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Uvod

4,92723,6 0(1725%

,YLFD 3DYLU GLSORPLUDR MH QD (OHNWURWIKQ@LpPpNRP
JRGLQH 3RpHWNRP WH JRGLQH SRpHF MMKMWIDRGLWHY X MALY BUXQ
LVWH JRGLQH [DSRVOLR VH NDR DVLVWHQW QD =DYRGX ]D
fakulteta u Zagrebu. Doktopatljwrnalekdtctelkaikeje na Fakultet
HOHNWURWHKQLNH L UDpXQDUVWYD JRGLQH D WUHQX)
SURIHVRUD X WUDMQRP ]JYDQMX WH VXGMHOXMH X L]YRYHQ!I
VWXGLMX L] SRGUXpMD SUd MHQRIVDe HOdKN VG B h ¢ gte t 81K U9
toga, nositelj je dva kolegija na poslijediplomskom doktorskc
LIYRYHQMX QDVWDYH QD VSHFLMDOLVWLPpNLP VWXGLMLPD
VXVWDYL 6XGMH®@anSbvRvibH) X aLLYAHNLK SURMHNDWD WH MH
X ]1QDQVWYHQLP L VWUXpQLP pDVRSLVLPD L JERUQLFLPD P
SRGUXpMD DQDOL]JH L YRYHQMD SRJRQD WH SODQLUDQMD
GYD MWD SULUXpQLND WH UHFHQ]JHQW YHUHJ EURMD
GRPDiULP pDVRSLVLPD yODQ MH VWUXpPpQLK XGUXJD ,((( L +
$NDGHPLMH WHKQLPNLK J]QDQRVWL +UYDWVNH +$7=
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as a technical revieweHUQDWarRoQB OND QG GRPHVWLF MRXUQDC
of IEEE society and Croatian Committee of Cigré, and since 2C

Croatian Academy of Engineering (HATZ).



Uvod

Zahvale

=DKYDOMXMHP VH PHQWRUX SURILGYRWVR ULY WHLM BINRIPU X

doktorske disertacije.

=DKYDOMXMHP L SURI GU VF 'DYRYPRiUWLrijpedhbDMYDO
VXIJHVWLMDPD L GUXJLP |DSRVOHQLFLPD =DYRGD ]D YLVRNL

=DKYDOMXMHP VH GU Vam&Rk Uz ,MDQB RSYRRRILINRCGHR GUAF

Na krajjDKYDOMXMHP VH VYRMRM &4HQL ODUWLQL GMHF
Lidipia strpljenju i potpori.
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6%a(7%.

7U8LAQH RINRCEGQRAMBEHRYOMLYLK L]YRUD HQHUJLMH ]Q
proce3DRLUDQMD SULMHQRVQH PUHAH 3RUDVWRP RSWHUHI
SURL]YRGQLP NDSDFLWHWLPD SULMHQRVQH PUHA&H MDYON
SULMHQRVD HOHNWULpPQH HQHUJLMH ,]JUDG Q MD GNRX L XMGID
LJUDGX VWXGLMD LVKRYHQMH GR]J]YROD UMHEDYDQMH LP]
QDEDYH L L]JJUDGQMH 1IDYHGHQL SURFHV WUDMH JRGLQDP
SODQLUDQLK YUHPHQVNLK URNRYD 'RNWRUWINQMDUDNGSD® D
SRVWRMHULK GDOHNRYRGD X]LPDMXiL X REJLU SULPMHQN
SULMHQRVQRP VXVWDYX 3URYHGHRBPXVREQRASRK DN IV DBV

3UYL GLR RGQRVL VH QD UD]YRM PHWRGHKojiDnR®@BjELU
GRYROMQH NDSDFLWHWH SULMHQRVD X VDGDaQMHP LOL EX!
SRIRGQLK ORNDFLMD SURYRGL VH DQDOL]D VDGDaQMHJ VW]
UD]PDWUDQMH SULMHQRVQH PQHB B DR JIHIRPQYID EX®RYDD LY
SURL]YRGQMH L RSWHUHUHQMD QD SULMHQRVQRM PUHAL =I
kapaciteta primjenom kompaktiranja nadzemnih vodova i ugrai
YRGLpD PDORJ SHIRY MpévhRt UH®Q JOwW Sag €ioh/ductoDsSUHGORAH(
UMHAHQMD UD]PRWULW U4H VH XWMHFDM QD SULMHQRVQX
SULMHQRVQH PUHAH L L]JUDPpXQ JXELWDND =D RED SDUDPHYV
realne uvjet®@ MMijef SRIRQVNRJ VWDQMD SULMHQRVQH PUHA&H

8 GUXJRP VH GLMHOX QD WHPHOMX NRRUGLQDFLMH
LIRODFLMH ]D SUHGORAHQL N9 NRPSDNWLUDQL GDOHNR
SUHQDSRQD %URM RGYRGQ Inid Dt efJeH QuDSahQiPe RaneHyaxz M \plde
]DAWLWH NROQHRPYRIH DQDOL]H 5DVSRUHG RGYRGQLND QD GI
NRRUGLQDFLMH LIRODFLMH JGMH VH ]D SUHGORAHQL N9 I
prenaponi na temaljsimazattigd u programskom alatu EMTP. |
HNRQRPVNL WUR&ADN PRJXUH MH GRGDWQR SRYHUDWL U
kompaktiranog dalekovoda.

7TUHiio rada odep®@ SURYMHUX GLHOHNWULPQLK VY
NRPSDNWLUDQRJ UMHAHQMD =D naWNrS WN\RhE PUNDN XD QH. OGIINOM
L PDIJQHWVNLK SROMD VWDQGDUGQLP L]JUDBMXQteP Bl&mRIHWR
MethoXl SURJUDPV NRIER NRINVBXakazana je raspodjela el. potencija

\Y
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na pojedinim elementima da®Gdko viojJRaOBWR YU \La B Ysihl VayDj kU H P
analize u skkoy Hk®YRYMHUDYDMX HOHNWULpPpQL SDUDPHWUL
ProdendH WHUPLpZAWD+ D/@DYORGD pH &M HVLOoXaRd&Ukako bi se ut
WHPSHUDWXUQR SRQD&DQMH SRMHGLQLKPMREBRQ@H@MaL z]d
XNOMEKPXIMEKQH WHPSHEHEBENStE hdid ReippeD aturnu raSRadjélQ ha
L VUHGLaAWX YRGIENM setidREpIQRIPNO razuprigem@eneriranja
RGYRYHQMHaWRSODeRRDOL]D KCROCYOW plutational Fluigd Dynam
simulacije. CFD simulla@dlLj®MHIXX zPB Yo cdeltld Lgl Nsigeagledava
temperatnarsipodpaglomatranih elemenata zaenaR&daQXIPgHO LN H
postupke L &)' PRJXUH MH RGUHGLWL SRYU&ELQVNX L SURV\

elemenata.

.OMXpQH NDRMHBLWHW S U IgMbli@R VKIMLRIBIQAHGDOHNRY,RGL +7
HOHNWULPQR SROMH QD YRGLpX L LJRODWRUX HOHNWUL
WHPSHUDWXUD YRGLpD NRRUGLQDFLMD L]JRODFLMH RGYRC

Vi
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SUMMARY

INCREASING TRANSMISSION GRIDUSAVPRA CIOMPACT
OVERHEAD LINES DESIGN AND HIGH TEMPERATURE
CONDUCTORS

Integration of renewableaedem@gyk®educicehmse anigesficantly
changed the transmission network planning process which leads
of transmissionlhaswoekesbatyetouse exfistthtegnsmissiom grids i
purpostaaonsf&ile@G DQG VRODU SRZHLLAR 4K Eapgh CipMivin@key G H
of theansmiggianis mdsopoeev renewable eactsgyrpondeeienlgped
and build. To achieve integration of renewableseithdsameascessar
(OHL9rincrease capacity of Buibding @H®S. an expensive and tim
consumpmgcess that highhy tameoliawsuits and unfavorable regt
rulingsthougmewables develbperofdnakers camoakf@sdutldPng
nevDHlakes years and may deviate significantly from the initial

New approach to increase transmission capacity is nee
technologies thaasohwne htdlg p Poosleirbhle solutamnbthantegrated into -
griith low cost andiganfitawne anmcownmgiesstmanagmaeower flow
contraA@\QDPLF OLQH UDWLQJY DQG WRSRORJ\ RSWLPL]DWLRC(
provide long term solution and is not app lticaarbd m iigs iecarc It ccragsees bifc
and additional solution must be cways itireseadds®ln ec aofathiey is
increaperatdagrent or voltageXdestehg OHL

Increasing current on aexiatiooghSeHH{heaciencrease in conduc
temperamueld,orcbaniductor strength and increase in sag. In that p
was developed that can withstand mentioned demaanddsu CHogs Ten
HTLSHTLS conduoatorwithsgendanempérating tXmpldraXxS WR af
carrying hpgwer compared to conventi®habe croduwatotrers have a
range apfplication posshleiditileere is need for increase transmi¢
clearance pamblkesmrictions to the use of newBaghadadvgheadgowe HsT L
conductors is fast installation comparing to buildimgedcobmstruc

modify most of the existing towers

Vii
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Increasing voltage Xiesieng OHL is considered in cases whet
increase transmission adpdhiaigynewe®Hb is not possiblen Voltag:
existing OHL demands investigation on electrical parameters a
existing infrastructure OHL. Main characteristics of voltage u
composhteulatooerdination insulation, overvoltages and main ele
(natural power, electrical gradient, corona etc.). For that re
designee solution such OHL is named compact OHL. In some ¢
comptadesignee neqadifiesananfoundation re offexdsegotomeaw
tower designee andMfaoimnddwvimmtage of compact OHL is higher j
better stability in opanadacn, osimtdledee n vs moa heeokwgdyt compared
to conventional Hootetwiemn,. the cost ofuphetingltesgehigh and requ
additional considerations compardhlgo tie goonovesnstiohakaeconstructir
building .OHL

Motivation for disseétamdesice to consmpdemleatation HTLS
and compact deshgirodeignitdh® transmissiomwmetwtdirdk main aim is t
increalse capacitexabttiiimg Ohd .aim of the research is to provide |
into the beh#&vilb$ @eonductors and compacted transmission lines
netwoaking into account the transmission networkfleeetepofent
chosegmlutiof®nducted analyzes consider increase imptaan®missic
losses in the transmidsrodifferwontktypkescti@mdthnologies. Recentl
transmission systemecopexat@sponsible for amount and cost of
investment must be optimized ftrloen|pfedspecoifveheset iisv éctger
than 40 yra@arsany type of investments it isneepessabylitioe sdetfe
applicability takingtdecolimtitations. For com plhaict Ggislaudgroation wi
be consddetectric properties andorlepdiiidiildsomponents of
transmission line and in the transhe sspphidanieomoafi @S condu
allows to increase the temperature of condu ot resqanmmeon samad e
insulatiorsdetermadeal temreedastributidtdiT LiBdhductor and to establ
how the temperatutheerex@lamdsdel of HTLS conductoFavilbotéd pro
approaadadtional verification of electric and thermal paramete

FEM and CFD npnogrizmals .

Doctoral theasligzed the possibilities of increasing the ce

transmissiowithnélse matmagoptoposed solution are applicable i1

Viii



Uvod

transmissionDsgseaitation can be dividedthatthepeemannh paatess fi
the beginning of det®rklGR HWIQ fdd tKsD & dtaopgcity, consider possi
solution and true the additional research deftprmopoedégmaecal p.

Theirfst part of doctoral thweerisiggweskerihe parameters that
where and when is increase in transmission capacity is needed.
l[imitation of existing OHL in transmission network using the pro
identify inputfdama ageirtional calculaticonside rama |yrtaumgd plans
in the emterpret obrtasométds. Presented process is algorithm
implementation compact designee and HTL Bncoemadsec tto a nvsirhh stsh e |
networkcdayp®Bhe algorithm presents steps in terms of a systemat
the <collection and data processing, carallagiocsitamd. dElte:
computational parts of the algorithm are based on powiersflow ce
conditions that consider development plamdtef teatrsmissngntme
critical transmission OHL, the sensitivity ren @lle<ityicsalc parri@m etice
of OHALhich need to be reconstructed ibhlerdemgi®spircerventtipe srsetw
Conducted sensitivity analysis is perform considering increas

capacity of transmisesoarsimetrwrogkinfluence on losses.

Determining the capacity of the transmissios netwherk ar
planning and management of the transmission network and at
important basis for planning the developmentDok tthevieaanlsmiss
calculations dfstimansmtwork capadiet Mmedhsteritg apmdtal
Trans€Carpacdityculation are considered damndarctexdsddesatdians
Model for monitoringedacds@&ssmnssions lichewelopepresredts an
improvementegfstipggpcess of determiningndolwesandomdadgle
transmission lines. From the available measurements and avai
losses can be made for each OHL considerhegreseaticteldtpewesd
assessment model have signafmcasnutsead piortamcgeose of planning
procurement of losses leadirngrtproposeeds®astbermore, ability
manage electricity losses in the transmission system has pract

an important teclhhadnamamdndicator of transmission system mance

As was mentioned before compact designee thasehaesmalle
thagpplicatiocoosnpbsite insulators as-aimmsisl|atéegeckoPsue the smal

clearateaeporary ldegeam occutthanrdamoeeddbtbi mettoacceptable

i X
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levelbr the proposed solution of 400 kV coopgdauatatidnaokmissianic
coordinasiccronducted according2.thctl Cdia@dird results ioktallatio
surge arresteeded opliiemem installatios decatmime bdmoachtoof
temporary oveawnd tegehsn o e cmred mildatl was presented

Thethird part of doctoral thelcislagresenusing FEM to ev
electmagmebiehavior of individual transmissiod tliheeérdoavpdoments
HTLS conductor comparing to existinod € o mpaet ogreherhi e s
smallelrarance which causes increase in electrical filed on cc
Althoughdeélsegninciples are similar to those for classic OHL des
additional reduced, so special attention is made to understand
influencepo@madahgctrical field on each elemaetnpurpfo®HRD lantd 3I
FEM model is developed to better undeOsH ahels idjiri@enaduccd elde tw e
analysis consider distribpdtentiodbetect@®ildal electrical field on in
suspension equipotemttiahdradoamu otmosder to better understant
influence of conducoomregectmedriyield differentwgpeaot|ddrediuctor
influenceomfpact designee on electrical famdOm hgghte bifc W aeyl dO HL
was also demodiehdaiteted rgbweasr verview of technical aspects tr
consider before making final compact designee fFamHd@LeSectric:
conductors andthesmlalt@amalysis was performed using the FEM m
théemperature bemgpwinad to ACSR.Tondlatetromsne conductor tempe
IEEE 738 standard was applied for ACSR, ACCR and ACCC Dral
conductor influence of speed and angle of wind, indokabion and
current was performed. The results are used as input data for n
analysis. For each of the three tmerpteoatur ec@nsiwrchatson was ca
using FEM Ansys. In addition tbefwpllycepdeatdatimdy and dissipat
heaan analysis was made using comput@roDgammdlatdGBE®Pnamics
simulation through the applpdatsocalofmadmiuldkamines in more
temperature distconuotuaftooprocedsdissipatingyhealtocity of air anc
heat radiadsang the numerical procedures FEM and CFD it is pc
surfaceimtred temperature of the obsamdedoaekatherntsermal limitat

conductors and insulator

Resecah in doctoral is relevant for transmission networ

revitalization pow®cisgsiféeen.contributions of the dissertation a
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determining electrical parameters of compacted transmission |Iil
regect to the increase of transmission capacity and reduction
system; model for selection conductor characteristics and conf
analyzes of electromechanical and thermal paramoatelisiefo;r co
multicriteria model for compact configuration selection with t

availability of compacted transmission line.

Keywordsapacity of transmission netwoark hédgoeemmpacansmi
OHL, HTLS condurdtofieddentductor and insulators of OHL, electro
in rigohftvay, temperature otocoormdoatoan intsahstiossion line surg

arrester

X i
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Uvod

1. UvOD

3ULMHQRVQD PUH&D MH GLR HOHNWE®IHQH JHVKENR J
pouzdiakvalitptaje b @ HNWULPQH HQHUJLMH RG SURL]YRGQLK
> @ 3ULMHQRV HOHNWULPQH HQHUJLMH YU&EL VH SUHNR G
HOHPHQWH SULMHQRVQH PUH&H ki@ irBdtRIii¥RI®Q#Nage Gp
GDOHNRYRGD SRYH]DQL VX V FHQWULPD SRWURGQMH 'D ElI
YHOLNH XGDOMHQRVWL SRWUHEQL VX GDOHNRYRGL QD aw
X SULMHQRVQRM PUHALVQRER XVNHI MR HL] N

SRVWRMHUD SULMHQRVQD PUHAD JUDYyHQD MH X]LPDMX
MHGLQLFD X pYRULAWLPD SULMHQRVQH PUH&H NRMD VX Q
GDOHNRYRGLPD V RVWDWNRP SUL&HQR WG H WPraMalka <leD X tirGsH
SURL]YRGQMD SUHPD FHQWULPD SRWUR&AQMH L GRYROMD(
SURL]YHGHQH HOHNWULPQH HQHUJLMH 2WYDUDQMH WUAL
L]YRUD QD SULMHQRVQX PURE&XMHRODRVMWOPYIYMNOH SURL]Y
HQHUJLMH > @ 3URL]YRGQMD HOHNWULPpQH HQHUJLMH SRV
SRWURaAQMH VWRJD VX VH SURPLMHQLOH WHKQLpPNH SULOL
om [6], [7].

UslijeAIRNX&aDMD XVSRUDYDQMD L |DXV&BROWBRNWMODH I
konvencionalne termoekedkananea(ugljen i emnain ¥ VEDINIGOIHQLpPNL
plinova) postaju nedWRvV &SR)YSREGMH GIRRQ He me ntalenjoevljivih izvora
energiRLMHQMDMX Udtrukturu elektsosha@Bgeoklegja za izgradnju
REQRYOMLYLK L]YRUD SRQDMSULMH MH RGUHYHQD JHRJUDI)
[9]. PrijerdsiaD B&dDbwaiti ukorak s navedenim proBJj&yDnYydD W Lt
novonastaloj.8itvda QL VOXpDMHYD L]JUDYHQL REQRYOMLYL
SRWURAQMH VWRJD MH QXaQR UD]JYLWL SRVWRMHUOX SULM

energije.

'D EL VH RPRJIXULR SULKYDWeS&MRLj& HG H@ Ko HIQiMiNWIE L
SRWUHEQR MH SRYHUDWL NDSDFLWHWH SRMHGLQLK GDOHI
NDSDFLWHWD SULMHQRVQH PUHaH PRJXUH MH RVWYDULWL
SULMHQRVQLK NDSDFLWHW® SKRRBERMRBELEDGDYOHH N RNURG R ]D |
GXJRWUDMQR LVKRYyHQMH GR]JYROD L UMHADYDQMH LPRYLC



Uvod

VXVWDYD LVSLWXMX PRIJXUQRVWL L WHKQRORJLMH V FLC
dalekovodima [10].

