QHWR� VHJD^QDWD� YUHGQRVW� ]D
YDULMDQWDWD� $� H� SRJROHPD�� YR� RYRM� VOXaDM� WUHED� GD� VH� L]YHGH� VRVHP� VSURWLYHQ
]DNOXaRN�RWNRONX�NRJD�SUHVPHWNLWH�EHD�SUDYHQL�EH]�GLVNRQWLUDZH�QD�JRWRYLQVNLWH
SULOLYL�

9R� HNRQRPVNLWH� DQDOL]L� VR� UD]OLaQL� GLVNRQWQL� VWDSNL� PRCH� GD� VH� VLPXOL�
UDDW� UD]QL� YDULMDQWL� YR� ]DYLVQRVW� RG� VWHSHQRW� QD� VRSVWYHQR� ILQDQVLUDZH
�VRSVWYHQR�XaHVWYR��QD�LQYHVWLFLMDWD��NDPDWQLWH�VWDSNL�L�GDQRFLWH��3RUDGL�WRD��YR
HNRQRPLMDWD��H� YRRELaDHQR� JRWRYLQVNLWH�WHNRYL�GD� VH�SUHVPHWXYDDW� VR�NRUHJLUDQD
GLVNRQWQD�VWDSND�qc�NRMD�YR�VHEH�JL�YNOXaXYD�YOLMDQLMDWD�QD�NDPDWQLWH�VWDSNL��GDQR�
aQLWH� VWDSNL� L� VWHSHQRW� QD� VDPRILQDQVLUDZH�� .RUHJLUQLRW� GLVNRQWHQ� IDNWRU

QDMaHVWR�VH�GYLCL�YR�JUDQLFLWH� qc q= ÷ ⋅08 1 2. ,b g ��NDGH�q�H�GLVNRQWHQ�IDNWRU�NRM^WR

EL�WUHEDOR�GD�VH�SULPHQXYD�DNR�JRWRYLQVNLRW�SULOLY�VH�SUHVPHWXYD�VR�XYDCXYDZH�QD
GDQRNRW� QD� SURILW�� .RUHJLUDQDWD� GLVNRQWQD� VWDSND� ]D� LQYHVWLFLLWH� YR
HOHNWURHQHUJHWVNLWH�REMHNWL�YRRELaDHQR�VH�GYLCL�YR�JUDQLFLWH�RG����GR�����

$NR�YR�L]UD]RW�����VH�]DPHQL� q qc= �L� tr = 0��VH�GRELYDDW�SRHGQRVWDYQL�L]UD]L
]D�SUHVPHWND�QD�GLVNRQWLUDQLWH�JRWRYLQVNL�SULOLYL�
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$NR�L]JUDGEDWD�QD�REMHNWRW�VH�L]YHGXYD�YR�ID]L��LQYHVWLFLRQLWH�YORCXYDZD
QH� VH� NRQFHQWULUDQL� QD� SRaHWRNRW� QD� UD]JOHGXYDQLRW� SHULRG�� 9R� RYRM� VOXaDM� YR
JRGLQDWD�YR�NRMD� VH� MDYXYD�LQYHVWLFLMDWD�YR�L]UD]RW�]D� JRWRYLQVNLRW�WHN� VH� GRGDYD
YUHGQRVWD�QD�LQYHVWLFLMDWD�VR�QHJDWLYHQ�]QDN��WDD�LPD�NDUDNWHU�QD�RGOLY���*RWRYLQ�
VNLWH�WHNRYL�YR�QDWDPR^QLWH�JRGLQL�VH�SUHVPHWXYDDW�QD�LGHQWLaHQ�QDaLQ��QR�VHJD
RVWDQDWLWH� HOHPHQWL� WUHED� GD� VH� NRUHJLUDDW� XYDCXYDM`L� JR� SRVWRHZHWR� QD� QRYDWD
RSUHPD� �SURPHQD� QD� YNXSQLRW� SULKRG�� ILNVQLWH� L� YDULMDELOQLWH� WUR^RFL��� 9R
SRVOHGQDWD�JRGLQD�`H�WUHED�GD�VH�GRGDGH�RVWDWRNRW�QD�YUHGQRVWD�QD�QRYDWD�LQYHVWL�
FLMD�
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NDGH�^WR�m�H�JRGLQDWD�YR�NRMD�VH�MDYXYD�QRYDWD�LQYHVWLFLMD�Cm�

0RCH�PQRJX�OHVQR�GD�VH�SRNDCH�GHND�QHWR�VHJD^QDWD�YUHGQRVW�QD�HGHQ�REMHNW
NRM^WR�VH�L]YHGXYD�VR�LQYHVWLUDZH�YR�ID]L�PRCH�GD�VH�SUHVPHWD�VR�VXSHUSR]LFLMD�QD
GYH�QH]DYLVQL�LQYHVWLFLL��3UYDWD�LQYHVWLFLMD�GD�MD�R]QDaLPH�VR�$��D�YWRUDWD�LQYHV�
WLFLMD�VR�9��,QYHVWLFLMDWD�9�VH�VOXaXYD�YR�JRGLQDWD�m��D�QHM]LQLWH�HIHNWL��VP, FT L
VT�� VH� MDYXYDDW� YR� JRGLQLWH� m n+ ÷1 �� 6SRUHG� WRD�� YNXSQDWD� LQYHVWLFLMD� H� VXPD� QD
VHJD^QLWH� YUHGQRVWL� QD� LQYHVWLFLRQLWH� YORCXYDZD�� *RWRYLQVNLWH� WHNRYL� QD
LQYHVWLFLMDWD�$�JL�L]JRWYXYDPH�NDNR�L�GD�QH�SRVWRL�LQYHVWLFLMDWD�9��*RWRYLQVNLWH
WHNRYL�]D�LQYHVWLFLMDWD�9� �GR�JRGLQDWD� m−1� VH�HGQDNYL�QD�QXOD��YR�JRGLQDWD�m� VH
MDYXYD�JRWRYLQVNL�RGOLY�YR�YLVLQD�QD�LQYHVWLFLMDWD� CB �� D�YR�JRGLQLWH�^WR�VOHGDW

NDNR�SULOLYL�L�RGOLYL�WUHED�GD�VH�]HPDW�VDPR�UD]OLNLWH�SRPH_X�VWYDUQLWH�SULOLYL



L�RGOLYL�L�SULOLYLWH�L�RGOLYLWH�VR�NRL�H�VPHWDQR�YR�LQYHVWLFLMDWD�$��8YDCXYDM`L
JL�RYLH�QDSRPHQL��]D�QHWR�VHJD^QDWD�YUHGQRVW�QD�YNXSQDWD�LQYHVWLFLMD�VH�GRELYD�
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3HULRGRW� QD� SRYUDWRN� `H� ELGH� SRNXV� RG� UD]JOHGXYDQLRW� SHULRG� DNR� QHWR
VHJD^QDWD�YUHGQRVW�QD�LQYHVWLFLMDWD�H�SRJROHPD�RG�QXOD�

1D� LGHQWLaHQ� QDaLQ� VH� SRVWDSXYD� L� YR� VOXaDLWH� NRJD� HNVSORDWDFLMDWD� QD
RSUHPDWD��REMHNWRW��QDPHWQXYD�]QDaDMQL��SHULRGLaQL�LOL�DSHULRGLaQL��LQYHVWLFL�
RQL�]DIDWL�]DUDGL�RGUCXYDZH��D�NRL�QH�PRCH�LOL�QH�VPHH�GD�VH�UDVSUHGHODW�UDPQR�
PHUQR�YR�VLWH�JRGLQL�

1DMJROHPLWH� SUREOHPL� L� WH^NRWLL� YR� SRVWDSNDWD� ]D� RSUHGHOXYDZH� QD� QHWR
VHJD^QDWD� YUHGQRVW� VH� MDYXYDDW� NRJD� `H� WUHED� GD� VH� SUHVPHWDDW� SULKRGLWH� L
WUR^RFLWH� RG� UDERWHZHWR�� ^WR� GRVHJD� QH� EH^H� UD]JOHGXYDQR�� 0H_XWRD�� YR
LQCHQHUVNDWD�SUDNVD�WUHED�HNRQRPVNL�GD�VH�YUHGQXYDDW�YDULMDQWL�NRL^WR�VH�UD]OL�
NXYDDW�VDPR�RG�WHKQLaNL�DVSHNW��D�QH�L�RG�DVSHNW�QD�ILQDQVLVNLWH�SHUIRUPDQVL�

2aLJOHGQR� H� GHND� SRHGLQHaQLWH� SUHVPHWNL� L� YUHGQXYDZD� QD� YDULMDQWLWH
WUHED� GD� YNOXaDW� GHWDOQL� DQDOL]L� QD� SULKRGLWH� L� WUR^RFLWH� QD� UDERWHZHWR� QD
ILUPDWD��^WR�QH�H�L�QH�WUHED�GD�ELGH�]DGDaD�QD�LQCHQHULWH��$NR�YUHGQXYDZHWR�VH
QDSUDYL�VR�VSRUHGED�QD�YDULMDQWLWH�`H�VH�HOLPLQLUDDW�LOL�`H�VH�XEODCDW�QDMJROHP
GHO�RG�SUHWKRGQR�VSRPHQDWLWH�SUREOHPL��1D�SULPHU��WUHED�GD�VH�JUDGL�QRY�GDOHNX�
YRG�L�PRCQL�VH�GYH�YDULMDQWL�UH^HQLMD�VR�UD]OLaQL�QRPLQDOQL�SUHVHFL�QD�ID]QLWH
MDCLZD��.DUDNWHULVWLaQR�YR�VOXaDMRW�H�WRD�^WR��L�YR�GYHWH�YDULMDQWL��SULKRGLWH�QD
LQYHVWLWRURW��SURGDGHQDWD�HOHNWULaQD�HQHUJLMD��`H�ELGDW�LVWL�

6OLaQD� VLWXDFLMD� VH� MDYXYD� NRJD�� LQYHVWLFLMDWD� VDPD� SR� VHEH�� H� HNRQRPVNL
QHLVSODWOLYD�� QR� PRUD� GD� VH� L]JUDGL� SRUDGL� VWURJLWH� WHKQLaNL� SURSLVL� LOL� SDN
SRUDGL�SULaLQL�NRL^WR�QH�PRCDW�GD�VH�YUHGQXYDDW�SUHNX�SDUL��9R�YDNYLWH�VOXaDL
SRVWDSNDWD�VR�VSRUHGED�QD�YDULMDQWLWH�`H�SRNDCH�NRMD�RG�UD]JOHGXYDQLWH�YDULMDQWL
H�QDMPDONX�HNRQRPVNL�QHLVSODWOLYD�

6R�FHO�GD�VH�QDGPLQDW�RYLH�SUREOHPL��HGQD�RG�PRCQLWH�YDULMDQWL�VH�RGELUD�]D
UHIHUHQWQD�� D� RVWDQDWLWH� VH� RFHQXYDDW� YR� RGQRV� QD� WDD� YDULMDQWD�� 1D� SULPHU�� GD
VSRUHGLPH� GYH� YDULMDQWL� VR� UD]OLaQL� SRaHWQL� LQYHVWLFLL� L� UD]OLaQL� ILNVQL� L
YDULMDELOQL�WUR^RFL��'D�SUHWSRVWDYLPH�GHND�YDULMDQWDWD�9�H�UHIHUHQWQD�� D�`H� MD
SUHVPHWXYDPH�UD]OLNDWD�QD�GLVNRQWLUDQLWH�JRWRYLQVNL�SULOLYL�SRPH_X�YDULMDQWDWD
$�L�YDULMDQWDWD�9��1DMSRJRGQR�H�� QR�QH� H�QHRSKRGQR��NDNR�UHIHUHQWQD�GD� VH� XVYRL
YDULMDQWDWD� VR� QDMPDOL� SRaHWQL� LQYHVWLFLRQL� YORCXYDZD�� 3ULWRD�� NRUHJLUDQDWD
GLVNRQWQD� VWDSND� L� SHULRGRW� QD� UD]JOHGXYDZH� n� L� ]D� GYHWH� YDULMDQWL� GD� ELGDW
HGQDNYL��D�SHULRGLWH�QD�DPRUWL]DFLMD�PRCDW�GD�VH�UD]OLNXYDDW�

$NR�QDSUDYLPH�UD]OLND�QD�GLVNRQWLUDQLWH�WUR^RFL�]D�YDULMDQWLWH�$�L�9��RG
L]UD]LWH�����L������VH�GRELYD�
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RGQRVQR��DNR�JRWRYLQVNLWH�SULOLY�YR�SRVOHGQDWD�JRGLQD�QH�JL�]JROHPXYDPH�]D�RVWD�
WRNRW�QD�LQYHVWLFLLWH��VH�GRELYD
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NDGH�^WR� ∆DCB i qc′ ,b g�H�UD]OLND�QD�JRWRYLQVNLWH�SULOLYL�SUHVPHWDQL�DNR�YR�����VH
VPHWD�VR�β = 0�

3RYWRUQR�GD�VH�YUDWLPH�QD�SUHWKRGQLRW�SULPHU�L�GD�MD�SUHVPHWDPH�UD]OLNDWD
QD�QHWR�JRWRYLQVNLWH�SULOLYL�]D�SHULRGRW�n��1D�VOLNDWD���VH�SULNDCDQL�UD]OLNDWD
QD�GLVNRQWLUDQLWH�JRWRYLQVNL�SULOLYL��CB��L�UD]OLNDWD�QD�QHWR�JRWRYLQVNLRW�WHN
�NCF��SR� JRGLQL��2G� JUDILNRW�QD� VOLNDWD��� VH� JOHGD�GHND�SHULRGRW�QD�SRYUDWRN�H
QH^WR�SRYH`H�RG�GYH�JRGLQL��9VX^QRVW��WRD�H�SHULRG�QD�SRYUDWRN�QD�UD]OLNDWD�QD
LQYHVWLFLLWH�L�VH�MDYXYD�NRJD�QHWR�JRWRYLQVNLRW�WHN�QD�YDULMDQWDWD�$�H�SRJROHP�RG
QHWR� JRWRYLQVNLRW� WHN� QD� UHIHUHQWQDWD� YDULMDQWD� �SUHVHN� QD� NULYLWH� ]D� QHWR
JRWRYLQVNLWH�WHNRYL�QD�VOLNDWD����
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6OLND���5D]OLND�QD�QHWR�JRWRYLQVNLWH�WHNRYL�]D�YDULMDQWLWH�$�L�9��qc=1,15�

3UHVPHWNDWD�QD�UD]OLNLWH�QD�GLVNRQWLUDQLWH�JRWRYLQVNL�SULOLYL�PRCH�GR�
SROQLWHOQR�GD�VH�SRHGQRVWDYL�SRG�VOHGQLWH�SUHWSRVWDYNL��6H�VSRUHGXYDDW�YDULMDQWL
VR�LGHQWLaQD�RSUHPD��QR�VR�UD]OLaQL�SHUIRUPDQVL�L�FHQL���SD�SRUDGL�WRD�VH�HGQDN�
YL�L�SHULRGLWH�QD�DPRUWL]DFLMD�QD�RSUHPDWD�YR�VLWH�YDULMDQWL��$NR�YDULMDELOQLWH
WUR^RFL��QD�SULPHU��]DJXELWH�QD�HOHNWULaQDWD�HQHUJLMD��SRVWRMDQR��L�VNRUR�UDPQR�
PHUQR��VH�]JROHPXYDDW�YR�UD]JOHGXYDQLRW�SHULRG��WLH�SRUDVWL�PRCDW�GD�VH�L]UD]DW
SUHNX�SURVHaQD�JRGL^QD�VWDSND�QD�SRUDVW�pw�

VT VT pw VT x VT x
i i i

i
A A A A= ⋅ + = ⋅ = ⋅− −1 1 0

1b g ��VT VT pw VT x VT x
i i i

i
B B B B= ⋅ + = ⋅ = ⋅− −1 1 0

1b g �L
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$NR�GRSROQLWHOQR�VH�SUHWSRVWDYL�GHND�YDULMDQWLWH�LPDDW�L�HGQDNYL�SULOLYL
�YNXSHQ�SULKRG���PRCH�GD�VH�QDSL^H�L]UD]RW�]D�SUHVPHWND�QD�QHWR�VHJD^QDWD�YUHG�
QRVW�QD�UD]OLNDWD�QD�LQYHVWLFLLWH�

∆ ∆ ∆ ∆ ∆NPV n qc C C
n

na qc
FT

qc
VT

x

qcn i
i

n i

i
i

n
,b g= − + ⋅ −F

HG
I
KJ⋅ − ⋅ − ⋅

= =
∑ ∑1

1 1

1
0

1

�� ����

∆ ∆ ∆ ∆ ∆NPV n qc C C
n

na qc
FT D n qc VT D n

qc

xn
, , ,b g b g= − + ⋅ −F

HG
I
KJ⋅ − ⋅ − ⋅ F

HG
I
KJ1

1
0 �� ����

NDGH�^WR� D n qc,b g� H� HGLQLaQD�IXQNFLMD� ]D� GLVNRQWLUDZH� ]D� SHULRG�n� VR� GLVNRQWHQ
IDNWRU�qc�

D n qc
qc

qc

qc qci
i

n n

n
,b g b g= = −

⋅ −=
∑ 1 1

11

�� ����

,]UD]RW������RYR]PRCXYD�PQRJX�OHVQR�GD�VH�SUHVPHWD�QHWR�VHJD^QDWD�YUHGQRVW
QD�UD]OLNDWD�QD�LQYHVWLFLLWH�$�L�9�L�YU]�RVQRYD�QD�WRM�SRGDWRN�GD�VH�RFHQL�GDOL

YDULMDQWDWD�$�H�SRSRYROQD�RG�YDULMDQWDWD�9��,PHQR��DNR�IXQNFLMDWD� ∆NPV k qc,b g�H
QHSUHNLQDWD�`H�LPD�QXOD�YR�LQWHUYDORW� 0;n � DNR� ∆NPV qc0 0,b g< �L� ∆NPV n qc,b g> 0 �

%LGHM`L� SUYLRW� XVORY� H� VHNRJD^� LVSROHQHW�� D� � ∆ ∆NPV qc C0 0,b g= < � DNR� C CA B> �

GRYROHQ� XVORY� ]D� LVSODWOLYRVW� QD� UD]OLNDWD� YR� LQYHVWLFLLWH� H� QHWR� VHJD^QDWD
YUHGQRVW��SUHVPHWDQD�VSRUHG������LOL��������GD�ELGH�SRJROHPD�RG�QXOD�

3. =$./8A2.

9R�WUXGRW�H�L]ORCHQD�SRVWDSND�]D�DQDOL]D�QD�LVSODWOLYRVWD�QD�LQYHVWLFLLWH
L� VSRUHGED� QD� YDULMDQWQL� UH^HQLMD�� SULODJRGHQD� ]D� SULPHQD� YR� SUHQRVQLWH� L
GLVWULEXWLYQLWH� PUHCL�� 3RNDCDQR� H� NDNR� VH� SRVWDSXYD� YR� VOXaDLWH� NRJD
LQYHVWLFLLWH� VH� UDVSUHGHOHQL� QD� SRYH`H� ID]L� L� NDNR� PRCH� GD� VH� VSRUHGDW� GYH
DOWHUQDWLYQL� UH^HQLMD�� 3ULPHQDWD� QD� SUHGORCHQDWD� SRVWDSND� QH� EDUD� SRVHEQL
SR]QDYDZD� RG� REODVWD� QD� HNRQRPLMDWD�� ^WR� MD� ROHVQXYD� QHM]LQDWD� SULPHQD�
3UDNWLaQDWD�UHDOL]DFLMD�H�PRCQD�VR�SULPHQD�QD�QHNRM�RG�NRPSMXWHUVNLWH�SURJUDPL
]D�WDEHODUQL�SUHVPHWNL��QD�NRM�QDaLQ�PRCH�GD�VH�RSUHGHOL�L�SHULRGRW�QD�SRYUDWRN
QD� LQYHVWLFLMDWD�� LOL� SDN� WDD�PRCH� GD� VH� L]YHGH� VR� UDaQL� SUHVPHWNL� ]D� SURFHQND
NRMD�RG�DOWHUQDWLYLWH�H�QDMSRJRGQD�RG�HNRQRPVNL�DVSHNW�
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9R�WUXGRW�H�SUH]HQWLUDQD�SUDNWLaQDWD�SULPHQD�QD�PHWRGRORJLMDWD�]D�HNRQR�
PVNR�YUHGQXYDZH�QD�HOHNWURHQHUJHWVNLWH�REMHNWL��3RVWDSNDWD�]D�SUHVPHWND�H�LOXV�
WULUDQD� VR� WUL� SULPHUL�� %LGHM`L� YU]� UH]XOWDWLWH� RG� SUHVPHWNLWH�� D� VR� WRD� L� YU]
NRQHaQDWD�RGOXND�� ]QDaLWOHQR� YOLMDQLH�LPDDW� XVYRHQLWH� HNRQRPVNL�SDUDPHWUL�� YR
HGHQ�RG�SULPHULWH�H�SRNDCDQD�]DYLVQRVWD�QD�QHNRL�RG�SDUDPHWULWH�YU]�NRQHaQRWR
UH^HQLH��3UHVPHWNLWH�VH�PQRJX�HGQRVWDYQL�L�PRCH�GD�VH�QDSUDYDW�UDaQR�UDERWD��QR
XSRWUHEDWD�QD�QHNRM�RG�SRSXODUQLWH�NRPSMXWHUVNL�SURJUDPL�]D�WDEHODUQL�SUHVPHW�
NL�RYR]PRCXYD�SRGHWDOQD�DQDOL]D�

SUMMARY

The application of the investment appraisal method is presented in this paper. The proce-
dure is illustrated with three typical examples. The influence of various economic parameters is
shown in one of the examples. The appraisal is very simple and it can be used both for hand cal-
culations, as well as with some of the popular spreadsheet programs.