SRYHUDGDHLWBWD SRVWRMHULK GDOHNRYRGD PRAaH V
vXawLQL LP MH IDMHGQLpNR SRYHUDQMH VWUXMH L LOL QI
VDJOHGDYDQMH SRVWRMHUHJ VWDQMD GDOHNRYRGD NDR S
priMHQRVD > @ 6 GHUHJXODFLMRP HQHUJHWVNRJ VHNWRUD
I za nabavu poergbyeu za pIKELAMPAND VWRJID VH SULOLNRP F
SRYHUDQMH SULMHQRVQRJ NDSDFLWHWD SRWIHKERMMR X]WRR aX
=ERJ VSHFLILPQRJ JHRJUDIVNRJ SRORADMD KUYDWVNRJ ¢
tehnologRPMH VH PRJX SULPLMHQLWL X VYUKX SRYHUDQMD NI

1.1. 3ULPMHQD QRYLK WHKQ RBOR MHQR QO XS RWMERM H ii X

ORIJXUQBRWHIPRMDFLWHWD SULMHQRVQH PUHAH XNOM:
WHKQRORJLMD L UD]JOLPLWH SULVWXSH > @ 3UL UHNRQVW
VWUXMQRJ RSWHUHUHQMD SRYHUDQMH QDSRQD SULPMI
flekBLOQLK VXVWDYD HQHUJHWVNH HOHNWURQLNH )$&76 |
LIPHyX WUDIRVWDQLFD L HOHNWULPQLK NDUDNWHULVWLN
LVWRVPMHUQRJ SULMHQRVD L )$&76 XUHYDMPr@QendHveh@DQ|
UD]PDWUDWL PRIJXUQRVWL SRYHUDQMD VWUXMH L QDSRQD

3RYHUDQMHP VWUXMH GROD]L GR SRUDVWD WHPSHUD'
RVLIJXUDWL VLIXUDQ L SRX]GDQ SRJRQ XVOLMHG PHKDQLpN
PRIJXiUH SRYHUDWL VWUXMX QD YRGLPLPD SRWUHEQR MH S
NRMLPD SUL SRYHUDQMX WHPSHUDWXUH QLMH QDUX&HQ PH
YRGLpD SRYHUDYD VH WHALQD YRGLpDLFEWW XD RWR NN \8RF
8 GUXJRP VOXpDMX PRJIXiH MH RGDEUDWL YRGLpH NRML PR
SRJRQX 7DNYL YRGLpPL QDJLYDMX VH YLVRNRWHPSHUDWXU
SRGQLMHWL WHPSHUDWXUH GRo 0 f&hh®llogipN u ogrosR Yria ¢
NODVLPQH YRGLpPH $0 ¥y SUL pHPX VH ]DGU&DSPMX PHKDQLp

3RYHUDQMH SULMHQRVQRJ NDSDFLWHWD PRJXiUH MH F
UDJLQX LOL SRYHUDQMHP EUR®@D W @ MBNR BVMIX V @ B [YIDM@D S \RWYX
SURPMHQH QD JODYL VWXSD L SULPMHQRP NRPSR]LWQLK &
YRGLpPD > @ > @ 8 QHNLP VOXpDMHYLPD NDGD GROD]L G|
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potrebno je izgraditRYhotpDOHMRYRG X NRULGRUX SRVWRM
NRPSDNWLUDQRJ GL]DMQD JODYH VWXSD L VDPRJ VWXSD PF
]DKWLMHYD GRGDWQD UD]PDWUDQMD SULOLNRP SURMHNWL
praksu [22IMHGIVPDQMHQMD XGDOMHQRVWL PHyYyX ID]DPD Gl
QDSUH]IDQMD RSUHPH L SRYHUDQMD HOHNWULPQRJ SROMD
SULPMHQD NRPSDNWLUDQRJ UMH&GHQMD X YHULQL VOXpDMEF
dizdQ D SUL RGDELUX LIRODWRUD RYMHVQH RSUHPH L YRC
> @ > @ .DNR ]D HOHNWULpPpQH WDNR L ]D PHKDQLpPpNH SC
obzirom na novu geometriju glave stupa isabbpoptiepak R D]dn[dd
QD NODVLpQD UMH&HQMD |DKWLMHYD GRGDWQD UD]PDWUD
SUHGORAaHQia.

1.2. Motivacija za izradu doktorata

PredstavydHhaHQMD SRYHUDQMD NDSDHLWHRK®IIiKOULMH
GHVHWEeMHRIWD PHYyXWLP QMLKRYD SULPMHQD[LLLOINXVWYD
razmattaMBEAaHQMD SUXaD Ma{ J RO WW ¥YHURIG\VARE M/ OVMLréaWiR2 a Doy ke
SULOLNRP SURMHNWLUD[Q¥MID [Z&Madme@MDriX pdigd Rashava
oprezni pri odabiru suvremenigQ HFhD DO doiyYad) ¥ &\plotgjl & &g Qi) i i De X
izvedlb SROQDEANMQMNDUQRP RNUXAHQMX

Ovaj je doktorapra&e®tabOML GD VH UD]JPRWUL SRQDaDQMHI
VD VWDMDOLNIBVDD § RWHWO BSIDLMHQRVQH PUHAH X]LPDMXUL X
tehnolo&ii®M MH SURYHGBHQXHol\eWINDBHR Q DEDIPSN YRGLPD L
kompaktiranih daleloonoodstalimXu@jeLiveQRVQRM PUHAL |]D UD]
8]LPDMXUL X REJLU SODQRYH UD]JYRMD SULMHQRVQH PUHAaH
REUDUD QD XWMHFDM JXELWDND X SULMHQRVQRM PUHAaL SR
prijenosnog Blu¥WRdD 4WR MH AaLYRWQL YLMHN QDYHGHQLK L

Ako se za rekonstrukciju dalekovoda odabere kompaktira
GLHOHNWULPQD VYRMVWYD L HOHNWULPQD SROMD QD SRM
dalekovoda [2BULPMHQD +7/6 YRGLpD RPRJXUXMH SRYHUDQ
SRVOMoNGepReRopiema@atp29& LOM LV WsthinddleY D @tM baMliflalnu raspoc
WHPSHUDWXUH X YRGLPpX L XVWDRBN R Whva NN RIEVMiH3 2V HP SH U
=D RED UD]PDWUDQD SULVWXSD SURYHVW UH VH UD]JPDWUDC
]D UMHADYDQMH XRpHQLK SUREOHPD
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,VWUDALYDQMLPD SURYHGHG®@adtbyexX k R¥aR Mpo@ Lywd-alkW D F |
razmatranja primjene suvr&enhStelbMBIQBVQRM PUHAL L UN
SUREOHPDWLNH RGUHYLYDQMD SULKYDWOMLYRJ UMH&GHQMD

1.3. Znanstveni doprinosi

=D SUHGORAHQH WHKQRORJLMH SURYHGHQD VX LVW
NYDQWLILFLUDQMD XWMHFDMD QD SULMHQRVQX PUHAX V R
2GDELU WHKQRORJLMH L ORNDFLM HX X OMKPKHWIXR YaQBREP HPQIJHL.
XWMHFDMQLK NUHWDQMD QD SULMHQRVQX PUH&X NUR] G
SRVWRMHULP HOHPHQWLPD PUHAH SRYHUD SULMHQRVQL ND
NRMLP MH PRJIJXUH VLPXOLUDWL UD]O LipjlaVkR p/ét B iK ©tlap Dl elk i ck
WH LIPMHULWL Xp NJIDMWDUPRG HOIMIILKQ BDSH XpLQDN QD WRNI
SRVOMHGLPQR JXELWNH =D GRELYHQEbUH]peOMAD WAkt iti Wbk Q
izv@LYRVWL SUHGORAHQLKONRFHIPEWIXxolaRARUXotrebno je
GLHOHNWULPQD VYRMVWYD SUHGOR&HQLK JHRPHWULMD GD
HOHNWULPQRJ L PDIJQHWVNRJ SROMD L RGUHGLWL SDUDPI
'RELYHQLP UH]XO WPW BRI XXIRRMMWLY SULPMHQH QRYLK WH!
SRYHUDQMD NDSDHAL®RWWDLED @HNRYIFGIDHNVLELOQRVW X UL

sustava.
Znanstveni dbprSWRSYHGHQRBZWLVWUDALYDQMD

X $OJRULWDP RGUHHOBDOQWDLp@EFSR Xompaktiranih dalek
+7/6 XaDGL V RE]JLURP QD SRYHUDQMH SULMHQRVQRJ |

prijenosnom sustavu;

X ORGHO RGOXpLYDQMD ]D RGDELU NDUDNWHULVWLND L N
DOQDOL]D HOHNWtiPRPNIKRQmptNalrd za kompaktirane dalekov:

x 9LAHNULWHULMVNL PRGHO g]Bve]ERIipaN RRGUUK DY LMD
UDVSRORALYRVWL SRJRQD NRPSDNWLUDQRJ GDOHNRYR

1.4. Pregled poglavlja u disertaciji

Doktorski radsesaddejseotoglaviRavo gdlavlje predstavlja uvod
ubD]PDWUDQMD FLOMHYH L PRWLY |JD LJUDGX GRNWRUVNH
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NDSDFLWHWD SULMHQRVQH PUHaH SUHJOHG SURYHGHQLK

kapaciteta prijenosnog sustavdrpgedstavdgjanijsu

UWUHpH®lavljuD@pidH PRGHO ]D SULPMHQX +7/6 YRGL
dalekovoda. Model sEnasESWWjMBOQRVOQMWBUHSRUDND NRMRP VF
ORNDFLMH ]D SULPMHQX SUHGORAaH@DK RWHK@RW@DISPOMD ¢
parametfaRdAXULK UMH&GHQMD L X NRQDPQLFL NYDQWLILFLUL
SULMHQRVQX PUHA&X

YyHWYUWR SRIJODYOMH RSLVXMH JXELWNH L QMLKRYX N
QD SRGMHOX L QDpLQ LIJUDpX®@DzndYHQGV¥MWDakhW ditld aV ¢k ®\pdthe
N9 N9 L N9 X SULMHQRVQRM PUHAL =D GDOHNRYRGH R
korone i struje curenja na izolatorima na ukupne gubitke. Za
napravljena je zasebrnwydHd @nbdHzAWMHFDM QDYHGHQLK SRMDYD

8 SHWRP SRJODYOMX SULND]DQL VX UHIXOWDWL SURY
DQDOL]RP RVMHWOMLYRVWL RGUHYHQL GDOHNRYRGL V QHG
MH LPSOHPHQWDRBRLIMDomphaktYRa@bp dizajna za navei@hbp Ldal ek
el. parametrima. PnavVviebemama avaku napbh@kkVraza2Ouky i 400 kV
SULMHQRVXWYRPYKO®HWMHFDML RGDEUDQLK UMHAHQMD NUR]
PUHaH L JXELWDND SULMHQRVQH PUHAaH

8 aHVWRP SRSOBBORXHIQX NRQILJXULOPL MN& | &l IRoF/S D &l W L L
QDSUDYOMHQ MH L]JUDpXQ NRRUGLQDFLMRTémaol Ftiihta 1D
SURUDp RGDEUDQH VX ORNDFLMH NDNR EL VH L]QRV SUHQD

3R XWYUyYyLYDQMX GLHOHNWULPQLK VYRMVWDYD GDOH
VWXSD SURYHGHQH VX GDOMQMH HOHNWUDPQHEMUR ¥\ & H
SURYHGHQD MH DQDOL]D HOHNWULPQRJ SROMD QD YRGLDp
GDOHNRYRGD ]D SUHGORAHQX NRQILIJXUDFLMX NRPSDNWLUI

8 RVPRP SRJODYOMX DQDOL]JLUDQR MH WHUPLpPNR SR
izODWRUD SULPMHQRP )(0O L &)' QXPHULpPpNLK SRVWXSDND =
VX WHKQLpND UMH&GHQMD SRMHGLQLK FMHOLQD L LIQHVHQH
VOLPpQLK NDUDNWHULVWLND

OHUD UDVS BORMHNMRWRANG Bs rsdR\jéMm. soHoja ispada dalekovod:
tem®MX UH]XOWDWD L] SHWRJ SRJODY OdWD o didik & MX®iXdpt n\4
PRJXUH VPDQMLBW/LDCEHNRW  RGOD G RM RGYRGQLNPRIXHE@D SR C

5
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je sagledatiemebjwltega tekd®® VNH DQDOL]JH NDRuateR eMdn SULI

poglavlju.

=DNOMXpQD UD]PDWUDQMD GRNWRUVNRJ LVWUDALYDQ



SBRYHUDQMH NDSDFLWHWD SULMHQR

2. P29(0$1-( .$3%$&,7(7BRIJENOSNOG SUSTAVA

U 2030 diRLOMHYL (XURSVNH NRBIMHMWHSVYW G NMBHIM X N/
za 40S9RYHUDQMMKedh.]j energipeaxljivih izvoraaemdr SiIResY HUDQMH
PHNRJIJUDQLPQLK NDSDFANWVEBW Daldb¥90u. [Bespunjergeedenih
ciljevatitbotrelzmatne invesStSKRIYAW RMHUOX BQ LUWHQWRY>OHWXKWEKAH |

EUa primjeswovmemeéahmologija [34]

Kako bi se ostvarili postavljeni naciopatnebine usw pjalsin € i
smjernia@D]YRM SULMHZDPR Y i eRyld HéaHpeallrimtagae razvoja prijenc
PUHEBEHWz d@iftjevnije i komplehsnipan.jlP @i dMEQRVQH PUHAaH X]LF
RE]JLU GXJRURpPQL QDFLRQDOQL SODQRYL QD WHPHOMX NRM
PUHAL ,]JJUDGQMD LQHADWMWMKRWYXQRMKPREMEMNRAH AV BDMD'
LIQLPNDPD L GX&4H WH VH RG QDY HGHRHK &R IJBDK\YidE N&RGU H
8 WUHQXWQRP SRVEBRUYGRRQWHKIAGIQRPK stavija naVURraNBDanje
investicije u piA|kih@togmji telekonoko$ analizXiHWhR X REJLU wWUa
WHKQLpPpND3ISUHEWRD QWYHGHQLK RNROQRVWL VUHGQPaWRURDPQR
SURYRyldaNjWipnaliZARVWRMHUH PHWRGH SODQLUDQMD SRWU
tehrekonomskim ibBkaXputPDMXuUL X REUUPRMHIXH QROVSNVIHG QLK
[13], [18], [36]

Tradicionalan i konzervativan pristup u elektroenergets
RIJUDQLpHQH PRJIXUQRVVQLD SUH APISKO MHAWQMDM WH VH QD
postiReM RSKRIHPRMWHSHQL UD]YRM GR O DN H® R UMMHEBIGRRIYIR O/ND D!
VH NUR] SRYLMHVW V SRUDVWRP SRWUR&GQMH NUHQXOR X L]
napons&eife750kV¥Y37U procesu projektiranjaJiRym@MER GDOHNR
VWMHpPX VH QRYD |QDQW D t&¥WRDEMIEMAMB XQDSUMHYHQMH S
u navedenom psOHIGPOM X UL MNURIMFRYHRPDWORAHQ SURFHV NF
WH VH SUHGORAHQD WH KQWR Oz &t dr M HréidH QrivaR p MY/ QYdiid_ @y EDRNL
SXaWDMX X YSHRUIRL. VOXpDMHYD SURS$HLIM B HNRIGL ANRj R V HW
WHKQRORAND UMHAHQMD SRVWMORPX SULPMHQMLYD X aLURM

'DQDAQMH PRGHUQR GUXA&W Y R DV R DXYYOIMIM B RR/MEDIQ4 R D
]JGUDYOMH OMXGL ALYRWLQMD L LQWHAY® Pl Mixlatket RIYKMH N R Y
RJUDQLpHRMID @RMDY DM X SULPMH®Qi% gGaRMD SrDd M Hh Db PeNkd tHa



SBRYHUDQMH NDSDFLWHWD SULMHQR

(trafostanica i dalekovodidd.rpggwejtuoi primjeei molwidoja eini
LVSODWLYRVWL X SULMHQRYV G X BB dké&x s liaH GUDGUQLD rlavi N X X MW €
YRYHEM®.3UHYHOLND aHOMD ]D SURILWRP SUsEMBWOLjK LQY
ulaganjazgriadnovih obje@Ré@th RG SRNDROMHILK d4WR MH GRYHOI
ili poounih raspaddg3fjstava

6YD QDYHGHQDPRNVHDMIPM MDpLQ SODQLUDQMD X SUL
sVFMILIXUQRJ L SRX]GDQRJ SRpreq@ 8D & MKH@RPAMH. BSWHDEAH. U D C
PUHAH NRMHrEMaVvIRRPSOHPHQWLUDWL X SRYW R Mt U pir iS Uy
RPRJIJXUDYD QBIYR K WMHKQRGRNER Y HANDMIM FLWHWD SULMHQR
priliktriiINRQVWU XN F LAgHa 8 Rj\éeWhR Mi id&l dkovojganwx ihapoo/milg an
8 GLVHUWDFLML OpIVMH WRIPRWWIMOL ODSDFLWHWD SULMHQ
primjenjusiijetu s naglagkiomenpivastatskoj profe PosHadan od
QDpLRYPHEMDMQNDSDFLWHWD Bl MpH iQrik & @abla letrid a RV WR WH UL P
vodovima i/ili 3&¥WMWRMHIYLRGIPELY R G L p(IARCIC,CACCR, ACSS,
GTACSRX(Z)TACIR, T(KIRCSR smatrazdmats@dMadaHQMD SULPMHC
hrvatskom prijesnucsddd]

2.1. 1DpLQL SODQLUDQW P XHAULMHQRVQ

Opeopnit prijenosnih sustava odgovorni su za pouzdanu i Kk
energije ki®PMdsnNS&/LMHQRVQH PUHAH ,VWR HMRDMP RGXAQWL V
SULVWXS SULNOMXRBRDNVWQYIFR PPRESURPMHQRVQH PUH34e 'D EL
QDYHGHQLK XYMHWD GXaQL VX L]UDAH YREWK YADMWR YREQEDS O
VFHQDULMD 8 QDYHGHQLP SODQRYLPD WHANR MH SUHGYLG
u smjernicamAaJelWVNH SROLWLNH SRMHGLQLK GUaADYD NRMH
izZzora, kretanje kvota VoM@ H@LPINAK SOLQRYD XWMHFDM HC
VHNWRUD QD WUALd&WH HOHNWULPQH HQHUJLdsHI Ip rVIOKdon® H

izrade planova.

ProblemM{JRURPQRJI SODQNVOQORMMPUX 83 UK MHYQRK X RGUHYLY
LQYHVWLFLMD X S LiviaH Q Roe@RwWle Priubitdd cej@ investicija, energe
SROLWLNXretwrjaLdaBviM NRMoWVID VH VXV U Hn&akPsRmV YiR&GHeV H
NDSDFLWHWD SULMHQRVQH PUH&H QD WDNDY QDpLQ GD
SRIJIRQVNH WURANRYH WLMHNRP WNR&EORDN RELWAHD Y.QYMD W !
ujedno zadovolje poO@bpNbeBtUe MHQRVQH PUHAaH



SBRYHUDQMH NDSDFLWHWD SULMHQR

8 SODQLUDQMX UD]YRMD SUiazHIQ RN S b aMH PVRH XL.J Q C
RGUHYyLYDQMHAR WPHWHQUROIAEAEILML VPMH&AWDMX X SURVWRU
SUHGORAMHIEHQMD 30DQLUD QPMHH &HD JR/EREHS L MUHLOM.MQR @ Q HV W L
GLQDPLPNR L GHWHUPLQLVW[4ONFR d/ @ ID WiHESH Wairr|£R  QjlaV W L p
SULMHQRVQH PUH&H SRGUD]XPLMHYD VHsV\WDWDAIE YUHP
promjenejedoBLQDPLpNRBYSHOD B RMMPHED |D GHWROMQIeMLP N
obzMOeRdja dinamika cijelb@ DsRilsp&MR.SODQLUDQMH RELPQR RI
toRORJLMH SURPMIBQR RSWGE Q MaiH]@M®OD§ 04 [y Wb 2ja

Bez obzira na odmlemnasikii,pjkmiamsameddOL YLAH PRGHOD P
vremenskorisagDdbQjeUDQMX SULMHQRVQH PUH:
p 0 s tuapke D WiHdRgIW Ep N i
RSWLPL]IDFLMVNH PHW R HaH X XWW VPNPINWHRWRWHpNH PHW
REXKYDUDMX SULPMHQX SURJUDPLUDQMD X VYUKX RSWLPL
PUHAH SUHGPWDMOIMORHADRXQNFLMRP SRBIORAQIRFB@MEEPS X

=D KHXULVWLpPpNH PHWRGH RELPQR VH NRULVWKribe&xDOkdp RV
RSWLPL]DFLML $OJRULWPL NRMLaNiHa® a Pavkh QN XM 4 e]rDo &bl ¢
dijeleeenaKHXULVWLDPN Irh ethid WWRSGED p D M MbiHednosti
predstavljeni slu tablici

za odabrano

optimizacijske procese. Optimizacijski

navedenih met

TablizhPregled karakteristika metoda planiranja

Prednosti Nedostaci
Jednostavnanezoaddo g ZSWLPDOQ..R UMHJa_ai_eiC
L aproksimacijom i vrije
primjena. MH GX&H
+HXULVW 1LMH QXaQR SUHV| spy\wrML PRIRDHORWA
konvertiranje prijenos globatminimum uslijed
metode optimizacijski prog
u lokalnom.
Implememjacjgdnosta . "
RPRIXUXMHNRaAHA 9H(;.|an gﬂsHu T]Zlh;%er'?]mw
Za optimiranje ponek
. VORAHQRVW PDWHP
Vé?(\évéhjagguRWIa'\égleng prijenosnog sustad
MethH XU LV kratko. 8YR|VHQMH_QR_\_(L|K 1D
reslagivanje cijelog o©
metode | gLOLND PRIXGQRVW © gane Sees
rHAHQMD ] o
Ne mogu se iWXoG@ LtV I
VORAHQRVWL L G




SBRYHUDQMH NDSDFLWHWD SULMHQR

8 UDGX UH VH KSHUOHAWWE pWajptERI PRIXUQRVWL VOR
sagledavanja i jednostavnosti implementacijél Q@@dpdgkminiranje
bilWWHaGRNRWYDULYR L QH REXKLY®DRVIPRUIXWVWHH PHRJINXjieghonFHQD
KHXULVWLpPpNRJ JIXGOLRULMHED RPRMH SUREOHPD NDGD VX NOI
LOL QH PRJX SURQD[#L VR pQ R dJ Matzdrbiggaived e denog metdela je
PRIJXUQRVW SRMHG1@QRYAVD Y OWHIEMED LJUDPpXQD

2.2. ORIJXUQRVWL SULWNKQRORRYMBO X SULMHQRVQRM PUHAaL

UVOLMHG SRUDVW®staWi DQRiYQ LaYospodarphorebrazyaja
HOHNWULpPpQRP HQHU3RMR BDQWH SHROAHWRAEIMMXQH HQHUJLMH S|
elektrapramigvodnih jedini@gavijenimmaempadivjadegetina porast
SRWURaAQMH HOHNW #e g Q@5 HQ B UIR G HA @ MRWWHGRY LIy@IQ MD V X C
s&X LGXUHP UD]J]GREOMX SRUVDY @R eRwilt &M H QDVWDYLWL

SULMHQRVQD PUH&Dz & WHND G Vihtchd & eGd kQiDanrei weldikih
FHQWDUD SRV RaMBIEAGIRAYi nemaju stalnu proizviodepu el. el
EOL]X PMHVWZAi8&K YD [REPOhteet Y RY HQieh oBdélamtegracij
REQRYOMLYLK L]YRUD AL [SUR MVHRQRRODXUBUMHAXORNDFLMDPD
sunce, biomabBuQDsYHGHQH ORNDFLMH SRWUHEQR MH RVLJXULI
awR SRQHNDG |]DKWLMHYD L]YRYHQMH SULNOMXpPpND QD VI
SRVWRMHUISRMBEBERWKIVGIDOHNRYRGD takvKm] D GjR Yim@ MY dzM .
]OQDpDMQIHQBURRFRYHQMX SULMHQRVQRJ VXVWDYD MHU X
WRNRYL HOHNWULPpQH HQHUJLMH XVOLMHG SRYHUDQH SUR
trerNiX SURL]JYRGQMD L] REQRYOMLYLK L]JYRUD PR&H VH ]
NUDWNRURpPpQ@DojzdYad @diacisdtbBMHQRWQ@H @jedéHm pravcima.

SRYHUDQMH SIRDB\N R IMK i WKDQE®DpPHIN R M R\GH2 5rif & AV L a KX
naponshzinuOL SRWHWMOQMMHH QD SRVWRMPIUMRe &GENGoHEN RiY RG L
SURSLVL SULOLNRP JUDGQMH QRYRJ LOL UHNRGWUYWeJXNFLMFE
SULMH QHNROENR)&G HVpIWNIGEMrdpPosebno oVWOaAMiHIGpaizbrnost na

l1.Javmonijenj@og| EMMIMHFDMD GDOHNRYRGD QD VWDQRYQ

8 GDQDaAQMH pManiMaddrtddnje ili rekonstrukmine gloXbdeskid voda
SDaQMH SULGDMH LQWHUDNFLML V MDYQRA&AUX 9L]X¥XDOQL X\
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SBRYHUDQMH NDSDFLWHWD SULMHQR

utjiecajVYWANRGQHY&le dL YRMEmetri uzimaju kao smjernice prilik

rekonstrukcije dalekovoda
2.=DNRQVNL L WHKQLpPNL QRUPDWLYL

THKQLpPNL 7B KWWeH&d | ekw sRBefini@bjRP ]DNRQVNLK L WH|
akatBefiniranbpaWH QL L]QRVL (0 SROMBDWRADUMEDQNXRQ R GRUL
UMHEAHQMD NRMD ]DGRYROMDYDMX WUDAHQH YUIMWH&G QRVW
metode projektiranja i tehnologije izgradnje u svrhu zadovoljen

3. 7URANRYL L]JZAxG@ahile prostora

lzgradmovog dalekovodajeretikimoinvesticija zbog cijena
dalekovoda, pogotovo ako QD VHGMHQ@LEPzZISRG U XM LghrBdbviaO L
PUR G Lt UASBIR VW RIM HelkioyWdDaN Ry HU MakoV ©eRaB QIR gusto naseljeno
SRGUXpMX SD MH ]DSUDY RrM elicos® b gQ Bbppiax i Bt ¥ piddird fko m
koje n®uzimaHUL SURVWRU

SVQDYHGHQD RSIWWDPQLPHQMDIjete DR YLKNWHKQLPNLK U]
SULOLNRP L]JJUDGQMH GDOHNRYRGD LDNR VX-40HNDd it H & H ¢
QR SULPMHQD LP MH. R WOMGII HRIJHWMD GHp NBEDSRJODYOMX SR
konceptuwaMHBEHQMD Ik ofiKAQMRUOKRDI ISR HiiD QM H S UrLavl hekRYWQ R J |
koriddrwHU VH PRJIX Qdilijleswijs RalR Q X

2.3. Primjena suvremenih tehnolSgNaVRdAHéakdmbdima

Glavni jaicidjteaaigzmaterhtnologije s aspekta prampertyivbsti t
UMH&HZOQWIDPNRRMUH LPSOHPHQWLUDWL X KUYDWVNX SULMHQR
VSHFLI[dkaRadktera J$lIR&dDIV NLKRepEDbUOOHaAa@tdPBe gdje su duljin
dalekovoda relatB/uioMiHa & ¥ &a Pjld HilA Bd n o suo i g EigeE uropii.
Zbog sv@PH¥HGHQRJ SULPMHQD LVWRVPMHUQRJ SULMHQRYV
XUHYyDMD ]D XSUDYOMDQMH WRNRYLPD QLMH UHDOQD
karakteristikama i cijenom nisu opravdanika& awajrejeh prajtsko,SBEO ¢
QHUH ELWL SUHGVWDY]Q DM DLVW X BDPADHWUIMQALQDpPLQL SRYHUD
mré&H VX SRYHUDQ Méis thipLE®DIRKWHWRO.MH PRIXUBLYBDWHVHLN L
SUDUH QMRSHUDWXDY¥namRiG LpDeatmayg BRYHUD®MWHne struje i
SRYHimD@MiWnog nfEpdhBRMH EUJR L HILNYDR/MR SRMNMHIHIQWH S RV
kapacitet dalekovoda za 10 do 30-PDo QH8BUMGIW W D& MR ]QDpD
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SBRYHUDQMH NDSDFLWHWD SULMHQR

zaVDP GDOHNRYRG L QLNHe SPWairkd&E Q) DU BRNMeRplfoldtatak je
QDYHGHQRIWRIHEFHQMHADYD SUREOHP QHGRVWDWaQrRoJ, ND ST
YHU JD VDPR RGJDYD 7U DM @il MNDH B IMH R DSNRESQRIRBVGED Q M H
prijenosnog kapsacmjeetngimahrvatskom prijenosnom sustavu su ko
]JDPMHQD SRMVWGRMH &7 /6 naaddalim8pogpaeldsmiMi tWdikaeristike
navedenih tehndoIDpRRWULWL PRIXUQRVW LPSOHPHQWDFLMH

2.3.1Komptakandalekoavod

Prvi kompaktirani daleksov#a&/iOpM VEGIBERWUHEH ]D SRYHUD(
NDSDFLWHWD SRVWRMHObK|H @HprJlatiWNN b &EviIUD&IRk®voda ni
PRJXuUD LOL MH ELOD RJUDQLpPpHQD SUDYRP SURODVND L XV
pristupalmgradnji/rekonstrukcMiUd\dHdko @Ml aPaDu NiRiMDa manje prost
i prihvatljivije se NR@QK&EkRoubb se zadovoljili npvedtampilaatejev
dizajniranju novih koncepatasuape&didgamplk&inu glaytj.stupa
VPDQMHQMH PHYXID]QLK UD]PDNDWwWo ReGIi3@Re/ X a@ b nSdaVd i@ &
2.1)Primjleopaktnih dalekowmosle put rakz9vdbragladina w[SAD
SURYHGHQD UWWIH DpdosDdayM Deitjmatrala utjecaj komgpedetjranja r
YRGLPpD HRAHWapInski preskok, izolavwbsSkQLopfr@®@BWRUL ubvV
gavi stipeR L X UDVSRQX MWRHYRQOWBREIRKDX 6WHpPHQR LVN
QDYHGHQLK LVWUDALYDQMD GRYHOR MH GR EROMHJ UD]JXPL
GDOHNRYRGD L SRQDabDQMD X SRJRQX

Slikal: SULPMHQD NRPSDNWNO QM| &€k oMNOD Vo) ponaprak tinraa n i
SRVWRMHUHP GDOHNRYRGX L F NRPSDNWLUDQL
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SBRYHUDQMH NDSDFLWHWD SULMHQR

7TUHQXWQD LVNXVWYD X VYLMHKH®XR/GQR) Wl DHVIDRN QR @
propisim&Zeied@olitici u eneageéitiaje i pristup koRrplakbdimanju.
GLIDMQLUDQMD SURMHNWLUDQMD NRPSDNWLUDQLK GDOHNEF
REUDWLWL GRGDWQD SDAaQMD X RRERIRXVIKK QtDp oot pQH
komptakanjat$& LPMHQD UMH&EHQMD SRVWRMHUHJ GL]DMQD
pogonsko igKk@eqPed

8 QDpsEIXMpaktirani dalkekavbikuje od tradlate@pnabrdag ali
]JERJ PDQMLK XGDOMHQRY®Ma L€t ypRIYaAR B DIQIM DDBRMHGLQLK
cjelina. Tradicionalni dalekokodzedvaajunrarsi velikanp ogd eglitnom
PHYXVREQH XGDOMHQRVWL L]JPHYyX YRGLpD WH VH XMHGQR
GUYR pPpHOLPQR UHAHWRNOEWIP WR Q VIWWRMHQRP ERWRDNW L
VH awd @lLositbouissenoderniji mataekojadi se postiglpesemantijigee
glave stupaGDOHNRYRGH RG N9 L ORDSHPpQRSRQWINRUUH B] IKQRHK
VPMHAWHQLK aWwR GLpa Yprilikom kompaktiranja prelazi u trokut
YRGLPD X] XSRWUHEX aNBRS R MeQDKLQ VNUDIUXMH ALULQD .
SRVOMHGLpPpQR aHERPOWKXKYDWYRH®% R WW3/EHUWLWMRRIR) IBY MDD Y |
izvedba stupova s marde QBtSRQ¥&IMH UD]JLQH N9 GR N
SROLJRQDOQLK VWXSRYD VPDQM XAbt gV Blv ¥ ¢ aX D@ t eX WV piiFi D
NRQVWUXLUDQMD NRPSDNWLUDQLK YRGRYDuXeRGWQRYXirQD
VOMHBMHUH

JLEDQMH YRGLpPpD
HOHNWULpPpQL SDUDPHWUL LIRODFLMH
parametri voda i gubitci,

atmosferski i sklopni prenaponi,

+
+
+
+
FLIQRV NRURQH L HOHNWULpPQRJ SROMD
+ RVWRMHUH LVNXVWYR L SULPMHQD

+ PRIRQ L WURANRYL

F UNODSDQMH X RNROLaAa

Navedena problematika kompaktiranih dalekowvaspaekpaedst
dizajniranja/pre.Zlbtoganjayvede pidt ralzrrikzamotdicidatne aspekte koji
uzimaju uXoMiHFDM NRPSDNWLUDQLK GDOHNRYR®BGDsX0$3RJRQ
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SBRYHUDQMH NDSDFLWHWD SULMHQR

PUHAQL L LVWDNQXWL JODRY D GQ B{ DD NHY I XKBANWI R KIRREVvoda |
SULMHQRVQRM PUHAaL SUHGVWDYOMHQD VX X VOMHGHUHP S

2.3.1KlompaktiG®BOCHNRYRGL X SULMHQRVQRM PUHaAL

SRVWRMHUL GDOHNRYRGL SUR MRHN W R VB QWLHVW HRIHRO'N#HH
VLIXUQRVQLP UD]PDFLPD L]JPHYyX YRGLPD L L]JPHYX YRGLpD
(ovjesna oprema i konstrukcije stupa). Takav konzervativni pris
VLIXUQRVW UDVIIRURRANRWRVWRAUQADEBQMD 8aWHGD SURVWRI
glavewrazlozi promjena u projektiranju/dizajniranju dalekovoda.
nastaju dalekovodi koji zauzimaju manjePprdxXtatpéOimpbidno ton
glaev stupa, a u novijsuvrigmmai idionp@m9] *ODYQD JQDpPpDMND
kompaktiranih daleke@Qd&daD biHhRPHWULMD JODYH VWXSD NRM
XGDOMHQRVW L]JPHYyX YRGLpD WH VH QD WDareQ®adph g XW M
dalekovpi@ Uslijed smeaagmulidP HYy X YRGLpD GROD]JL GR VPDQM!
SRYHaDRWMFHSWDQFLMH 3RVOMHGL=BQR0 gG R pblla @RI e B DN
SRYHairQedne snage dakdBoSRIRQX GDOHNRYRGDpISRaHMm@® MQR
VQDJH GDOHNRYRGD EXGH YHUL WH X WRRAHOXPDNMN &DOL
QDSRQVNLK RJUDQLpHQMD L VWDELOQRMWDARXWID GXRAHN
dalekovode. Prilikom projektiranja potrebnotppadakaoatiggeameut
YRGUPONOYURE]JLURP QD GXALQXR@D® 8 N RRYGUEHD DWHDED X WM H F L
iznos prirodne snag¢2dpTRkdMddIIRVHEQR YDAQR JDis®@RIHNRYF
naponomN845YLadH NRML VH XJO Y@ R®s JiUiD fatitijigumo $HUIHI B G, V \
takpotre)eoORGLWL UDpXQD R SRWUHEDPD ]|D MDORYRIP HQHUJ
praznog hoda dalekovoda [10].

=D NUDUH GDOHNRBRREH MOHYMIDPNH SULURGHKaXVOLMH
RJUDQKJD Y DMWR dipapwj¢RGLPIGRGDWQL WHUHW WHPSHUDW
EM podj@mlekovodBRURP WLSD L SUHVMHND X&HWD PR&®XUH MH
VH LJERURP JHRPHWULMH VWXSD XWMHpH QaDi(0aSRi® MO nmXa JC
trase dalekp@PoasdlSRPHQXWLK RJUDQLPpHQMD SRR W &/pEQR@RUM H

i kutnu stalbolmose razmatra za svaki dalekovod zasebno.

Kompaktirani dalekovodi zbog svoje manje fazne wudal
impedanDiWLPH L YHUL LIQROENRYRGD K RGQRVEOID NODVLEL
ZD GXJDpNH GDOHNRYRGHItS Wi B QR Npd liondw ka nvdoag i j u
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SBRYHUDQMH NDSDFLWHWD SULMHQR

]OQDpDMQR CRBQMORWIX SULMHQRVD V SRYHUDQMHMHRUGXOMLC
QDUL SULPMHULpPpN®&E SOMNWIL/RIDVORMI D WQ P2[@.DpKiltn{zacija izbora
XaHWD SUHVMHN L ESBRMOXNRBINRPBQRSX.UDQMD RG YHOI
RGDEUDQLP UMHAHQMHP XWMHpPpH QD UldBINWODV@HBM X| G DA FaNTr
SRYUAaLQL YRGLpD UDGLMVNH VPHWQMH L EXNX > @ > @

ZbOoPELMHQRJ UDVSRUEHRM@BKY&®REIHPOGORVX QD NODVLPQH C
prirodna sMBESDNWLUDQLK GDOHNRYRGD MWH VKSR RULAaAYWHIE
GDOHNRYRGD d4WR EOLAH SULURGQRM VQD]L VPQ&gaMH L
QDYHGHQRJ YLGOMLYR MH GD N R EXS\DNNANpOXI@EdLa gD 0 HaNRWER G
snagge SULMHQRYLBYx PWUHakzmatranjuiNRPjeDAWLUDQMD QD S
dalekovmpateelproveasnialize utjecajasnagikostabilnosti kako bi se
XWMHFDM L SRQDaDQMH X SRaAJRQX V DVSHNWD YRYHQMD ((6

Jedna od karakteristihih Hahekakdsdageometrija glave stup
]ODpDMQR YDULUD ]D VYDNL SRMHG1oQtaNd Xip DM dN REPS DKW
GROD]L GR SRUDVWD $irbN Vg LalviSERUIQHERIAGNMLPQR GBUuSRUDV WL
ragskigmetnjRURQH PHYXWLP (0 SROMDalL¥&lR ol b@aabixeE X NR L
X RGQRVX QD NRQYHQ$fbRt@ bd D> #e Rthreds@aM Bkih i sklopnih pre
pa je potrebnoGurd O ENWULPQD VYRMVWYD GDOHNRYRGD ]D R
stupa H22A]

Kompaktirani dadakasoslu rasprostranjeni diljem svijeta i d
X SRIJIRQX 6 RE]JLURP QD VWHpHQ Qreaji/MNog\wWIR BHSUH BRINRQ/NHND/
GD VX NODMQ@EQdkoP®Idi2GDELURP NRPSDNWLUDQMD PRJXUH N
znanfaLPDMXUISMLRVEHIMSRPHQXWH pLPEHQLNH

2.3.1Ppjavepaponaké&mpaktiranih dalekovoda

Prvgenerakojmpaktiranih dalekida osla idl®jjemsmanjenje duljin
LIRODWRUVNLK ODQDFD L PHYyXVREQH XGD O Md+pra¥K WiLa Rithy X
dalekovddaMHNRP JRGLQD MH GRAOR GR PDQMLK NRUHNFL
kompaktirani dalekovodQLmMYiy XO&mahje X W M HFOVan NahBilnle UDV S
stupovia, LVNOMXpLYEruSitHLRMHKIAIIRODWRUDIN odj&AD]Q
dozvoljavaju jednostavnije konfilgybDa@ Uy éDgrlBQeM bit PPQMHJ UD]F
YRG.LpD
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PoveDQMH NDSDFLWHWD SULMHQRVQ

Atmosferski i sklopni prenaponi koji se mogu javoti na da
konstrukciji dalekovgdrainh a@X¥akkd G BOdbMRERBG® su razmaci
PHYyX ID]DPD L SUHPD X]HPOMHQPRJ&LWMH ORPYH.NPIDY DR D QWHHI
SUHQDSRQD .RG SRIJRQVNLK SULOLND QXaQR MH RGUHGLW
PHYXQDURGQLP VWDQGDUGLPIDIRGHNHRRVIG IPQDREPND X QHR OIDHLC
LIPHYX ID]D L L]PHYX ID]D L[X3HPCOOWHQDLKQGPMMARYPRGHU QC
kompaktiranih dalskRJOD& LHQMH JLEDQMMWRDBFRMHGRB Y WD
HOHNWULpPpQH URPHIMBEXQAHNRIRIXBRVWLUL]| YRDH FEBUH QDSRQD pt
korisSR6EYRGQLFL SUHQDSRQDIitNRE H avint BRuXdzte | APdrBke lance
I1DpHOQR SURMHNWLUDQMH SUHQDSRQVNH |DA&WLWH NRPSD
SRIJIOHGX PRIXiIQQUR&gVevB Rlalekovoda i rasponeBtMP owaD pad M Q4
VORAHQLMoj@WRFahya svih elemenata.