.OXaQL�]ERURYL��GLVNRQWLUDZH��SHULRG�QD�SRYUDWRN��QHWR�VHJD^QD�YUHGQRVW

1. 929('

9R�RYRM�UHIHUDW�H�L]ORCHQD�SUDNWLaQDWD�SULPHQD�QD�PHWRGRORJLMDWD�]D�HNR�
QRPVNR� YUHGQXYDZH� QD� HOHNWURHQHUJHWVNLWH� REMHNWL� SUHNX� VSRUHGED� QD� WHKQLaNL
VOLaQL� DOWHUQDWLYQL� UH^HQLMD��2VQRYLWH� QD� PHWRGRORJLMDWD� VH� GHWDOQR� REMDVQHWL
YR� [1]�� D� YR� RYRM� WUXG� ]DUDGL�SROHVQR�UHIHUHQFLUDZH�� VDPR�`H� ELGDW� L]ORCHQL�RV�
QRYQLWH�PDWHPDWLaNL�L]UD]L��SRWUHEQL�]D�SUHVPHWNLWH�

=D�LOXVWUDFLMD�QD�SULPHQDWD�QD�PHWRGRORJLMDWD�VH�LVNRULVWHQL�WUL�SULPHUL�
3UYLWH�GYD�SULPHUD�VH�NDUDNWHULVWLaQL�REMHNWL��QDG]HPQL�YRGRYL��NRL^WR�VH�MDYX�
YDDW�YR�SUHQRVQLWH�L�GLVWULEXWLYQLWH�PUHCL��7UHWLRW�SULPHU��LDNR�QH�H�NDUDNWH�
ULVWLaHQ� ]D� SUHQRVQLWH�L� GLVWULEXWLYQLWH�PUHCL� �VLVWHP� ]D� HOHNWULaQR�RVYHWOH�
QLH��� H� LVNRULVWHQ� ]D� LOXVWUDFLMD� QD� SULPHQOLYRVWD� QD�PHWRGRORJLMDWD� L� ]D� GUXJL
VOLaQL�REMHNWL�

%LGHM`L�HNRQRPVNRWR�YUHGQXYDZH�QD�HQHUJHWVNLWH�REMHNWL�EDUD�XVYRMXYDZH�QD
RSUHGHOHQL� HNRQRPVNL� SDUDPHWUL�� YR� RYRM� GHO� `H� ELGDW� REMDVQHWR� NRL� RVQRYQL



SDUDPHWUL�VH�NRULVWHQL�YR�SUHVPHWNLWH��.OXaHQ�SRGDWRN�]D�SULPHQD�QD�PHWRGRW�VR
GLVNRQWLUDQLRW� JRWRYLQVNL� WHN� H� SRGDWRNRW� ]D� NRUHJLUDQDWD� GLVNRQWQD� VWDSND�
'LVNRQWQDWD� VWDSND� YR� VHEH� LPSOLFLWQR� JL� YNOXaXYD� LQIRUPDFLLWH� ]D� NDPDWQLWH
VWDSNL�QD�SD]DURW�L�UL]LNRW�]D�YORCXYDZH�YR�RSUHGHOHQD�VWRSDQVND�JUDQND��,OL��VR
GUXJL�]ERURYL��GLVNRQWQDWD�VWDSND�H�PLQLPDOQDWD�VWDSND�QD�SRYUDWRN�QD�NDSLWDORW
�internal rate of return�� VR�NRMD�^WR�LQYHVWLWRURW�VDND�GD�PX�VH�YUDWL�LQYHVWLFLMDWD�
'RSROQLWHOQR�� WDD� VWDSND� PRCH� GD� VH� NRUHJLUD� VR� FHO� YR� QHD� GD� ELGH� YNOXaHQR� L
YOLMDQLHWR� QD� GDQRaQDWD� SROLWLND�� 9RRELaDHQR� H�� ]D� REMHNWL� YR
HOHNWURHQHUJHWLNDWD��NDGH�^WR�UL]LNRW�QD�LQYHVWLUDZH�H�PLQLPDOHQ�L�NRL^WR�VH
ILQDVLUDDW�VR�UHODWLYQR�PDOL�NDPDWQL�VWDSNL��NRUHJLUDQDWD�GLVNRQWQD� VWDSND�GD
VH�GYLCL�YR�JUDQLFLWH�RG����GR������7RaQDWD�YUHGQRVW�QD�NRUHJLUDQDWD�GLVNRQWQD
VWDSND�VH�SUHVPHWXYD�VR�PHWRGL�NRL^WR�VH�QDGYRU�RG�WHPDWD�QD�RYRM�WUXG��D�YRHGQR�L
QDGYRU� RG� ]DGDaLWH� QD� WHKQLaNLWH� OLFD�� 7DD� VWDSND� WUHED� WRaQR� GD� MD� RSUHGHODW
HNRQRPLVWLWH��9R�SUYLWH�GYD�SULPHUD�H�NRULVWHQD�GLVNRQWQD�VWDSND�RG������GRGHND
YR�WUHWLRW�SULPHU�H�NRULVWHQD�GLVNRQWQD�VWDSND�RG�����RG�SULaLQD�^WR�REMHNWRW
YR� WRM� SULPHU� QH� H� REMHNW� RG� HOHNWURHQHUJHWLNDWD�� 3HULRGRW� QD� HNRQRPVNR
YUHGQXYDZH� QD� YDULMDQWLWH� ]D� VLWH� SULPHUL� H� ]HPHQ� GHND� H� HGQDNRY� QD� YHNRW� QD
WUDHZH�QD�RSUHPDWD��9R�SULQFLS�PRCH�GD�VH�XVYRL�L�SRNXV�SHULRG�QD�RFHQND�

3UL�GHILQLUDZHWR�QD�FHQLWH�VR�NRL^WR�VH�RSHULUD�YR�SUHVPHWNLWH�H�YRGHQR
VPHWND�WLH�GD�RGJRYDUDDW�QD�UHDOQLWH�SULOLNL��=DNOXaRFLWH�NRL^WR� VH� L]ORCHQL
YU]�RVQRYD�QD�GRELHQLWH�UH]XOWDWL�QH�VPHH�GD�VH�WUHWLUDDW�NDNR�XQLYHU]DOQL��WXNX
WLH�VH�RGQHVXYDDW�VDPR�]D�XVYRHQLWH�SUHWSRVWDYNL�

2. (.21206.2�95('189$:(�1$�,19(67,&,,7(

=D�HNRQRPVNDWD�VSRUHGED�QD�DOWHUQDWLYQL�WHKQLaNL�UH^HQLMD�H�SRWUHEQR�GD
VH�SUHVPHWD�UD]OLNDWD�QD� VHJD^QLWH�YUHGQRVWL�QD�LQYHVWLFLLWH�YR�GYH�YDULMDQWQL
UH^HQLMD�� 9R� L]UD]LWH� ^WR� VOHGDW� H� SUHWSRVWDYHQR� GHND� UHIHUHQWQD� YDULMDQWD� H
YDULMDQWDWD�9��D�MD�RFHQXYDPH�HILNDVQRVWD�QD�YDULMDQWDWD�$��,]UD]LWH�]D�SUHVPHWND
QD�QHWR�VHJD^QDWD�YUHGQRVW�L�JRWRYLQVNLWH�SULOLYL�VH�
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∆NPV n qcA B− ,b gUD]OLND�QD�QHWR�VHJD^QLWH�YUHGQRVWL�]D�YDULMDQWDWD�$�L�9�

RC nbg RVWDWRN�QD�YUHGQRVW�QD�RSUHPDWD�DNR�SHULRGRW�QD�UD]JOHGXYDZH�H�SR�

NXV�RG�YHNRW�QD�DPRUWL]DFLMD�



qc GLVNRQWQD�VWDSND�

∆ VLPERO�NRM^WR�R]QDaXYD�UD]OLND�QD� JROHPLQDWD�YR� YDULMDQWDWD�$�L
9�

$NR�JRWRYLQVNLWH�SULOLY�YR�SRVOHGQDWD�JRGLQD�QH�JL�]JROHPXYDPH�]D�RVWDWR�
NRW�QD�LQYHVWLFLLWH��RG�����VH�GRELYD
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NDGH�^WR� ∆DCB i qc′ ,b g�H�UD]OLND�QD�JRWRYLQVNLWH�SULOLYL�SUHVPHWDQL�DNR�YR�����VH
VPHWD�VR�β = 0�

$NR� GRSROQLWHOQR� VH� SUHWSRVWDYL� GHND� YDULMDQWLWH� LPDDW� HGQDNYL� YNXSQL
SULKRGL�L�YDULMDELOQL�WUR^RFL�NRL^WR�UDPQRPHUQR�UDVWDW�YR�WHNRW�QD�FHOLRW�SH�
ULRG�VR�VWDSND�QD�SRUDVW�p�� x p= +1 ���L]UD]RW�]D�SUHVPHWND�QD�QHWR�VHJD^QDWD�YUHG�

QRVW�QD�UD]OLNDWD�QD�LQYHVWLFLLWH�H�
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2.1 3ULPHU��

3RWUHEQR�H�GD�VH�JUDGL�110 kV�GDOHNXYRG�VR�GROCLQD�l=���km�NRM^WR�`H�QDSR�
MXYD�SRWUR^XYDa�VR�VOHGQLWH�NDUDNWHULVWLNL��YUYQD�JRGL^QD�PR`QRVW�QD�SRaHWRNRW
QD�UD]JOHGXYDQLRW�SHULRG��NUDM�QD�QXOWDWD�JRGLQD��Pmax0 50= MW�L�NRQVWDQWHQ�IDN�

WRU�QD�PR`QRVW� cos ,ϕ = 0 9�YR�WHNRW�QD�FHODWD�JRGLQD�L�YR�WHNRW�QD�FHOLRW�UD]JOHGX�
YDQ� SHULRG�� 9UYQDWD� PR`QRVW� QD� SRWUR^XYDaRW� SR� WULHVHW� JRGLQL� `H� L]QHVXYD
Pmax30 65= MW��'D�VH�SUHWSRVWDYL�GHND�SURPHQDWD�QD�YUYQDWD�PR`QRVW�H�SULEOLCQR

UDPQRPHUQR�UDVSUHGHOHQD�SR�VLWH�JRGLQL�L�GHND�JRGL^QLRW�GLMDJUDP�QD�RSWRYDUX�
YDZH�QH�VH�PHQXYD�YR�WHNRW�QD�UD]JOHGXYDQLRW�SHULRG��Tmax = 4500�h��

1DMQDSUHG�GD�JR�RSUHGHOLPH�SUHVHNRW�QD�ID]QLWH�MDCLZD��6WUXMDWD�QL]�VHNRMD
ID]D�QD�NUDMRW�RG�UD]JOHGXYDQLRW�SHULRG�`H�ELGH�

I =
⋅ ⋅

⋅ =65

3 110 0 9
1000 380

,
 A ��

6SRUHG�WRD��WUHED�GD�XVYRMLPH�ID]QL�MDCLZD�Al/Fe�VR�QRPLQDOHQ�SUHVHN�HGQD�
NRY� LOL�SRJROHP�RG� �������� aLMD�^WR� WUDMQR� GR]YROHQD� VWUXMD� SUL� ��οC� H� ����$��'D
UD]JOHGDPH�GYH�YDULMDQWL��9R�YDULMDQWDWD�$�YRGRW�VH�L]YHGXYD�VR�MDCLZD�Al/Fe 240/40
VR�FHQD�SR�HGLQLFD�GROCLQD�RG��������USD/km��D�YDULMDQWD�9�VR�MDCLZD�Al/Fe 150/25
VR�FHQD�NRMD^WR�H�]D�����SRQLVND�RG�YDULMDQWDWD�$��,�]D�GYHWH�YDULMDQWL�SHULRGRW
QD�DPRUWL]DFLMD�PRCH�GD�VH�]HPH�GHND�H� na naA B= = 30JRGLQL� [2]��WDND^WR�YDULMDQ�
WLWH�`H�JL�YUHGQXYDPH�]D�FHOLRW�SHULRG�QD�DPRUWL]DFLMD�



%LGHM`L� SULKRGLWH� L� YR� GYHWH� YDULMDQWL� VH� HGQDNYL� �SURGDGHQD� HOHNWULaQD
HQHUJLMD�QD�SRWUR^XYDaLWH��L�ELGHM`L�YDULMDELOQLWH�WUR^RFL��SRUDGL�]DJXELWH�QD
HOHNWULaQD�HQHUJLMD���UDPQRPHUQR�VH�PHQXYDDW��PRCH�GD�VH�LVNRULVWL�L]UD]RW�����

)LNVQLWH�WUR^RFL� �RVLJXUXYDZH��LQYHVWLFLRQR�L� WHNRYQR�RGUCXYDZH�L� VO��
PRCH� GD� VPHWDPH� GHND� VH� ����� RG� YUHGQRVWD� QD� LQYHVWLFLMDWD� YR� GYHWH� YDULMDQWL�
%LGHM`L� YDULMDQWDWD� 9� LPD� SRPDOL� LQYHVWLFLRQL� YORCXYDZD�� GD� MD� XVYRLPH� NDNR
UHIHUHQWQD�

9DULMDELOQLWH� WUR^RFL� SR� JRGLQD�PRCHPH� GD� JL� SRGHOLPH� QD� GYD� GHOD�� GHO
^WR�QH�H�SRYU]DQ�VR�UDERWHZHWR�QD�YRGRW�L�GHO�^WR�RGJRYDUD�QD�]DJXELWH�QD�HOHN�
WULaQD�HQHUJLMD��6RVHPD�H�NRUHNWQR�GD�VH�SUHWSRVWDYL�GHND�SUYLRW�GHO�RG�YDULMDELO�
QLWH�WUR^RFL� ]D� GYHWH�YDULMDQWL�H� HGQDNRY��6SRUHG�WRD�� ]D� DQDOL]D� VH� ELWQL� VDPR
YDULMDELOQLWH�WUR^RFL�^WR�SURL]OHJXYDDW�RG� ]DJXELWH�QD�HQHUJLMD�� �5D]OLNDWD�YR
]DJXELWH�QD�HQHUJLMD�YR�QXOWDWD�JRGLQD�H�

∆W r r l
P

Un
A B− ≈ ⋅ − ⋅ ⋅

⋅
F
HG

I
KJτ

ϕmax / /
max

cos240 40 150 25
0

2

b g ��

9UHPHWR�QD�PDNVLPDOQL�]DJXEL�VH�SUHVPHWXYD�RG�VOHGQRW�L]UD]�

τ max max, ,≈ + ⋅ ⋅ = + ⋅ ⋅ =− −0 124 10 8760 0 124 4500 10 8760 28864 4Te j e j  h ��

∆WA B =

 MWh / god

− = ⋅ − ⋅ ⋅
⋅

F
HG

I
KJ= ⋅ − − ⋅

= −

τ τmax max, ,
,

, , ,

,

0 119 0 194 30
50

110 0 9
0 911 1 485 2886 0 574

1656 3

b g b g
.

3URVHaQDWD�VWDSND�QD�SRUDVW�QD�]DJXELWH�QD�HOHNWULaQD�HQHUJLMD�pw�PRCH�GD
VH�RSUHGHOL�RG�VOHGQLRW�L]UD]�

log

log log log
max

max1

65

50
30

0

2

2
0

2

2
+ = = =

−

−pw

W

W

n

P

P

n

n n

b g
∆
∆

A B

A B ��� x pw= + =1 1,017645��

9R� SUHWKRGQLWH� L]UD]L� DNWLYQDWD� RWSRUQRVW� QD� VSURYRGQLFLWH� RG� Al/Fe� H
0 119,  / kmΩ �L�0 194,  / kmΩ ��VRRGYHWQR�

=D�SUHVPHWND�QD�UD]OLNDWD�QD�YDULMDELOQLWH�WUR^RFL�YR�QXOWDWD�JRGLQD�QL�H
SRWUHEQD� L� FHQDWD� QD� aLQHZH� QD� L]JXEHQDWD� HOHNWULaQD� HQHUJLMD�� 6PHWDM`L� GHND
SURL]YRGQDWD�FHQD�QD�HOHNWULaQDWD�HQHUJLMD�H�RNROX�������USD/kWh��]D�FHQDWD�QD�L]�
JXEHQDWD� L]JXEHQDWD� HOHNWULaQD� HQHUJLMD� PRCH� GD� XVYRLPH� SRYLVRND� YUHGQRVW� ]D
RNROX������W�H�� ���USD/MWh��6SRUHG�WRD��UD]OLNDWD�QD�YDULMDELOQLWH�WUR^RFL�YR
QXOWDWD�JRGLQD�`H�ELGH�

∆ ∆VT W0 54 89449= ⋅ = −−A B �USD�

8VYRMXYDPH� GLVNRQWQD� VWDSND�RG� ����� WDND�^WR�QHWR� VHJD^QDWD� YUHGQRVW� QD
UD]OLNDWD�YR�LQYHVWLFLLWH��VSRUHG�L]UD]RW������H�

∆NPV n qc D n qc D n
qc

xA B− = − − ⋅ − ⋅ F
HG

I
KJ, , ,b g b g525000 13125 89449

������������������������������������������������
� 9R SULQFLS� YR YDULMDELOQLWH WUR^RFL WUHED GD VH YNOXaDW L WUR^RFLWH SRUDGL ]DJXELWH QD DNWLYQDWD
PR`QRVW� 1R� YR RYRM VOXaDM WRD QH H QDSUDYHQR ]DWRD ^WR DNR UH]XOWDWLWH GRELHQL QD RYRM QDaLQ VH
SR]LWLYQL� SR]LWLYQL �L X^WH SRL]UD]HQL� `H ELGDW UH]XOWDWLWH YR NRL^WR VH YNOXaHQL L WUR^RFLWH SRUDGL
]DJXELWH QD DNWLYQDWD PR`QRVW�



∆C = − =2100000 1575000 525000�USD,

∆ ∆FT C= ⋅ =0 025, 13125�USD,

na n

n

− = 0 �

D 30 11
11 1

11 11 1

17 4494 1

17 4494 0 1

30

30
; ,

,

, ,

,

, ,
b g b g= −

⋅ −
= −

⋅
= 9,426914��

D D30
11

30
1

1

30

30
;

,
;

1,017645
1,017645

1,017645

1,017645 1,017645
11,16001

F
HG

I
KJ= = −

⋅ −
=b g b g

NPVA B 9,426914 11,16001 349519− = − − ⋅ + ⋅ =30 11 525000 13125 89449; ,b g  USD�

6R�GUXJL�]ERURYL��YDULMDQWDWD�$��YR�WHNRW�QD����JRGLQL�HNVSORDWDFLMD��`H�RV�
WYDUL� SRGREUL� QHWR�ILQDQVLVNL� HIHNWL� RG� YDULMDQWDWD�9� ]D� �������USD�� =D� LOXV�
WUDFLMD��DNR�QH�VH�SULPHQL�PHWRGRW�QD�GLVNRQWLUDZH��QHWR�ILQDQVLVNLRW�HIHNW�`H
ELGH�X^WH�SRL]UD]HQ������������USD�YR�NRULVW�QD�YDULMDQWDWD�$��3HULRGRW�QD�SRYUD�
WRN�QD�UD]OLNDWD�YR�LQYHVWLFLLWH��LOL�SHULRGRW�SRVOH�NRM�YDULMDQWDWD�$�`H�RVWYD�
UXYD�SRGREUL�ILQDQVLVNL�UH]XOWDWL�RG�YDULMDQWDWD�9��`H�ELGH�SRNXV�RG����JRGLQL�

2YRM� SULPHU�PRCH� GD� VH� UH^L� L� DNR� VH� SUHVPHWDDW� JRWRYLQVNLWH� WHNRYL� YR
VLWH�JRGLQL�L�LVWLWH�VH�GLVNRQWLUDDW�VR�SRPR^�QD�L]UD]RW������5H]XOWDWLWH�RG�WLH
SUHVPHWNL� �QDSUDYHQL� YR� SURJUDPRW� Microsoft Excel�� VH� SULNDCDQL� JUDILaNL� QD
VOLNDWD����.DNR�^WR�PRCH�GD�VH�]DEHOHCL�RG�VOLNDWD����SHULRGRW�NRJD�LQYHVWLFLMDWD
$� `H� SRaQH� GD� RVWYDUXYD� SRGREUL� ILQDQVLVNL� UH]XOWDWL� RG� LQYHVWLFLMDWD� 9� H� ��
JRGLQL�

-525000

349519

-600000

-500000

-400000

-300000

-200000

-100000

0

100000

200000

300000

400000

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
god

USD

CB(A-B) NCF(A-B)

6OLND���5D]OLND�QD�QHWR�JRWRYLQVNLWH�WHNRYL��NCF��]D�YDULMDQWLWH�RG�SULPHURW��

1.2 3ULPHU��

9R�RYRM�SULPHU�`H�ELGH�SRNDCDQR�NDNR�VH�SRVWDSXYD�NRJD�WUHED�GD�VH�VSRUHGX�
YDDW�YDULMDQWL�NRL^WR�LPDDW�UD]OLaQD�GLQDPLND�QD�LQYHVWLUDZH��'D�JL�]HPHPH�LV�



WLWH�SRGDWRFL�NDNR�YR�SULPHURW����VR�WDD�UD]OLND�^WR�YR�RYRM�VOXaDM�RSWRYDUXYDZH�
WR�QD�NUDMRW�RG�SHULRGRW�H����MW�

9U]�RVQRYD�QD�RSWRYDUXYDZHWR�SR����JRGLQL�]DNOXaXYDPH�GHND�YRG�VR�VSURYRG�
QLFL��������PRCH�GD�JL�]DGRYROL�SRWUHELWH�QD�SRWUR^XYDaLWH��9UHGQRVWD�QD�LQYHV�
WLFLMDWD�YR�RYDD�YDULMDQWD�H���������USD�

'D�UD]JOHGDPH�L�YWRUD�YDULMDQWD�YR�NRMD�QD�SRaHWRNRW�`H�VH�L]JUDGL�HGHQ�YRG
VR� VSURYRGQLFL� �������� D� NRJD� RSWRYDUXYDZHWR�`H� MD� QDGPLQH� GR]YROHQDWD�PR`QRVW
QD�WRM�YRG��YR�����JRGLQD�RG�SHULRGRW��YR�SRJRQ�WUHED�GD�VH�SX^WL�X^WH�HGHQ�YRG�VR
VSURYRGQLFL� �������� 9R� RYDD� YDULMDQWD� YR� QXOWDWD� JRGLQD� WUHED� GD� VH� LQYHVWLUD
��������USD� L� LVWR� WRONDYD� VXPD� YR� ���� JRGLQD�� 9VX^QRVW�� VHJD^QDWD� YUHGQRVW� QD
YWRULRW� YRG� YR� YWRUDWD� YDULMDQWD�� ]HPDM`L� GLVNRQWQD� VWDSND� RG� ����� H

1575000 1117⋅ =−, 311605�USD��7RD�]QDaL�GHND�YNXSQDWD�VHJD^QD�YUHGQRVW�QD�LQYHVWL�
FLMDWD� YR� YWRUDWD� YDULMDQWD� H� SRPDOD� RG� LQYHVWLFLMDWD� YR� SUYDWD� YDULMDQWD��,VWR
WDND��NDNR�SUHGQRVW�QD�YWRUDWD�YDULMDQWD�PRCH�GD�ELGH�WRD�^WR�]DJXELWH�YR�GYDWD
YRGD��������YR�JRGLQLWH�18 30÷ �`H�ELGDW�SRPDOL�RWNRONX�YR�YRGRW��������

'D�XVYRLPH�GHND�YWRUDWD�YDULMDQWD�H�UHIHUHQWQD��3ULPHQXYDM`L�JR�SULQFLSRW
QD� VXSHUSR]LFLMD�� YWRUDWD� YDULMDQWD� PRCHPH� GD� MD� SUHWVWDYLPH� NDNR� ]ELU� QD� GYH
QH]DYLVQL� YDULMDQWL� NRL^WR� `H� JL� QDUHaHPH� 9� L� 6�� 9R� YDULMDQWDWD� 9� `H� VPHWDPH
GHND�SUYLRW�YRG��������VH�NRULVWL�]D�YUHPH�QD�FHOLRW�SHULRG���9R�YDULMDQWDWDWD�6�`H
MD� YUHGQXYDPH� VR� SRaHWQD� LQYHVWLFLMD� HGQDNYD� QD� LQYHVWLFLMDWD� QD� YWRULRW� YRG
��������QR�YUHGQXYDZHWR�`H�JR�QDSUDYLPH�VDPR�]D�RVWDWRNRW�QD�SHULRGRW�����JRGLQL��

9DULMDQWDWD� NRMD^WR� MD� VSRUHGXYDPH� VR� UHIHUHQWQDWD� YDULMDQWD� GD� MD
R]QDaLPH�L�YR�RYRM�VOXaDM�VR�$��YRGRW�VR�SUHVHN����������3UHVPHWNLWH�]D�YDULMDQWLWH
$�L�9�`H�JL�QDSUDYLPH�QD�LGHQWLaHQ�QDaLQ�NDNR�L�YR�SULPHURW����3UL�WRD��IDNWRURW
QD�SRUDVW�QD�YUYQRWR�RSWRYDUXYDZH�x�H�

log log

log log
max

max1

90

50
30

2

2
0

2

2
+ = = =pw x

P

P

n

n

b g ���� x = 1,03996��

6SRUHG�����RG�[1]�L������QHWR�VHJD^QDWD�YUHGQRVW�QD�UD]OLNDWD�QD�GYHWH�RVQRY�
QL�YDULMDQWL�H�

∆

∆

NPV n qc NPV n qc NPV n qc
NPV n qc

qc

NPV n qc
NPV n qc

qc

A B C A B
C

A B
C

− −

−

= − −
−

= −
−

, , ,
,

,
,

b g b g b g b g

b g b g

17

17

17

17

1HWR� VHJD^QDWD� YUHGQRVW� QD� UD]OLNDWD� QD� YDULMDQWLWH�$� L�9� VH� SUHVPHWXYD
NDNR�YR�SUHWKRGQLRW�SULPHU�

NPV n qc D DA B 1,03996− = − − ⋅ − ⋅ F
HG

I
KJ, ; , ;

,b g b g525000 13125 30 11 89449 30
11

D D30
11

30
1

1

30

30
;

,
;

1,03996
1,05773

1,05773

1,05773 1,05773
14,10585

F
HG

I
KJ= = −

⋅ −
=b g b g

∆NPV n qcA B 9,42691 14,10585 = 613021− = − − ⋅ − ⋅,b g 525000 13125 89449 �USD.