2.3.1BEM polja kompaktiranah dalekovod

JakoHOHNWULpPQRJ SROMD QD j®BMHEME Ll a¥rB@alD L] X]H
YRGLpPD L SRAX ®DYDevpaEsku GaXOHINRY R GID GWADWH PRJXiH
UDJLQL 8VOLMHG YLALK L]QRVarzih@stsRKaMIDo QD eYjR@ikp LiP Dad
smetnBiVOLMHG ]QDpDMQR PDQM IpKiliiod R DkoDn (b d BHREAHNER G DDL
MH SRUDVW HOHNWULpuQRIBROMDVE VERBGB R XWRKpYIHOLPLQ
kompaktit®)HVMWHR L]YRGH V YRWGHPURDQR WPRISRDpPLQ SRNXAED
HOHNWULPQRJ SROMD[®D] SULKYDWOMLYRM UDJLQL

Za izt HOHNWULPpQRJ L PDJQHWVNRJ SROMD QD UD]JLQ
manje udalldRéiStX YERBQPPL GR PHYXVREQRJ SRQLAWDYDQMD
LIQRV HOHNWULDPQRJ L PDJQHWVKNERIDORIQMD RE@DQ RWXO®@D N,
ddekovolden.dsOHNWULPQRJ L RDrEQHWYNWIRD SO Detriji glave st
]JD RGUHYLYDQMH RPpMPNDLYYNDIQ@NI DL [IDRNBDWULPQ &AIna PDI@ BItWw \
SURUDPXQH ]D VY DdaX e B @obatkabX &Df-rli MaXz ano na X.13kp5igd 2.2
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SBRYHUDQMH NDSDFLWHWD SULMHQR

Slika2 ,]JQRV HOHNWULpQRKoS R @B tiPeU ®F CelyB 1L Yda

Slika3:1znos magnetskbgUupqdamplidvutgtape dalefkbtdda

2.3.1Mojava korokemipaktiranih dalekovoda

KaoAWR MH YHU( g GIHQ Rkteristika kompaktisanih dal
VPDQMHQMH XGDOMHQRQWK GIPMHHE R D PDVIWX]FHIP OMRVOMHGLDp
HOHNWpolpaQ Blavi stim@akomponentama dalaepovedakoXad a
226GVL YIHHHHHNWULPQR SROMH RIHoPRMUGID L MYFHD Ljfe®d&®W H
dalekovodRGILPRYMHVQD RSUHPD SRG QDSRQRP VH SRQDACL

17



SBRYHUDQMH NDSDFLWHWD SULMHQR

dijelovimR]doGR SRMDYH HOHNWULpPpQRJ SRGMD WRMH VDR
HOHNWULPpQRJISERID B PR YRRAAKXKAW Kesnoj opremi, pogotovo na dije
VX aLOMDVWL WM DbPpbdj&Xve kOtobd® @bMXV kadpogasdejenhavapc
NULWLPpQHN WDNLPED UD]LQED RGUHYHQD GLH&OENMVAEL pd@RP p
ionizacije zraka.4fNakakian je utjeca] $tOpldN YWLIPDELPD NDNR VI
SULEOLADYDPR VDPRP VWXEXRAD HOBHNYHU VOXBD RO D QL
SRYHUDY®®Y3IR]D

SlikedBWMHFDM VWXSD QD LIQRV HOHNS3JULPQRJI SROM

BroYRGLpPD X VQRSX NRQILIJXUDFLM&viYRtGppDglawhDV SF
pLPEHQLFL NRMLPD VH XWMHpH QD L]QRV HOHNWULpPQRJ
dalekovoda. R&EBUIULND]DQR MH NUHWDQMH SURVMHPQRJ L PD
poljJ® VYH YRGLpPH X azDrolm Vivd XRe®@Inpak X VOQR S X afd G OJMLYR |
GYD RBWHPKWMHYD ]D LIQRIVNSURDOIEG@RQ RICHNWRGhPIRAIDS RS
SRUDVWRP UD]PDND L]PHYyX YRGLpD GROD]JL GR SRUDVWD V
HO SROMD QD YRGLpLPD VOMNMRLMH SPULONDNMQRDOQH YULMH
PDNVLPDOQRJ L]IQRVD HO SROMD VYLK YRGLpD SULND]DQH
SRVWLAX ]D UD]J]PDN YRGLpPpD RG FP 6 REJLURP QD UH]XOWI
da g@a raNmMARGLpHOORGP X VQRSX S RwaVhiaXg 5361t afh 4]

18



SBRYHUDQMH NDSDFLWHWD SULMHQR

Slika5 ,]QRV PDNVLPDOQRJ L SURVMHpPQR&H®N|S ROiMel npBtSF
pod a) i maksimalnu viREJhORPpQD WD]PDN[5YJRGLPpD X VQF

Prihvatiziwik s OHNWULPQRJ SROMD QD SRYUAM:EIMNMYIRGLPpD
2K \Vnakcmr @ .RG NRPSDNWLUDQLK GDOHNRYRGD RpHNXMH V
stoga je poodbaymozornwmslikomazmatranja pojave koerarzéogla tog
SRVHEQD SR]JRUQRVW SRVYHUXMH GL]DMQLUDQMX JHRPHW!I
SM@QMHQMH L]QRVD H® HNWUIlem@ R Js ® Ri@dhganh razmjakkbaza
koristi kod komjpalptarae s obziromUiDd LiQap omnskoiN® vertikalne
delta konfig20deipeRpHNLYDWL MH GD 08 INRPBWN W HWD Q[ QERD/O
L YHOH JXELWNH XVOLMHG NRURQH IDP@QRVSHOGB NNRMISYPRME R
nD SULKYDWOMLYH UD]JLQH NRMH QHUH XJURNRYDWL ]QDpDN

konvencionalne d&lzlkovode

2.3.2Primjeqi7d6 YRaGLD

3RYHUDQMH NDSDFLWHWD SULMHQRVQH PUH8Hj&XJRW!I
QRYLK GDOHNRYRGD SRQHNDG QLMH PRJXiUD D QHNDG L Q
SULMHQRVQH PUH&8H SRNX3DYD ULMHELWL QD SRVWRMHIULP
SRVWLAH SRGL]DQMHP QD YHUX QDSRQVNXWRDWMH R SLUAIPQF
SUHWKRGQRP SRJODYOMX LOL SRYHUDQMHP VWUXMQRJ
RSWHUHUHQMD YRGLPD ]D SRVOMHGLEX LPD SRYHUDQMH Wt
YRGLPD QD GDOHNRYRGX L JXELWDWYBHKP®LLPN L &W.R BID HNRVES
WUDMQR GRSX4AWHQH WHPSHUDWXUH NRMH VPLMX SRGQLM}I
'D EL VH PRJOR SRYHUDWL VWUXMQR RSWHUHUHQMH SRWUF
YRGLPH YRGLPLPD YHupiLIP B UNMRMIHNPRIXOBRGGUMHWL YLAH W
L]JJXEH PHKDQLpPND L HOHNWULpPQD VYRMVWYD 9RGLpL V SF
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SBRYHUDQMH NDSDFLWHWD SULMHQR

RSWHUHUHQMH QD VWXSRYLPD GDOHNRYRGD X RGQRVX QD
]JDPMHQD QLIOMLSYDHORUMBSODWLYD > @ 8VOLMHG QDYHGH
GR UD]YRMD YLVRNRWHPSHUDWXUQLK YRGLpD NRML ]DG!
WHPSHUDWXUDPD WM QH GROD]L GR L]GX&HQMD NDR NRG
VisokoS#HWDWXUQLP YRGLPLPD PDORJ SURYMHVD L LDNR VX
SRYHUDQMD SULMHQRVQRJ NDSDFLWHWD GDOHNRYRGD >
NRULVWH X L]JJUDGQML QRYLK GDOHNRYRGD DOILiSWHGVW
SRVWRMH{iHJ GDOHNRYRGD +7/6 YRGLpL GL]DMQLUDQL V
PLPEHQLNH VW DAILK S@wom diQc¥r sted re®&65 YRGLPD SR SLW!
JXELWND pYUVWRiGH XVOLMHG SRYHUDQMD M HIFRSWHHLDW XUHHP
PYUVWRiGH QRYLK YRGLpPD SULPMHQRP QRYLK OHJXUD RPF
WHPSHUDWXUDPD L]PHVX f& L f& RYLVQR R WHKQROR
$0 Yy YRGLPH NRG +7/6 YRGLPD X QDYHGWQINP Y\OD XYM HWUR
SRYHUDQMH SURYMHVD 2VLP QDYHGHQLK RVRELQD NRMH \
YODpPQX pYUVWRUX +7/6 YRGLpL PRUDMX LPDWL A8HOMHQD V

+f PHKDQLpND VYRMVWYD SUL GRGDWQLP RSWHUHUHQM
frobaosst prilikom rukovanja,

¥ kemijska svojstva,

f dobru vodljivost.

=DPMHQD $0 y YRGLpPD +7/6 YRGLpPpLPD L]JYRGL VH V SU
WHKQRORJLML YRGLpD QD SRVWRMHULP VWXSRYLPD L RYN
novcu. ZbogVNXBiWDYD X VWYDUQRP SRIJRQX L SRQDADQMD Y
LQYHVWLWRUL VX QD RSUH]X SULOLNRP RGDELUD RYH WHKC
ispitivanja
2.3.2+17/6 YR£prmrgled tehnologije

Nekoli KORL]YRyDpD X \WH VBDWXHOJMLOMRG6 YRGLpH VOMH

T ACSS (edlgiminum Conductor S}eel Supported

T G(Z)TACSR Gaftylpe Aluminum Conductor)Steel Reinforcec

T (Z)TACIR (Rllugninum Conductor Invar)steel Reinforced

¥ ACCC (eAlgiminum Conduxdsite ore
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SBRYHUDQMH NDSDFLWHWD SULMHQR

¥ ACCR (eAlgiminum Conductor Comp)site Reinforced

TablizZ2Z3UHJOHG +7/@4dRGLpD

$&66 YRGLPL LJYHGHQL VX VOLpQR NDR L $&65 DOL FLI
jezgri KORGSQRVL YLVRNH WHPSHUDWXUH $OXPLQLM NRML
WHPSHUDWX lhQ ReREUWDFH@WHUQH SULGRQRVL ]QDpDMQR QR
VYHJD QDYHGHQRJ UDGQD WHPSHUDWXUD QLMH RJUDQLpPHZ
A38DUHQH® pHOLPQH MH]JUH NRMD L]QRVL RNR f& 8 RGQR
GRSXaAWHQD WHUPLpPND WHPSHUDWXUD L PRJXU MH SULM
PHKDQLpPNLK JDKWMHYD 2YL VH YRGLpL pHViaRe N®WbIDAW te ] D
VH ]QDMX L]YRGLWL NDR NRPSDNWQL YRGLpL 8 WBaWYRM L]
wire7: XPMHVWR RNUXJOUuKdAakERQ B QUM VH QDpLQ X] ]DGL
SURPMHUD SRYHiUDYD SRYUALQDMEQRFNQ®LMD D NR GHABIEY R W
WHPSHUDWXUDPD RSUHQLWR -BRQ®SEAS BRDMAHJRG Q D&AEH |
YLVRNRWHPSHUDWXUQLP YRGLpPLPD L NRULVWL V-O@LpQH PD
RGQRVX QD $&65 GR SXWD YHUD > @ > @

*7$$&65 YRGDLYWRMH VH RG pHOLpQH MHE]IUKACHALPQH |
NRMD MH RGYRMHQD RG SOD&WD LVSXQMHQRJ WHUPLpPNL F
QDSHWR NRULVWH VH SRVHEQH WHKQLNH NDNR EL VH SUFH
PRQDADQMH MH]JUH SURPDWUD NDR ]JDVHEQR QRVLY HOHPH
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BRYHUdDRaApaciteta prijenosnog sustave

SoD&W NRML VH PR&H NRQWUROLUDWL VOLND 8 SODAaW
RWSRUQH NDR L NRG $&&5 YRGLpDO R,CHWNMDDJFELIRIDV DR G Lp R C
YRGLpD WH MH SRWUHEQD VSHFLMDOQD PHKDQL]DFLMD SU

Sliks6:3ULND]D *7$$&65 NRQVWUXNFLMH YRGLpD

ZTACIR ima jezgru od (fegNré&6inviaajpa ima mali temperaturni
WRSOLQVNH HNVSDQ]LMH SUL YLVRNLP WHPSHUDWXUDPD
SREROMaADQMD PHKDQLpNLK VYRMVWDYD L VPDQMHQMD Sl
DOXPLQLMVNH ®WMIDQREOLVSRERWDYD SUL UDGX QD YLVRN
SREROM&ADOD VYRMVWYD DOXPLQLMVNLK aLFD QD YLVRNLP
JXEOMHQMD PHKDQLpPNLK VYRMVWDYD -H]JUD RG LQYDUD L
RGH®OLpQH MH]JJUH D ORALML RG NRPSR]JLWQLK MH]JDUD 3U
-DSDQX L .RUHML ]ERJ VWURJLK RJUDQLPpHQMD 4aLULQH NRU

$&&& YRGLpL LPDMX MH]JJUX RG NRPSR]JLWQLK NDUERQ
stakl&kmabonskih vliakana epoksidne matrice od organskih
YODNQD HSRNVLG RPRWDQL VX RNR VUHGLAQMLK NDUERQVI
YODNQD HSRNVLG SRQDaDMX VH NDR GLHOHNWULGJe QD VWU
L NDUERQVND YODNQD L QD WDM QDpLQ VSUMHpPDYD NRUR]L
L SURWH&H VH NUR] FLMHOL YRGLp 30D&WkhIRéhoO R M LLXGEIX M &
(Slika 2.7). Jezgra se proizvodippHdD&IMD? pbrpERIOWIDNYH L]Yl
LPD YLAHVWUXNH SUHGQRVWL $OXPLQLMVNH ALFH NRMH pL
VH GRELYD YHUL SUHVMHN DOXPLQLMD pLPH VH SRYHUDYD
HNYLYDOHQWQL &6 BNRRGBWH XNIFNMD L PDWHULMDOL GRSULC
QD WHALQX XaHWD RGOLpQRM NDUDNWHULVWLFL SURYMHV|
WRSOLQVNRJ aLUHQMD MH]JUH L YHOLNRM pYUVWRIUL > @
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SBRYHUDQMH NDSDFLWHWD SULMHQR

Slika7:+7/6 YRGLpL V NRPSR]JLWQLP MH]JUDP[BSPLMHYR $&

A& &5 YR Glajstoje se od jezgre sastavljekog ao fle ndd zaljme r avea |
tak@3D SRVMHGXMH ]QDpDMQR EBRAORDyrdYRBERBRORG $&6!
karQ NR DOXPLQLMVNH PDWHELFR pADFD MNRMWK X&AHWD $OX
VDGUAL PLNURPHWUNPNGD WED Ne@DaR G kiov atra jezgra od nekoli
ALFD RPRWDOD®NRWHPSHUDWXUQLP ALFDPD RGeOmMdYUH DO
podnijeti temperatuCéSbit«az2@0QDawW L]YHGHIQnRGIj@HJXiUKonija
doprinm$uVWR IALRARHWID NUXAaQRJ LOL WUDSH]bWVayiR&EIaRE® LND
]JOQDpDMNH RYRJ YRGLpPD VX YHOLNMHBHYUNNRONMR (VR @D MM R
PRIJXUQRVW ]DGUADYDQMD pYUVWRUH XQDWRpPp LIORAHQRVW

2.3.2+21/6 YR&BRustva u pogonu

8JUDGQMD QRYLK YRGLpPD RELpQR-eMbindhBRY] [dVNQHRY
'RVDGDaQMD LVNXVWYD SERNDDOPIRAD ¥ XUGB YMHI®REQpPD SRYH
SRVWRMHiULK GDOHNRYRGD GRN VH ]D VYDNL d8HVWL QRY

> @ 3ULPMHQD +7/6 YRGLpD |IDPMHWQD MH L X SRGUXpPpMLF
LIORAHQH WHKINMLR VN LD WWeliki dodatni tereti vjetra i leda),
(prelazi preko planina, rijeka, jezera i mora), visokim temperatu
SRND]XMX GD VH QMLKRYRP XJUDGGNMRE R\OWrYdsWi XivaX i Xdana ¢
QRYRJ GDOHNRYRGD 7HKQLpPpNH NRULVWL RG |JIDPMHQH YRGL
VLIXUQRVQLP YLVLQDPD L NUDUHP YUHPHQX SRWUHEQRP ]
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SBRYHUDQMH NDSDFLWHWD SULMHQR

L]JJUDGQMX QRYRJ GDOHNRYRGD |]D MHGQX GR \8 MWy BR®LDD
SRILWLYQD LVNXVWYD SR SLWDQMX XJUDGQMH{ISSRJRQD SR

3RYHUDQMH NDSDFLWHWD GDOHNRYRGD MH ILQDQFLN
RGDEUDQR UMH&HQMH ,]JUDGQMD QRYRJ GROHNR¥R&EMaL O]
SRVWRMHiUL GDOHNRYRG |]DKWLMHYD L]JJUDGQMX SRMDpDQ!
YULMHPH QHUDVSRORALYRVWL GDOHNRYRGD 8JUDGQMD +7/
R YUVWL XJUDYyHQH WHKQRORJLMH,5Sd» MH WBNRCIZG & YR GL
$&&5 GR SXWD 2PMHU WURAND +7/6 YRGLpPD X RGQRVX

dalekovoda prikazan je na slici 2.8 [15].

Slika88VSRUHGED WUR&ANRYD NUR] ALYRW®OL FLNOXV UD

PrimjenlemML@ SRVWEe@AHNje itrogpkdo istezanje oko VeRjpMdHaturr
koljenajeddSRPLFDQMH WRBENHR NRAM HWVOHPSBUDW XUidimd VOLF
ovisnost mI®V|EB]OLPLWH +7/% YREFPUODWUIABWH X RGOQRVX QD WI
[ @ > @ .DR aWR NGEHVYULLYNDGRDRR IPDM® PDQML SURYMHV R
YRGLPpD QD SRYLaAH@aP WHPSHUDW
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SBRYHUDQMH NDSDFLWHWD SULMHQR

Slika9:0visnost provjesa dlemperaturi

SUHJOHGRP UH]XOWDWD X]LPDMXuL X REJLU XYMHWH |
SRVWRML YL&H L]JERUD SUL ]DPMHQL SRVWRMHUHJ YRGLp
GDOHNRYRGH JGMH WHPBUD®WEZODDWNRRAMHQD EXGH aWR Q
YRGLpL V NRPSR]J]LWQRP MH]JJURP LPDMX SUHGQRVW X RGQR

6WXGLMD SURYHGHQD X ,UVNRM > @ UD]PDWUDOD MH
kako bi se odabrao waHElpla&dWL@LNRP ]DPMHQH XaDGL QD
GDOHNRYRGX JGMH MH SRVHEQD SR]JRUQRVW SRVYHUHQD U

Slikal0Ovisnost provjesa o wo@deadjom tere

25



SBRYHUDQMH NDSDFLWHWD SULMHQR

Na slici PAOMLYR MH GD QHNL YRGLpL PRJX ELWL QHSU
YHOLNLP RSWHUHUHQMHP OHGD +7/6 YRGLpPL WLSD $&&& L ¢
$&65 YRGLPpD 2YD GYD YRGLpD LPDMX SRWSXQR aDUHQH L
njitroH MH]JUH SUHX]PX QD VHEH FLMHOL-aV HreH o M n R S \W H |
PRGXO HODVWLpPQRVWL L PDOX SRYUALQX SUHVMHND MH]J
YLVRNLK WHPSHUDWXUD PHYyXWLP XVOLMMK® [SRVGDAV Q B R YAWH
XVSRUHGEL V $&65 YRGLpHP 3URYHGHQD UD]PDWUDQMD X
SUREOHPH V WURANRYLPD LQVWDODFLMRP LOL SRX]GDQR3Z
XVSRUHGEX NRMD PRAH ELWL NRUWYXQGDM®DURMSIR IYHIRD/®INQ X1 [5
kapaciteta dalekovoda i smjernica prilikom projektiranja.

6 REJLURP QD VYD SURYHGHQD LVWUDALYDQMD QH S|
YRGLPD X RGQRVX QD GUXJH YRGLpH RVLP DNRHNMHSFLMHQ
YRGLPpL LPDMX VOMHGHIH ]JDMHGQLpNH NDUDNWHULVWLNH
]JDPMHQH X4DGL QD SRVWRMHiULP GDOHNRYRGLPD

¥ mali koeficijent toplinskog istezanja,

F NRQWLQXLUDQL UDG QD WHPSHUDWXUDPD L]QDG f
HOHNWULPQLK VYRMVWYD

f MHGQDN LOL QLAL RWSRU X XVSRUHGEL V NODVLpGQG

promjera.

SULPMHQD +7/6 XaDGL VDPR MH MHGQD RG PRJXUQRVW
VWRJD VH VPDWUD GD MH LPSOHPHQX NBIMWHEG H 1 L6P WRFGIL(PDU Q

¥ YRGLpL QD SRVWRMHUHP GDOHNRYRGX X OR&HP VX
dalekovoda (stupovi i temelji) u dobrom stanju,

¥ SRWUHEQR MH SRYHUDQMH NDSDFLWHWD GDOHNRYF
SRVWRMHUD L @llékpwwdbeX \sWipwDiG temelji) u dobrom su

T potrebne sigurnosne visine i udaljenosti od susjednih ob
SRVWRMHUD LQIUDVWUXNWXUD GDOHNRYRGD VWXSR
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SBRYHUDQMH NDSDFLWHWD SULMHQR

2.4. =DNOMXpDN L SUHSRWXNHHBPHUUK MHBERRORJIJLMD QD QI
dalekovodima

EnergeVs kM HUQLFH X (XURSL GRYHOH V>a GRo SR8 D& H
L GLVWULEXWLYQH VXVWDYH WH SRMDYH SUDYQLK VXGLRC(
WDNYRP VH RNUXaAaHQMX SRVWRMHUL VXVWDY SODQLUDQMD
L ]IDVWDULR ,VWR WDNR MH X SULMHQRVQRM PUHAaL GR&OR
YHOLNLK pYRUL&WD V YHOLNRP SURL]JYRGQMRP HO HQHU
SULMHQRVQRJ L GLVWULEXWLYQRJ VXVWDa.DUSR&WeED&MHM]Q
XYMHWLPD YLGOMLYR MH GD SRVWRMH HOHPHQWL SULMHQR
SULMHQRVD HO HQHUJLMH VWRJD MH SRWUHEQR L]JJUDGL\
SRVWRMHUOLK

8 GDQDaQMH YULMHRHGDOHNBDEBEYYAMIDD QRXWLMHYD ]QDpL
ILQDQFLMVNH UHVXUVH WH XVOLMHG ]DKWMHYD ]D |JDX]JHUF
PRJXuD 6WRJD VH UD|]PDWUDMX SRYHUDQMH NDSDFLWHWD
implementacije sWwWée@EQMD .UR] SUHGVWDYOMHQD UD]PDW
GDOHNRYRGD X SULMHQRVQRM PUHAL QDMUDALUHQLMD Mt
SRVWRMHULP GDOHNRYRGLPD NRMD VX MHGLQR L SULPMHQ|

Kompaktirani ¢Gdlek@v8YRMLK SUYLK GL]DMQD ]QDpDMQR
LIJOHGD L NDUDNWHULVWLND 8 GDQD&aQMH YULMHPH SULO
VWDYOMD QD XNODSDQMH GDOHNRYRGD X RNROL& SD SRQF
ili fpBLMVNL WURADN QLVX RG SUHVXGQRJ 1QDpDMD L X
GDOHNRYRGL SULPMHQMLYLML RG NODVLPpQLK UMH&aAHQMD
VRERP QRVL RGUHYHQH L]DJRYH NRML VX SUHWHKRGIQEHRH SUH
QDPpLQD 3ULOLNRP SURMHNWLUDQMD GL]|DMQLUDQMD NRPS
SULODJRGLWL SRVWRMHUH SURFHVH X VSRPHQXWLP SRG
programskih alata. Kompaktirani dalekovodi epedptavkjapu fi
SURMHNWLUDQMD GDOHNRYRGD WH VH pHVWR SULPMHQMXM
L YL]IXDOQL L]JJOHG GDOHNRYRGD RG SUHVXGQRJ ]|QDpDMD

3ULPMHQD +7/6 Xa4DGL MHGDQ MH RG QDMEUA&ALK L QI
prijenosnogWkaW®&cSRVWRMHiILK GDOHNRYRGD 8MHGQR ]DKW!
GRGDWQLK UD]JPDWUDQMD X RGQRVX QD NRPSDNWLUDQH G
GDOHNRYRGH QLMH PRJXiUH QD GX&8H YULMHPH RVWDYLWL
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BRYHUD @MEIitba prijenosnog sustava

sStIXUQRVQH YLVLQH QD SRVWRMHULP GDOHNRYRGLPD Sl
QDMSUDNWLpPpQLMH UMH&G&HQMH ,VWR WDNR SRVWRMH RGUHY
VSRPHQXWD JGMH MH RJUDQLpDYDMXuL IDNWRehavWwd QMH

SRMHGLQX +7/6 XabDG &dWR X NRQDpPQLFL PRaH GRYHVWL
investicije.
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BULPMHQD NRPSDNWLUDQMD L +7/6 YRGLpD X

3. PRIMJENA KOMPAKT$RAN +7/6 92',y$U
35,-(12612- 05(4,

Operapoijenosnog sustava odgovoran je za sikO+HNW UlouQ@ H
energij@DJOHGDYDMXuL VDGDaQMX NRQILIJXUDFapkeXattorPRJX
SULMHQRVQH PUHAH GX&aDQ MH YRGLWL UDpXQD R GRVWD
proizvodnihaje &GiRVAU REDPVIXiaDQ MH SURYRGLWL L (UpPE]PDWUI
]JD NUDWNRURpPQL VUHGQMRURDPQL L GXJRURPQL UD]YRM
SULMHQRVQH PUHA&H QXAaQRHMDHY PLFGVDRY IXI LFU UN M RAG@RM P L
utvrdPtRIXiD UMHAHQMD X VYUKX SR M®dDKvDIQ bitDam | MhEd-hQiRV Q H
SULMHQRVQH PUHAH YRKalp &l MRH O RY BRDPHMHDAHM X VLI X U C
RSVNUEH PUH&H X RGQRV[»%998 BRYKREBRYHIDWDPOQMNMDSDFL\
PUHARVYLMHWX VH NRULVWH U D JFONHH B)EKVWWRXGYHU BIARHAGHL K N & 847X6p
istosmjerni ptigersdsrmestvoakretanjem faze, izgradnjom ili reko
SRVWRMHULK GDOHNRYRGD L UD]JOLpLWLE, XINBPSQLReL SR
disertaciji rppmajtpiiRey HEMIDFLWHWD S BIRWHIQ R Q@K AP WHDEBHD F
SRVWRMHULK SULMHQRVQLK GDOHNRYRGD 5D]PDWUDQMD
NDSDFLWHWD SRVWHEMHK Y Ipki DBVMpO d NFRRLBBGRKD mpaktiranja koji s
ujedno aa@EioranjeM@PPRIHIDQMD NDSDFLWHWD QD[BDOHNRYF

3.1. 3ULPMHQD VXYUHPHQLK WHKQRORJLMD X SODQLUDQMX

SULNOMXpOIRYWAHMLYLK L]YRUD UDVW RSWHUHUHQMD L
energijom glavni su tAzbl@QMEaNPBADFLWHWD L SULPMHQX QR
SODQLUDQMD UD]JYRMD SULMHQRVQH PUHAH 5D]OLPLWH PH'
prednosti i nedostatke, stoga se kao glavni pokazatelji pri razv
sigurneSYNUEH SRYHUDQMH NDSDFLWHWD SULMHQRVQRJ V)
VXVWDYD RSHUDWLYQL WURANRYL LQYHVWLFLMVNL WURAE]
YLVRNRQDSRQVNL GDOHNRYRGL NRML VH SURWHst¥ GlkO@MH I
YHuLQD HQHUJLMH VH SUHQHVH GDOHNRYRGLPD GR NUDMQ|
]D SRYHUDQMHP NDSDFLWHWD X SULMHQRVQRM PUHAL XN
dalekovoda.
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*ODYQD NDUDNWHULVWLND @D®@sHINRY RGO MjeViz G BdY O
UD]JOLPLWLK pLPEHQLND NDR &WR VX WRSOLQVND RJUDQLDpF
VWDELOQRVW > @ 7HUPLPND VWDELOQRVW GDOHNRYRGD
VWUXMX NRMD VH PRAGRBUXIQ LMGIWALD YCIDMMHHN RV X UQ RV Q H
VWDELOQRVWL L PHKDQLpPNRJ LQWHJULWHWD YRGLpPD 6LJIX
UD]JOLNX ID]JQRJ NXWD QDSRQD QD GDOHNRYRGX GR R(
1HSRAWLYDQMH QDUXADYDQMIH YMDX PARBRMQGRYRVWL GR R]
WLMHNRP QRUPDOQRJ UDGD D SRVHEQR X KLWQLP VOXpDN
VSRVREQRVW VXVWDYD |]D RGUADYDQMH QDSRQD X SURSLVI
VXVWDYX QDNRQORMR QM MPHWENDIYPD L] ]DGDQRJ SRpHWQRJ
UDGD LOL LVSDG SRMHGLQLK HOHPHQWD X PUHAL PRA&H GR
ELWL UD]JORJ JXELWND VWDELOQRVWL VXVWDYD ,VSDG S
SRMDYRP NIDJX&WMR XWMHPH QD YRYHQMH SRJRQD SULMHQR
QX&QD RJUDQLPHQMD SURL]YRGQMH LOL SRWUR&QMH NDNR
XJURNRYDQD UHODWLYQR PDOLP SULMHQRVQLP NDSDFLWHMW
UHNRQVWUXNFELMRP SRVWRMHiULK LOL LJJUDGQMRP QRYLK C

5HNRQVWUXNFLMD SRVWRMHULK GDOHNRYRGD SRPRUUOX
XNOMXpXMXuL +7/6 YRGLpH SULNODGQD MH ]D RQH GLMHO
sigurnosna vWWmRaMHAGLK GDOHNRYRGD RJUDQLpDYDMXUL IDN
8SRWUHED YRGLpD YHUHJ SUHVMHND WHUPLpPpNH VWUXMH F
HOHPHQWLPD LOL NRQVWUXNFLML VWXSD +7/6 YRGLpL LVW
nH |[ DKWLMHYDMX |]QDpDMQH SUHLQDNH VWXSD L LIRODWRUL
RGQRVX QD SULPMHQX NODVLPQLK UMH&AHQMD 9HOLND EL
prednost je u impleméentdiji VFHTISRQHNDG PRAN RYEWGE DD MR
X SULMHQRVQRM PUHAL *ODYQL QHJIBWIloY&1tam\ & HNWisQRiGE
WURANRYLPD YRGLPD > @

SBRYHUDQMH QDSRQVNH UD]JLQH GDOHNRYRGD GUXJL MF
PUHAH L GDOHNRYRGD SUVWHBPX p\NDH/I Q@ DWRIDQ BIHIQ®@®RIXE LV
SULVWXS X YHULQL VOXpDMHYD |]DKWLMHYD GD VH LVNRUL'
]IDNRQVNLK SURSLVD WH MH RGDELU NRPSDNWLUDQMD S
SRYHUDQMH NDSDPIUWHHAWINBPEDMNWRVDAMHP PRJIJXUH MH L]Y!
GD VH SRVWRMHUL GDOHNRYRG GLaH QD YLa4X QDSRQVNX U
kV ili s 220 kV na 400 kV) ili tako da se jednostruki dalekovod |}
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dvostruk@ [5*ODYQD SUHGQRVW RYDNYRJ SULVWXSD MH G
SULMHQRVQH PUH&H L VPDQMHQMH JXELWDND GRN VX Q
UHNRQVWUXNFLMH GDOHNRYRGD X RGQRVX QD +7/6 YRGLpH
urbaK VUHGLQD LOL SRVHEQLK SRGUXpMD SDUNRYL SULUR
SUREOHP VWMHFDQMD SUDYD SURODVND ]D SULPMHQX YLA&F

3.2. ,GHQWLILNDFLMD GDOHNRYRGD SUDYDFD L RGUHYVLY
primjenu nok@RGERILMD X SULMHQRVQRM PUHAL

SODQLUDQMH UD]YRMD SULMHQRVQH PUH&H ]DVQLYD V
LQWHUHVD VXEMHNDWD NRML VX XNOMXpHQL X SURFHV LQ\
pri odabiru investicije imaYD W OoNaektL P WURANRYLPD NRML R
LQYHVWLFLMH L RSHUDWLYQH WUR&ANRYH RGUADYDQMD 2Y
RJUDQLpHQ MHU VH YHULQD LQGLNDWRUD SUHGVWDYOMD
Navedeni modeli uREhalUi SRMYULMHVQH SRGDWNH L SRYLMHVQD
UDGL EUJLQH L NRPSOHNVQRVWL ]QDpDMQR SRMHGQRVWD
RGDELUD NULWHULMD WUHED QDSRPHQXWL GD RGUHYHQL
pok®ANHOMH 3UHGORAHQR UD]J]PDWUDQMH X]LPD X RE]JLU &L
odabrano vremensko razdoblje tj. bilo koje vremensko razd
UbD|PDWUDQMD MHVW X WRPH aWR RPRJXUXMH VK&mojDQMH
PUHAL V RE]JLURP QD EXGXiUL UD]JYRM SULMHQRVQH PUHAH

SUHGORA&HQL SURFHV SODQLUDQMD ]DVQLYD VH QD |
UMHADYDQMD SUREOHPD KHXULVWLpNLP SULVWXSRP &LOM
primjenom suvremerLiMDiteMRMIdgVYRMLP WHKQLpPpNLP NDUDNW
NODVLpQLK UMHEAHQMD 3UHGORAaHQD UMHAHQMD V RGDEUDC
L +7/6 XabG SRWUHEQR MH SURPRWULWL V DVSHNWD XNO
proces s&¥tHoRG WUL NRUDND NUR] DQDOL]X SULMHQRVQH
GLQDPLpPpNRJ SULVWXSD 3RG WLPH VH PLVOL GD VH ]D RGD
XVSRVWDYOMDMX RYLVQRVWL SRMHGLQLK YDULMDEOL WN\
vyyLMDEODPD 3ULPMHQRP YLA&HNULWHULMVNH DQDOL]JH
WHKQLpNLP SDUDPHWULPD PDNVLPL]JLUDWL LOL PLQLPL]JLUI
VNXS UDVSRQ SDUDPHWDUD NRML |DGRYROMBDWORRX PARUR&HC
MH QDSUDYLWL YLAHNULWHULMWNYEND@BKILAX pdRIMCalXNOMXp
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SURYHGHQLK UD]PDWUDQMD QDJODVDN UH ELWL QD WHKQLY{
SRYHUDQMD NDSDFLWHWD L VPO®MHQMD JXELWDND SULMHC

Slikal:'LMDJUDP WRND RGUHYyLYDQMD SDUDPHWDUD ]

SUHGORQ@BRWLWDP UMH&ADYD VH X WUL NRUDND NDNR N
NRUDNX SURYRGL VH LGHQWLILNDFLMD SUDYDFD ]D VDGDaaQ
SR RGUHYHQLP NULWYRM NXPDWDND ]J]DJX&HQMD LstoQi SUL
SRYLMHVQR SUDUHQMH SRMHGLQLK LQGLNDWRUD X SULMHQ
GDOHNRYRGL ]D NRMH VX SRWUHEQD SRMDpDQMD WH VH S|
praksi.

U drugom koraku odabiru se moX eAR &dj O p & st & k) fan e
RSLVXMX SULMHQRVQH PUH3H X YUHPHQX SRWRP VH UD]
RGUHYyLYDQMD NDSDFLWHWD SULMHQRVQH PUH&H L JXELWL
+7/6 X4ADGL L NRPSDNWLUDQWD WH IMHNRMEY LIVSNRDY D QJ
UMH&GAHQMD V RE]JLURP QD VSHFLILpQH [IDKWMHYH YODVQLND
RGUHYyXMH VH VNXS PRJXULK UMH&AHQMD WM HOHNWULDPQL
RGUHYXMH VH JpiIR RHVODLYMIDVIWRXGEID |D SURPDWUDQL GDOHNR
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QRYR UMHAHQMH GL]DMQ ]D SURPDWUDQL GDOHNRYRG =D
PRIXUQRVWL L]YHGEH SURMHNWDQWVNLP SULVWXSRP SD i
dHOHNWULPQLK VYRMVWDYD L]J]UDpXQ HOHNWULPQLK L PDJ
NRULGRUD LIUDpXQ JUDGLMHQWD SROMD QD YRGLpPpLPD ]

potrebni.