������������������������������������������������
� 3UHWSRVWDYNDWD H VDPR RG PDWHPDWLaNL NDUDNWHU�



9DULMDQWDWD� 6� JL� LPD� VOHGQLWH� NDUDNWHULVWLNL�� )LNVQLWH� WUR^RFL� VH� SUH�
VPHWXYDDW�QD�LGHQWLaHQ�QDaLQ�NDNR�L�NDM�YDULMDQWDWD�9��LVWL�LQYHVWLFLL���9DULMD�
ELOQLWH�JRGL^QL�WUR^RFL�SUHWVWDYXYDDW�UD]OLND�SRPH_X�WUR^RFLWH�NRJD�UDERWDW
GYDWD�YRGD���������∆Wi ��L�NRJD�UDERWL�VDPR�HGHQ�YRG���������∆W iB ��

=DJXELWH�QD�HQHUJLMD�YR�JRGLQLWH��NRJD�UDERWDW�GYDWD�YRGD�� i = 18 30, ,� ��VH�

∆ ∆ ∆W r l
P

U
x W W x xi

n

i
i

i= ⋅ ⋅ ⋅ ⋅
⋅

F
HG

I
KJ ⋅ = ⋅ = ⋅ ⋅ ⋅ −τ

ϕmax /
max,
cos

, ,0 5 0 5 0 5150 25
0

2

0
17 17

B B ��� i n= 18, ,� ��

∆ ∆ ∆ ∆ ∆W W W W W x x x xi i i i
i i

C B B B= − = − ⋅ = ⋅ ⋅ ⋅ = ⋅ ⋅− −0 5 0 5 2142 40
17 17 17 17, , , ��� i n= 18, ,� ��

9DULMDELOQLWH�WUR^RFL�YR�YDULMDQWDWD�6�YR�LVWLWH�JRGLQL�VH�

∆VC x x xi
i i i

C ,= − ⋅ ⋅ ⋅ = − ⋅ ⋅ = − ⋅− −0 054 2142 4 1000 115687 1 03996 13576417 17 17, , �USD�

1HWR�VHJD^QDWD�YUHGQRVW�QD�YDULMDQWDWD�6��NRMD�^WR�VH�GLVNRQWLUD�]D�SHULRG
���JRGLQL��D�SRaHWQD�VRVWRMED�H�����JRGLQD��H�

NPV qc C FT D qc VT D
qc

x
C

na n

na qc
C C C C C13 13 13

17 1
17 13

, , ,b g b g= − + ⋅ + ⋅ F
HG

I
KJ+ − + ⋅ ��

D 1311
11 1

11 11 1

13

13
; ,

,

, ,
b g b g= −

⋅ −
= 7,10336��

D D13
11

1 03996
131 05773

1 05773 1

1 05773 1 05773 1
8 97130

13

13
;

,
;

,
,

,

, ,
,

F
HG

I
KJ= = −

⋅ −
=b g b g ��

NPV qcC 13 1575000 39375 7 10336 225213 8 97130 331605 32794, , ,b g= − − ⋅ + ⋅ + = �USD�

NDGH�^WR�H�

D 1311
11 1

11 11 1

13

13
; ,

,

, ,
b g b g= −

⋅ −
= 7,103356��

D D13
11

1 0198
131 07866

1 07866 1

1 07866 1 07866 1

13

13
;

,

,
; ,

,

, ,

F
HG

I
KJ= = −

⋅ −
=b g b g 7,962468��

.RQHaQR�� ]D� QHWR� VHJD^QDWD� YUHGQRVW� QD� UD]OLNDWD� SRPH_X� GYHWH� RVQRYQL
YDULMDQWL�VH�GRELYD�

∆NPV n qcA B C− − = − =,b g 613021 32794 580227�USD�

6SRUHG�WRD��PRCH�GD�VH�]DNOXaL�GHND�YDULMDQWDWD�VR�HGHQ�YRG�VR�VSURYRGQLFL
�������H�SRSRYROQD�RG�YDULMDQWDWD�VR�GYD�YRGD�VR�VSURYRGQLFL��������NRL�EL�VH�JUDGH�
OH� YR� GYH� ID]L�� 1D� VOLNDWD� �� VH� SULNDCDQL� GLVNRQWLUDQLWH� JRWRYLQVNL� SULOLYL
�CB��L�QHWR�JRWRYLQVNLWH�WHNRYL�SR�JRGLQL��NCF���1D�VOLNDWD���YR����JRGLQD�VH�MDYX�
YD� YLVRN�SR]LWLYHQ� �SULOLY�� JRWRYLQVNL� WHN�NRM^WR� VH� GROCL�QD� LQYHVWLFLMDWD� ]D
YWRULRW� YRG� �������� 9VX^QRVW�� LQYHVWLWRURW� YR� WDD� JRGLQD� QHPD� GD� LPD� UHDOQR
SULOLY�� WXNX� QDPHVWR� WDD� LQYHVWLFLMD� VUHGVWYDWD� PRCH� GD� JL� LVNRULVWL� ]D� GUXJD
QDPHQD��2G�PDWHPDWLaNL�DVSHNW�GR�LVWLRW�UH]XOWDW�`H�VH�GRMGH�DNR�LQYHVWLFLMDWD�RG
JRWRYLQVNLRW� WHN� ]D� ���� JRGLQD� VH� SUHQHVH� YR� QXOWDWD� JRGLQD� L� VRRGYHWQR� VH
GLVNRQWLUD� ��������USD���.ULYDWD� QD� QHWR� JRWRYLQVNLWH� WHNRYL� SR� JRGLQL� ]D� RYRM
VOXaDM�QD�VOLNDWD�H�SULNDCDQD�VR�LVSUHNLQDWD�OLQLMD�



-525000

-213395

580227

-600000

-400000

-200000

0

200000

400000

600000

800000

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
god

USD

CB(A-B-C) NCF(A-B-C)

6OLND���5D]OLND�QD�QHWR�JRWRYLQVNLWH�WHNRYL��NCF��]D�YDULMDQWLWH�RG�SULPHURW��

1.3 3ULPHU��

9R�RYRM�SULPHU�`H�ELGH�SRNDCDQR�NDNR�VH�SULPHQXYD�SRVWDSNDWD�]D�RFHQND�QD
LQYHVWLFLLWH�]D�VOXaDM�NRJD�YDULMDELOQLWH�WUR^RFL�SHULRGLaQR�VH�SRYWRUXYDDW�

2VYHWOHQLHWR�YR�HGHQ�LQGXVWULVNL�SRJRQ�WUHED�GD�VH�L]YHGH�VR�����VYHWLONL
VR�SR�GYH�IOXRUHVFHQWQL�VLMDOLFL�RG�36 W.�3URL]YRGLWHORW�QD�VYHWLONLWH�QXGL�GYH
YDULMDQWL�QD�VYHWLONLWH��VR�HOHNWURPDJQHWQD�SULGX^QLFD�L�VR�HOHNWURQVNL�NRQWUR�
OHQ�XUHG��(.8���3UHGQRVWD�QD�VYHWLONDWD�YR�YWRUDWD�YDULMDQWD�VH�VRVWRL�YR��QDPDOH�
QD�SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD��VPDOLHQL�]DJXEL�YR�VLMDOLFDWD�L�NRQWURO�
QLRW�XUHG���SURGROCHQ�YHN�QD�WUDZH�QD�IOXRUHVFHQWQLWH�VLMDOLFL�]D��~����L�]D�UD�
ERWD�QD�VLMDOLFLWH�QH�VH�SRWUHEQL�VWDUWHUL��&HQDWD�QD�YWRUDWD�VYHWLOND�H�SRYLVRND
]D������GHQDUL��%LGHM`L�SUYDWD�YDULMDQWD�LPD�SRQLVNL�LQYHVWLFLL�GD� MD�XVYRLPH�]D
UHIHUHQWQD�L�GD�MD�R]QDaLPH�VR�9��,�YR�GYHWH�YDULMDQWL�VLVWHPRW�]D�RVYHWOHQLH�`H�VH
NRULVWL��2000 h/god�

9R� YDULMDQWD�9�PR`QRVWD� QD� VLVWHPRW� VLMDOLFD�NRQWUROHQ� XUHG� H� 36 8 44+ =
W�� RGQRVQR�88 W/VYHWLOND��6LMDOLFLWH�LPDDW�SURVHaQD� WUDMQRVW� RG� ����� aDVD�� WDND
^WR�LVWLWH�WUHED�GD�VH�]DPHQXYDDW�QD�NUDMRW�RG�VHNRL�aHWLUL�JRGLQL��3UL�]DPHQDWD
QD�VLMDOLFLWH��NDNR�^WR�H�YRRELaDHQR��`H�VH�]DPHQDW�L�VWDUWHULWH�

9R�YDULMDQWDWD�$�PR`QRVWD�QD�VLVWHPRW�VLMDOLFD�NRQWUROHQ�XUHG�H� 32 3 35+ =
W�� RGQRVQR� �� W/VYHWLOND�� 6LMDOLFLWH� `H� LPDDW� SURVHaQD� WUDMQRVW� RG� ������ aDVD�
WDND�^WR�LVWLWH�WUHED�GD�VH�]DPHQXYDDW�QD�NUDMRW�RG�VHNRL�^HVW�JRGLQL�

=D�GD�JL�SUHVPHWDPH�JRWRYLQVNLWH�SULOLYL�SRWUHEQR�H�GD�JL�XVYRLPH�FHQLWH
QD�HQHUJLMD�L�DQJDCLUDQD�PR`QRVW��3UL�WRD��PRCH�GD�SUHWSRVWDYLPH�GHND�VLVWHPRW
]D�RVYHWOHQLH�SRGHGQDNYR�`H�VH�NRULVWL�L�YR�YLVRNDWD�L�YR�QLVNDWD�VH]RQD��,VWRWR
PRCH�GD�VH�SUHWSRVWDYL�L�]D�NRULVWHZHWR�YR�YLVRNDWD�L�QLVNDWD�WDULID��6SRUHG�WRD�
SURVHaQDWD�JRGL^QD�FHQD�]D�HOHNWULaQD�HQHUJLMD�]D�RVWDQDWL�SRWUR^XYDaL�RG�I�VWH�
SHQ�QD�QDSRQVNR�QLYR�0,4 kV�`H�ELGH�������GHQ�kWh��1D�VOLaHQ�QDaLQ�MD�RSUHGHOXYDPH
SURVHaQDWD�FHQD�QD�DQJDCLUDQDWD�PR`QRVW�RG�304 GHQ/kW/PHVHaQR.

'D�SUHWSRVWDYLPH�GHND�FHQDWD�]D�]DPHQD�QD�HGQD�VLMDOLFD�H�����GHQDUL��YNOX�
aXYDM`L�MD�L�UDERWQDWD�UDND�]D�aLVWHZH�QD�VYHWLONDWD���D�FHQDWD�QD�HGHQ�VWDUWHU�H���
GHQDUL�



,�YR�GYHWH�YDULMDQWL�WUR^RFLWH�VH�VRVWRMDW�RG�NRQVWDQWQL�JRGL^QL�WUR^RFL
�WUR^RFL�]D�HOHNWULaQD�HQHUJLMD�L�DQJDCLUDQD�PR`QRVW��L�YDULMDELOQL�WUR^RFL�]D
]DPHQD�QD�VLMDOLFLWH�L�VWDUWHULWH�NRL^WR�VH� MDYXYDDW�VHNRL�^HVW�JRGLQL�YR�YDUL�
MDQWDWD� $�� RGQRVQR� VHNRL� aHWLUL� JRGLQL� YR� YDULMDQWDWD� 9�� 5HGRYQRWR� RGUCXYDZH
�aLVWHZH�QD�VYHWLONLWH�L�VO���PRCH�GD�VH�VPHWD�GHND�H�HGQDNYR�L�YR�GYHWH�YDULMDQWL�L
QH�]DYLVL�RG�L]ERURW�QD�NRQWUROQLRW�XUHG�

'D�SUHSRVWDYLPH�GHND�HNRQRPVNLRW�YHN�QD�HNVSORDWDFLMD�QD�VYHWLONLWH�H���
JRGLQL� L� GHND� SRVOH� WRM� SHULRG� VYHWLONLWH� QHPDDW� YUHGQRVW�� =D� GLVNRQWLUDZH� GD
XVYRLPH�SRYLVRND�VWDSND�RWNRONX�]D�HOHNWURHQHUJHWVNLWH�REMHNWL�L�WDD�VWDSND�QHND
ELGH������9R�RYRM�SULPHU�� YDULMDELOQLWH�WUR^RFL�QH� VH� ]JROHPXYDDW� UDPQRPHUQR
NDNR�YR�SUHWKRGQLWH�SULPHUL��3RUDGL�WRD��]D�SUHVPHWND�QD�QHWR�VHJD^QDWD�YUHGQRVW
`H�JL�NRULVWLPH�L]UD]LWH�����L�����

5D]OLNDWD�QD�ILNVQLWH�WUR^RFL�YR�VHNRMD�JRGLQD�`H�ELGH�

∆ ∆ ∆ ∆FT W P P= ⋅ ⋅ + ⋅ ⋅ = ⋅ ⋅ + ⋅ =

= ⋅ − ⋅ ⋅ + ⋅ = − − = −

100 1 083 304 12 100 1 083 2000 304 12

100 0 070 0 088 1 083 2000 304 12 3899 6566 10465

, ,

, , ,

b g b g
b gb g  GHQDUL

9DULMDELOQLWH�WUR^RFL�YR�YDULMDQWDWD�$�VH�MDYXYDDW�QD�NUDMRW�RG�^HVWDWD�L
GYDQDHVHWDWD� JRGLQD�� D� YDULMDELOQLWH� WUR^RFL� YR� YDULMDQWDWD� 9� VH� MDYXYDDW� QD
NUDMRW�RG�aHWYUWDWD��RVPDWD�L�GYDQDHVHWDWD�JRGLQD�

VT iA  = ⋅ ⋅ =100 2 100 20000GHQDUL �� i = 6 12,

VT iB  = ⋅ ⋅ + =100 2 100 30 26000b g GHQDUL �� i = 4 8 12, ,

6SRUHG�WRD��UD]OLNDWD�QD�GLVNRQWLUDQLWH�YDULMDELOQL�WUR^RFL�]D�GYHWH�YD�
ULMDQWL�H�

∆DVT
VT VTi i
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i
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−

= + + + − = −
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5D]OLNDWD�QD�QHWR�VHJD^QDWD�YUHGQRVW�QD�GYHWH�LQYHVWLFLL�H�

∆ ∆ ∆ ∆NPV n qc C FT D DVT, ; ,b g b g= − − ⋅ −30 115 �

D 30 115
115 1

115 115 1
5 84737

15

15
; ,

,

, ,
,b g b g= −

⋅ −
= �

∆NPV n qc,b g b gb g= − ⋅ − − ⋅ − − −100 1000 10465 5 84737 15840 22966, =  GHQDUL �

6OLaQR� NDNR� L� RVWDQDWLWH� SULPHUL�� L� RYRM� SULPHU� PRCH� GD� VH� UH^L� VR
SURJUDPRW�Microsoft Excel��5H]XOWDWLWH�RG�WLH�SUHVPHWNL�VH�SULNDCDQL�QD�VOLNDWD���

%LGHM`L�UD]OLNDWD�QD�QHWR�VHJD^QDWD�YUHGQRVW�QD�LQYHVWLFLLWH�H�QHJDWLYQD�
YDULMDQWDWD�$�H�HNRQRPVNL�SRQHSRYROQD�RG�UHIHUHQWQDWD�YDULMDQWD��LDNR�]D^WHGL�
WH�QD�HQHUJLMD�]D�FHOLRW�SHULRG�L]QHVXYDDW�54000 kWh��3ULaLQD�]D�WRD�VH�UHODWLYQR
QLVNLWH�FHQL�QD�HOHNWULaQDWD�HQHUJLMD�L�DQJDCLUDQDWD�DNWLYQD�PR`QRVW�L�UHODWLY�
QR�NXVRWR�YUHPH�QD�NRULVWHZH�QD�RSUHPDWD�YR�WHNRW�QD�JRGLQDWD�

9R�WDEHODWD���H�SULNDCDQD�QHWR�VHJD^QDWD�YUHGQRVW�QD�UD]OLNDWD�QD�LQYHVWL�
FLLWH� ]D� UD]QL� YUHGQRVWL� QD� HNRQRPVNLWH� SDUDPHWUL�� GLVNRQWQD� VWDSND�� FHQL� QD
HOHNWULaQDWD�HQHUJLMD� L� DQJDCLUDQDWD�PR`QRVW� L� YUHPHWR�QD� NRULVWHZH�QD� VLVWH�
PRW�]D�RVYHWOHQLH��.DNR�^WR�PRCH�GD�VH� ]DEHOHCL�RG�SRGDWRFLWH�YR�WDEHODWD��NR�
QHaQLRW� ]DNOXaRN� �L]ERU�QD�QDMSRYROQD�YDULMDQWD�� ]DYLVL�RG� SUDYLOQLRW�L]ERU�QD
HNRQRPVNLWH�SDUDPHWUL�
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6OLND���5D]OLND�QD�QHWR�JRWRYLQVNLWH�WHNRYL��NCF��]D�YDULMDQWLWH�RG�SULPHURW��

7DEHOD���9OLMDQLH�QD�QHNRL�HNRQRPVNL�SDUDPHWUL�YU]�QHWR�VHJD^QDWD�YUHGQRVW�YR
SULPHURW��

qc
c W∆

�GHQ�kWh�
c P∆

�GHQ�kW�

9UHPH�QD�NRULVWHZH
�h/god)

=D^WHGD
�kWh/god�

∆NPVA B−
�GHQDUL�

���� ����� ��� ���� 54000 −�����
���� ����� ��� ���� 108000 21998
���� 1,625 456 ���� 54000 7631
��� ����� ��� ���� 54000 ���

��� ����� ��� ���� 108000 59290
��� 1,625 456 ���� 54000 39909

3. =$./8A2.

9R�WUXGRW�H�L]ORCHQD�SRVWDSND�]D�DQDOL]D�QD�LVSODWOLYRVWD�QD�LQYHVWLFLLWH
L� VSRUHGED� QD� YDULMDQWQL� UH^HQLMD�� SULODJRGHQD� ]D� SULPHQD� YR� SUHQRVQLWH� L� GLV�
WULEXWLYQLWH�PUHCL��3RNDCDQR�H�NDNR�VH�SRVWDSXYD�YR�VOXaDLWH�NRJD�LQYHVWLFLLWH
VH�UDVSUHGHOHQL�QD�SRYH`H�ID]L�L�NDNR�PRCH�GD�VH�VSRUHGDW�GYH�DOWHUQDWLYQL�UH^H�
QLMD��3RNDCDQR� H� YOLMDQLHWR� QD� HNRQRPVNLWH� SDUDPHWUL� YU]� L]ERURW� QD� QDMSRYRO�
QDWD�YDULMDQWD��SRUDGL�^WR�H�SRWUHEQR��SUL�YUHGQXYDZHWR�QD�REMHNWLWH���GD�VH�XVYR�
MDW�SUDYLOQL�L�UHDOQL�SRGDWRFL�VR�FHO�UH]XOWDWLWH�L�RGOXNDWD�GD�ELGDW�UHDOQL�

4. /,7(5$785$

[1] 5��7DOHVNL���(NRQRPVNR�YUHGQXYDZH�QD�REMHNWLWH�YR�SUHQRVQLWH�L�GLVWULEX�
WLYQLWH�PUHCL�p�0HWRGRORJLMD���7UXG�SULMDYHQ�]D� II �6RYHWXYDZH�QD�0$.2p

6,*5(�������

[2] 5��$aNRYVNL��3UHQRVQL�L�GLVWULEXWLYQL�VLVWHPL��(OHNWURWHKQLaNL�IDNXO�
WHW�6NRSMH��6NRSMH�������
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9R�WUXGRW� H� SULNDCDQD�SRUR^XYDaNDWD�QD� HOHNWULaQD� HQHUJLMD� YR� GRPD`LQ�
VWYDWD� QD� JODYQLWH� SRWUR^XYDaL�� ,]QHVHQL� VH� QHNRL� RG� QDaLQLWH� ]D� UDFLRQDOQR
NRULVWHZH�QD�HOHNWULaQDWD�HQHUJLMD�YR�GRPRYLWH��3RVHEQR�H�REUQDWR�YQLPDQLH�QD
L]ERURW� �QD�JODYQLWH�SRWUR^XYDaL� �YR�GRPD`LQVWYRWR��QLYQR�UD]XPQR�NRULVWHZH�L
SUDYLOQR�RGUCXYDZH�

SUMMARY

In this article is presented  the consumption of the main consumers of electric
energy. It contents also some of the modes of rational usage of electric energy in the
households. Special attention is paid on choice of the main consumers at the
households, its rational usage and correct  maintenance of appliance.

.48A1,�=%2529,��UDFLRQDOQD�SRWUR^XYDaND��SRWUR^HQD�HQHUJLMD�(kWh),]DJXEL

�� 929('

6R�VYHWVNDWD�HQHUJHWVND�NUL]D�SUHGL]YLNDQD�RG��QDIWHQLRW�^RN�YR������JRGL�
QD� VYHWRW� �SRaQD�GD� WHCQHH�NRQ�QDPDOXYDZH�QD� � XaHVWYRWR�QD� QDIWDWD� YR� HQHUJHW�
VNLWH�ELODQVL��2YD�QDMPQRJX�JL�SRJRGL�LQGXVWULVNL�UD]YLHQLWH�]HPML�NDGH�^WR�SRW�
UR^XYDaNDWD�SR�CLWHO�H�PQRJX�JROHPD��7RD�EH^H�GREDU�]QDN�]D�NUXSQL�SURPHQL��W�H
SUHRULHQWDFLMD� �QD�VWRSDQVWYRWR�L�LQGXVWULMDWD�NRQ�GUXJL�L]YRUL�QD�HQHUJLMD��.DM
QDV�SRWUS^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�SR�CLWHO�H�PDOD� ��QR�VH�VH�NDUDNWHUL�
]LUD� VR� YLVRND� VSHFLILaQD� SRWUR^XYDaND� SR� HGLQLFD� SURL]YRG� �
� 8aHVWYRWR� QD� SRWR^XYDaNDWD� QD� HOHNWLaQD� HQHUJLMD� � YR� GRPD`LQVWYRWD� YR
YNXSQDWD�SRWUR^XYDaND�QD�HQHUJLMD�YR�QD^DWD�]HPMD��H�JROHPR��VR�RJOHG�QD�WRD�^WR
YR�0DNHGRQLMD� JROHPLWH� LQGXVWULVNL� SRWUR^XYDaL� VH� LVNTXaHQL���$NR� ]HPHPH� YR
SUHGYLG�GHND�NDM�SRJROHPLRW�GHO�RG�GRPD`LQVWYDWD�NDM�QDV�RVQRYHQ�YLG��QD�HQHUJLMD�H
HOHNWULaQDWD�OHVQR�H�GD�VH�]DNTXaL� �GHND�GRPD`LQVWYDWD�VH�]QDaDMQD�JUXSD�QD�SRW�



UR^XYDaL��9R�PLQDWRWR�NRJD�FHQDWD�QD�HOHNWULaQDWD�HQHUJLMD�EH^H�UHODWLYQR�QLVND
SRVWRH^H�UDVLSQLaNL�RGQRV��QHGRPD`LQVNL�RGQRV��NRQ�HOHNWULaQDWD�HQHUJLMD��0RUD
GD�VH�QDSRPHQH�GHND�GRVHJD�� �GRPD`LQVWYDWD�VH�WUHWLUDD�NDNR�SRWUR^XYDaL�RG�YWRU
UHG� � VO�� ,QVWDOLUDQDWD� PR`QRVW� YR� GRPD`LQVWYRWR� H� SRJROHPD� RG� RQDD� YR� LQGXV�
WULMDWD��]DWRD��YR�VWUXaQLWH�NUXJRYL�QD�HQHUJHWLaDULWH�WUHED�GD�SRVYHWL�SRJROHPR
YQLPDQLH�YR�UDFLRQDOL]DFLMDWD��QD�SRWUR^XYDaNDWD�QD�HQHUJLMD�L��NDM�RYDD�JUXSD�QD
SRWUR^XYDaL�

�� (/(.75,A1,�$3$5$7,�92�'20$@,1679272

(OHNWULaQDWD�HQHUJLMD�YR�SURVHaQR��GRPD`LQVWYR�VH�NRULVWL�]D�VOHGQLWH�QD�
PHQL�

�RVYHWOXYDZH�QD�VWDQRYLWH�L�SRPR^QLWH�SURVWRULL
�]D�SRJRQ�QD�HOHNWULCQL�DSDUDWL�L�SRPDJDOD��YUWOLYL�PD^LQL�
�]D�JRWYHZH��SULSUHPD�QD�WRSOD�YRGD���JUHHZH��JUHMQL�WHOD�
3RWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD� ]D� SRHGLQHaQD�QDPHQD� YR�SURVHaQR

GRPD`LQVWYR�EL�L]JOHGDOD�YDND�
7$%(/$���

3RWUR^XYDa 3URVHaQD�PHVHaQD��SRWUR^XYDaND��kWh�
2VYHWOHQLH ������
5DGLR�DSDUDWL�L�]YXaQL�VLVWHPL ���
7HOHYL]RUL�YR�ERMD �����
3HJOD ���
3UDYRVPXNDOND ����
)ULCLGHUL�UD]ODGQL�YLWULQL �����
%RMOHUL ������
0D^LQD�]D�SHUHZH �����
0D^LQD�]D�PLHZH�VDGRYL �����
*RWYHZH�]D���aOHQR�VHPHMVWYR �����
7HUPRDNXPXODFLRQD�SHaND�3kW �������
*UHMDOLFD�YR��EDZD �����

6H�UD]ELUD GHND�SRWUR^XYDaNDWD��QD�HOHNWULaQD�HQHUJLMD�YR�GRPD`LQVWYRWR
]DYLVL�RG�EURMRW�QD�SRWUR^XYDaL� VR�NRL�UDVSRODJD�WRD�GRPD`LQVWYR��QLYQDWD�PR`�
QRVW�L�YUHPHWR�QD�QLYQDWD�XSRWUHED��7LH�XVORYL�]D�VHNRH�GRPD`LQVWYR��VH�UD]OLaQL�
SD�RG�WXND�L�UD]OLaQDWD�SRWUR^XYDaND��QD�HQHUJLMD�

6HJD� `H� SRNDCHPH� NRONDY� GHO� YR� YNXSQDWD� SRWR^XYDaND� LPDDW� SRRGHOQL
SRWUR^XYDaL��YR�GRPD`LQVWYRWR���^WR�`H�QL�XNDCH�NRM�RG�QLY�LPDDW�QDMJROHP�GHO�YR
SRWUR^XYDaNDWD�L�`H�QL�VLJQDOL]LUD�QD�QLYQR�UDFLSRQDOQR�NRULVWHZH�

0HVHaQD SRWUR^XYDaND QD HO�HQHUJLMD
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���� (OHNWULaQL�VYHWLONL��UDGLRSULHPQLFL��WHOHYL]RUL

.DM�QDV�VH�XSRWUHEXYDDW�VYHWLONL�VR�XVYLWHQR�PHWDOQR�YODNQR��NRL�GDYDDW����
���lm/W���QR�YR�SRQRYR�YUHPH��VH�NRULVWDW�L�IOXRUHVFHQWQL�NRL�LPDDW�GRVWD�SRJROH�
PR�VSHFLILaQR�SURL]YRGVWYR�NDNR�L�KDORJHQL�VLMDOLFL�

2G�GHQ�QD�GHQ�EURMRW�QD�VLMDOLFL��YR�GRPRYLWH�VH�]JROHPXYD�NDNR�L��YUHPHWR�QD
NRULVWHZH��

5DGLRSULHPQLNRW�QH�VH�VPHWD�]D�JROHP�SRWUR^XYDa��GRGHND��WHOHYL]RU�YR�ER�
MD��]D���aDVRYQD�GQHYQD�XSRWUHED��`H�SRWUR^L�62 kWh  PHVHaQR���GRGHND�FUQR�EHO�WH�
OHYL]RU��`H�SRWUR^L�RNROX�26kWh ]D�HGHQ�PHVHF�

���� (OHNWULaQL�PD^LQL��L�UD]QL�SRPDJDOD�YR�GRPD`LQVWYR

3HJOD��3HJODZHWR�VR�RELaQD�SHJOD��]D�UHJXODFLMD�]D����aDVD�PHVHaQR�EDUD�RNR�
OX�8kWh ���GRGHND�VR�PD^LQD�]D�SHJODZH�W�Q�SUHVL�]D����aDVD��PHVHaQR�VH�WUR^L�6kWh.

3UDYRVPXNDOND��7DD�WUR^L������kWh  PHVHaQR���SUL�RYD�]HPDPH�YR�RE]LU�SUD�
YRVPXNDOND�RG�1kW. 6HNRH�GRPD`LQVWYR�LPD�UD]OLaQD�SRWUR^XYDaND�YR�RYRM�GHO�

)ULCLGHU��7UR^L�UD]OLaQR�NROLaHVWYR�QD� HQHUJLMD� � YR� ]DYLVQRVW� � RG� QHJR�
YDWD� � JROHPLQD�� VWHSHQRW� QD� ODGHZH� L� RG�IHNYHQFLMDWD� QD� RWYRUDZHWR� QD� YUDWDWD
�NRJD�RWYRUDPH�YUDWD�YOHJXYD�WRSRO�YR]GXK�NRM�SRYOHNXYD�SRJROHPD�SRWUR^XYDaND�]D
SRYWRUQR�UD]ODGXYDZH���3RWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�]DYLVL�RG�WLSRW�QD
IULCLGHURW�� .RPSUHVRUVNLWH� IULCLGHUL� WUR^DW� GYRMQR� SRPDONX� HQHUJLMD� RG
DEVRUSFLRQLWH�

6DQGXN�]D�GODERNR�]DPU]QXYDZH��3RUR^XYDaNDWD�NDM�RYLH�XUHGL�]DYLVL�RG���LV�
WLWH�XVORYL�NDNR�L�]D�IULCLGHULWH��,QDNX�]D�LQIRUPDFLMD�]D�����OLWDUVNL�VDQGXN
WUR^L�SURVHaQR�48 kWh PHVHaQR�D�����OLWDUVNL�159kWh

0D^LQD� ]D� SHUHZH� ]D� HGQR� SHUHZH� QD� EHO� YH^� �VR� YULHZH�� WUR^L� RNROX
3.5kWh���D�]D�SHUHZH�QD�RERHQD��REOHND��RNROX�2.5 kWh. �3RWUR^XYDaNDWD��]DYLVL�L�RG
L]EUDQLRW�SURJUDP��GDOL� �H� VR�FHQWULIXJXUDZH��WLSRW�QD�WNDHQLQD�L� VO���0HVHaQR
WUR^L�RNROX�35kWh.

0D^LQD�]D�PLHZH�VDGRYL�YR�]DYLVQRVW�RG�JROHPLQDWD�]D�HGQR�aHWLULaOHQR�VH�
PHMVWYR�WUR^L�RNROX�30 kWh�PHVHaQR�

���� *UHMQL�XUHGL�YR�GRPD`LQVWYRWR

%RMOHULWH� VH� UD]OLNXYDDW� SR� YHOLaLQD�� 1LYQDWD� SRWUR^XYDaND� L]QHVXYD
RNROX�150 kWh�QD�PHVHF��D� �PDOLWH�RNROX�40Kwh . 0H_XWRD�DNR�VH�GR]YROL�WRSODWD
YRGD�GD�NDSL�RG�VODYLQDWD�L�VO��SRWUR^XYDaNDWD�QD�EROMHURW�PRCH�GD�GRVWLJQL�L�GR
300kWh,�RG�NRL�120 kWh�VH�]DJXED���D��180kWh��H�NRULVWHQD�HQHUJLMD�

8UHGL� ]D� ]DWRSOXYDZH�YHQWLODFLMD� L� NRQGLFLRQDUDZH� QD� YR]GXKRW�� .DM� QDV
RYLH�XUHGL��SRaQDD�GD�VH�XSRWUHEXYDDW�SR�YWRUDWD�VYHWVND�YRMQD��L�WRD�YR�SRaHWRNRW
]D�]DJUHYDZH�YR�SUHRGQLWH�SHULRGL��W�H�YR�HVHQ�L�UDQD�SUROHW��6R�SRUDVWRW�QD�FHQLWH
QD�GDRWRJD^�YRRELaDHQLWH�JRULYD���NDNR�GUYR��MDJOHQ��QDIWD���L�QLVNDWD�FHQD�QD�HOHN�
WULaQDWD� HQHUJLMD��PQRJX� GRPD`LQVWYD� VH� SUHRULHQULUDD� QD� HOHNWULaQR� ]DJUHYDZH
QD�SURVWRULLWH��=D�CDO�WRD�H��HGHQ�QDaLQ�NDGH�^WR�HOHNWULaQDWD�HQHUJLMD�VH�WUR^L
QHUDFLRQDOQR��.DM�QDV�SRVWRMDW�GYH�JUXSL�QD�SRWUR^XYDaL�]D�]DJUHYDZH�

�XUHGL�NDM�NRL�WRSOLQDWD�VH�NRULVWL�YHGQD^�^WRP�VH�VR]GDGH



�WHUPRDNRPXODFLRQL�XUHGL��NDM�NRL�]DJUHYDZHWR�L�NRULVWHZHWR��QD�WRSOLQDWD
QH�VH�YU^L��HGQRYUHPHQR

8UHGLWH�]D�YHWUHHZH�L�NRQGLFLRQLUDZH�QD�YR]GXKRW��]DVHJD�VH�UHWNL�L�LPDDW
ORNDOHQ�NDUDNWHU��3RUR^XYDaNDWD��NDM�QLY�H�SULEOLCQD�QD�RQDD�VR�JUHHZHWR�

��� 5$&,21$/,=$&,-$� 1$� 32752>89$A.$7$� 1$� (/(.75,A1$
(1(5*,-$

2G�SULNDCDQLWH�GLMDJUDPL�VH�JOHGD�QDMJROHP�GHO��RG�SRWUR^XYDaNDWD�QD�HOHN�
WULaQD�HQHUJLMD�RGL��QD�JRWYHZH��]DJUHYDZH�QD�YRGD�L�JUHHZH�QD�SURVWRULLWH��=DWRD
SRVHEQR�YR�RYRM�UHIHUDW�`H�VH�RVYUQHPH�QD�]D^WHGDWD�SUL�JRWYHZH��]DJUHYDZH�QD�YR�
GDWD�L�PDO�GHO�QD��]D^WHGDWD�SUL�RVYHWOHQLH�

���� 5DFLRQDOL]DFLMD�QD�SRWUR^XYDaNDWD��QD�HOHNWULaQD�HQHUJLMD�YR�VLVWHPRW�QD
RVYHWOHQLH

.DM�QDV�����RG�YNXSQDWD�SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD�YR�GRPD`LQ�
VWYDWD�RWSD_D�QD�RVYHWOHQLH��GRGHND�YR�YLVRNRUD]YLHQLWH�]HPML�WRM�L]QRV�H�����7RD
QH�H�]DUGL�SRGREURWR�RVYHWOHQLH�WXNX�SRUDGL�SULPHQDWD�QD�SRPDONX�HILNDVQL�HOHN�
WULaQL�L]YRUL�QD�VYHWOLQD��7UHED��SRVHEQR�GD�VH�QDJODVL�UDFLRQDOQDWD�SRWUR^X�
YDaND���D�QH�^WHGHZHWR�]DWRD�^WR�VYHWORVWD�QH�GR]YROXYD�DOWHUQDWLYL��1H�VPHH�GD�VH
GR]YROL��YOR^XYDZH�QD�NYDOLWHWRW�QD�RVYHWOHQLH�]DUDGL�]D^WHGD���1D�SURL]YRGLWL�
WHOLWH�QD�L]YRUL�QD�VYHWOLQD�RVWDQXYD�WHCQHHZHWR�NRQ�XVRYU^XYDZH�QD�HILNDVQRV�
WD��QD�SURL]YRGLWH�

3UL�RYD�WUHED�GD�VH�LPD�YR�SUHGYLG�GHND��SUL�VDPRWR�YOHJXYDZH�YR�VWDQRW�W�H
�NX`DWD���WUHED�GD�LPDPH�YR�SUHGYLG�GHND�VH�NRMD�VYHWLOND�]D�]DJUHYDZH�QD�HGQD�SURV�
WRULMD�LPD�RNROX��00W�SULNTXaHQD�PR`QRVW��L�DNR�MD�RVWDYLPH�GD�VYHWL�QHSRWUHEQR��
]D����aDVD�`H�IUOLPH�1kWh���=D�HGHQ�PHVHF�WLH�]DJXEL��PRCDW�GD�GRVWLJQD�L�GR20kWh.
0H_XWRD�QDMJROHP�HIHNW�VH�SRVWLJQXYD�VH�SRVWLJQXYD�VR�]DPHQD�QD�VLMDOLFLWH�VR
VRRGYHWQL�VR�SRPDOR�VSHFLILaQR�SURL]YRGVWYR�SUL�WRD��RVYHWOHQRVWD��GD�RVWDQH�LV�
WD��9R�QDFLRQDOQLWH�LQVWLWXWL�]D�RVYHWOHQLH��YR�6$'�VH�SUHGODJDDW�VOHGQLWH�]DPH�
QL�

- ��VLMDOLFD�VR�XVYLWHQR�PHWDOQR�YODNQR�RG�100W VR���IOXRUHVFHQWQD�RG�20W
^WR�GDYD�JRGL^QD�]D^WHGD�RG�486kWh

- �� VLMDOLFL� VR� XVYLWHQR� YODNQR� VR� �� OXPLQLVFHQWQD� RG�40W GDYD� JRGL^QD
]D^WHGD�RG�400kwh

� ��VLMDOLFL�RG�150W�VR�HQD�QDWULXPRYD�RG�150W�GDYD�]D^WHGD�RG�2360 kWh
JRGL^QR

���� =D^WHGD�QD�HOHNWULaQD�HQHUJLMD�SUL�XSRWUED�QD�HOHNWULaHQ�^SRUHW�

'HQH^QDWD�GRPD`LQND���GHORYQR�CHQD��RSWRYDUHQD�VR�SUREOHPL�^WR�JL�QDPHW��
QXYD�VRYUHPHQRWR��WHPSR��L�QDaLQ�QD�CLYHHZH�QHNRL�GRPD^QL�UDERWL�JL�REDYXYD�PH�
KDQLaNL���QH�REUQXYDM`L�YQLPDQLH��GHND�NDM�HOHNWULaQLRW�^SRUHW��NDM�NRJR�QDMPQRJX
YUHPH�SURYHGXYD��]DJXELWH�QD�HOHNWULaQD�HQHUJLMD���PRCDW�GQHYQR�GD�L]QHVXYDDW�GR
QHNRONX�NLORYDWVDWL��D�PHVHaQR�PRCDW�GD�GRVWLJQDW�L�GR�100kWh. 9R�]DYLVQRVW�RG
RG�SULaLQLWH�]DJXELWH�PRCDW�GD�VH�SRGHODW�QD�aHWLUL�JUXSL�

D� ]DJXEL�]DUDGL�OR^D�UHJXODFLMD�QD�JUHMQLWH�SORaL��ULQJOL�
E� ]DJXEL�SRUDGL�QHSULNODGQL�VDGRYL�]D�JRWYHZH



Y� ]DJXEL�]DUDGL�OR^D�UHJXODFLMD�SUL�XSRWUHEDWD�QD�UHUQDWD]DJXEL�SRUDGL��VODERWR
LVNRULVWXYDZH�QD�ULQJOLWH�L�UHUQDWD

.DM�HOHNWULaQLWH�^SRUHWL�SRVWRMDW�RELaQL���HNVSUHVQL�L�DYWRPDWVNL�ULQJOL�
2ELaQLWH��L�HNVSUHVQLWH�ULQJOL�LPDDW���VWHSHQL�QD�UHJXODFLMD���D�DYWRPDWVNDWD�LPD
UHJXODFLMD�EH]�VWHSHQL��VR����R]QDNL�]D�SRGHVXYDZH�QD�VDNDQDWD�WHPSHUDWXUD��2G�DV�
SHNW�QD�UDFLRQDOL]DFLMD�QD�SRUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD�QDMGREUL�VH�SR�
NDCDD�DYWRPDWVNLWH��SD�HNVSUHVQLWH�QD�YWRUR�PHVWR��D�RELaQLWH�ULQJOL�VH�]JRGQL�]D
]DJUHYDZH�QD�YLVRN�SULWLVRN��1D�SU��]D�]RYULYDZH�QD�����O�YRGD�VR�RELaQD�ULQJOD�VR
SUHaQLN�RG�180mm�L�VQDJD�RG�1500W�SRWUHEQR�H�10 min�L�SUL�WRD�VH�WUR^L�0.3kWh, GR�
GHND� ]D� � DYWRPDWVND� ULQJOD� VR� LVW� SUHaQLN� L� PR`QRVW� RG� 2kW, ]D� ]RYULYDZH� � QD
LVWRWR�NROLaHVWYR�YRGD��PX�H�SRWUHEQR���PLQXWL�L�SUL�WRD�`H�VH�SRWUR^L��0.25kWh ��D
NDM�DYWRPDWVNDWD�ULQJOD���VR�VRRGYHWQD�UHJXODFLMD�`H�VH�SRWUR^DW��0.22kWh. 0RCH�GD
VH�NRQWVDWLUD�GHND�VR�SUDYLOQR�UHJXOLUDZH�QD��ULQJOLWH�EH]�UD]OLND�QD�WLSRW�PRCH
GD� VH� GHOXYD� QD� QDPDOXYDZH� QD� ]DJXELWH� QD� HOHNWULaQD� HQHUJLMD� �� 9DCQR� H� GD� VH
QDSRPH�QH�GHND�QH�VPHHPH�QD�SUD]QR�GD�YNTXaXaXYDPH�ULQJOD��EH]�QD�QHD�GD�VH�SRV�
WDYL�VDG�

9R�RGQRV�QD�XSRWUHEDWD�QD�VDGRYL�WUHED�GD�VH�REUQL�YQLPDQLH�QD�REOLNRW�
D�� GQRWR� QD� VDGRW� � SR� YHOLaLQD� GD� ELGL� SRJROHPR� RG� JUHMQDWD� SORaD�� 3UHa�

QLNRW�QD�GQRWR�PRCH�GD�ELGH�1-1.5cm SRJROHP�RG�JUHMQDWD�SORaD���QR�QLNRJD^�QH�VPHH
GD�ELGH�SRPDO
Z� GQRWR� PRUD� GD� H� SRMDaDQR� �� ]DUDGL� � WRD� ^WR� SRUDGL� WRSOLQDWD� PRCH� GD� VH

L]REOLaL�LOL�QDOHJQH�� �SUL�WRD� �L]PH_X�GQRWR�QD�VDGRW�L�ULQJODWD�`H�VH� VWYRUL
YR]GX^QR�SHUQLaH�^WR�VR]GDYD�GRSROQLWHOQL�]DJXEL�

9R�RGQRV�QD�PDWHULMDORW�QDMGREUL��VH�HPDMOLUDQLWH�VDGRYL�NRMD�EH]�^WHWD�JL
SRGQHVXYDDW�XGDULWH��9R�GHQH^QR�YUHPH�QD�SD]DURW�VH�SRMDYXYDDW�VDGRYL�VR�WHUPR�
DNRPXODFLRQR�GQR�L�YLVRNRNYDOLWHWHQ�aHOLN�VR�NRM�VH�]D^WHGXYD�HQHUJLMD� ��������
$OXPLQLXPVNLWH� VDGRYL� VH� OHVQR� SURYHGOLYL�� OHVQL� QR� QH� L� GRYROQR� L]GUCOLYL�
7HIORQVNLWH�VDGRYL�VH�SUHVYOHaHQL�VR�SODVWLaQD�PDVD�L�QDPDDW�GREUD�SURYRGOLYRVW
QD�WRSOLQDWD��7UHED�GD�VH�QDSRPHQH�GHND�PRUD�GD�VH�YQLPDYD��QD�WRD�NRMD�YHOLaLQD�QD
VDGRW� MD� VWDYDPH�QD�ULQJODWD�L� VR�NRMD�NROLaLQD�QD�YRGD��3RVWRMDW� RGUHGHQL�NROL�
aLQL�QD�WHaQRVW�]D�RGUHGHQL��SUHaQLFL�QDULQJOLWH�

���������������������������������������������������������������������������������������������������7$%(/$��
3UHaQLN�QD�ULQJODWD�mm) .ROLaLQD�QD�WHaQRVW�YR�VDGRW�(l)

��� ���
��� �
��� �

$YWRPDWVNLWH� UHJXODWRUL� QD� WRSOLQD� L� LQIUDJUHMDaLWH� SULGRQHVRD� ]D� SR�
GREUR�LVNRULVWXYDZH�QD�HOHNWULaQDWD�HQHUJLMD��QR�L�WXND�PRCH�GD�VH�SRVWLJQDW�]QD�
aDMQL�]D^WHGL�

� L]ERURW�QD�QDaLQ�QD�SHaHZH��LQIUD�LOL�RELaQR�JUHHZH�
� SUDYLOQD�UHJXODFLMD�QD�WHPSHUDWXUDWD�YR�SURFHVRW�QD�SHaHZH
� NRULVWHZH�QD�DNRPXOLUDQDWD�WRSOLQD�QD�NUDMRW�QD�SURFHVRW�QD�SHaHZH�WDD

GHOXYD�RNROX����PLQXWL�SR�LVNTXaXYDZHWR�



���� 5DFLRQDOQR�LVNRULVWXYDZH�QD�HOHNWULaQD�HQHUJLMD�SUL�XSRWUHED�QD�XUHGL�]D
]DJUHYDZH�QD�YRGD

2GUHGXYDZHWR�QD�QD�SRWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD��H�VORCHQR��]D�
UDGL�WRD�^WR�]DYLVL�RG�PQRJX�IDNWRUL��QDMPQRJX�RG�EURMRW�QD�aOHQRYLWH�YR�VHPHM�
VWYRWR�L�RG�QLYQLWH�QDYLNL�6H�SRYLNXYDPH�QD�LVNXVWYHQLWH�SRGDWRFL�RG�>YDMDFULMD
GDGHQL�YR�VOHGQLWH�WDEHOL
��������������������������������������������������������������������������������������7DEHOD��=DJUHYDZH�QD�YRGD�YR�NXMQD

%URM�QD
aOHQRYL

3RWUHEQD�NROLaLQD
YRGD��]D���R6�(l)

3RWUHEQD�NROLaLQD
YRGD��]D���R6��l�

3RWUR^HQD
HQHUJLMD��kWh�

�� � ���
� �� �� ���
� �� �� ���
� �� �� ���
� �� �� ���
� �� �� ���

�����������������������������������������������������������������������������������������������������7DEHOD��
3RWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD��kWh)�NDM�DNRPXODFLRQL�ERMOHUL

3RWUR^XYDaND�QD�YRGD��O� �� �� �� �� ��
��O�ERMOHU�QD���R6�]D����PLQ� ��� ��� ��� ��� �
��O�ERMOHU�QD���R6�]D��aDVD ��� ��� ��� � �
��O�ERMOHU�QD���R6�]D��aDVD ��� ��� ��� ��� ���

2G��JRUQLWH�WDEHOL�VH�JOHGD�GHND�VR�SRVWDYXYDZH�QD�SRJROHPL�EROMHUL�MD�]JR�
OHPXYDPH� SRUR^XYDaNDWD� QD� HOHNWULaQD� HQHUJLMD�� 3UL� UDaXQDZHWR� QD� HQHUJLMDWD
WUHED� GD� VH� ]HPL� L� YR� SUHGYLG� L]RODFLMDWD� QD� ERMOHURW��3RVHEQR� H� YDCQR� � H� GD� VH
QDSRPHQH�SUL�RGUCXYDZHWR�QD�ERMOHULWH�
� H� UHGRYQR� aLVWHZH� QD� NDPHQRW� �ELJRURW�� NRM� VH� WDORCL� QD� JUHMDaLWH�� L� JR
VPDOXYD�SUHR_DZHWR�QD�WRSOLQDWD�RG��JUHMDaRW�YR�YRGDWD�
� ]DPHQXYDZHWR�QD�JXPaLZDWD�QD�VODYLQDWD�GD�QHPD�NDSHZH�QD�WRSOD�YRGD

9R�SRVOHGQLWH�JRGLQL�YR� �PQRJX�GRPRYL�NDM�QDV� VH�QDVHOXYDDW�W�Q� � SURWRaQL
ERMOHUL� aLMD� PR`QRVW� H� QDG� �5kW, NDM NRL� WRSODWD� YRGD� MD� GRELYDPH� YHGQD^� SR
YVNTXaXYDZHWR��7LH�VH�QDMHNRQRPLaQL��YR�SRJOHG�QD�]DJXELWH��ELGHM`L� MD�SUHGDYDDW
FHODWD� HQHUJLMD� QD� YRGDWD� NRMD� MD� ]DJUHYDDW��.DM� DNRPXODFLRQLWH� ERMOHUL� WRD� QH� H
VOXaDM���]DWRD�^WR�GHO�RG�HQHUJLMDWD�VH�JXEL�QD�]UDaHZH�YR�SHULRGL�NRJD�ERMOHURW�QH
VH� NRULVWL��2G� GUXJD� VWUDQD�SURWRaQLWH� � ERMOHUL� � SUHWVWDYXYDDW� RSWRYDUXYDZH� ]D
PUHCDWD�L�EDUDDW�GREUR�GLPHQ]LRQDUDQD�PUHCD��

9R�VRQaHYLWH�SUHGHOL��NDM�QDV�JL�LPD�SRPDONX��VH�SRVWDYXYDDW�VRQaHYL�NROHN�
WRUL��NRL�MD�NRULVWDW�VRQaHYDWD�HQHUJLMD�]D�]DJUHYDZH�QD�WRSOD�YRGD��QR�L�NDM�QDV�VH
QDPHWQXYD�SUREOHPRW�QD�HNRQRPVND�RSUDYGDQRVW�QD�RYLH�NROHNWRUL�



���� 5DFLRQDOQR� NRULVWHZH� QD� HOHNWULaQDWD� HQHUJLMD� YR� VLVWHPRW� QD� JUHHZH�
YHWUHHZH�L�NRQGLFLRQLUDZH�QD�YR]GXKRW

2G� JUDILaNLRW� SULND]� QD� SRWUR^XYDaLWH� QD� HOHNWULaQD� HQHUJLMD� QDMJROHP
GHO�RGSD_D�QD�JUHHZH�QD�SURVWRULL��3RWUR^XYDaNDWD�QD�HOHNWULaQD�HQHUJLMD� MD�VR�
aLQXYDDW�YRJODYQR�GYD�YLGD�SRWUR^XYDaL�

�HOHNWULaQL�JUHMDOLFL
�WHUPRDNRPXODFLRQL�SHaNL
.DM� HOHNWULaQLWH� JUHMDOLFL� QD� SUY� SRJOHG� LPDDW� NRHILFLHQW� QD� SROH]QR

GHMVWYR�������QR�L�NDM�QLY�H�SRVWLJQDW�UD]YRM�VR�YJUDGXYDZH�QD�YHQWLODWRUL�LOL�W�Q�
LQWHJUDOQR� JUHHZH� �� .DM� RYLH� JUHDONL� SURL]YHGHQDWD� HQHUJLMD� VH� SUHQHVXYD� SUHNX
YHQWLODWRURW���NRM�SUHGL]YLNXYD�VWUXHZH�QD�WRSOLRW�YR]GXK���1D�WRM�QDaLQ���PRCQR�H
GD�VH�L]EHJQH�GROJR�]DJUHYDZH�L�QDPDOL�SRWUR^XYDaNDWD�QD�HQHUJLMD�

*UHDONLWH�VH�SRJRGQL�NDNR�GRGDWQR�JUHHZH�L�JUHHZH�YR�SUHRGQRLW�SHULRG���=D
FHORVQR�JUHHZH�GRD_DDW�YR�SUHGYLG�WHUPRDNRPXODFLRQL�SHaNL��NRL� MD�DNRPXOLUDDW
WRSOLQDWD��W�H�VH�SROQDW�]D�YUHPH�QD�QLVND�WDULID��9DCQD�NDUDNWHULVWLND�H�WLH�GD
VH�L]UDERWXYDDW�RG�JROHPD�NROLaLQD�QD�NDUDPLaNL�PDWHULMDO�NRM�SRVWHWHSHQR�MD�]UD�
aL� DNRPXOLUDQDWD� WRSOLQD�� 9R� SRVOHGQR� YUHPH� NDM� QDV� H� YRYHGHQ� VLVWHP� QD� FHQ�
WUDOQR�JUHHZH���NDGH�^WR�VH�YU^L�UD]YRG�QD�WRSOLQDWD�YR�RVWDQDWLWH�SURVWRULL��6R
SRPR^�QD�NRWHO�NRM�NDNR�L]YRU�NRULVWL�HOHNWULaQD�HQHUJLMD��9DCHQ�IDNWRU�]D�QD�
PDOXYDZHWR� QD� ]DJXELWH� SUL� JUHHZH� H� WRSORWQDWD� L]RODFLMD� QD� ]JUDGDWD�� RGQRVQR
GQHYQLWH�SURVWRULL��,VSLWXYDZDWD�YR�>YDMFDULMD�XNDCXYDDW�QD�IDNWRW�GD�]D���VWDP�
EHQ�SURVWRU� �RG���P���SURVHaQR�]D�JUHHZH�H�SRWUHEQR�RNROX�20.000kJ./h� ��D�]D�]JUDGD
NDGH��^WR�H�L]YU^HQD�WRSORWQD�L]RODFLMD�SRWUHEQR�H�15.000J/h . 1RUPDOQR���SUL�L]�
JUDGEDWD�QD�RYLH�]JUDGL��VH�VR]GDYDDW�GRSROQLWHOQL�WUR^RFL�]D�L]YHGED�QD�WRSOLQ�
VND�L]RODFLMD���QR�]D�VPHWND�QD�WRD�JUHMQLWH�WHOD��`H�ELGDW�VR�SRPDO�NDDFLWHW��D�DNR
VH�HOHNWULaQL��`H�ELGDW�VR�PQRJX�SRPDOD�LQVWDOLUDQD�PR`QRVW��6R�WRD��WUR^R�FLWH
SUL�JUDGHZHWR�QD�]JUDGDWD�UHWURDNWLYQR�`H�VH�YUDWDW�

��� =$.48A2.�

2G�GRVHJDaQRWR�L]ODJDZH�QD�QDaLQLWH�QD�^WHGHZH�QD�HOHNWULaQD�HQHUJLMD�YR
GRPD`LQVWYRWR�PRCH�GD�VH�]DNTXaL�GHND�SRWUR^XYDaNDWD�PRCH�GD�VH�QDPDOL��

� VR� SUDYLOQR� NRULVWHZH� QD� HOHNWULaQLWH� XUHGL� �D� ]D� WRD� H� SRWUHEQD� HGX�
NDFLMD�QD�SRWUR^XYDaLWH

� DNFLMDWD�]D�UDFLRQDOL]DFLMD�QD�NRULVWHZHWR�QD�HOHNWULaQD�HQHUJLMD�GD�QH�
PD�NDPSDZVNL�NDUDNWHU��W�H���GD�VH�QH�SRVYHWXYD�YQLPDQLH�QD�RYRM�SUREOHP
VDPR�YR�NUL]QL�VLWXDFLL

� SURL]YHGXYDaLWH� QD� DSDUDWL� ]D� GRPD`LQVWYR� W�Q�� EHOD� LQGXVWULMD� � � GD� JL
XVRYU^XYDDW� VYRLWH� SURL]YRGL� YR� SRJOHG� QD� SDUDPHWULWH� GDGHQL� YR� RYRM
UHIHUDW

/,7(5$785$�

�� 6PLW���(IHNWLYQRH�LVSRO]RYDQLH�HOHNWURHQHUJLL���0RVNYD�����J�
�� ?�%RUL`�� ,VWUDCLYDZH� ^WHGZH� HOHNWULaQH� HQHUJLMD� L� >YDMFDUVNRM� (OHNWUR�

SULYUHGD�EU����������J�
�� 0�0LOL^DQRYL`�� (OHNWULaQL� L� SOLQVNL� ^WHGZDFL� 7HKQLaND� NZLJD�%HRJUDG

�����JRG�
�� 3URNRSOHYL`�'LQL`��(OHNWURWHKQLND�X�YD^HP�VWDQX�7HKQLaND�NZLJD�%HRJUDG
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9R� WUXGRW� VH� GDYD� DQDOL]D� QD� XUHGHQLWH� GLMDJUDPL� QD� WUDHZH� QD
RSWRYDUXYDZHWR� ]D� UD]OLaQL� WLSRYL� SRWUR^XYDaL� L� ]D� UD]OLaQL� SHULRGL� RG
JRGLQDWD��2YLH�GLMDJUDPL�VH�REUDERWHQL�VR�VWDWLVWLaNL�UDVSUHGHOEL�VR�FHO�GD� VH
SURQDMGH� VWDWLVWLaNDWD� UDVSUHGHOED� NRMD� QDMPQRJX� RGJRYDUD� L� NRMD� PRCH� GD� VH
SUHSRUDaD� ]D� DQDOL]D� QD� GLMDJUDPRW� QD� RSWRYDUXYDZH� YRRS^WR�� RGQRVQR� ]D
SUHVPHWND� QD� YUHPHWUDHZHWR� QD� PDNVLPDOQLWH� ]DJXEL�� NDNR� L� ]DYLVQRVWD� QD� RYD
YUHPH�RG�WUHZHWR�QD�PDNVLPDOQRWR�RSWRYDUXYDZH��3RWRD��YU]�RVQRYD�QD�L]EUDQDWD
VWDWLVWLaND�UDVSUHGHOED�VH�YU^L�UHNRQVWUXNFLMD�QD�XUHGHQLRW�GLMDJUDP�QD�WUDHZH
QD�RSWRYDUXYDZHWR�YU]�RVQRYD�QD�PLQLPDOHQ�EURM�SRGDWRFL�

.OXaQL�]ERURYL��'LMDJUDPL�QD�WUDHZH�QD�RSWRYDUXYDZH��6WDWLVWLaND�UDVSUHGHOED

ABSTRACT

In this paper the analysis of the ordered load duration diagrams for different types of
consumers and different period is presented. The diagrams are work out with statistical
distribution functions, in order to evaluate the most suitable distribution. However, such a
distribution could be proposed for analysis of the load duration diagrams in general  and for
calculation the time duration of the maximal losses, as well as it's dependence by the maximal
load. Afterwards, with the statistical distribution the reconstruction of the ordered load duration
diagram could be developed  choosing the minimal number of  data.

Key words: Load Duration Diagram, Statistical Distribution
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=D� GD� VH� L]YU^L� DQDOL]D� QD� XUHGHQLWH� GLMDJUDPL� QD� WUDHZH� QD
RSWRYDUXYDZHWR� VREUDQL� VH� SRGDWRFL� ]D� UD]OLaQL� WLSRYL� SRWUR^XYDaL� L� ]D
UD]OLaQL�SHULRGL�YR�JRGLQDWD��RG�GLVWULEXWLYQDWD�PUHCD�QD�JUDGRW�9HOHV��
�����������3UYRELWQDWD� LGHMD� GD� VH� VREHUDW� SRGDWRFL� ]D� ^WR� SRYH`H� WLSRYL
SRWUR^XYDaND�� SRUDGL� QHGRVWLJ� RG� DCXULUDQL� L� aHVWR� QHNRPSOHWQL� SRGDWRFL� QH
PRCH^H�YR�FHORVW�GD�VH�RVWYDUL�L�SUDNWLaQR�VH�RJUDQLaL�DQDOL]DWD�VDPR�QD� �WUL
WLSD�� GRPD`LQVWYD�� LQGXVWULMD� L�PH^DQD� SRWUR^XYDaND��,VWR� WDND�� L� YR� RGQRV� QD
YUHPHQVNLRW� SHULRG� RG� QL]D� REMHNWLYQL� SULaLQL� DYWRULWH� VH� RJUDQLaLMD� QD
SRGDWRFL� ]D� WUL� NDUDNWHULVWLaQL� PHVHFL�� DSULO�� DYJXVW� L� GHNHPYUL� ����� J�� 9R
3ULORJ� ��� VH� GDGHQL� NDUDNWHULVWLNLWH� QD� SRWUR^XYDaLWH� QRUPLUDQL� YR� RGQRV� QD
VUHGQDWD�YUHGQRVW�SR�PHVHFL��9R�3ULORJ����VH�SULNDCDQL�YDULMDFLLWH��SUHVPHWDQD
YDULMDQVD��QD�SRHGLQLWH�L]YRGL�]D�WULWH�UD]OLaQL�PHVHFL�

���67$7,67,A.,��5$635('(/%,

������3UHVPHWND�QD�QHNRL�VWDWLVWLaNL�JROHPLQL

9UHPHWR�QD�WUDHZH�QD�PDNVLPDOQRWR�RSWRYDUXYDZH��� I max ��VH�GHILQLUD�NDNR�
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NDGH��7� H�EURM�QD�aDVRYL�YR�UD]JOHGXYDQLRW�SHULRG� �]D� HGHQ�PHVHF� �7 ����LOL� ���
aDVD���9UHPHWR�QD�WUDHZH�QD�PDNVLPDOQLWH�]DJXEL�VH�SUHVPHWXYD�RG�L]UD]RW
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6UHGQDWD�NYDGUDWQD�VWUXMD� I sk ��VH�RSUHGHOXYD�VSRUHG�IRUPXODWD�
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3ULPHQDWD� QD� QHNRMD� RG� VWDWLVWLaNLWH� PHWRGL� SRGUD]ELUD� SURPHQDWD� QD
VWUXMDWD� �YR� DQDOL]LUDQLRW� L]YRG� L� ]D� RSUHGHOHQ� SHULRG��� GD� VH� WUHWLUD� VSRUHG
QHNRM� RG� ]DNRQLWH� ]D� UDVSUHGHOED� QD� VOXaDMQDWD� SURPHQOLYD�� =D� SURFHQND� QD
PDWHPDWLaNRWR�RaHNXYDZH�QD�VOXaDMQDWD�JROHPLQD�QD�VWUXMDWD�E(I)�PRCH�GD�VH�]HPH
GHND� E I I sr( ) = ��'LVSHU]LMDWD�QD� VOXaDMQDWD�SURPHQD�QD� VWUXMDWD� i RNROX�QHM]LQDWD
VUHGQD�YUHGQRVW�V(I)��VH�SUHVPHWXYD�VSRUHG�
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NDGH��nk �H�EURM�QD�VOXaDMQDWD�JROHPLQD�VR�YUHGQRVW� i i k= ��9VX^QRVW�GLVSHU]LMDWD�QD

VOXaDMQDWD�SURPHQD�QD�VWUXMDWD�i�SUHWVWDYXYD�PDWHPDWLaNR�RaHNXYDZH�QD�NYDGUDWRW
QD�RWVWDSXYDZHWR�QD�VOXaDMQDWD�SURPHQOLYD�RG�QHM]LQRWR�PDWHPDWLaNR�RaHNXYDZH�
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VH� GRELYD� L]UD]� NRM� JR� SRYU]XYD� PDWHPDWLaNRWR� RaHNXYDZH� QD� VWUXMDWD� NDNR
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E I E I V I( ) ( ) ( )2 2= + .                                                                                                           ���

5DYHQNDWD�����PRCH�GD�VH�QDSL^H�YR�REOLN�

I I V Isk sr
2 2= + ( ) ���������������������������������������������������������������������������������������������������������������������

9R� 7DEHOD� I�� H� SUHVPHWDQD� UD]OLNDWD� � I Isk srt
2 2− � � ]D� UD]OLaQL� WLSRYL

SRWUR^XYDaL� L� SHULRGL� NRL� VH� DQDOL]LUDDW�� 6H� SRVWDYXYD� SUD^DZHWR�� .RMD� RG
VWDWLVWLaNLWH� UDVSUHGHOEL�� NRL� PRCDW� HGQRVWDYQR� GD� VH� SULPHQDW� VR� PLQLPXP
YOH]QL�SRGDWRFL��LPD�YDULMDQVD�EOLVNX�GR�SUHVPHWDQDWD�YR�7DEHOD�I�"�6R�L]ERU�QD
QDMSRYROQD�UDVSUHGHOED�PRCH�GD�VH�L]YU^L�JHQHUDOL]DFLMD��W�H��NRJD�]D�QHNRM�L]YRG
UDVSRODJDPH� VDPR� VR� PLQLPXP� YOH]QL� SRGDWRFL� GD� JL� RSUHGHOLPH� YUHGQRVWD� QD
VUHGQDWD�NYDGUDWQD�VWUXMD��YUHPHWR�QD�WUDHZH�QD�PDNVLPDOQLWH�]DJXEL�L�GU�

)XQNFLMDWD� ]D� UDVSUHGHOED� QD� YHURMDWQRVWD� F(I)� SUHWVWDYXYD� IXQNFLMD� QD
YHURMDWQRVWD�NRJD�VOXaDMQDWD�SURPHQOLYD��VWUXMDWD i��H�SRPDOD�RG�QHNRMD�YUHGQRVW�I�
$NR��I=I max��YHURMDWQRVWD�H�F(i-Imax) = 1��2YDD�IXQNFLMD�PRCH�HGQRVWDYQR�GD�VH�GRELH
SR]QDYDM`L�JR�XUHGHQLRW�GLMDJUDP�QD�RSWRYDUXYDZH� i=f(t).�6SRUHG��GHILQLFLMDWD�]D



UDVSUHGHOED�QD�YHURMDWQRVWD��OHVQR�VH�SRNDCXYD�GHND�NULYDWD�F(I��SR�VYRMRW�REOLN�H
PQRJX� VOLaQD�QD� NULYDWD� i=f(t���2VNLWH� WUHED� GD� VL� JL� VPHQDW�PHVWDWD� VR� WRD�^WR
RUGLQDQWQDWD�RVND�YR�IXQNFLMDWD�F=f(I) �VH�WUDQVIRUPLUD�VR�UHODFLMDWD�

F I
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3RWRD�VH�SUHVPHWXYD�JXVWLQDWD�QD�UDVSUHGHOEDWD�QD�YHURMDWQRVWD��f(i)��VR�L]UD]RW�

f(i) = F'(i) .                                                                                                       ����

�����Gauss-RYD��UDVSUHGHOED

*XVWLQDWD�QD�UDVSUHGHOEDWD�QD�YHURMDWQRVWD�QD�VOXaDMQDWD�SURPHQOLYD�VWUXMD
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NDGH�� � m�� PDWHPDWLaNR� RaHNXYDZH� QD� VWUXMDWD� i�� W�H�� E(I)=m�� � GRGHND� σ� �� VUHGQR
NYDGUDWQR� RWVWDSXYDZH� QD� VWUXMDWD� i�� NRH� VH� SUHVPHWXYD� NDNR� � σ = V I( ) .0 5 �� 6H

SRNDCXYD� GHND� VR� �������YHURMDWQRVW�� VOXaDMQDWD� SURPHQOLYD� VWUXMD� i� VH� QDR_D� YR
RSVHJRW��σ�
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6OHGVWYHQR��VR�SR]QDYDZH�QD�PLQLPDOQDWD��VUHGQDWD�L�PDNVLPDOQDWD�VWUXMD��PRCQR
H� GD� VH� SUHVPHWD� VUHGQDWD� NYDGUDWQD� VWUXMD�� YUHPHWR� QD� WUDHZH� QD� PDNVLPDOQLWH
]DJXEL�L�YUHPHWR�QD�WUDHZH�QD�PDNVLPDOQRWR�RSWRYDUXYDZH�

������Poisson�RYD�UDVSUHGHOED
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SUL� ^WR� RYDD� UDVSUHGHOED� H� GLVNUHWQD� ]D� UD]OLND� RG� VLWH� GUXJL� NRL� VH
NRQWLQXDOQL�� 6H� SRNDCXYD� GHND� ]D� SRJROHPL� YUHGQRVWL� QD� m�� REOLNRW� QD� RYDD
UDVSUHGHOED�VH�SULEOLCXYD�GR�QRUPDOQDWD�UDVSUHGHOED��2YGH�LVWR�WDND�m=E(I).�.DM



RYDD�UDVSUHGHOED�YDULMDQVDWD�H�GDGHQD�VR�UDY�������L�]D�QHM]LQD�SUHVPHWND�H�GRYROQD
LQIRUPDFLMDWD�]D�VUHGQDWD�YUHGQRVW�QD�VWUXMDWD�QD�L]YRGRW�

V(I)=m                                                                                                                                  ����

9U]� RVQRYD� QD� YDULMDQVDWD� VH� SUHVPHWXYDDW� L� RVWDQDWLWH� SDUDPHWUL� NDNR� L� NDM
Gauss�RYDWD�UDVSUHGHOED�

�����Raylegh�HYD�UDVSUHGHOED
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����5(=8/7$7,�2'�35(60(7.,7(

5H]XOWDWLWH� RG� SUHVPHWNLWH� NDNR� SDUDOHOQD� DQDOL]D� QD� UD]OLaQLWH
VWDWLVWLaNL� UDVSUHGHOEL� VH� GDGHQL� YR� 7DEHOD� I�� 9U]� RVQRYD� QD� SULNDCDQLWH
UH]XOWDWL�� PRCH� GD� VH� ]DNOXaL� GHND� Gauss�RYDWD� UDVSUHGHOED� GDYD� QDMWRaQL
UH]XOWDWL�� ,VNOXaRN� RG� RYD� H� VDPR� LQGXVWULVNLRW� L]YRG� NDM� NRM� H� UHJLVWULUDQD
]QDaLWHOQD� JUH^ND� YR� SHULRGLWH� QD� QLVNR� L� VUHGQR� RSWRYDUXYDZH�� 2VWDQDWLWH
UDVSUHGHOEL� LVWR� QH� GDYDDW� ]DGRYROLWHOQL� UH]XOWDWL� ]D� LQGXVWULVNLRW� L]YRG� YR
LVWLRW�SHULRG�



.RULVWHZHWR� QD� SR]QDWLWH� VWDWLVWLaNL� UDVSUHGHOEL� RYR]PRCXYD� GD� YU]
RVQRYD�QD�PLQLPXP�YOH]QL�SRGDWRFL�VH�UHNRQVWUXLUD�NRPSOHWHQ�XUHGHQ�GLMDJUDP�QD
WUDHZH� QD� RSWRYDUXYDZHWR�� 9OH]QL� SRGDWRFL� EL� ELOH� VUHGQD�� PLQLPDOQD� L
PDNVLPDOQD� VWUXMD� QD� L]YRGRW�� =D� LOXVWUDFLMD� NDNR� SULPHU� PRCH� GD� SRVOXCL
L]YRGRW� ]D� QDSRMXYDZH� QD� �GRPD`LQVWYD�� YR� PHVHFRW� � DSULO�� NDGH� NDNR� YOH]QL
SRGDWRFL�VH�]HPHQL

                         Isr=57.44 A, Imax=102 A  i  Imin=15 A.

7DEHOD I � $QDOL]D QD UD]OLaQLWH VWDWLVWLaNL UDVSUHGHOEL

0HVHF 7LS 5HDOQL YUHGQRVWL *DXVVRYD UDVSUHGHOED

L]YRG Isk2 Isr V(I) Imin Imax V(I) Isk2 JUH^ND

DSULO PH^DQ ������� ����� ������ � ��� ������ ������� �����

LQGXVWU ������ ����� ������ � �� ����� ������ ������

GRPD`� ������� ����� ������ �� ��� ������ ������� �����

DYJXVW PH^DQ ������� ����� ������ � �� ������ ������� �����

LQGXVWU ������ ����� ������ � �� ������ ������ ������

GRPD`� ������� ����� ����� �� �� ����� ������� �����

GHNHPYUL PH^DQ ������� ����� ������ �� ��� ������ ������� ����

LQGXVWU ������� ����� ������ � �� ������ ������� ����

GRPD`� ������� ����� ������ �� ��� ������ ������� ����

0HVHF 7LS

L]YRG
Poissonova
UDVSUHGHOED

Rayleighova
UDVSUHGHOEDD

Makswellova
UDVSUHGHOED

V(I) Isk2 JUH^ND V(I) Isk2 JUH^ND V(I) Isk2 JUH^ND

DSULO PH^DQ 40,13 1650,55 -17,55 440,03 2050,45 2,43 286,81 1897,23 -5,22

LQGXVWU 19,03 381,17 -40,80 98,95 461,09 -28,39 64,50 426,64 -33,74

GRPD`� 57,44 3356,79 -5,10 901,51 4200,87 18,77 587,60 3886,96 9,89

DYJXVW PH^DQ 35,58 1301,52 -13,60 345,90 1611,84 7,01 225,46 1491,40 -0,99

LQGXVWU 22,28 518,68 -28,57 135,64 632,03 -12,96 88,41 584,81 -19,47

GRPD`� 41,08 1728,65 -2,76 461,11 2148,68 20,86 300,55 1988,12 11,83

GHNHPY� PH^DQ 63,56 4103,43 -3,47 1103,85 5143,72 21,00 719,49 4759,36 11,96

LQGXVWU 30,79 978,81 -15,89 259,04 1207,06 3,73 168,84 1116,86 -4,02

GRPD`� 92,43 8635,73 -1,62 2334,36 10877,67 23,92 1521,5
4

10064,84 14,66

6RRWYHWQLWH� GLMDJUDPL� QD� JXVWLQDWD� QD� UDVSUHGHOEDWD� QD� YHURMDWQRVWD� L
YHURMDWQRVWD�]D�RYRM�SULPHU�VH�SULNDCDQL�QD�6O����L�6O�����9U]�RVQRYD�QD�SR]QDWDWD
NDUDNWHULVWLND� F=f(I), � PRCQR� H� VR� NRULVWHZH� QD� UDYHQNDWD� ����� GD� VH� GRELH
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MAKEDONSKI KOMITET ZA GOLEMI ELEKTRI^NI SISTEMI-SIGRE
S K O P J E,

VTORO SOVETUVAWE NA MAKO SIGRE

Melita Jan~evska, dipl.el.in`.
volonter vo Zavod za metrologija i standardizacija

AVTONOMNI I MRE@NI
FOTONAPONSKI PREOBRAZUVA^I NA ENERGIJA

SODR@INA

SODR@INA

Vo ovoj trud se izlo`eni osnovnite osobenosti i karakteristiki na
avtonomnite i mre`nite invertori koi se koristat pri fotonaponskoto
preobrazuvawe na energija. Tehnologijata na son~eviot elektricitet e nare~ena
fotonaponska. Mnogu novi tehnolo{ki inovacii, koi go izmenija na~inot na ̀ iveewe
vo poslednive godini, se zasnovuvaat na zabele`itelnite svojstva na siliciumot i
poluprovodni~kite elementi. Familijata na poluprovodni~kite uredi e golema i
nivnata upotreba raste sekoj den i vo sekoja oblast. Nivnite osnovni osobenosti se
da go reguliraat nivoto na elektri~nata struja i vo slu~aj na fotonaponskite
preobrazuva~i na energija, vsu{nost da ja preobrazat svetlinskata energija vo
elektri~na energija.