8 WUHUHP NRUDNX YU&L VH SUR YUWHED GRELYDI Q VKV SR R
L UDQJLUDQMH V REJLURP QD XWMHFDM QD SRYHUDQMH ND
PUHAL 8 NRQDPQLFL LPDPR VNXS QHNROLNR PRJXULK UMH
SRVWLAH A8HOMHQL XWMHFDM OPQ®Y OWRK QURWHEH © MIDAK L VI GilHE
VH QDSUDYH HNRQRPVNL L]JUDpXQL NRMLPD (H VH UD]PR
LQYHVWLFLMD L WURAND L]JJUDGQMH

3.2.1,GHQWLILNDFLMD SRYHUDQMD NDSDFLWHWD SULMHQR"®

Glavmwvrha pland®]YRMD SULMHQRVQH PUHAH XNOMXp
SURL]JYRGQMH SRWUR&AQMH L UD]JPMHQH VD VXVMHGQLP RS
WHKQLpPpNLK UMHGAHQMD NRMD GRSULQRVH SRYHUDQMX NDS
RGUHGLWRWVRIXERYHUDQMD NDSDFLWHWD SULMHQRVD HO
SUHGOR&HQH LQYHVWLFLMH XWMHFDWL QD SULMHQRVQX P
JXELWNH SULMHQRVQH PUHaH NRML VH GRPLQDQWQR VDVW

ldentiNDFLMD SRYHUDQMD NDSDFLWHWD X SULMHQRVQ
SULMHQRVQH PUHAH NRMD VH SURYRGL QD SRYLMHVQLP SR
kapacitet za svaku naponsku razinu, gubitke na svakiofOhdponskc
Za svaku naponsku razinu provodi se analiza osjetljivosti kroz
PUH4aL =D VSRPHQXWH DQDOL]JH SULPMHQMLYDW UH VH PRG
podacima (izabrana godina ima normalndizwropeadnosoizzodsae u
RSWHUHUHQMD &LOM DQDOL]JH MHVW XWYUGLWL SRVWRMH
NUHWDQMH NDSDFLWHWD X VOXpDMHYLPD SURPMHQH SRM
SRVWXSND SULND]DQL VXi @QDisMOp FplrovodBEG@RAHA se za
SULMHQRVQX PUHAX RGUHYyXMH NDSDFLWHW SULMHQRVQH F
MH RGUHGLWL NDSDFLWHW SULMHQRVQH PUHAHTrugdXELWN
ULMHpPpLPD SUL SONMELXYREMWUXREADBMWLYQD RIJUDQLPpHQMD |

viemendu.
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Slikd2:3URFHV RGUHYyLYDQMD HOHPHQDWD ]D SRYHUDQMH

2GUHYLYDQMH SRJRGQLK PMHVWD |]D XJUDGQMX QDSU
SULMHQRVQH PUHAH WDNR GD VH X]LPDMX SRYLMHVQL SRJ
NDR XOD]QL SRGDFL ]D SURUDpPXQ SULND]DQR SRDVW¥RIF ERM
VH SURUDpXQ QD WHPHOMX NRMHJ VH RGUHYyXMH NDSDFLWH
]D SRpHWQR VWDQMH L EXGXuD VWDQMD VFHQDULM 3UL |
koja imaju tokove snaga blizu maksémalmuildovvojlgdnoksapdp.itet u c
QD GR]YROMHQH YULMHGQRVWL GDOHNRYRGD 1D VOLFL
QD ED]JQRP PRGHOX RGUHYyXMH XWMHFDM EXGXULK SODQRY
VDGDaQMH VWDQMH 3 URPHDYHDMXP VH) RUBPNCIRWD WRNRYD X
110 kv, 220 kV i 400 kV dalekovode na navedenim naponskim re
MH L SURYMHUD PHKDQLpPpNLK VYRMVWDYD L VLIXUQRVQLK
SRVWRMHUL GOOGHRWRYREFLWILQH 1DNRQ SURYHGHQLK SURUD
NRML VX QDMXJUR&AHQLML L pLML WUHQXWQL NDSDFLWHWL
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SULMHQRVQRM PUHA&L ,VWR WDNR VH UD]J]PDWUDMX SURW
pd¥HUDQMD NDSDFLWHWD GDOHNRYRGD NDR MHGLQL QDpLQ
WHPHOMX QDYHGHQRJ XWYUyXMH VH RFMHQD XJURAHQRVWL

ne zadovoljavaju sigurnosne uvjete.

IDNRQ aWR VH XWWGELOANRBRGIDXPNMNMRLPD SRYHUDQH V
PUHAL WM QHPD ][DGRYROMDYDMXiUuL NDSDFLWHW UD]PRWU
UMHAHQMD XNOMXpXMH +7/6 YRGLpH L LOL NRPSDNWLUDQ
provedene abgdizr SWRYRYHQMD RSLVDQL VX X QDVWDYNX

3.2.12GUHYLYDQMH NULWLpPpQLK HOHPHQDWD X SULMHQRVQR

2GUHYLYDQMH NULWLPpQLK HOHPHQDWD YU&aL VH QD GLN
SULMHQRVQRJ VXVWDYD *ODYQL NRUDFLLLHpYHDBKXNDHD BADHYCULY
RGUHGLWL L UDQJLUDWL NULWLpQD PMHVWD SR HO SDUL
modelirana je u programskom paketuP9wvware 8ysPES/Bihardgtor
EngineebsX LVWRP SURJUDPVNRP SDNHM X 8Q REOEVINDOYMIBKQWYHV
SUHJOHG WHRUHWVNH SRGORJH ]D L]JUDPpXQ NRQVWDQWL
NDSDFLWHWD L JXELWDND X SULMHQRVQRM PUHaAL

=D ED]QL PRGHO X]LPDMX VH SRVWRMHiUL SRGDFL R SU
temelju togaHr8WIRUDPXQ WRNRYD VQDJID L RGUHYyXMX WRNR®
QHPD RJUDQLPHQMD LOL RSWHUHUHQMD GDOHNRYRGD L]Q
GDWRWHND V SRSLVRP L UDQJLUDQMHP RSWHUHiUHQLK GD
odabQL VFHQDULM NRML VH GHILQLUD V REJLURP QD EXGXi
L]YR]D $NR MH QHNL RG HOHPHQWD PUHA&H RSWHUHIHQ L]
DQDOL]D $QDOL]JRP VH RGUHyXMH MH OL PREXash oQPer BiG H Q
UDGD HOHNWUDQD LOL SURPMHQRP HO SDUDPHWDUD GDC
XNOMXpXMH SURPMHQX UHDNWDQFLMD L GRSX3WHQH WHU|
YULMHGQRVWL WLSVNLK UMHAHQMDi Lpa®dniveH i Ds\pX & ajd DN
SULGUXAXMX SUHRSWHUHUHQRP HOHPHQWX 8 NRQDpPQLF
SUHRSWHUHiXMX X MHGQRP RG VFHQDULMD L HOHNWULpPQH

otkloniti.
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Slik#: Koraci posR Gk leYDEaBmMeladLp QLK HOHPHQDWD

3.2.1PRUDpPXkpva snaga

Prema sigurnosnim zahtjevima, svi elementi u prijenosnom
granicaiyYaRJ RSHUDWLYQRJ RNYLUH uwj@t VO Kep xMd eHorvid | j\eD G Dn
SUHGYLYHQR RGUHYLY D QNMHU WHK QLbNY K VMHABIQIMDL VP DW
zahtjm@ioji nastaju u nu¥IDWLbtoRYLVH R UDVSRORALYRVWL VY
VWDQMX SULMHQRVQH PUHiAHe or®hdkil¢RpriX B PdphjidR b
PUHAH XSRWULMHE®LK Vel v 18 BLLPRUHDDM BR\A X b & o & W {10
6YD pYRULAWD X SULMHQRVQRM PUHAaL VDELUQLF®B, RSLVD
injektiranom jalov@m igmagom rapdazanim kutom&yn&8pPRUWADPXQ VH
]DSRPLQMIHeMD SR]GDWLP YHOLPpLQDPD L]JUDpXQDYDMX SUHR
YHOLPLQH QLVX SR]IQDWHIiLWNDGHBMID VQDJIJD pYRULAWD

a
2L 78 @ & @... "y PE 78 @ $oTE . WhF GF 2 cus;

Y- U
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Primjena konDp@MIDrL +7/6 YRGLpPpD X SULMHQRV(

dRN VH MDORYD VQDJD X pYRULAWX L LJUD&ADYD NDR
6 , . a ] e ,
BuL 8 @ &k @ 43y (PE HE@ .S @ KYF GF e ud;
Y- U
. RULVWH iR 4 pllZSBROW XSDN UMHADYDQMD IRUPLUD VH QL
VH ]DSLVXMX PDWULpPQR

£2nL s2aVol ¢ chac i
(13 (,7 7 18 (,7

*GMH VH PDWULFD >-@ QD]JLYD -DFRELMHYD PDWULFD
NRUHNFLMD QDSRQD rnat$iRIdnt@EHp & URDrdlpiXgraapisivanjem
SUHWKRG @EH WHIO@BQ@&#H YULMHGQRVWL QDSRQD X pYRULAWL

. e . 25 .
£2nL ¢® chaVoLp #YcL o8 fh ed?h U]
63 7 18 (,7 C,7 17 18 63

Zak-WX LWHUDFLMX YULMHGL VOMHGHUL L]UD]
a

2pod 75 @ 7T @B @) FUY FagAA EL st A& B F s :uay
Y@b

a

3 ad 75 @ Y@B7YE'°? Ry @) F U™ F ayfa EL s& @& & FsF C :uk;
Z&WX LWHUDFLMX UD]JOLND ]JDGDQH L LJUDpXQDWH GMH
é%b;LZMOXFZ(ﬁé EL sdai@ & F s LUy,

¢35 L BwoxF 3y, 4 ELs@aB & FsFC LuE;
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Zak-WX LWHUDFLMX UD]JOLND QDSRQD L NXWD YULMHGL

s b; b; ?5 \ DZE’; B
d"U_p_hL S ®I—f’%§_‘? ‘ug;
ke g T ; 30 A

< 177 18 [F-YeXe)
1IDNRQ L]UDik¥QDtdb]nkWdM UWHUDFLML L]JUDpXQDYD V

i kutakzdteraciju:

;.D> 5;

7y

L 75 E¢Ty Tus T,

G7% L Q7 E G UB'S,
S3RVWXSDN VH QDVWDYOMD VYH GRN VH QH LVSXQL >
zaustavI[AWHA DWLYQRJ SRVWXSND MH RGUHVHQ |PRIFXAWHQR

k+lteracije.

3.2.13URUDPpEQetrije dakUBHGR@RAHQLK UMHAHQMD

JUDpSDUDPHWDUD GDOHNRYRGD SUHGORAHQLK UMHAH
GDOHNRYRGD VD NRQVWDQWQRP IUHNYHQFLMRP > @ 8 SUH
QD WHPHOMX WLSVNLK UMHAHQMD L SR]QDWLK JHRPHWUL
SURUDPXQ ]D QRYH NRQILJXUDFLMH NRMH SURL]JOD]H L] VS
RGDELU HO SDUDPHWDUD GDOHNRYRGD RGUHYXMH VH QI
konstante dalekovoda.

Konstante voda ovise 0 svojstvima R@tefYjd@HAQ KAFLh \éSt
RWSRU PDWHULMDOD ]D YRGLpH L JHRPHWULMVNLP VYRM
XGDOMHQRVW L UDVSRUHG PHYX YRGLpPLPD 9RGRYL NRML
razlikuju po duljini, pa zbbgr Ry GéinkAIMUDPR SR MHGLQLFL

kilometru.

.RQVWDQWH YRGD VX RWSRU NP LQGXNWLYLWHW
6 NP .RG WURID]QLK YRGRYD NRQVWDQWH VH [DGDMX SR |
VH NDR SRYUDWQL GLR VWUXMQRJ NUXJD X]VRD|)DPGY B M pim!
voda dutiivBQVWDQWH YRGD SULND]DQH SRPRUX JUDILpNLK
ID]QRP YRGLPpX X]GX8QH NRQVWDQWH D NDSDFLWHW L F
SRSUHPQH NRQVWDQWH

Polazna struja nije jednaikandoharaogustia nije jednaka nuli,
PRUD QDuUL SRYUDWQL SXW 7DM SRYUDWQL SXW MH JHPOMD
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VWRJD VH PRUDMX X]J]HWL X RE]JLU L XWMHFDM JHPOMH L
dalekovoda

Slik3d:Konstante dalekovoda

,JUDpXQ VH SURYRGL X]JLPDMXuL X VWUXMQH L QDS
GDOHNRYRGD 9H]D L]PHYX QDSRQD L VWUXMH PRAH VH SUL

o axlg| B2 xOgapEr Og JUS t;
gdje su:
§2x024 YHNWRU SDGRYD QDSRQD YRGLpD
<@y PDWULFD X]GXAQLK LPSHGDQFLMD YRGLpD
g ax02. YHNWRU VWUXMH YRGLpPD

Matrica impedancrifjanjgdjedidE URM Y RGIEQDR M I DAWLWQLK
'LMDJRQDOQL pODQRYLZPHWU IVFHp LPdSHOVDJ@QFL M Dastite imped
SHWOML NRMH WYRUH YRGLp RGQRVQR ]JDAWLWQR XaH L S
bOD@RYIR M&ISUHGVWDY O NB WXL R BGDGAIHE L M Hid-W P HBXG & Bl W O
JHPOMBWNL ¥ Rz&loplja.

(OHPHQWL PDWULFH LPSHGDQFLMH VH MHGQRVWDYQR

R YRGLPLPD L ]DAWLWQLP X&HWLPD ODpDUR FRIBNURHG K @L K1 H.
MHGLGQGKRQNP
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SRMHGLQL pODQRYL PDWULFH X]GXAaQLK LPSHGDQFLMD

usY é
<8y L45Era'!WEFra'!xtz—|<{lz V=RK@E ud Uy
usy é
<8 L40Era’{wEﬁra"xtzHT{JT V3P EPQK U v
usY é
<8y L rawE Fra'!xtzH:{lT VRK@EVa EPQK Tuds w
Y

Primjenom metodeBOSBIUQDFLMRP ]DiaWlkMhQdenlo mX &l \wkD
transformacija dobivivbeaheatpdakaY RGLpD VW XSHOQD PROAPRER L
zapisati:

B
O
O

@
"e

ODWULFD NRMD X]LPD X RE]JLU RVLP JHPOMH MRa L G
VOMHGHUHJ LJUD]D L LPD RQROLNR UHGDND L VWXSDFD NR

B[ <Bp [B0 N
| [ EHE X

—

—

><BL <BF x<BA<B175BAA uBy,
MatricaRREXKYDUD VDPR ID]QH YRGLpH
MatricetREXKYDUD XWMHFDM JDAWLWQRJ XaHWD QD ID]C
Matricd+tREXKYDUD XWMHFDM ]JDAWLWQRJ Xa&HWD QD ID]¢
Matricd+REXKYDuUD VDPR ]DAWLWQR X&aH

Ispisivanjem CamdRPXOD |]D VYDNL YRGLpPp YH]JLYDQMHF
LIGYDMDQMHP GR]JHPQH XaDGL GROD]LPR GR VXVWDYD HNY

vod to je matrica 3 x 3, a za dvostruki vod 6 x 6.
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9H]D QDSRQD L QDERMD YRGLpPpD PRaHIefHitdaUBDRLIW Eu M

potencijalnih koeficijenata:
$7L 2282 uB Y,
SUL pdP X
$?+YHNWRU QDSRQD YRGLpD
2?+tPDWULFD X]GXAQLK NRHILFLMHQDWD
3?7+ YHNWRU QDERMD QD YRGLpPLPD

Vrijedi ponovno ida jeoneatrijalnih koehi€nedatanirme d pu
YHU UDQLMH RSLVDQR ]JQDpHQMH ODWULFD >3@ MH UHDOQI
MHGQRVWDYQR RGUHYyXMX L] JHRPHWULMH VWXSD L SRGDW

SRMHGLYL POW@RFH SRWHQFLMDOQLK NRHILFLMHQWD

25 - sz@riHﬁ?VﬂK@\E B Z
O
2k sz@riH—%gUPVﬂVaEEPQK U {;
O
* ..
2U¢sz@riH—ﬁYR:J@EF:uw:JHKuaENE?A CUdT;
.

EliminacjppdWLWQRJ XaHWAHTrS& &floP MaQ PdEBIFPODWULFD aH
VWXSQMD L] NRMH VH LQYIOW]H ® R A D NPIORN AWR B IH IEMIESH OKU IHR) S
matrica kapacitivnih [KpbediQRaHOM&NPUXAQRP IUHNYHQFLMRP
matrica kapacitivnih [BlstptagmeMdMbet@dog voda primjenjuje se p
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VLPHWULUDQMD OQRAHQMHP PDWULE&HIicDRS UHNGEK maxVjet
njezmoiverzRoPDWULFDPD GRELYD VH VOhp&FrantmBtricaD X]
VLPHWULPQLK NRPSRQHQWLaSRSUHPQLK DGPLQWDFLMD YRG

3.2.12.GUHYyLYDQMH NDSDFLWHWD X SULMHQRVQRM PUHaAL

2GUHYLX®eM DyertigenoBPlveHaH JODYQD VX SLWDQMD SULC
YRYHQMD SULMHQRVQH PUH&H L XMHGQR L]QLPQR YDA&QD ¢
PUH&AH 3RVWRML YL3H L]JUDpXQD PHWRGD ND®DBELNMEHWD S|
Transfer Capiatii€ngTotal Transfer AQpdpxyQ VPDWUDPR GRPL
NRULVWLW UH VH X GD®M QUD P XWQDNPBW B DWW M RIBDSINIMIHDQWR U
NRUDND L UDHIXQD SULNB]DQ MH QD VOLFL

SIikd:-HGQRVWDYDQ SULND] LI UDpXQD NDSDFLWHWD SULM|
sustdvd]

3UYL NRUDN L]UDpXQD-IMH RIGH BAH LDQMIHX QD& D NDSDF
VXVWDYD VYH GRN QLVX QDUX&aHQL VOMHGHIL XYMHWL X S

Ff THUPLpND WRBRIRV/VQRWWQD RGUHYLYDQMH PDNVLPDO
WUDQVIRUPDWRUH X SRJRQX 8VOLMHG YHULK VWUXMD L]C
SULMHQRVQH PUHA&AH PRaH GRUL GR VWUXNWXUQLK PHKDGQC
ssgurnosnih udaljenosti.

I Naponska staRiDsck® VH PRUD ]DGUADYDWL X VLIJXUQR
VXVWDY ELR VWDELODQ WM |]DGUADWL RGJRYDUDMXuX NYD
SDGD QDSRQD L SRVOMHGLpPQR UDVSDGD VXVWDYD

¥ StabishosustaXaHOHNWURHQHUJHWVNLP VXVWDYLPD S
XVOLMHG SRWUHEH GD HOHNWUDQH X SULMHQRVQRP VXVWI
PHKDQLpNH HOHNWULPpQH L PDIQHWVNH LQWHUDNFLMH ]ER
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6YDND HOHNWUDQD SRVMHGXMH VYRMD IL]LNDOQD VYRMVYV
SRMHGLQLK JUDQLFD QDYHGHQLK NRPSRQHQWL PR&H GRUL
IUHNYHQFLMH X HOHNWURHQHUJHWVNRP VX¥V3W®WaX T a® eH O |

oscilacije treba strogo izbjegavati ili upravljati unutar prihvatlj

8 LIUDpX@IX X]L&DMX VH X REJLU QDYHGHQD VLIXUQRVQ
PDNVLPDOQD UDJ]PMHQD VQDJH NRMX MH PRJX{Hy IRAD/MWLCHI L\
LIQRVD SRWUHEQR MH NRQILJXULUDWL PUHaH SRpHWQH
PpbYRULAWLPD ,JUDpXQRP WRNRYD VQDJD VLPXOLUD VH UD]P
VH PLMHQMD L]QRV WHUHWD L SURL]YRGIQUMN XGDMXWDL G P D
RSWHUHUHQMD SRMHGLQRJ HOHPHQWD SULMHQRVQH PUHAaH
X]LPDMX VH NDR PDNVLPDOQH YULMHGQRVWL SURL]JYRGQM
LIPHYX GYDMX VXVWDYD D GD@HHRME QR R WHE@QRPRY XV W

'UXJL NRUDN L]JUDPpXQD -MHeRTdHyMYSQAMHRZS G bility Mar
750 SRNULYD SURJQR]JLUDQH QHVLIJXUQRVWL SURWRND HOH
WU&LAWD NXSRYLQD NDSDRLMWHDWDKQG RIWDYQ IMLD R DV W.YQ I RFRH
QHVLIXUQRVWL QHNLK SDUDPHWDUD X SULMHQRVQRM PUH:
PRIJXUL VX QHRpPpHNLYDQL GRJDYyDML X VWY-DURQRPHY X MR HGXE
ovi prema povijesnim NRUsYwWmhallVWDWLVWLpNH PHWRGH

8 WUHUHP VH NRUDNX RGUHYXMH 17& NRULVWHUL VOME
06%_66% 64/ ‘uds;

Dobivena vrijedmd»sSUMTGC/WDYOMD RPHNLYDQX PDNVLPD
MRIJXUH SRVWLUL QD VXpHOMX LJPHYyX GYDMX VXVWDYD D GEC
PUHAH QL X MHGQRP VXVWDYX

, JUDpXQ NDSDFLWHWD X SULMHQRVQRM PUHAL SULPMHQMXN
SURFHVD XQXWDU VXVWRGD\W QR UDGOUKEPMXVHODEH WRpNH
RGUHYyXMH NDSDFLWHW SULMHQRVQH PUHA&H ]D VYDNX QDS
UDILQX RGUHYXMH VH NDR JEURM NDSDFLWHWD VYDNRJ C
predstavlja maksivhdLnP ReJxXrek SULMHQRY HO HQHUJLMH L RS
]D VYDNX QDSRQVNX UD]JLQX =D L]JUDPX]Q ND SIRRLW WWPRVY

izra&z
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Ad'—\bem_ Ad'—\bem_ Ad'—\bem_
-Lppa .- -Lppa ;- -Lppa ;- it
S S I > ? udt;

5547 L ? 5547z L ? 5542z L

kpc cL 554z E 664z E gasz 7 rudu;
1D WHPHOMX SURYHGHQLK LJUDpXQD WRNRYD QDSUDYL
PUHAL NRML XNOMXpXMH RGUHYLYDQMH JXELWDND ]D VYDN!
GRVWXSQD L] YLAH PMHUQLK VMWDK U DBHR WHHE § DY i £KBHD & D N
dalekovodi2®20 dd40 e k& navedene mapigmeski®je gubici korone i gu
cureakjojX RGUHYHQLP YU HRRHREIXNLEPLWL ]QDPpDMQRJI L]QRVD 1C
spomenutih afulbWakd JDVHEQR REUOgHiQe X QDVWDY NX

3.2.1255UHYyLYDQMH SURYMHVD YRGLpPpD

PrPHKDQLpPNRP SURUDPXQX YUGLPR XVNODYLYDQMH PH
QMHJRYD SURYMHVD 3UL WRPH SURYMHVL L QDSUH]IDQMD
granicu pri ekstremnim klimatskVivDVjHiMN&R MRtedpl X]LPDMX S|
SURUDpPXQX YRGLpPpD

WRpPpNH RYMHVLaAWD L GXOMLQD UDVSRQD MH WRpPpQR
YRGLp MH KRPRJHQ

YRGLp MH SRWSXQR JLEDN

GRGDWQR RSWHUHUHQMH MH FLMHORP GXOMLQRP YF

YODVWLWD G\RHERWRR REWHUHIHQMH RULMHQWLUDQ]
VPMHU YMHWUD MH YRGRUDYDQ RGQRVQR VLOD YMH

8 LQAHQMHUVNRP SURMHNWLUDQMX QDG]JHPQRJ YRGD
VH NULYXOMD SURYDMIDMEIR QRPE XROHMWDEB MHGQRVWDYQRVWL
WRpPDQ UH]XOWDW ]D VLIXUQX L]JUDGQMX GDOHNRYRGD 2E
QDSUH]DQMH X QDMQLARM WRpPpNL YRGLpPD DOL VH PRUD Y
je i¢.d 8 SURUDPXQX YHOLNX XORJX LPD WHPSHUDWXUD YRC(
SURUDpPXQX YULMHGH WHPSHUDWXURQ L R@&H]:L \NARODMAL UNDX VIH PG
zimski teret nasi&e pri

UL RGUHYLYDQMX VLIXUQRW DL KHXNRWIREH |D BE&Y BIRMH
QDSUDYLW UH VH SURYMHUD VLIXUQRVQLK YLVLQD L GRGDYV
JLPVNL WHUHW NDNR EL VH RGUHGLOD YULMHGQRVW SURYM
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3.2.2,]JUDpXQ UDVSRQD SDUDPHWDUD

1IDNRQ ¥W XWYUGLOR NRMH GLEBRIHILDRDERNMY MKRFYWHHAH
dalekoVtldSUHGODA&X SRYHUDQMDPredtlpd @R \dQURyo N DkD D dr KUV &il\g
JGMH VH RGUHYyXMH UDVSRQD HO SDUDPHWDUD ]D QDYHGH
KompNWLUDQLK GDOHNRYRGD QDPHUH VH NDRanh@bDé&deind |ER L
probleme. Na ptikaZaéijagram toka koji je podijeljepisuflecjelin
NRUDNH RGUHYLYDQMD L DQDOL]H SUHGORAHQLK LQYHVWLF

Slika:'LMDJUDP WRND SUHGOR&aHQH PHWRGRORJLMH RGU

a)Priprema ulaznih podataka i scenarija

2GDEUDQL HOHPHQWW nRlikam ssfa@biyet@®adnom poglavlju.
RGDEUDQH HOHPHIQLWMH UMHUWE B/ RIGRQEXG LIV Ls pDmib@D O L Xrametri
X UHDOQLMLP XYMHW LPDO KRADEHQXVQFHHP DHd&NgDr X]dvA peWn éa H
kretanja/ostvarenjRSgW blit&lkieH QD M MWW DQEUWD]YRGQMH XNOMX
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L] REQRYOMLYLK LJ]YRUD HQHUJLMH 3ROD]HUL RG FLMHORJ |
odabir sceadrjigdj@n je u tri komparkka BUlji&kg Bin/cip pronalaska skupe
koji predstavljaju cijelu godinu.

Slika7:Pristup odabiru modela (scenarija)

6PDWUD VH GD UD]J]OLpLWL VFHQDULML XUW @D\WDLYpQ WD |
XYMHWLPD RSWHUHUHQMD L SURL]JYRGQMH -MiNaO MPKpstMX L
RGUWHDYyQMX EURMD VFHQDULMD |DVQRYDQ MH QD DOJRULWPX
VFHQDULMD X MHGQRJRGLaAaQMRM VDWQRM UD]GLREL X VY
VPDQMHQMD EURMD VFHQDULMD .RQDpQLIENGSM RaGID B D Ed |
UD]|XPLMHYDQMD L SUDUHQMD vDGDaQMHJ VWDQM&2a u DQDOI
VWYDUQRP YUHPHQX GRELYHQ MH UHDODQ SULND] X] VWYDI
sa susjednimaE&EEProizvodnju kojaLpredsidWMBERQ XYMHWD 2GDE
NRMLP UH VH SURYHVWL DQDOL]JH QLMH RJUDQLpPHQ LVNOI
RGDEUDQL VFHQDULM UD|PDWUDOR VH YL&H YDULMDQWL >
GRVWXSQRAUX SRMHEGHIAH K'HHWOBO MO DWROGPEL Us B H QI UL MD (
DQDOL]D SUHGORAHQLK NRPSDNWLUDQLK GDOHNRYRGD L +7

b),]JUDpXQ UDVSRQD SDUDPHWDUD

,JUDPpXQ UDVSRQD SDUDPHWDUD YU&4L VH QD RGDEUDQ
SURUDPXQL WRNRYD VQDJD =D NULWLPQD PMHVWD X SULN
UMHAHQMD X VYUKX SRYHUDQMD SULMHQRVQRJ NDSDFLYV
SULPMHQMXMXIiL +7/6 X4DG L LOL NRPSDNWL UR B &HQIFDV QVIRM
RJUDQLpHQ DOL VH X UD]JPDWUDQMH X]LPDMX RSFLMH NR
PRIJXULK UMHEHQMD ]D VYDNL VFHQDULM VH UDGL L]JUDpPXQ

XYMHWL X SRIJIRQX XWMHFDM QKENDVINCH XWSHMW. MRHQ I IQRM PH
prikazano na.slici 3.8
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SIikd8:2GDELU NRPELQDFLMH NDQGLGDWD ]D VYDNL VI

IDNRQ SURYHGHQLK L]JUDPpXQD WRNRWIRQMD/RNSY LV
UMH&HQAWRparametara na temeHRuNithd Bt@KMaX JXELWDND X SUL
NDSDFLWHWD SUIIMWEOIRVQM»® WOHAMHGHQLK LQGLNDWRUD X S
VH SULPMHQD NRPSDNWLUDQMD L $#ipRYREMpPUBAWD]QH VO

c) Prenvg idwneosti i rangiranje

U skloprovjere dijéllay Rw& L GDOHNRYRGD VD |DGDQLP W
SRWUHEQR MH SURYHVWL L]JUDGLWL SURMHNWDQWVND UMH
L HOHNWULpPQD VYRMVWYD GDOHNRYRGD OHKDQLpPNH SURYI
visine (mMak@LM8URYMHYV SUL WUDAHQRP RSWHUHUHQMX DP
WHUHWD RGJRYDUDMX YULMHGQRVWLPD NRMH VH XRELpI
GDOHNRYRGD L SURYMHUX PHKDQLpNRJ RSWHUHUHQMD RYNM

stupa.

(OHNWULPpQH SURYMHUH GLPHQ]JLRQLUDQMD GDOHNF
GLHOHNWULPQLK VYRMVWDYD &aWR X SUYRP UHGX SRGUD]:
YRGLpLPD NDR L L]JPHYyX YRGLpPpD L X]HPOMHQRIJ GhadbHhORe D V
prilike kako u stacionarnim tako i u tranzijentnim stanjima. Potr
UD]IPDWUDQRJ GDOHNRYRGD QD WHPHOMX HOHNWULpPQLK
PHYXQDURGQLP VWDQGDUGLPD 1D NRRGEHGDLM. MX L]HR CLREL
JUDPpQH XGDOMHQRWR\ALp]RPHIRGEREQL GLR VWXSD 1DSUDY
RVQRYQLK SDUDPHWDUD RGDEUDQLK JODYD VWXSRYD WH
NRPSRQHQWH GDOHNRYRGD YRGWLp LRYIWDYRQ RISBRODMDL X]¢
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EOL]LQL GDOHNRYRGD 6YL SURUDpPXQL SUHGYLYDMX SURY
SRVWXSFLPD L NUR] SULPMHQX PHWRGH NRQDPQLK HOHPFE
SULPMHQX NRPSDNWLUDQMD L +7/6 YRGLpPD

d) ANOL]D SUHGORAHQLK UMHAHQMD L RFMHQD LQYHVW

=D WDNR RGDEUDQD UMH&GHQMD QDSUDYLW UH VH DQDC
X RE]JLU SURJQR]H SURL]JYRGQMH RSWHUHUHQMD L XYR]D L
scendb ]D DQDOL]J]H X SULMHQRVQRM PUH&L PRa&H VH RSLV
1HVLIXUQRVW X SURJQR]JL RSWHUHUHQMD PR&aH X]JURNRY
HNRQRPVNLK NRULVWL RVWYDUHQLK RG SUHGORAHQLK LPS

5DVW RSWHWHNWOQORBQHUJHWVNRJ VXVWDYD RELPQR M
PRGHO |D SURYRYHQMH RFMHQH LQYHVWLFLMD X SULMHQR
PUHAH 3ULOLNRP SODQLUDQMD SRYHUDQMD NDSDFLWHWD -
distEXFLMH ]D SUHGYLYDQMH RSWHUHUHQMD VXVWDYD 7DV
SULPMHQMXMH SULOLNRP SODQLUDQMD 1D VOLFL SULNL
prijenosnog sustava i normalne raspodjele [fd]odsitdilyievo g ek ajaa
VH PRJX X]JHWL X REJLU X EXGXuULP SUHGYLYDQMLPD WH MH
UbGL EROMHJ UD]XPLMHYDQMD NUHWDQMD RSWHUHUHQMD

STk 2SWHWPeHpPpHIQQenosnog6bdystava

PretposttRvMBEGQDNRP UDVWX RSWHUHUHQMD WRNRP JRC
GLQDPLpNRJ UDVWD RSWHUHUHQMD 2pHNXMH VH GD UH YHI
SUDWLWL RSWHUHUHQMH VXVWDYD 6WRJD ®&NdPMNRsElvaVH >
rekonstrukaligbovtodbhala ]JYiHVWL X |[DGDQLP URNRYLPD 6OLpPQF
GDOHNRYRGD NRML QLVX XYMHWRYDQL SULNOMXpPpDN QRY
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tranzita i si9eiowosino o tome kada bi se rekonstrukcijom opra\
VPDQMHQMH RSHUDWLYQLK WUR&GNRYD VXVWDY¥®ustdvd]UDD
korisatH IXQNFLMD JXVWRUH YMHURMO® @& VsW a kU D&/l s RrIW H |
GDOHNRYRGsR@aNLNY & @ulb D EXOQ VO K B B1HQ L
1
%Wyl + 3T, BT.@T udv;
21
SUL pje@RRPHNLYDQR VPDQMHQMH GMHO BWj@bKcipaEL WD
smanjenja djelsMDNDgUiIGDOHNRYRG |D d5bD R ®WHMD QK iR;SSWH U
JXVWRUH YMHURMDWQR\WWL BERRSIWHHEINMBDQWHY WDMBORJ V
MHGQRVWDYQRVWL LJUDpXQD IXQNFLMD VPDQMHQMD JXEI
dijelonei. VHH PRAH LGBBEhWQDYDQMHP V PZRQMIDQ MDW DX R ISW BN B
sustavu. Za takd ]ddbphX€nt QRBUWMINW tH VH RFMHQD SUHGOR:

3.3. ORJXUH EDW pbMHUlpTjlikom implemeazaxajeanih tehnologija

Postu@akDQLUDQMD UD]JYRMD SULMHQRVQH PUHAH NRM
LIJUDGQMH REMHNDWD X SULMHQRVQRM PUHAaL WUDAaL LQ
REJLURP QD QDVWDOX VLWXDFLMX JGMH MHSSORQMXPB®MH
OIED L SRWURaAQMD UDSLGQR UDVWX MDYOMD VH SRWUHED
SUREOHP MDYOMD X JXVWR QDVHOMHQLP SRGUXpMLPD L SR
GROD]L GR ]|DJXdHQMD SRVWRMMHERYOQOXYPWFBa X QYHAXWQ EN K
WDNR VH YMHUXMH GD MH X |[DGQMLK JRGLQD XORAHQR Q
RSUHPH MH VWDUD L VPDQMXMH MRM VH UDVSRORALYRVW |
GDOHNRYRGD QDMpUHOH WNHR P RQIXUHL &X' QDSRQVNX UD]JLQX
]DNRQVNL SURSLVL SULPMHQMLYL QD JUDGQMX QRYRJ LC
NRPSOHNVQLML VX QHJR SULMH QHNROLNR GHVHWOMHUD ¢
SRVWRMHUHE GDIGHINBYSRe®Dno obratiti pozornost na:

1.-DYQR PQLMHQMH X SRIJIOHGX XWMHFDMD GDOHNRYRC

8 GDQDaAaQMH YULMHPH X SODQLUDQMX L]JUDGQMH LOL
SDaQMH SULGDMH LQWHUDNFLML V MDYQRA&aUX 9L]XDOQL X
VX XWMHFDML QD VYDNRGQHYQL 4LYRW ShaVvidgwadmouDP}
rekonstrukciju dalekovoda.
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Primjena kompak+tift/nYaRiGLpD X SULMHQRVQRM

2.=DNRQVNL L WHKQLpPNL QRUPDWLYL

1L]RP IDNRQVNLK L WHKQLpNLK DNDWD |DKWMHYL VX V
YULMHPH JUDGQMH 3UHSRUXPHQL L]QRVL (0 SROMD LVSRG
naponsku razinu zahtijevaju primjenu nove tehnologije prilil

dalekovoda u svrhu zadovoljenja propisa.
3. 7URANRYL L]JUDGQMH L |DX]LPDQMH SURVWRUD

7URADN L]JUDGQMH QRYRJ GDOHNRYRGD L]X]HWQR MH
daHNRYRGD SRJRWRYR DNR WUDVD GDOHNRYRGD SUROD]L ¢
GDOHNRYRGH WDNRYHU MH WHaNR SURZLULWL WUDVX GD¢
SRGUXpMX SD MH ]DSUDYR MHGLQL QDpLQ ]DrcoUDYDQ N\
NRPSDNWLUDQMD L LOL XJUDGQMD +pMo¥MRGLpPD D GD VH QI
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4. ANALIZBUBITAKSA35,-(12612- 05(a,

8 RYRP SRIJODYOMX UH VH SUHGVWDYLWL QDpLQL RGU
'D EL WR ELOR PRJXUH SRWUHEQRBEWLHLUY |SEMHMQRNDRR @C
NDNR VH PMHUH SRKUDQMXMX L DQDOL]JLUDMX HOHNWULJpC
SUYHQVWYHQR UDGL RGUHYLYDQMDjeliL @b REAaM&IN Relf i Mald Réis
SULMHQRVQH PUHA&H bhtBRQDANGN QY K MGRWE/BINEW DpQgipbli (G k a
QD SULMHQRVRPIRHW IPUH@L L]QRVL 2GUHYLYDQMH JXELWDND
radi boljeg razumijevanja kretanja gubitaka kroz povijesna razc

prijenammssustavima.