Klu~ni zborovi: fotonaponski preobrazuva~i, }elija, modul, pole, avtonomni i
mre`ni invertori.

STAND-ALONE AND UTILITY-INTERACTIVE PHOTOVOLTAIC
ENERGY CONVERTORS

ABSTRACT

The basic properties and characteristics of the stand-alone and utility-interactive inverters
which are used in the photovoltaic energy convertors are presented in this paper. The technology of
the solar electricity is called photovoltaic. Many of the new technology innovations that have been
changing our lives in recent years are based upon the remarkable properties of the silicon and related
semiconductor elements. The family of semiconductor devices is vast and its roster of uses even

-----------------------------------------------------------------------------------------------------------------------



vaster-all because of basic ability to regulate the flow of electrical currents, and in the case of
photovoltaics to reform coversion of light energy into electricity.

Key  words:   photovoltaic convertors, cell, module, array, stand-alone and utility-interactive in-
verters.

1. VOVED

Sovremeniot na~in na `iveewe i rabotewe e taka organiziran {to nemo`e da
se zamisli bez polezna upotreba na koj bilo vid energija. Koristeweto na energijata
vo golemi koli~ini , kvalitativno vlijae vrz uslovite na `iveewe. Se smeta deka
kolku e pogolema potro{uva~kata na energija tolku e povisok `ivotniot standard
na naselenieto. Kako pokazatel na `ivotniot standard e potro{uva~kata na
elektri~na energija (EE)  izrazena vo kWh po `itel. Denes mora racionalno da se
koristi energijata, poradi toa {to potro{uva~kata rapidno raste, dodeka primarnite
izvori intenzivno se tro{at. EE {to se ispora~uva na potro{uva~ite treba da bide
kvalitetna. Merki za kvalitetot na EE se: konstantna frekvencija, stabilen napon
i kontinuirana isporaka.

Vo sovremenite elektroenergetski sistemi (EES)  postojat najraznovidni
izvori na EE, so najrazli~ni karakteristiki, nare~eni elektri~ni centrali.
Postojat 5 vida na primarni izvori na energija, koi denes se polzuvaat za pretvorawe
vo EE, a toa se: hidro energija, hemiska � fosilna energija, nuklearna energija, son~eva
energija i energija na veterot. Potoa, EE so primena na razli~ni uredi se pretvora
vo finalna, a toa se: mehani~ka, svetlinska, toplinska, elektrohemiska i
elektromagnetna energija.

Energetski izvor

Inicijalna
reakcija

Me|usostojba

Me|upretvorawe

Me|usostojba

Finalni metodi
za pretvorawe vo

el. energija

elektro
mehani~ka

termo
elektri~na

termo
jonska

magnetno
hidrodinam.

foto
naponska

Gorivna
}elija Polna~

Elektro
mehani~ka

Elektro
mehani~ka

Mehani~ka

Termo
mehani~ka

Toplina

eksplozija
Primarna

oksidaciona
reakcija

Sekundarna
povratna
reakcija

Plazma
(nepravilno

polnewe)

Pravilno
polnewe na
~esti~ki i

 kvanti

fisija
Izotopno
raspa|awe

Upravuvana
fuzija

Koncentracija
ili

sobirawe

Hidro
mehani~ka

Mehani~ka Mehani~ka

Akumulacija

Preku

h e m i s k i nuklearen son~ev hidro veter

sl. 1 - 1  Energetski izvori : hemiski, nuklearen, son~ev, hidro i veter i metodi za pretvorawe
 vo EE.



2. ISKORISTUVAWE NA SON^EVATA ENERGIJA

Celokupnata energija na zemjata, osven slabata radijacija koja doa|a od yvezdite,
geotermalnata i energijata na nuklearnite goriva e solarna energija. So godini
nanazad sonceto, del od svojata energija ja akumuliralo na zemjata. Taa denes se sodr`i
vo fosilnite goriva, t.e. vo jaglenot, naftata i zemjiniot gas.

Sonceto prodol`uva da go odr`uva ciklusot na isparuvawe na vodata, nejzino
kondenzirawe i povtorno pa|awe na zemjata i da predizvikuva veter so ~ija pomo{ se
dvi`at veternicite i plovnite objekti. Energijata na veterot pa i biomasata mo`at
da se tretiraat kako indirektni vidovi na koristewe na son~evata energija.
Energijata na plimata e rezultat na akumuliranata energija vo sistemot sonce � zemja
� mese~ina. Son~evata energija, {to pristignuva vo gornite sloevi na atmosferata e
energija so mnogu visoka  frekvencija ili kratko branova energija. Koga stanuva
zbor za son~eva energija sekoga{ se misli na direktna energija na son~evoto zra~ewe.
Sekoja godina zemjata prima ogromno koli~estvo od son~evata energija koja se
procenuva na okolu 58x1016 kWh , {to e iljada pati pove}e od sega{nite energetski
potrebi na ~ove{tvoto.

Son~evata energija koga }e dostigne visok stepen na ekonomska isplatlivost
prvenstveno }e se koristi za proizvodstvo na EE. Ova objektivno zna~i deka son~evata
energija, vo idnina }e mo`e da pretstavuva direktna supstitucija za drugite vidovi
energija.

Izgledite za komercijalna isplatlivost na elektranite na son~ev pogon , {to se
gradat i }e se gradat vo idnina, seu{te se soo~eni so zna~ajni  problemi. Pred se,
stanuva zbor za golemi po~etni materijalni vlo`uvawa za: instalacija na kolektori
na {iroko prostranstvo, izgradba na neophodna infrastruktura itn.

Son~evata energija mo`e da se iskoristi na eden od slednite na~ini: nejzina
transformacija vo toplinska energija, nejzino direktno (fotonaponsko) trans�
formirawe vo EE i organska sinteza.

3. FOTONAPONSKO PREOBRAZUVAWE  NA  SON^EVATA  ENERGIJATA

Preobrazuvaweto na fotoelektri~nata energija se zasnovuva na direktno
proizvodstvo na EE od elektromagnetnata radijacija. Svetlinskiot fluks e merka
za takvoto pretvorawe. Izvorite na radijacija imaat mnogu visoki frekvencii, kakvi
{to se gama zracite, koi se emitiraat od radioaktivni materijali, koi istotaka mo`at
da se iskoristat.
Energijata na fotonot e:

E = h×n,                                                                                                               (3.1)
a bidej}i frekvencijata na radijacija e,

ν = c / l                                                                                                                (3.2)
 toga{ sledi deka e:

E = h×c / l     (eV) (J).                                                                                         (3.3)
Intenzitetot na zra~eweto na radijacijata }e bide:

F = Ε×Ν = h×n×Ν    (W/m2) ,     (3.4)
kade Ν e brojot na fotoni od svetlinskiot zrak koi pominuvaat edinica oblast za
vreme od edna sekunda.



Va`no otkritie na fotonaponskiot efekt e p-n spojot na dva poluprovodnika.
Ovoj spoj e va`en koga se primenuva preobrazuvaweto na fotoelektri~nata energija.

Prv hemiski element kaj ~ii atomi e zabele`an fotoelektri~niot efekt e
seleniumot . Po seleniumot, sleduva siliciumot koj mo`e da preobrazuva pove}e od
2 % vo elektri~na energija  ( standardna  vrednost  e 6 %). Za da se objasni
fotonaponskiot efekt ,potrebno e da se poznava prirodata na svetlinata. Taa se
definira kako branovo dvi`ewe, kade {to poimot foton pretstavuva osnoven
fenomen na fotoelektri~niot efekt.

Poimot fotonaponski odgovara na svetlosno aktiviran sistem koj mo`e da
proizvede elektri~na struja, dodeka poimot fotoelektri~en pretstavuva isteruvawe
na elektroni so pomo{ na svetlina.

Fotonaponskiot elektri~en sistem, sli~no kako i sovremeniot smeta~, se
potpira vrz principot na poluprovodnicite. Elektri~nata struja vo fotonaponskata
}elija se sozdava vrz osnova na postoewe na stati~ki elektri~en polne` pome|u N-Si
i P-Si. Ovoj elektri~en polne`, ~ija debelina iznesuva samo nekolku atomi se narekuva
bariera na }elijata, ~ija otpornost ovozmo`uva migracija na elektronite. Zna~i,
barierata ovozmo`uva `ivot na }elijata, koja kaj Si iznesuva 0,5 V pri 2 A. Po
zavr{enata rabota elektronite se � vra}aat � vo }elijata.

4. OSNOVNI FOTONAPONSKI SISTEMI

Osnovni elementi na fotonaponskiot sistem se:
∗ ]elija (CEEL) ,taa pretstavuva del od solaren model koj ja preobrazuvason~evata
  svetlina vo EE.
∗ Modul (MODULE) e element od fotonaponskiot sistem koj e sostavenod fotonaponski
  }elii, koi mo`at da bidat povrzani
  seriski ili paralelno.
∗ Pole (ARRAY) e sistem od site moduli
  vo eden fotonaponski sistem.

Za zgolemuvawe na naponot }e�
liite se povrzuvaat seriski, dodeka za
zgolemuvawe na strujata, paralelno.
Grupa od fotonaponski }elii povrzani
seriski ili paralelno, ili obete, for�
miraat modul. Grupa od moduli, po�
vrzani zaedno pretstavuvaat osnovna
strukturna edinica nare~ena panel. Site fotonaponski moduli {to ispora~uvaat
energija do isti potro{uva~i, formiraat fotonaponsko pole.

Pri serisko povrzuvawe na modulite, treba da se vnimava tie da bidat me|usebno
identi~ni ili skoro identi~ni, dodeka kaj paralelno povrzanite moduli,  tie mora
da bidat identi~ni.

Za opredeluvawe na goleminata na edno fotonaponsko pole, vo princip postojat
dve metodi. Prvata, se odnesuva na samostojnite fotonaponski sistemi kade
presmetkite se vr{at vo amper-~asovi za opredeluvawe na kapacitetot na
akumulatorite (bateriite) vo koi se skladira pretvorenata svetlinska vo EE. Vtorata,

se odnesuva i na samostojnite (SA) sistemi bez akumulatori, kako i na interaktivnite
(UI) sistemi, kade presmetkite se vr{at vo vat-~asovi ili kilovat-~asovi (kWh).

sl. 4 - 1 Osnovni elementi na fotonaponski sistem
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sl. 4 - 2 .  10; 20; 30 se {emi na osnovniot DC samostoen  sistem

Fotonaponskite sistemi se pojavuvaat vo razli~ni formi.
Najosnovnata forma e poleto  koe e direktno povrzano na DC-potro{uva~, a ako
strujata ne se koristi vedna{, se dodava akumulatorska baterija, ili drugi sistemi za
nagoduvawe na protokot na strujata, na primer regulator. Ova e prika`ano na slika
4 � 2 :

Nekoi sistemi upotrebuvaat invertor za da se preobrazi ednonaso~niot napon
vo naizmeni~en napon. Nekoi pak, se vrzuvaat na gradskata napojna mre`a za da mo`at
me|usebno da sorabotuvaat, a drugite ostanuvaat kako samostojni sistemi.  Ova  e
prika`ano  na  slikite    (4 �3 ; 4 � 4 ; 4 � 5 ; 4 � 6 ; 4 - 7 ):

sl. 4 - 4 .  Blok {ema na DC/
AC samostoen PV sistem,
dopolnet so: naponski regu-
lator, akumulatorska bate�
rija  i  DC/AC invertor.

sl. 4 - 5 .  Blok {ema na DC/AC
PV sistem  opremen  so naponski
regulator, akumulatorska bate�
rija, invertor, koj ja koristi
gradskata mre`a kako dopol�
nitelna mo}nost, dokolu ima
potreba.

sl. 4 - 6 .  Blok {ema na UI  PV sistem,  koj
gi opfa}a prilagoduva~ot koj e direktno
povrzan na AC potro{uva~, ili na mre`a.

sl. 4 - 7 .  Blok {ema na centralna
stanica na mre`en  PV sistem,  koj gi
opfa}a prilagoduva~ot na mo}nost  i
visokonaponskiot transformator.

distributivna
mre`a

sl. 4 - 3 .  Principielna {ema na DC/AC
samostoen PV sistem  so prika`ani osnovni
elementi.

PV pole prilagoduva~
na mo}nost

visokonaponski
transformator mre`aPV pole prilagoduva~

na mo}nost
AC

potro{uva~

mre`a



5.  INVERTORI � OP[TI KARAKTERISTIKI

Najva`en  element vo procesot na preobrazuvawe na son~evata energija vo
elektri~na energija e invertorot. Invertorot e elektronski  ured koj slu`i za
preobrazuvawe na ednonaso~niot vo naizmeni~en napon. Pokraj preobrazuvaweto toj
ima funkcija i za povrzuvawe so javnata napojna mre`a. Pomesten pome|u generatorot
(fotonaponskoto pole PV) i mre`ata, toj treba da gi usoglasi site tehni~ki uslovi,
no i da obezbedi sigurnost vo raboteweto.
Invertorite se delat na dva osnovni  vida:

a) avtonomni  (SA - STAND ALONE)
b) povrzani na mre`a (UI - UTILITY INTERACTIVE )

Od invertorot se bara da obezbedi stabilen izlezen napon, konstantna naizmeni~na
frekvencija i formata na branot na naponot {to go ispora~uva da bide  {to e mo`no
pomalku razli~na od osnovniot sinusoidalen bran na naizmeni~niot napon na
napojnata mre`a. Pokraj toa {to toj mora da gi pokrie potrebite vo normalen re`im
na rabota na potro{uva~ite, toj treba da bide dimenzioniran i za nenadejni slu~ai,
kakvi {to se ednovremeno startuvawe na eden ili pove}e motori i dr.

5.1 Mre`ni invertori ( UI )

Nivnata nominalna vrednost vo dene{no vreme se dvi`i od 1 kW do pove}e kW-
ti. Do nekolku kW-ti  se monofazni, za napon od 230 V. Mre`niot (interaktiven)
invertor, ne samo {to ja usoglasuva izleznata mo}nost od fotonaponskoto pole, toj
isto taka slu`i i kako sistemska kontrola, vo slu~aj  koga treba da se opredeli od
koja strana treba da vleze energijata vo mre`ata.
Va`ni karakteristiki na mre`niot invertor se:

*  negova odli~na sinhronizacija so mre`a,
*  avtomatsko isklu~uvawe vo slu~aj  na prekin vo mre`ata,
*  ograni~uvawe na izlezniot napon na maksimalno dopu{tenata vrednost

                na mre`ata,
*  nema zna~itelni fazni otstapuvawa,
*  ne~uvstvitelnost od signalite za upravuvawe vo mre`ata (kontrolni signali),
*  visok stepen na polezno dejstvo ,
*  avtomatsko vklu~uvawe i isklu~uvawe,
*  kvalitetno i to~no opredeluvawe na to~kata na maksimalna mo}nost

                (rabotna to~ka),
*  mo`nost za kompjutersko  upravuvawe i prika`uvawe na funkcionalnite

                parametri, kako i gre{kite vo rabotata,
*  pri instalirawe vo naseleni mesta , bu~avata e vo  granicite na

                dozvolenoto nivo, i  ima mali interferentni elektromagnetni pre~ki.
Spored principot na rabota invertorite upravuvani od mre`ata se narekuvaat
invertori so nadvore{na komutacija. Upotrebenite elementi za komutacija se
tiristorite. Povrzuvaweto na mre`ata so invertorot e izvedeno preku trans�
formator (50 Hz ), pridru`en od eden filter za oslabnuvawe na harmonicite.
Vklu~uvaweto se vr{i so signal za upravuvawe , a isklu~uvaweto nastapuva pri premin
na vrednosta na sinusoidalniot napon  niz nula. Generiranite signali se pravoagolni
ili trapezoidni i sodr`at mnogu harmonici. Nivnata primena e golema pri



preobrazuvawe na ednonaso~na vo naiz�
meni~na struja i golemi mo}nosti.
Pridobivkata od ovaa tehnologija e
niskata cena. Kvalitetot na proiz�
vedeniot signal se postignuva ako
komutacijata na mo}nost se vr{i so
mnogu povisoka frekvencija, vo tekot
na edna perioda. Za taa cel se upo�
trebuvaat pousovr{eni elektronski
komutatori, kakvi {to se tranzis�
torite za mo}nost. Funkcioniraweto
se vr{i pod kontrola na vnatre{ni
referentni signali. Na slika 5 - 1 se
prika`ani principielnata {ema i
osnovniot  princip na rabota.
So pomo{ na 6 - impulsen invertor, se generira kvadraten izlezen signal (napon) so
premin vo nula. Upotrebeniot invertor e trifazen. No,bidej}i se pojavuvaat mnogu
harmonici, filterot e neophoden. So mo`nost za brza komutacija, novite tehnologii

na poluprovodnicite, dopu{taat upo�
treba na metoda, nare~ena {iro~inska
modulacija na impulsi (PWM), kade {to
formata na sinusoidalniot signal se
konstruira  od redica na impulsi so
razli~no vreme na traewe. So primena na
v.f. transformator se namaluvaat zagu�
bite na mo}nost. Za taa cel e konstruiran
invertor za visoka frekvencija (od 10  do
100   kHz ), koj  proizveduva {iro~inski
modulirani impulsi. Principielnata
{ema e prika`ana na slika 5 - 2.

Na izlez od transformatorot, signalot
(napon) e ispraven i isfiltriran i for�
mira dve polusinusoidi od samiot signal,
koj sega naizmeni~no pominuva niz edna
to~ka od ~etirite tiristori. Vakvata
konfiguracija denes e prifatena kaj
pogolem del od invertorite za mo}nosti od
nekolku  kW - ti. Pokraj ovie dva vida na
invertori postojat i invertori za sinteza
na naponot. Kaj niv fotonaponskoto pole
se deli vo dve podgrupi formiraj}i skalest
napon od dva dela. Principielnata  {ema
e prika`ana na slika 5 - 3.
Polusinusoidata se formira od zbir na dva
po dva od naponite na grupite vo poleto,

sl. 5 - 1 .  Principielna
{ema na trifazen inver-
tor priklu~en na mre`a
preku transfor�mator.
a) Principielna  {ema
na trifazen invertor
b) Izlezen napon - 6 im�
pulsna komutacija
v )  [iro~inska modula�
cija na  impulsi

sl. 5 - 2 .  Princip na  rabota
na monofazen  invertor so
{iro~inska modulacija na
impulsi(PWM), galvanski
izolirana so V.F.
transformator.

Ua

sl. 5 - 3 .  Princip  na  rabota na  invertor za sinteza na naponot



spored principot na rabota na preobrazuva~ot. Sekoja grupa se komutira
individualno, vo soodveten moment od tranzistorot i svojata energija ja skladira vo
kondezatorot. Na toj na~in se formiraat dva ednonaso~ni ( U

DC 
)  brana. Edniot bran

od izlezot treba da se prenaso~i t.e. da ja promeni svojata nasoka,  formiraj}i dve
polusinusoidi.

Kako {to se glada nema potreba od transformator, a rezultatot e odli~en,
edna sinusoida so dve ednakvi polovini. No,  za `al site elementi vo poleto ne se vo
sostojba da rabotat vo soglasnost so nivnata maksimalna to~ka na mo}nost. Vo slu~aj
na naobla~uvawe formata na sinusoidata mo`e da bide zna~itelno izobli~ena. Od
vakvi pri~ini, ovoj tip na invertori ne e komercijaliziran.

Najva`na funkcija na mre`niot invertor e sledeweto na maksimalnata
vrednost na mo}nosta ( MPPT - MAXIMUM  POWER TRACKING ), odnosno rabotnata to~ka.
Prakti~no toa zna~i optimizarawe na proizvodot UI = P (mo}nost ).
Za mo}nosti pogolemi od 10 kW - ti, invertorite se izveduvaat modularno, t.e. edna
edinica ( modul ), upravuva so pove}e moduli na mo}nosta. Se voveduva t.n. princip
�vodi� i �voden�: koga prviot invertor vodi }e dostigne maksimalna mo}nost, toj
avtomatski go vklu~uva sledniot koj e paralelno povrzan so nego.

Dve najzna~ajni golemini koi go karak�
teriziraat mre`niot invertor se:  goleminata i
kapacitetot, pa zatoa e podobro da se izbere inver-
tor so nadprose~na efikasnost ( HIGH AVERAGE EFFI-

CIENCY ) ili �blizu do ramna kriva� - karakteristika
na efikasnost. Na sl. 5 - 4 e prika`ana familija na
krivi za efikasnost za visok kvaliteten 4 kW-en
mre`en invertor. Trite krivi: LH, NN i HL  -
prika`uvaat efekt od promeni vo izvoren i mre`en
napon.
LH - nizok ednonaso~en vlezen napon (207.1 V) i visok
mre`en napon(254.6  V).
NN - vo normalni uslovi, vlezen napon (230.2 V) i
liniski naizmeni~en napon (240 V).
HL - visok ednonaso~en vlezen napon (270 V), a nizok
naizmeni~en liniski napon (209 V).

5.2  Samostojni invertori ( SA )

Samostojniot invertor celokupnata rabota ja izvr{uva sam. Proizveduva i gi
odr`uva naponot i frekvencijata na sopstven naizmeni~en izlez. Pred da se izbere
invertor za rabota treba da bidat utvrdeni dva sistemski parametri, i toa:

* prviot, operativen ednonaso~en napon na sistemot - koj  }e go opredeli
vlezniot napon na invertorot, i

* vtoriot, golemina na potro{uva~ite - za da se definira vkupnata dnevna
potro{uva~ka na elektri~na energija.

Samostojnite invertori spored izleznata mo}nost mo`at da bidat podeleni
vo tri grupi. Prvata grupa opfa}a super mali so mo}nost od 25 do okolu 300 W-ti. Se
upotrebuvaat za individualni aparati i se vklu~uvaat ili isklu~uvaat zavisno od
potrebata. Vtorata grupa se sostoi od sredni po golemina so mo}nost od 500 do 1000

sl. 5 - 4 .  Familija na krivi na efikasnost .



ili 1500 W-ti. Slu`at za snabduvawe na eden pogolem ili nekolku pomali
potro{uva~i na naizmeni~na struja. Vo invertorot se vgraduvaat vnatre{ni
elektronski kola koi go dr`at vo sostojba na mala potro{uva~ka na mo}nost (STANDBY)
se dodeka ne po~uvstvuva barawe od potro{uva~ot za vklu~uvawe. Vo toj moment
invertorot se vklu~uva so polna  mo}nost. Vo tretata grupa spa|aat pomo}nite
invertori, so izlezna mo}nost od 2,5 do 15kW-ti. Kaj niv se vgraduva t.n. �priklu~uvawe
po povik za snabduvawe� ( LOAD - DEMAND - SWITCHING ) namesto � STANDBY �  , zatoa {to
zagubite na mo}nost za vreme na � ~ekawe�  proporcionalno  se  pogolemi  zavisno  od
goleminata  na invertorot.

Za nekoi posebni slu~ai mo`at
da se proizvedat dvojni invertorski
sistemi. Vo takvi sistemi, golemite
se priklu~eni na pogolemi sli~ni po�
tro{uva~i,  a srednite na pomalite
potro{uva~i, za da se izbegnat slu�
~aite  koga  golemite invertori }e
rabotat so nizok procent na efi�
kasnost.

Samostojniot invertor e zna�
~itelno porazli~en od mre`niot in-
vertor. Pri negovoto  izbirawe,  sa�
mostojniot  invertor  ne e  obvrzan  da
gi  sporeduva  i izramnuva signalite so onie vo mre`ata t.e. ne treba da vodi smetka
za branovata forma na izlezot. Na slika 5-5 e prika`ana izleznata forma   na naponite
na branovite za ~etiri samostojni invertori.

Stabilnosta na frekvencijata e isto taka va`na karakteristika na
samostojniot invertor. Toj , nesamo {to treba da ja proizvede tuku treba i da ja odr`uva
stabilno sopstvenata  naizmeni~na frekvencija (50 Hz).

Sledna karakteristika e sposobnosta na samostojnite invertori da se spravat
so problemi koga za potro{uva~i imaat uredi koi pri vklu~uvawe povlekuvaat
pogolema struja (na pr. motorite). Vo slu~aj  na mre`en invertor gri`ata za re{avawe
na ovoj problem ja prevzema javnata napojna mre`a, dodeka kaj samostojnite, pogolemo
vnimanie treba da se obrne pri nivnoto izbirawe. Samostojniot invertor sam go
proizveduva i go regulira sopstveniot izlezen naizmeni~en  napon. Pogolem  broj
naizmeni~ni potro{uva~i mo`at da rabotat sosema dobro pri promena na naponot
od  5 do 10 %. Ako vlezniot ednonaso~en napon otstapuva od dopu{tenite granici,
invertorot se isklu~uva od rabota.

6. PROPISI, STANDARDI I NORMI

Fotonaponskite sistemi koi se povrzuvaat da rabotat na gradskata
distributivna mre`a treba da ispolnuvaat propi{ani uslovi koi {to se regulirani
so soodvetni: propisi, standardi i normi.  Taka vo [vajcarija za vidovi na mehani~ki
konstrukcii i za{tita od atmosferski i komutacioni prenaponi va`at propisite
IFCIF ( INSPECTORÁT  FÉDERAL  DES INSTALÁTIONS  A COURENTS  FORTS ).Vlijanijata na
fotonaponskite sistemi vrz mre`ata se regulirani so propisite ASE ( ASSOCIATION

sl. 5 - 5 .  Razli~ni formi na naponskite branovi na ~etiri samostojni
                 invertori.



SUISS DES ELECTRICIENS ) ili nivnite evropski  ekvivalenti, kako na primer EN 60555.
Vklu~uvaweto na invertorite e  neophodno da se izvr{i  to~no vo faza , spored

potrebite na gradskata distributivna mre`a. Vo praksa, invertorite se opremeni so
prekinuva~ za rabota. Operacijata za povrzuvawe so mre`ata, vo princip, sekoga{ se
realizira preku  prekinuva~ot, nikoga{ direktno. Rabotata na invertorite se
zasnovuva na brzi promeni na vklopnata sostojba na negovite elementi, koi mo`e da
predizvikaat elektromagnetni  pre~ki vo {iroko frekvento podra~je od 150 kHz do
30 MHz. Emitiraweto na ovie pre~ki, mo`e da bide od vrskite so mre`ata, ili pak od
fotonaponskite kola koi igraat uloga na anteni. Dozvolenite granici na ovie emisii
se regulirani so soodvetni propisi.

7. ZAKLU^OK

Preobrazuvaweto na son~evata vo elektri~na energija e edno od najzna~ajnite
otkritija  vo posledno vreme. Vakvata tehnologija e nare~ena fotonaponska. Postojat
zna~itelni prednosti na son~evata energija vo odnos na drugite izvori na energija, a
toa se:

*prakti~no taa e neiscrpna i ve~na,
*ne ja zagaduva okolinata (kako jaglenot i naftata), ne pretstavuva nitu

              opasnost, nitu pri~ina za zagri`enost kako nuklearnata energija,
*decentralizacija i bez transportni tro{oci,
*uredite za koristewe na son~evata energija se relativno ednostavni i lesno

              se primenuvaat.
Zna~i, se dobiva elektri~na energija direktno od sonceto, bez bu~ava, bez

upotreba na cvrsti i te~ni goriva koi ja zagaduvaat okolinata, bez upotreba na turbini
i dr. So drugi zborovi nasproti � tvrda � ima � meka � energetska tehnologija,
neiscrpna, dodeka drugite izvori se so ograni~en vek na traewe.
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ABSTRACT

In this paper, from technical and economical aspects, the non-conventionall approach to
the remote areas electrification is elaborated. As a rule, they consume small amounts of electrical
energy. So, the classical electrification by electrical utility is expensive. Upon the today level of
the photovoltaic technology, in these cases, the electrification can be realized by means of stand-
alone photovoltaic system. In many cases, it can be more cost-effective.
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���������6WUXMQR�QDSRQVNDWD� �I-U�� NDUDNWHULVWL�
ND� QD�)9� JHQHUDWRU� ]DYLVL� RG� LQWHQ]LWHWRW

QD� VRQaHYRWR� ]UDaHZH�G W m( )2 � L� RG� UDERW�

QDWD�WHPSHUDWXUD�QD�PRGXORW�T Cm o( ) ��1D�VO�
���H�GDGHQD�I-U�NDUDNWHULVWLND�QD�)9�JHQHUD�
WRU� VRVWDYHQ�RG� Ns = 3� L� Np = 5� PRGXOL�SIE-

MENS� WLS� M55�� .DWDOR^NLWH� SRGDWRFL� ]D

HGHQ� PRGXO� VH� VWUXMD� QD� NXVD� YUVND� I ( A )sc
ms �

QDSRQ�QD�SUD]HQ�ôG��U Voc
ms( )���NRHILFLHQWLWH

α I
oC( )−1 �L�αU

oC( )−1 �]D�SURPHQD�QD� Isc�L�Uoc�YR�]DYLVQRVW�RG�WHPSHUDWXUDWD�L�QHJRYD�

WD�PDNVLPDOQD�PR`QRVW� P Wm
ms

p( ) ��.DWDOR^NLWH�SRGDWRFL�YDCDW�SUL�VWDQGDUGQL WHVW

�67��XVORYL�NRJD�LQWHQ]LWHWRW�QD�VRQaHYRWR�]UDaHZH�H�G W ms = 1000 2 �L�WHPSHUDWX�

UDWD� QD� PRGXORW� H� T Cms o= 45 �� .DWDOR^NLWH� SRGDWRFL� QD� PRGXORW� M55� VH�

I Asc
ms = 3 5, ��U 15,6 Voc

ms = �� α I
oC= ⋅ − −3 5 10 3 1, �� αU = ⋅ −4 5 10 4, � oC−1� L� QHJRYDWD� PDNVL�

PDOQD�PR`QRVW�H�P Wm
ms

p= 53 �� 3 �



������%DUDa�QD�PDNVLPDOQD�PR`QRVW

5DERWQLWH�VWUXMD�L�QDSRQ�YR�HGHQ�)9�VLVWHP�VH�YR�SUHVHaQDWD�WRaND�QD�I-U�ND�
UDNWHULVWLNLWH�QD�)9�JHQHUDWRURW�L�QD�SRWUR^XYDaRW�� VO�� ���1DMaHVWR��UDERWQDWD
WRaND�RWVWDSXYD�RG�WRaNDWD�QD�PDNVLPDOQDWD�PR`QRVW�QD�)9�JHQHUDWRURW��0R`QRVWD
QD� HGHQ� )9� JHQHUDWRU� ]DYLVL� RG� UDERWQLRW� QDSRQ�� VO�� ��� 0DNVLPDOQDWD� PR`QRVW
�P U Im mp mp= ⋅ ��YR�I-U�UDPQLQDWD�H�SUHWVWDYHQD�VR�KLSHUEROD��$NR�PH_X�SRWUR^XYD�

aRW�L�JHQHUDWRURW�VH�SULNOXaL�XUHG� ��EDUDa�QD�PDNVLPDOQD�PR`QRVW� �%00��� VO����
UDERWQLRW�QDSRQ�PRCH�GD�VH�QDJRGL�QD�YUHGQRVW�SUL�NRMD�^WR�)9�JHQHUDWRURW�EL�MD
SUHGDYDO�PDNVLPDOQDWD�PR`QRVW��%DUDaRW�QD�PDNVLPDOQD�PR`QRVW�H�DC/DC�NRQYHU�
WRU��aLM�L]OH]HQ�QDSRQ�Uo��SRJROHP�LOL�SRPDO�RG�YOH]QLRW�QDSRQ�U��]DYLVL�RG�RGQR�
VRW�QD�YUHPHWR�QD�YNOXaHQRVW�L�LVNOXaHQRVW�QD�SUHNLQXYDaNRWR�NROR�

%00�XUHGRW�VH�NRULVWL�NRJD�YUYQDWD�PR`QRVW�QD�)9�JHQHUDWRURW�H�SRJROHPD
RG�1 KWp���1HJRYLRW�NRHILFLHQW�QD�NRULVQR�GHMVWYR�GRVWLJQXYD�GR�95 %�� 4 �

Ump Uoc U

Pm

P

6O�����0R`QRVW�QD�)9�JHQHUDWRU�YR
]DYLVQRVW�RG�UDERWQLRW�QDSRQ

)9 JHQHUDWRU %00
HGQRQDVRaHQ

SRWUR^XYDa

=
+

_ =
U

I

U

Io

o

6O�����$)29�VLVWHP�VR�EDUDa�QD
PDNVLPDOQD�PR`QRVW

������,QYHUWRU

1DSRQRW�GRELHQ�RG�)9�JHQHUDWRU�H�HGQRQDVRaHQ��6R�LQYHUWRU��YU]DQ�GLUHNW�
QR�QD�)9�JHQHUDWRU�LOL�QD�DNXPXODWRU�QDSRMXYDQ�RG�)9�JHQHUDWRU��HGQRQDVRaQLRW
QDSRQ��12�LOL�24�V��VH�SUHREUD]XYD�YR�VWDQGDUGHQ�QDL]PHQLaHQ��230 ± �5���V��50�Hz�
.DM�)9�VLVWHPL�SULNOXaHQL�QD�PUHCD��NRPXWDFLMDWD�QD�QDSRQRW� VH�NRQWUROLUD�RG
PUHCQLRW�QDSRQ��D�NDM�$)29�VLVWHPL�RG�RVFLODWRU�YJUDGHQ�YR�LQYHUWRURW�

9OLMDQLHWR� QD� YL^LWH� KDUPRQLFL� JHQHULUDQL� YR� LQYHUWRURW� VH� RFHQXYD� VR
THD��Total Harmonic Distorsion��IDNWRU��NRM�VH�GHILQLUD�NDNR�RGQRV�QD�PR`QRVWD�QD
YL^LWH�KDUPRQLFL�VR�PR`QRVWD�QD�RVQRYQLRW�KDUPRQLN��=D�GD�VH�SRVWLJQH�RGUHGHQ
NYDOLWHW�QD�HOHNWULaQDWD�HQHUJLMD��THD�IDNWRURW�WUHED�GD�H�SRPDO�RG�5 %�

3UL� QRPLQDOQR� RSWRYDUXYDZH�� HILNDVQRVWD� QD� LQYHUWRURW� H� SRJROHPD� RG
85 %�� D�IDNWRURW� QD�PR`QRVW� GRVWLJQXYD� GR�0,99��1DPDOXYDM`L� JR� RSWRYDUXYDZHWR�
HILNDVQRVWD�VH�QDPDOXYD��WDND�^WR�SUL�0,2�RG�QRPLQDOQRWR��H�SRPDOD�RG�65 %��0R`�

QRVWD�QD�LQYHUWRURW�H��10÷15����SRJROHPD�RG�YUYQDWD�PR`QRVW�QD�)9�JHQHUDWRURW�

������$NXPXODWRU

(QHUJLMDWD�QD�VRQaHYRWR�]UDaHZH�H�SULPDUHQ�HQHUJHQW�YR�HGHQ�$)29�VLVWHP�
7DD�H�SRGORCQD�QD�UHJXODUQL�GHQ�QR`�L�VH]RQVNL�SURPHQL�L�QD�QHSUHGYLGOLYL�PHWH�
RUROR^NL�YOLMDQLMD��9R�$)29�VLVWHPLWH��VR�DNXPXODWRUL��VSHFLMDOQR�SURL]YHGHQL
]D� WDD� QDPHQD�� VH� SRVWLJQXYD� RGUHGHQD� VWDELOQRVW� YR� VQDEGXYDZHWR� VR� HOHNWULaQD



HQHUJLMD��2YLH�DNXPXODWRUL��EH]�SRVOHGLFD�PRCH�GD�SRGQHVDW�SRYH`HNUDWQR�GODERNR
SUD]QHZH��GR�80 %�RG�QRPLQDOQLRW�NDSDFLWHW��2500�L�SRYH`H�FLNOXVL��

$NXPXODWRURW�UDERWL�YR�GLQDPLaNL�UHCLP��1HJRYLRW�QDSRQ�]DYLVL�RG�HQHU�
JHWVNDWD�VRVWRMED��3UHNX�QDSRQRW�NDNR�NRQWUROQD�YHOLaLQD��PLNURSURFHVRUVNL�XS�
UDYXYDQ�UHJXODWRU��MD�NRQWUROLUD�HQHUJHWVNDWD�VRVWRMED�QD�DNXPXODWRURW�L�MD�HOHPL�
QLUD�PRCQRVWD� QDSRQRW� GD� VH� QDPDOL�SRG�PDNVLPDOQR� GR]YROHQLRW�Umd � LOL� GD� JR

QDGPLQH�PDNVLPDOQR�GR]YROHQLRW�Umc��VO�����1D�RYRM�QDaLQ�VH�]DSD]XYD�YHNRW�QD�WUD�

HZH�QD�DNXPXODWRURW��8�L�SRYH`H�JRGLQL���9R�]DYLVQRVW�RG�VWUXMDWD�QD�SROQHZH�SUD]�
QHZH�L�RG�WHPSHUDWXUDWD��QDSRQLWH�Umc�L�Umd � VH�DGDSWLUDDW�QD�UHDOQLWH�UDERWQL

XVORYL��3UL�SROQHZH��NRJD�DNXPXODWRURW�JR�GRVWLJQH�QRPLQDOQLRW�QDSRQ�Un��UHJX�

ODWRURW�LVNOXaXYD� SRHGLQL�SDUDOHOQL� JUDQNL�RG�)29� JHQHUDWRURW�� VR�^WR� VH� QD�
PDOXYD�VWUXMDWD�L�VH�SRVWLJQXYD�SRJROHPD�HILNDVQRVW�SUL�SROQHZHWR�

U

t t tSUD]QHZH SROQHZH SUD]QHZH SROQHZH SUD]QHZH SROQHZH

Umc
Un

Umd

Ug

U   JDVLILNDFLMDgU   PDNVLPDOHQmc U   QRPLQDOHQn U   PLQLPDOHQmdQDSRQ�

U U

6O�����1DSRQVNL�NRQWUROLUDQL�HQHUJHWVNL�VRVWRMEL�QD�DNXPXODWRU

���(/(.75,),.$&,-$�1$�0$/,�32752>89$A,

3RWUHEDWD�]D�HOHNWULILNDFLMD�L�QD�PDOLWH�SRWUR^XYDaL�NRL�VH�RGGDOHaHQL
RG� GLVWULEXWLYQDWD� PUHCD�� QH� H� VSRUQD�� 1DaLQRW� QD� HOHNWULILNDFLMDWD� H� RQD� ]D
^WR�WUHED�GD�VH�GLVNXWLUD��SUHG�GD�VH�GRQHVH�NRQHaQDWD�RGOXND�

������(OHNWULILNDFLMD�VR�NODVLaQD�PUHCD

.ODVLaQDWD�PUHCD�VH�L]YHGXYD�YR�VRJODVQRVW�VR�YDCHaNLWH�SURSLVL�]D�L]YHG�
ED�QD�VUHGQRQDSRQVND�SUHQRVQD�PUHCD��9R�LQYHVWLFLRQLWH�WUR^RFL�VH�YNOXaHQL�
• L]JUDGED�QD�10 KV�SUHQRVQD�PUHCD��aLMD�FHQD�H�23.000 DM/km�
• VWROEHQ�WUDQVIRUPDWRU�10 0 4, kV �50 KVA�aLMD�FHQD�H�20.000 DM�
• L]JUDGED�QD�QLVNRQDSRQVND�GLVWULEXWLYQD�PUHCD��aLMD�FHQD�H�20.000 DM/km�

$NR�VH�SUHWSRVWDYL���km�GROJD�10 KV�SUHQRVQD�PUHCD�L�1 km�GROJD�QLVNR�QD�
SRQVND�PUHCD��WRJD^�HOHNWULILNDFLMDWD�QD�HGQD�QDVHOED�NR^WD�155.000 DM�

9R�QDVHOELWH�NDGH�^WR�H�L]YU^HQD�HOHNWULILNDFLMD�� QDMaHVWL�SRWUR^XYDaL
VH�RVYHWOHQLH��UDGLR�L�WHOHYL]RU��YR�SRHGLQL�GRPD`LQVWYD�LPD�IULCLGHU��D�UHWNR�L
GUXJL�HOHNWULaQL�DSDUDWL��1DMaHVWR��HGQR�GRPD`LQVWYR�SURVHaQR��PHVHaQR�WUR^L�GR
���kWh�PHV� HOHNWULaQD�HQHUJLMD��^WR�H� GDOHNX�SRG�NDSDFLWHWRW� QD�PUHCDWD��(OHN�
WULaQDWD�PUHCD�GROJR�YUHPH�`H�UDERWL�SRGRSWRYDUHQD�� VR� VODED�LVNRULVWHQRVW�QD
VYRMRW�NDSDFLWHW�



������(OHNWULILNDFLMD�VR�$)29�VLVWHP

3UL�GLPHQ]LRQLUDZHWR�QD�HGHQ�$)29�VLVWHP��SRNUDM�LQWHQ]LWHWRW�QD�VRQaH�
YRWR�]UDaHZH�L�WHPSHUDWXUDWD�QD�RNROLQDWD��NDNR�ORNDOQL�IDNWRUL��VH�YNOXaXYD�L
SRWUHEQDWD�VLJXUQRVW�YR�VQDEGXYDZH�QD�SRWUR^XYDaLWH�VR�HOHNWULaQD�HQHUJLMD��1H�
NRL�SRWUR^XYDaL�PRCH�GD�SRGQHVDW�SRGROJRWUDHQ�SUHNLQ�YR�VQDEGXYDZHWR��D�GUXJL�
VDPR�RGUHGHQ�EURM�aDVRYL��3UL�GLPHQ]LRQLUDZHWR�H�YDCHQ�L�HNRQRPVNLRW�DVSHNW�L]�
UD]HQ�SUHNX�FHQDWD�QD�$)29�VLVWHPRW�

=D�QDSRMXYDZH�QD�SRWUR^XYDaLWH�QD�HOHNWULaQD�HQHUJLMD��VH�SUHGYLGXYD�VWDQ�
GDUGQD�220 V��50 Hz�PUHCD��VO����

3RWUR^HQDWD�HOHNWULaQD�HQHUJLMD�H�NOXaHQ�IDNWRU�SUL�GLPHQ]LRQLUDZH�QD
HGHQ�$)29�VLVWHP��6H�SUHWSRVWDYXYD�DQJDCLUDQDWD�PR`QRVW��L�SRWUR^XYDaNDWD��QD

SR25 +

12 V/1600 Ah

+

~

220 V, 50 HzSP 1500/12

6O�� ��� 3ULQFLSLHOQD� ^HPD� QD� $)29
VLVWHP�]D�220 V��50 Hz�PUHCHQ�QDSRQ

HOHNWULaQD� HQHUJLMD� YR� HGQR� GRPD`LQVW�
YR��WDE��I�
��������$)29� VLVWHP� VH� GLPHQ]LRQLUD� WDND
^WR�GD�MD�]DGRYROL�GQHYQDWD�SRWUR^XYDa�
ND� QD� HOHNWULaQD� HQHUJLMD�� 3ULWRD�� YR
RYRM�WUXG�`H�VH�NRULVWL�HGHQ�VWRKDVWLaNL
PHWRG�� GHWDOQR� REUD]ORCHQ� YR� 5 �� 9R

SUHVPHWNLWH� VH� NRULVWDW� SRYH`HJRGL^QL
QL]RYL� RG� PHUHQL� aDVRYQL� YUHGQRVWL� ]D
HQHUJLMDWD� QD� VRQaHYRWR� ]UDaHZH� L� ]D
WHPSHUDWXUDWD�QD�RNROLQDWD��]D�PHVHF�GH�
NHPYUL� NDNR� QDMQHSRYROHQ� RG� DVSHNW� QD
VRODUQDWD� HQHUJHWLND��0HUHQLWH� SRGDWR�
FL�VH�RGQHVXYDDW�]D�ELWROVNLRW�UHJLRQ�

7DE��I��0R`QRVWD�P��W��QD�SRWUR^XYDaL�YR�HGQR�GRPD`LQVWYR��QLYQDWD�YNOXaH�
QRVW�YR�WHN�QD�GHQRW�t��h��L�SRWUR^HQDWD�HOHNWULaQD�HQHUJLMD�W��Wh/GHQ�

SRWUR^XYDa P��W� t��h� W��Wh/GHQ�

RVYHWOXYDZH �x�� � ���
UDGLR �� � ���

79 ��� � ���

IULCLGHU ��� �� ����

9.8312 ��� ����

=D�GD�VH�]JROHPL�XSDGQDWD�VRQaHYD�HQHUJLMD��DNWLYQDWD�SRYU^LQD��SDQHORW��YR
RGQRV�QD�KRUL]RQWDOQDWD�VH�SRVWDYXYD�SRG�RGUHGHQ�QDNORQ�β ��%LGHM`L�$)29�VLVWH�
PRW�VH�NRULVWL�YR�WHNRW�QD�FHODWD�JRGLQD��QDMSRYROHQ�DJRO�QD�QDNORQ�H�β = 35o��6UHG�

QDWD� YUHGQRVW� QD� HQHUJLMDWD� QD� VRQaHYRWR� ]UDaHZH� QD� QDNORQHWDWD� SRYU^LQD

L]QHVXYD�H mβ = 2 5 2, kWh GHQ �VR�VWDQGDUGQD�GHYLMDFLMD�σ
βH = 1 5, kWh m2 �

3RYU^LQDWD�QD�VRODUQLRW�SDQHO�VH�SUHVPHWXYD�VSRUHG�VOHGQDYD�UDYHQND�



A
DL

H BPvk
=

⋅ + ⋅η σ( )B Hβ β
         (4)

NDGH�^WR�DL (kWh/GHQ)�H�YNXSQD�GQHYQD�SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD�L�

η η η η η η ηvk c bmm b inv ni e= ⋅ ⋅ ⋅ ⋅ ⋅ ����������

H�YNXSHQ�NRHILFLHQW�QD�NRULVQR�GHMVWYR��YR�NRM�VH�YNOXaHQL�NRHILFLHQWLWH�QD�NR�
ULVQR�GHMVWYR�QD�IRWRYROWDLaQDWD�NRQYHU]LMD�QD�VRODUQDWD�HQHUJLMD�YR�HOHNWULaQD
ηc��QD�EDUDaRW�QD�PDNVLPDOQDWD�PR`QRVW�ηbmm��QD�DNXPXODWRURW�ηb ��LQYHUWRURW�ηinv�

NDNR�L�]DJXEDWD�QD�PR`QRVW�SRUDGL�QHLGHQWLaQRVW�QD�PH_XVHEQR�SRYU]DQLWH�PRGXOL�
L]UD]HQD� VR�NRHILFLHQWRW� ηni � L� ]DJXEDWD�QD�PR`QRVW�YR� VSRMQLWH�HOHNWULaQL�SUR�

YRGQLFL�L]UD]HQD�VR�NRHILFLHQWRW� ηe��9R�UDY�������YHOLaLQDWD� BPB�H�EDODQVLUDaNL

SDUDPHWDU��6R�YDULDFLMD�QD�EDODQVLUDaNLRW�SDUDPHWDU�BPB�

BP B BB = ⋅ − =0 2 11 1 2 21, ( ), , ,.., ����������

HQHUJLMDWD� QD� VRQaHYRWR� ]UDaHZH� YR� UDY�� ����� VR� aHNRU� 0 2, ⋅σ
βH �� VH� PHQXYD� PH_X

H HH Hβ βσ σ
β β

− ⋅ + ⋅2 2L ��%LGHM`L�GLVWULEXFLMDWD�QD�GQHYQLWH�VXPL�QD�HQHUJLMDWD�QD

VRQaHYRWR�]UDaHZH�VH�VWUHPL�NRQ�QRUPDOQD�UDVSUHGHOED��95 %�RG�QLY�VH�YR�LQWHUYD�
ORW�H Hβ σ

β
# 2⋅ ��=DWRD��VLJXUQR�H�GHND�SUL�SUHVPHWXYDZH�QD�SRYU^LQDWD�QD�SDQHORW

VH�YNOXaHQL�UHDOQR�RaHNXYDQL�YUHGQRVWL�]D�HQHUJLMDWD�QD�VRQaHYRWR�]UDaHZH�
9NXSQLRW� NDSDFLWHW� BC kWh( ) � QD� DNXPXODWRURW� RG� HGHQ� $)29� VLVWHP� H

BC BC BCkt dt= + ��NDGH�^WR�BCkt �L�BCdt �VH�NDSDFLWHWL�GRYROQL�GD� MD�]DGRYRODW�SRW�

WUHEQDWD�HOHNWULaQD�HQHUJLMD�YR�QR`QLWH�aDVRYL�L�YR�WHNRW�QD�RGUHGHQ�EURM�SRVOH�
GRYDWHOQR�QHVRQaDQL�GHQRYL��VRRGYHWQR��.DSDFLWHWRW�BCkt �H�

BC
DOD

NL BEF NSR DLkt
m b

= ⋅ ⋅ = ⋅ ⋅
1

η ����������

NDGH�^WR�H�DODm�PDNVLPDOQR�GR]YROHQDWD�GODERaLQD�QD�SUD]QHZH�QD�DNXPXODWRURW�

BEF DODm b= ⋅1 ( )η �NRHILFLHQW�QD�HILNDVQRVW�QD�EDWHULMDWD��NL�SRWUR^XYDaND�QD
HOHNWULaQD�HQHUJLMD�YR�QR`QLWH�aDVRYL�L�NSR NL DL= ��.DSDFLWHWRW�BCdt �H�

BC
DOD

NSD DL BEF NSD DLdt
m b

= ⋅ ⋅ ⋅ = ⋅ ⋅
1

η ����������

NDGH�^WR�NSD� H�RaHNXYDQ�EURM�QD�SRVOHGRYDWHOQR�QHVRQaDQL�GHQRYL��9NXSQLRW�ND�
SDFLWHW�QD�EDWHULMDWD�H�

BC BEF NSD NSR DL= ⋅ + ⋅( ) ����������

9HURMDWQRVWD�QD�JXELWRN�QD�WRYDU�LOLP��Loss of Load Probability��VH�GHILQLUD�
VR�RGQRVRW�QD�aDVRYLWH�NRJD�LPD�SUHNLQ�YR�VQDEGXYDZHWR�L�YNXSQLRW�EURM�QD�aDVRYL
QD�DQDOL]D�QD�HQHUJHWVNDWD�VRVWRMED�QD�VLVWHPRW��/RJLNDWD�QD�SURJUDPRW�]D�SUHVPH�
WND�QD�LOLP� H�� ]D�NRQVWDQWQD�YUHGQRVW�QD�NDSDFLWHWRW�QD�DNXPXODWRURW�BC�� D�UD]�
OLaQL�SRYU^LQL�QD�SDQHORW�A��YR�VHNRM�aDV�h��]D�VHNRM�GHQ�D�YR�WHNRW�QD�GHVHW�JRGLQL
Y��VH�VOHGL�HQHUJHWVNDWD�VRVWRMED�QD�VLVWHPRW��UHJLVWULUDM`L�JL�aDVRYLWH�QD�SUHNLQ



YR�VQDEGXYDZHWR��%ORN�GLMDJUDP�QD�SURJUDPRW�H�GDGHQ�QD�VO�����1D�VO�����VH�SULNDCD�
QL�GRELHQLWH�UH]XOWDWL��1D�SULPHU��LOLP=0,03��RaHNXYDQL����GHQD�JXELWRN�QD�WRYDU

YR�WHNRW�QD�JRGLQDWD��VH�GRELYD�SUL�SRYU^LQD�QD�SDQHORW�A m= 13 8 2, �L�NDSDFLWHW�QD

DNXPXODWRURW�VRRGYHWHQ�QD�NSD=2��LOL�]D�NDSDFLWHW�VRRGYHWHQ�QD�NSD=5�L�SDQHO��VR

SUHVPHW� LOLP

1 CONTINUE

END

START

DO 1 NSD=1, 5

BC=BEF(NSD+NSR)DL

DO 2 Y=1, 10

2 CONTINUE

DO 2 B=1, 21

]
A=

DL

     (H  +0,2 (B-11)  ηvk σHββ[

DO 2 D=1, 30

DO 2 h=1, 24

READ: H   , σ , DL, NL, Tβ Hβ ad

READ: I  .DATβ

SUHVPHW� HQHUJ� VRVW� QD )9 VLVWHP
VXPLUD aDVRYL QD JXELWRN QD WRYDU 

6O�����%ORN�GLMDJUDP�QD�SURJUDPRW�]D
SUHVPHWXYDZH�QD�LOLP

SRYU^LQD� A m= 11 7 2, �� $NR� GR]YROHQ� JX�

ELWRN�QD�WRYDU�H�QD�SU��LOLP=0,03��RG�VO�
���PRCH� GD� VH� GRELMDW� RQLH� aLYWRYL� �BC;
A��SUL�NRL�H�]DGRYROHQR�EDUDZHWR��VO����
����������,VWD� VLJXUQRVW� YR� VQDEGXYDZHWR� VH
SRVWLJQXYD� SUL� SRYH`H� aLYWRYL� �BC;A�
^WR� SRYOHNXYD� UD]OLaQD� FHQD� QD�$)29
VLVWHPRW��&HQDWD�QD�SDQHORW�L�QD�DNXPX�
ODWRURW�]D�NRL�H�LOLP=0,03� VH�GDGHQL�YR
WDE��II ��3DQHORW�H�VRVWDYHQ�RG�PRGXOL�SIE-

MENS�� WLS�M55�� VR� SRYU^LQD� A 0,452m =
m2�L�FHQD�C DMm = 580 ��&HQDWD�QD�DNXPX�

ODWRUL� QDPHQHWL� ]D� � $)29� � VLVWHPL� � H
120 DM kWh�� =D�NSD=4�� FHQDWD� QD� SDQH�
ORW� L� QD� DNXPXODWRURW� H� QDMPDOD�� 3DQH�
ORW�`H�ELGH�VRVWDYHQ�RG����PRGXOL��D�QHJR�
YDWD� YUYQD� PR`QRVW� H� P kWp p= 1 38, �� 7RM

`H�LPD�GYH�)9�SROLZD�SR�GHYHW�L�HGQR�RG
RVXP�PRGXOL�� PH_XVHEQR� YU]DQL� SDUDOHO�
QR��VO����
����������9NOXaXYDM`L� MD� FHQDWD� QD� WUL� UHJX�
ODWRUL�QD�QDSRQ��SIMENS��WLS�SR25���FHQD
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LOLP (p.e.)

6O�����LOLP�L�SRYU^LQDWD�QD�SDQHORW�A�
]D�UD]OLaHQ�NDSDFLWHW�QD�DNXPXODWRURW
�L]UD]HQ��SUHNX�NSD���YR�]DYLVQRVW�RG
SDUDPHWDURW�B
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A (m2)

NSD

6O�� ��� 3RYU^LQDWD� QD� SDQHORW� YR� ]DYLV�
QRVW� RG� NDSDFLWHWRW� QD� DNXPXODWRURW
�L]UD]HQ��SUHNX�NSD���]D�LOLP=0,03

7DE��II ��.DSDFLWHWRW�QD�DNXPXODWRURW�L�SRYU^LQDWD
QD�SDQHORW��SUL�LOLP=0,03�L�QLYQDWD�FHQD

NSD 1 2 3 4 5



BC (kWh) 5,94 10,26 14,58 18,9 23,2

A ( )m2 18,0 13,8 12,5 12,0 11,7

&HQD��DM� 23810 18940 17790 17670 17800

250 DM���QD�LQYHUWRURW��SIMENS��WLS�SP 1500-12, 2450 DM)��QD�%00�XUHGRW��890 DM�
L�FHQDWD�QD�QRVDaLWH�QD�SDQHOLWH�L�QD�GRGDWQDWD�RSUHPD��1500 DM���YNXSQDWD�FHQD
QD�$)29�VLVWHPRW�H�23260 DM�

���',6.86,-$

2G�DVSHNW�QD�PDNURHQHUJHWLNDWD�� VSRUHG�GHQH^QLWH�FHQL��$)29�VLVWHPLWH
QH�VH�DWUDNWLYQL��3UH]HQWLUDZH�QD�LVWLWH�NDNR�PRCQRVW�]D�UH^DYDZH�QD�JOREDOQL
HQHUJHWVNL�SUREOHPL�H�QHUHDOQR�RSWLPLVWLaNR�L�H�^WHWQR�]D�QLYQRWR�QDYOHJXYDZH
GXUL�L�WDPX�NDGH�^WR��RG�HNRQRPVNL�DVSHNW�H�RSUDYGDQD�QLYQDWD�SULPHQD�

3RUDGL� VODEDWD� LQIRUPLUDQRVW� ]D� UHDOQLWH� PRCQRVWL� YR� VQDEGXYDZHWR� VR
HOHNWULaQD�HQHUJLMD��L�LQHUWQRVWD�YR�SULID`DZH�QD�QRYL�WHKQRORJLL��$)29�VLVWH�
PLWH�VH�PDONX�SULVXWQL��QH�VDPR�NDM�QDV�WXNX�L�QD�GUXJL�SURVWRUL��1DYOHJXYDZHWR�QD
RYDD�WHKQRORJLMD�H�SURVOHGHQR�VR�QL]D�SUREOHPL�L�RGUHGHQD�GR]D�QD�VNHSWLFL]DP�

1DFLRQDOQLWH�HOHNWUR�NRPSDQLL��NRL�VH�]DGROCHQL�]D�HOHNWULILNDFLMD��QDM�
aHVWR�QH� VH� ]DLQWHUHVLUDQL� ]D� L]JUDGED� QD�PDOL� SRWUR^XYDaNL� NDSDFLWHWL��2YD� H
SUREOHP�RG�LQVWLWXFLRQDOHQ�NDUDNWHU��NRM�^WR��PRCHEL�NDM�QDV�H�QDGPLQDW�

,GQLWH�NRULVQLFL�WUHED�GD�VH�YNOXaDW�SUL�SODQLUDZH�QD�HOHNWULILNDFLMDWD
L� GD� ELGDW� LQIRUPLUDQL� ]D�PRCQRVWLWH� QD�$)29� VLVWHPLWH�� ]D� QLYQLWH� GREUL� L
VODEL�VWUDQL��3RUDGL�QHGRYROQR�SR]QDYDZH�QD�PRCQRVWLWH��SRQHNRJD^�QHVWUXaQR�VH
LQWHUYHQLUD��L�GRD_DD�GR�GODERNL�SUD]QHZD�QD�DNXPXODWRURW�L�RWNDCXYDZH�QD�VLV�
WHPRW��6R� HOHNWULILNDFLMDWD�� QHNRM� ORNDOHQ� �DYWRULWHW�� PRCH� GD� VH� SRaXYVWYXYD
]DVHJQDW�L�QHJDWLYQR�GD�YOLMDH�YU]�FHODWD�LQLFLMDWLYD��3RQHNRJD^��SRVOH�SURGDCED�
WD�L�LQVWDOLUDZHWR��OR^R�RUJDQL]LUDQDWD�VHUYLVQD�VOXCED�YOHYD�GR]D�QD�QHGRYHUED
NDM�NRULVQLFLWH�NRL� VH�RVWDYHQL� VDPL�QD� VHEH��3RVWRMDQR�NRQWDNWLUDM`L� VR�NRULV�
QLFLWH��RYLH�SUREOHPL�RG�LQWHUSHUVRQDOHQ�NDUDNWHU�PRCH�GD�VH�QDGPLQDW�

$)29�VLVWHPLWH�VH�GLPHQ]LRQLUDDW�VSRUHG�UHDOQDWD�SRWUR^XYDaND�QD�HOHN�
WULaQD�HQHUJLMD��VR�^WR�VH�SRVWLJQXYD�UDFLRQDOQRVW�YR�LQYHVWLUDZHWR��$NR�VH�SUHW�
SRVWDYL�GYDHVHWJRGL^HQ�YHN�QD�NRULVWHZH��FHQDWD�QD�kWh� HOHNWULaQD�HQHUJLMD� GR�
ELHQD�RG�$)29�VLVWHPRW��SULEOLCQR�L]QHVXYD�0,3 $/kWh�� L�QDYLGXP�H� JROHPD��1R�
ELGHM`L�SRWUR^XYDaNDWD�H�PDOD��VSRUHGEDWD�QD�FHQLWH�QD�UHDOQR�SRWUR^HQDWD�HQHU�
JLMD��YNOXaXYDM`L�JL�LQYHVWLFLRQLWH�WUR^RFL�]D�GYHWH�YDULMDQWL��RGL�YR�SULORJ�QD
HOHNWULILNDFLMD�VR�$)29�VLVWHP�

3RUDGL�PRGXODUQLRW�NRQFHSW�QD�L]YHGED��NRJD�LPD�SRWUHED�L�DNR�H�HNRQRPVNL
RSUDYGDQR�� HGQRVWDYQR�H� ]JROHPXYDZHWR�QD�LQVWDOLUDQDWD�PR`QRVW�QD� HGHQ�$)29
VLVWHP��$NR�SRWUR^XYDaNDWD� MD�QDGPLQH�HNRQRPLaQRVWD�YR�QDGJUDGEDWD��HGQD^�LQ�
VWDOLUDQLRW� VLVWHP� OHVQR� VH� GLVORFLUD� EH]� QHJDWLYHQ� RGUD]� YU]� HILNDVQRVWD� L
IXQNFLRQDOQRVWD�QD�QHJRYLWH�NRPSRQHQWL�

9R�WUXGRY�VH�]ERUXYD�]D�HOHNWULILNDFLMD�VR�$)29�VLVWHP��1R��SRNRUHNWQR�H
NRJD�RYRM�QDaLQ�QD�HOHNWULILNDFLMD�EL�VH�LPHQXYDO�NDNR�SUHGHOHNWULILNDFLMD��6R



SUHGHOHNWULILNDFLMDWD�VH� VR]GDYDDW�XVORYL�]D�NYDOLWHWQD�SURPHQD�YR�CLYHHZHWR�
1R��YR�]DYLVQRVW�RG�PHQWDOLWHWRW�QD�NRULVQLFLWH��WRD�PRCH��D�QH�PRUD�GD�VH�VOXaL�

���=$./8A2.

'LPHQ]LRQLUDZHWR� H� YDCQD� ID]D� SUL� UHDOL]DFLMD� QD� HGHQ� $)29� VLVWHP�
3ULWRD��SRNUDM�IXQNFLRQDOQLRW�DVSHNW��L]UD]HQ�SUHNX�NRHILFLHQWRW�LOLP��WUHED
GD�VH�YNOXaL�L�HNRQRPVNLRW��SRGUD]ELUDM`L�$)29�VLVWHP�VR�QDMQLVND�FHQD�

$YWRQRPHQ�IRWRYROWDLaHQ�VLVWHP�H�HGQD�PRCQRVW�]D�HOHNWULILNDFLMD�QD�PD�
OL�SRWUR^XYDaL�RGGDOHaHQL�RG�GLVWULEXWLYQD�PUHCD��$NR�YUYQDWD�PR`QRVW�QD�SDQH�
ORW�H�SRPDOD�RG�1 kWp��WRJD^�EH]�GLOHPD�$)29�VLVWHPRW�H�HNRQRPVNL�SRSULYDWOLY�

9R� SRRS^W� VOXaDM�� GHILQLWLYQDWD� RGOXND� EL� WUHEDOR� GD� VOHGXYD� SR� NRPSDUDWLYQD
HNRQRPVND�DQDOL]D�]D�GYDWD�QDaLQL�QD�HOHNWULILNDFLMD��$SULRUL��QH�SULID`DZH�H
NRQWUDSURGXNWLYQR�]D�SRJROHPD�SULPHQD�QD�$)29�VLVWHPLWH�
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�PRCH�GD�VH�DSURNVLPLUD�VR�VOHGQDYD�UDYHQND�
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NDGH�^WR�Tmn��NDWDOR^NL�SRGDWRN��H�WHPSHUDWXUD�QD�PRGXORW�YR�W�Q��15��1RPLQDO�

QL�5DERWQL��XVORYL�NRJD�LQWHQ]LWHWRW�QD�]UDaHZHWR�H�G W mn = 800 2 �L�WHPSHUDWXUD

QD�RNROLQDWD e T Can
o= 20 .

1DMaHVWR��LQYHUWRURW�VH�L]YHGXYD�YR�PRVWQD�YUVND��VR�WLULVWRUL�YR�PRVWQLWH�JUDQNL
�VO�� ���� 6R� ILOWULUDZH� L� PLNURSURFHVRUVNL� YRGHQD� GLQDPLaND� NRQWUROLUD�� YR
YOH]QLRW�L�YR�L]OH]QLRW�GHO��RG�QDL]PHQLaQLRW�QDSRQ�VR�SUDYRDJROQD�IRUPD�VH�GR�
ELYD�KDUPRQLaQR�SURPHQOLY�QDL]PHQLaHQ�QDSRQ�

+

_

I

I

t

I

T4T1

T2T3

6O�����,QYHUWLUDaNL�PRVW�VR
SUDYRDJROHQ�L]OH]HQ�QDSRQ

����������3UL� QRPLQDOQR� RSWRYDUXYDZH�� HIL�
NDVQRVWD�QD�LQYHUWRULWH�H�SRJROHPD�RG���
���6R�VPDOXYDZH�QD�RSWRYDUXYDZHWR��HIL�
NDVQRVWD� VH� QDPDOXYD�� 3UL� RSWRYDUXYDZH
���� RG� QRPLQDOQRWR�� HILNDVQRVWD� QH� H� SR�
JROHPD�RG������
����������,QYHUWRULWH�YR�L]OH]QLRW�GHO�LPDDW
L�LQGXNWLYLWHW�^WR�VH�RGUD]XYD�YU]�QLYQL�
RW�IDNWRU�QD�PR`QRVW��3UL�QRPLQDOQR�RS�
WRYDUXYDZH��IDNWRURW� QD� PR`QRVW� GRVWLJ�
QXYD�GR������

,QYHUWRURW�JHQHULUD�YL^L�KDUPRQLFL��9OLMDQLHWR�QD�YL^LWH�KDUPRQLFL�VH
RFHQXYD�VR�IDNWRURW�THD��Total Harmonic Distorsion���GHILQLUDQ�NDNR�RGQRV�QD�PR`�



QRVWD� QD� YL^LWH� KDUPRQLFL� VR� PR`QRVWD� QD� RVQRYQLRW� KDUPRQLN�� THD� IDNWRURW�
RVREHQR�NDM�LQYHUWRUL�YU]DQL�QD�PUHCD��QH�VPHH�GD�ELGH�SRJROHP�RG�����

9RRELaDHQR�� PR`QRVWD� QD� LQYHUWRURW� H� ]D� ���÷���� �� SRJROHPD� RG� YUYQDWD
PR`QRVW�QD�)9�JHQHUDWRURW�

3ULPHQHWLRW�LOLP�PHWRG�GR]YROXYD�GLPHQ]LRQLUDZH�QD�VLVWHPRW�]DSD]XYDM�
`L�JL�GYDWD�RVQRYQL�DVSHNWL��%DODQVLUDaNLRW�SDUDPHWDU�BP��RG�DVSHNW�QD�UDVSROR�
CLYDWD�HQHUJLMD�QD�VRQaHYRWR�]UDaHZH��SUL�GLPHQ]LRQLUDZHWR�JL�YNOXaXYD�PHWHR�
UROR^NLWH�XVORYL�YR�UHJLRQRW��3RNUDM�JROHPLQDWD�L�YDULMDFLMDWD��NYDOLWHWHQ�SRND�
]DWHO�QD�]UDaHZHWR�YR�HGHQ�UHJLRQ�H�L�aHVWLQDWD�QD�SRMDYD�QD�RGUHGHQ�EURM�SRVOHGR�
YDWHOQL�GHQRYL�aLMD�HQHUJLMD�H�SRPDOD�RG�HQHUJLMDWD�YNOXaHQD�YR�UDY������SUL�SUHV�
PHWXYDZH�QD�SRYU^LQDWD�QD�SDQHORW��6SRUHG�VO�����aHVWLQDWD�QD�SRMDYD�QD�SHW�L�SR�
YH`H�RYDNYL�GHQRYL��L]UD]HQD�NDNR�SHU]LVWHQFLMD�VR�YUHGQRVW�SHW��H�]QDaLWHOQR�SR�
JROHPD�RG�SHU]LVWHQFLMDWD�VR�YUHGQRVW�aHWLUL��=DWRD��QH]QDWQR�QDPDOXYDZH�QD�SR�
YU^LQDWD�QD�SDQHORW�RG�VDPR��������SRYOHNXYD�]JROHPXYDZH�QD�NDSDFLWHWRW�]D�����
��DNR�QDPHVWR�NDSDFLWHW�^WR�VRRGYHWVWYXYD�QD�NSD=4�VH�XVYRL�NDSDFLWHW�^WR�VR�
RGYHWVWYXYD�QD�NSD=5��D�VR�WRD�VH�]JROHPXYD�L�FHQDWD�QD�$)29�VLVWHPRW��9R�SULQ�
FLS��EL�PRCHOR�GD�VH�XVYRL�NDSDFLWHW�QD�EDWHULMDWD�^WR�VRRGYHWVWYXYD�QD�NSD=3�L
SDQHO�VR�VRRGYHWQD�SRYU^LQD��1R��ELGHM`L�FHQDWD�QD�kWh�HQHUJLMD�GRELHQD�RG�SDQH�
ORW��H�UD]OLaQD�RG�FHQDWD�QD�kWh�HQHUJLMD�GRELHQD�RG�DNXPXODWRU��VHSDN�GHILQLWLY�

QR�VH�XVYRMXYD�SRHIWLQDWD�YDULMDQWD��W�H��SDQHO�VR�SRYU^LQD� A m= 12 2�L�DNXPXODWRU

VR�NDSDFLWHW�BC kWh= 18 �

�6SRUHG�LVNXVWYRWR�RG�QHNRL�PHVWD�NDGH�H�YH`H�L]YU^HQD�HOHNWULILNDFLMD� VR�NOD�
VLaQD� PUHCD�� UHDOQDWD� PHVHaQD� SRWUR^XYDaND� H� L]UD]LWR� PDOD�� QH� SRYH`H� RG
GHVHWLQD� kWh�� 9R� SULPHURY�� $)29� VLVWHPRW� YR� QDMNULWLaQLRW� PHVHF� �GHNHPYUL�
PRCH�GD�REH]EHGL�SULEOLCQR����kWh� HOHNWULaQD�HQHUJLMD�� D�YR�RVWDQDWLRW�GHO�RG
JRGLQDWD�L�]QDaLWHOQR�SRYH`H�

,QWHQ]LWHWRW�QD�VRQaHYRWR�]UDaHZH�L�WHPSHUDWXUDWD�QD�RNROLQDWD�]QDaLWHO�
QR� YOLMDDW� SUL� GLPHQ]LRQLUDZH� QD� $)29� VLVWHPLWH�� 3UL� GLPHQ]LRQLUDZHWR�� VH
YNOXaXYD� L� NRQWLQXLUDQRVWD� YR� VQDEGXYDZHWR� QD� SRWUR^XYDaLWH� VR� HOHNWULaQD
HQHUJLMD��1HNRL�SRWUR^XYDaL�PRCH�GD�SRGQHVDW�SRGROJRWUDHQ�SUHNLQ�YR�VQDEGXYD�
ZHWR��D�GUXJL��SRUDGL�QLYQDWD�QDPHQD��VDPR�RGUHGHQ�EURM�aDVRYL��(NRQRPVNLRW�PR�
PHQW��L]UD]HQ�SUHNX�FHQDWD�QD�$)29�VLVWHPRW��H�YDCHQ�SUL�GLPHQ]LRQLUDZHWR�

0HWRGLWH�]D�GLPHQ]LRQLUDZH�QD�$)29�VLVWHPLWH�PRCH�GD�VH�SRGHODW�YR�GYH
JUXSL��GHWHUPLQLVWLaNL�L�VWRKDVWLaNL�

'HWHUPLQLVWLaNLWH�PHWRGL�VH�ED]LUDDW�QD�VUHGQL�YUHGQRVWL�QD�UHOHYDQWQLWH
YHOLaLQL��.DM�RYLH�PHWRGL�RGUHGHQD�VLJXUQRVW�YR�VQDEGXYDZHWR�VH�SRVWLJQXYD�WDND
^WR�VH�]HPD�NDSDFLWHWHW�QD�DNXPXODWRURW�HGQDNRY�QD�SRWUR^XYDaNDWD�QD�HOHNWULa�
QD�HQHUJLMD�YR�WHN�QD�RGUHGHQ��RaHNXYDQ�EURM�QD�SRVOHGRYDWHOQR�QHVRQaDQL�GHQRYL�
5H]XOWDWLWH�RG�RYLH�PHWRGL�VH�RULHQWDFLRQL�

3UL�VWRKDVWLaNL�SULVWDS�NRQ�GLPHQ]LRQLUDZHWR��VH�NRULVWL�SRYH`HJRGL^HQ
QL]� RG�PHUHQL� YUHGQRVWL� ]D� HQHUJLMD� QD� VRQaHYRWR� ]UDaHZH�L� ]D� WHPSHUDWXUDWD� QD
RNROLQDWD�� LOL� RG� QLY� L]YHGHQLWH� VWDWLVWLaNL� VLJQLILNDQWQL� YHOLaLQL� �VUHGQL
YUHGQRVWL��VWDQGDUGQD�GHYLMDFLMD��NRHILFLHQWL�QD�GLVWULEXFLMD�QD�]UDaHZHWR�L�WHP�
SHUDWXUDWD� LWQ��� 'LQDPLaNL� VLPXOLUDM`L� MD� HQHUJHWVNDWD� VRVWRMED� QD� VLVWHPRW� YR
RGUHGHQ�SHULRG��PRCH�GD�VH�RGUHGL�L�RaHNXYDQDWD�VLJXUQRVW�YR�VQDEGXYDZHWR�
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