'D EL QDYHGHQH XV SRIXEG BH H pOHK @B RiHama, element
PUHARH) MQLONRML VH RGUHYyXMX X SULMHQRVQRM PUHAL .DN
GLMHORP RG GDOHNRYRGD L NDNR VXHWH N YWVILRWAD YWURHMD M
gubitakastajyaalekovodima. Omjer tgasfaka arialrd hed o di e
1:34 WH MH VWRJD YHUD SR]JRUQRVW SRVYHUHQD UD]JXPLN
dalekovofdtaD EL WR PRJOR ELWLpPIRUKItH nSjrR VWit MEMATE] tBILH L W L
PMHUQLK XaMijyeZM® dagle datd atgdran e

Osnovne funkcije programskog sustava su: prikupljanje, veé
PMHUQLK SRGDWDND WH VLQNURQL]JDFLMD YUKPR$t@DbDa PMH!
RWNULYDMX SRUHPHUDMH X SULNXSOMDQMX L UHJLVWUDFL
(podaci o energiji odmiv®n® S pamdn mjernih mje sta seb jead imijwg u
SULMHQRVQLK SRG& Xphak a®ld 3p olAa3 6kra st Pk XiiH MH SURYH'
detaljanalize i razumijevanja m$eQnVhW pdsXailkidnVid&k§saaviti
na prikupljanjanjeamiaddmpodataka za 400 kev/ sdia Safv\g a driljeH @ D] a
ssinkrofazonpdilhK X UElydMMhRsor MeasuremP MUY MY UKX L]JUDpPpXQ
gubitaka

Nakon prikupljenih podataka iz programskih sustava prist
YHOLpPpLQBV,]R2 ZXOVL N9 GDOHNRYRGH =D YHULQX GDOHNRYR
RGUHYHQL Pg&XELREGIPMLK JRGLQD 1DMYHUL L]D]JRY MH ELO

N9 GDOHNRYRGLPD JGMH MH X NRQDpPQLFL UD]JYLMHQD
gubitakdlWRGRORJLMD MW DONXQMIKEYWODD ]ba ADQ XKQDSU
dalekovogikhid VX SUHGVWDYOMHQL RpHNLY®XINa XEmRLjuw L]
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SURYHGHQLK D @D tdpba d pUOBMED N R Uzlad WeH 0 jM Hpnhitaka

disertaciji

4.1. *XELFL X SULMHQRVQRM PUHaAL

SULMHQRY HOHNWULpQH HQHUJLMH RG HOHNWUDQD G|
((6 PUK@aHU ujedno dijelimo na prijendRad&|divatiridletimemuti kroz ke
SUROD]L HOHNWULPQD HQHUJLMD VX GD ®HH®RNRG U INMEHBQ +
kroz navedene elemente pojavljuju se gubici koji ovise o mnogi
SRGLMHOLWL QWHWRKPNHNK UL GHPX VX GRPLQDQWQD NRP.
gubici, tj. gubici uzrokovarkiopir 8¢ Odhpir&tinpdEeBRju u toplinsku ene
]JERJ RWSRUD HJHB®HQERDi PULHBBUHK@EpNL YXEGER NRBIRUXpH
energijiQlaViXx LIPMHUHQL W@ La\RBbuD kb ¥ QG BMWAJILE X FAiMZaN RM P U
viaseiprijenodHétanjehX&ELWDND LOL EDUHP RGUADYDQMH QD
jeV WHKQLpPpNRJ ILQDQFLMVXRBURARHVXORANRHE MRAGBIHWHBE N W U
7LSLpQD NDWHJIJRUL]DFLMD JXELWODNOAH@djld QiU it Hi S UL N
UD]OLpLWH NDWHJRULMH RWYRYQR R SULRULWHWX X VXVWDY

Slikal:Osnovna podjela gubitaka w[62hergije u EES

*XELFL VH WDNRYHU PRJX SRGLMH®@EWeL rdaYRBIV Q RPN @ D
0odnos@®DpPLQ PMHUHQMD L SULNXSOMDQMD SRGDWDND 6SRI
UD]JOLND L]PHYyX SULMHQRVQH L GLVWULEXFLMVNH PUH&H ¢
WHKQLPNL L SURBRUWURKGMRORUR] HOMKPEHGQWSH Kk Ui add i mDH K ¢
YDULMDELOQH NRML VX IXQNFLMD GQHYQRJ NUHWDQMD RS!
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su stalni i neUdwW Q& \pX HOH N& P Lip&Qnb h@Ppmdtaxd HOHPHQWL
QD YLedPohPk UD]LQDPD REHMXNMMHKE@LPpNL JXELFL X XVSRUH
GLVWULEXFLMVNRM PUH&L 7DNRYyHU VH RpHNXMH GD MH
JHRJUDIVNRP SRGUXpMX L PDQML EURM WUDQVIRUPDFLMD
izravnih mjBeesj2pdiRRBQL VX JXELFL X SULMHQRVQRM L GLVW
iznosi po katep®4]jaxEd FL X SULMHQRVQRM PUHAL XWYUyXM
1DMpH&UD PHWRGD |D LIUDpXQDYDQMH JXELWDND X SULMHQ
NROLHQEDILMH NRMD XOD]JL L L]OD]JL L] SULMHQRVQRJ VXVW
L HNRQRPVNLK UD]JORJD QHPRJXUH MH L]JPMHULWL JXELWN
VXVWDYX WDNR GD X VWYDUQRVWL SRVWRMH SREMHGLQDp
VNXSLQL HOHPHQDWD X SULMHQRVQRM PUHAL 7R QH ]QDDpL
X SULMHQRVQRP VXVWDYX DOL NYDOLWHWD L WRpPQRVW
SRMHGLQDpQER]JXE ABWMHRNMH VSRPHQXMWRRYWDIRWHP UXRALFG&RP B
se javljaju na vodovima i Wan @#fidari@raifjariamaliza gubitke na vod
klasifilkkapriema uzrocima gbasvtain kpkbkishzd MW UDALYDQMD X QDVV

Slik2: ,]QRV L SRGMHOD JXELWDND V RE]JLURP QD YODVQL
HOHPHQWL[BB]PUHAH

7THKQLPpNL JXELFL X SULMHQRVQRM PUMHKQX pGIRPIXHL]
QLVX SULVXWQL X SULMHQRVQRMePUbHa@hu lu R&GQiRY H & H & Bk Bl
L WUDQVIRUPDWRULPD %XGXuL GD VX WHKQLpIEmeXeERFL L
PUHARQL VH PRJX SULOLPQR SUHFL]QR L]JPMHULWL L SURFI
njihov relativni izdadskowvi®@d cNRML VX |[DVWXSOMHQL X SULMH(¢
na naponsku rakMu2ZKMi0O 400 kV). Ilznos relativnih gubitaka tr:
WDNRYHU RYk¥LjeRviRAiKfoator&]LPDMXUL X REJLU VYH VSRPFE
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gubitaka HQRViQRMaftlHAnaQ vodovima iSKM Dsw B&L RG JXELW
transformaNDRNnaWR MH SUUNDJ[PDR QD VOLFL

Slikea3:,]QRV L SRGMHOD JXELWpPEED X SULMHQRVQR

Gubicidalekovodima uglavadguiciJebbeg efekta YRGHipdanja
iproporcion&Madsatu struje koja RPGdlazitkrblz VH VPDQMLOL JXI
prijend©aHNWULPpQH HQHUJLMH QD YHOLNH XGD®WHQRVaWL H
YLVRNRJ L LOL LIX]JHWQR YLVRNRJ QD]JLYQRJ QDSR@D NRML
SULMHQRVQX PUHawe gubitB¢ 1RaXO&llekovodima, javljaju se i
LRQL]DFLMD JUDN X EOL]LQL YRGA]p P67IL MOE I R E LREG YAROEDM HX U
i mogu se zanemariti na napoomd k280 r &X@n[&onHhy XPLP XVOLMHC
viemenskihigajex® YadLP QDSRQVN:P3QURXGRL P@DpDMQR VXGME
XNXSQLP JXELFLPD SUilzM & RiVY &keh Prikclziided kcija vremenskih

uvjeta.

4.2. ,JUDpXQ JXELWDND |]D GDOHNRYRGH X SULMHQRVQRM P

*XELFL HOHNWU Ldoe@® o HoQiH @ LuM IHo RdpLgprN LPu XpLQFLPD NR
opisWR]QDWLP ILILNDOQLP |[DNRQLPD 3RVWEHR.MWMNMWLHAB HHNHWR
HQHUJLMH L] SRIQDWLK HOHNWULPQLK SDUDPHWDUD X VX
temelju izmjerenih podataka. Gubici na dald&abad ut keg ggu b et keo d
uslijed korornkei paubzolatodiGla QDEAEFHI SURUDPXQD JXELWDNLI
PRaH UD]PDWUDWL VD VLPHWULPQLP HOHPHQWhPEt L PRA

koncentriranim parametrima.
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4.2.1JouM gubici

9HULQD JXBLMD&dKkdMa uglavnomvsug ubiglie NDR aWR MF
prikano slik@m Jb-uliegubnast S RYHUIDRWIFHRPUD YRGLPpD XVOLMHG
XJURNRYDQRJ SURWRNRP VWUXMH NUR] YRGLPp 8NXSQL JXE
SUROD]L NUR] YRGLp SD VWRJD JXELFLzQDs%&B@HMRNMRGLPD
o duljini dad@BouML JXELFL VH LIUCpXMWDYBRMX SUHPD
6
) 76@ 6p
PEIZBF2— & pR

(2L UR R - N 59 2 VE;
Y1 @5 N

— —) —)O—) - =

“3xJoudMEgubilcMW],

PtUDGQD VQDJD QD SHMAMWNX GDOHNRYRGD
Q*jalowaQDJD QD SRpHWNXaBDOHNRYRGD
U+QDSRQ QD SRpHWKNWK] ,GDOHNRYRGD
Rtdjelatnpor daleko@da

BtsusceptaradighoVudd .

4.2.2Gubici korone

*XELFL NRURQH QDVWDMX NDGD MH QDSRQ QD YRGL
YULMHGQRWRWISROMRBWWUDRDN® VORP GLHOHNWUZAra® HomY i VaV R (i
i dolazi dOIQUbRHUILMH NROHQ@HQDLMME PR &t d4t+b 1B | Odje BMND W
VOXbRMLVL R JHRPHWULML GDOHNRYRGD SUHRMER®RABVMR
QDGPRUVNRM YLVLQL VWDQMX DWPRVIHUH LWG 2GUHYLY
eksperimentalno, avHMriRgdbhdgXimxX QD LIPMHUHQLP SRGDFLPD
&ODGH L & + *DU\ PRJXUH MH L]UD QDB LLJXHER AH\N UNLRIULF
JUDPXRIUDQLPHQ VNXSRP SDUDPHWD ADfrk¥len®i Ry R G M D6 O
Hz [B9

W r U
o Y g o9 o
253l r& UUON S ® l—p VA
Hywr |
U
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Analiza gubitaka u prUjlsAabsnoj m

gdje su:
NtEURM YRGLpD
rtradigdRGLpD >FP@

UL sEj—g-Peeks faktor

GMRnadomjespisradi
za N = GMR=r
]D 1 ¢« )[4 L YD GN@&HC?5
Atrag{V YRGLpD X VQRSX
.xVUHGQMD XGDOMHQRVW SURVWRUQRJ QDERMD RG VI
for N = Ul=szN
IRU 1 « ULIS®ONEV

P+IDNWRU RGUHyXMH VH QD WHPHOMX GLMDJUDPD R
polja)

Slikd: P -dijagrama oWHOMINWYEL@IND L HOHBWULPQRJ SR

4.2.3Gubici odvoda

Gubiciinalatortimatruja curenja dadtékioorad pea v eiji&kom
suhog vremena, posebno na novim dalekovodima. S druge stran
JGMH MH ]DJDYHQMH DWPRVIHUH GX& NRULGRUD GDOHNRY|
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$QDOL]D JXELWDND X SULMHQRYV

zlRJ pLQMHQLFH GD LIRODFLMD SRVWDMH QHVDYUAHQD L SF
WLP MH VOXpDMHYLPD SRWUHEQR L]JUDpPpXQDWL PRJXUH L]Q
LlUbpaXanju ukupnih gublit®kanidOflgrpva RIXK.BHUNDH XQ D WhaJXELWN
izolatorima ovisnoim uvg etemak[7 2

7 6
5 [— 9 GI; TVal
2k 3/AJp 4iza

a

Utfnapon dalekovoda;

ntbroj izolatora po kilometru;

Rsstotpor izolatorskog lanca za lijepog vremena.

Gubici na izosapjoopwacionalni kvadratu nasgogad4dalé&kkovoda
dalekovode YXibicuSXWD YHUL RG JXa&pLow BRNoDn QiDvou.N9
4.2.42pHNLYDQL JXELFL NRURQH Lv&d2YRGD ]D N9 GDOHNF

Usporedbe gubitaka KOp@eptMOLK YUHPHQY¥ M WK tXKNIMAH W D
JGMH VH YLGL GD JERJ OR&HJ YUHPHIRL R@H LR D N5XO QHHINFRDYNRLT
na ukupne gubitkel YUtaGVIVIiDAY OMHQ MH L16 RYeivebsWdeND D |
NRQILJXUDFAW$h Y RPGWiehensk{®2livj@dma

Tabligah*XELFL NRURQH |]D UD]J]OLpPE2YH YUHPHQVNH >
Gubici korone (kW/km

Vremensk 220 kV 400 kV
uyeti YRGLDp YRGLpPpD YRGLpPI
snopu snopu snopu
1. Suho 0,2 0,66 0,17
2. .Lab - 28,1 7,6
3. Inje/mraz - 34,5 13,5
YRGLpPpX
%XGXuL GD VH N9 SULMHQRVQD PUH&D SURWHal

konfiguracijama terena i s obzimpoimemddbbldpiguvradejma je zasebn
DQDOL]D |D VYDNL GDOHNRYRG QD WHPHOMX SRYLMHVQLEK
JRGLAQMD UD]JGREOMD X JRGLQL L VXNODGQR YUHPHQVNLP

zimsko i ljetno razdoblje.

ProvedeP@QDOL]RP [DNOMXpPHQR MH GD SRVWRML ]QDpD
JXELWDND L JXELWDND ]D YULMHPH OMHWQRJ L JLPVNRJ U
XUHYDMD L RVWDOH RSUHPH QLVX SURPLMHeXaQ W r €] &irosM Xip
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$QDOL]D JXELWDND X SULMHQRYV

prlika.DNR EL VH XVSMHaAQR XWYUGLOD XpLQNRYLWRVW HILN
QDSUDYOMHQD MH XVSRUHGED V OLWHUDWXURP L RPHNLY
karakteristike vodova 400 kV.

SUHPD GRVDGDAQMLP GRVWRYSQLR DIOMW UDRERVYID QMLPRI
izolacijsknmirha prikazani sad2tablici 4.

Tabli¢4za*XELFL RGYRGD XVOLMHG UQyQLpLWLK YUHPH
Gubici odvoda ()

Vremenski uvjeti

220 kV 400 kV
1. Suho 0,1 0,3
2. Magla 0,15 0,5
3. Snijeg ispod 0°C 0,25 0,8
4. -DND NLAaD 1 3,2
5. -DND NRQWLQX 1,1 3,6
6. Nevrijeme 1,5 4,9
7. .LAD V VQLMHJIF 2,2 7,1
=D SURPDWUDQH N9 GDOHNRYRGH XNXSQL JXELFL W
VH SRYHUDWL ]D 0: NP *ODYQLQD JXELWDND Q®&VWDMH

iznose olo NP GRN VX JXELFL RGMR/GDOSKkhL H©2]3 RO

4.3. Prikuphje i obrada mjernih podataka

'D EL ELOR PRJXUH SUDUHQMH L LIUDpXQDYDQMH JXELYV
PUHAL SRWUHEQR MH UD]YLWL VXVWDY V SR]IQDYDQMHP R
SUHGVWDYOMHQLK LIJUDpXQGDRXHEQRDNRYVWDDNDQYXGLR SUH

+ LIPMHUHQR dRa$&\kie Y didiaH Q M H
+ SRYLMHVQL SRGDFL WRNRYD QD GDOHNRYRGLPD
+ XVSRUHGED L]UDpPpXQD L LJIPMHUHQLK SRGDWDND
$ SUDUHQMH XpLQNRYLWRVWL GDOHNRYRGD NUR] SRYL
+ SRYLMHVQL YUHPHQVNL XYMHWL
L LJUDpXQDYDQMHMNKEQWIDSRGDWRXD NRML VDGU&H
$+ SRYLMHVQL SRGDWNH ]JD VYDNL GDOHNRYRG |DVHEQF
+ DQDOL]D L]JPMHUHQLK SRGDWDND L VWDWLVWLpPNH SF

+ LIPMHUHQL L L]JUDpXQDWL SURFLMHQMHQL SRGDFL Q

viemenskim uvjetima.
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$QDOL]D JXELWDND X SULMHQRYV

*RUH QDYHGHQL SRGOVHEJIRIP RAALIXdMU mvjrdhwanje gubitaka
GDOHNRYRGLPD 'D EL ELOR PRJXUH SURYHVWL QDYHGHQH
EURMLOD HOHNWULp-EHL HZQIBUXUMHD MBSL'WH WDGMQDMIURN XS

mjernih podataka i obrade dan je u nastavku.

4.3.1Sustav za prikupljanje mjernih podataka

SRVWRMHuUL VXVWDY |]D SULNXSOMDQMH L]JPMHUHQLK
UD]JOLPLWLK XUHYyDMD NRML VX SRYsH]Dj@Li @Bp®Ka)UH@QHN #Me
PMHUQH XUHYyDMH SULNOMXpHQL VX UD]OLpLWL XUHYDML NI
YULMHGQRVWL 6XVWDYL NRML PMHUH L SULNXSOMDMX H(
navedeni su u3tad2ici 4.

Tabd#d3:Glavne karakteristike mjernih sustava

8pHVWD( Priorite
b 7TRpPpQR| Trend Napomenj . 1ot
uzorkova izvora
7TRpDQ
. Kontinuir LIUDPpXQ .
Brojila . . Primarr
mjerenje| NMT O unutar .
HOHNW izvor
.| HOHNWU SMT 0 promatra
energij . . podata
energije intervala
PLQ LY
Kontinuir . Primarr
. . Relativno .
mjerenje SHODWLYQR W WRpPDQ L izvor
HOHNWU NMT O| u promatranom Unutar YRYHQ
SCADA| YHOLpLQ SMT 0] ORIJXUQRVW fomatra sustavg
topologij| i 5P30| trenda u prorr.p Sekund
PUH&H interval intervala izvor
' L YLaH
u, I, f) DWH
7TRpD LJUD
PMU PDQ : ! 7RPQR
XUHVD NMT O] promatramoervg mierenie | Ne kof
Y2l svakih 2| SMT 0] ORIXGQRVW ’ J
(mjerer . promatral se u DV
i 5P30| trenda u pron .
snage) . intervalu
intervalu

%URMLOD HOHNWULPQH HQHUJLMH

%URMLOD HOHNWULPpQH HQHUJLMH X804 ewmUn & RW& R M H
QDPLQD 6WDUAMD YpijWDa MABRMgistrator podataka (FAG) prek
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$QDOL]D JXELWDND X SULMHQRYV

NRPXQLNDFLMVNLP SXWHP 'LR QDMPRGHUQLMLK EURMLOD
SRVOXAaLWHOMHRPVaR@O®d&FdcLp)&nergiji-midmoT B9, smarzda sno mjern
mj¢WD REMHGLQMDYDMX VH QD QLYRX-aSwLihaH @R Qlok a$ &Rk
Osnovne funkcije programskog sustava su: prikupljanje, vali
REUDPpXQVNLK PMHUQLK SRGDWDND WH VLQNURQL]®FLMD Y
VXVWDYD RWNULYDMX SRUHPHUDMH X SULNXSOMDQMX L UH

SCADA

2VQRYQH IXQNFLMH 6&%'$ VXVWDYD XNOMXpXMX SULNX
XSUDYOMDQMH YRYHQMH VXVWDYD DQDO[gXss m@bMhDNDe L
] D SULMHQRY HOHNWULPpQH HQHUJLMH L YRYHQMH SUL!I
VLIXUQRVWL SRX]GDQRVWL L DXWRPDWL]DFLMH =D SRWUF
GDOHNRYRGLPD NRULVWL VH L]YMHVWIaO® p/N & mReR G KO i Nt M
dobijemo iznose struja, napona, djelatne i jalove snage. SCADA
L JIDKWLMHYDMX L]JUDGX L]YMHAWDMD VD UD]JOLpPpLWLK UD]LC
SULND]D VWDQMD PMHU@GLK IY HOQ pLEBJI RIDQ B B HXNRWIRY OM D Q
SRVWLAH VH YLVRNL VWXSDQM DXWRPDWL]DFLMH L UREXVQ

PMU

6XVWDY ]D aLURNL QDG]RgWWULALIE & RWdnHt oP\LAH-A H
zasnovan je na sinRMHEQrlamiXUHYDMLPD NRML LPDMX YUOR G
PRJX NRULVWLWL ]D DQDOL]X PMHUHQMD JXELWDND X SUI
naponske mjerne transformatore (sekundarni namojerne mjere
transformatorear(sgeekgh@ PMHUHQMH LOL ]DAWLWX S3RGDFL V
XJRUNXMX VH XpHVWDORAUX RG PV 3RGDFL X UHDOQRP )
desetaka ms) i pohranjuju se u WAM 1du swWww Q Defeln@r 8 RGDW NH
korist za napredene aplikacije u obradi gubitaka na prijenosn
SRVHEQR |]DQLPOMLYR ]D XQXWDUQMH GDOHNRYRGH N9

oba kraja dalekovoda.

4.3.26XVWDY |D SULNXSOMDQMH PHWHRURORAGNLK SRGDWDN

HOPS je LRI PHWHRURORAGNH VWDQLFH QD GDOHN
UHJLRQDOQLP FHQWULPD OMHUQL SRGDFL SULNXSOMDMX V
GDOMH NRULVWH ]D UD]JQH VXVWDYH .UR] UD]JQH SURMHN
metedRa@NLK SRVWDMD D ]JQDpDMQR VX VH SRYHUDOH PRJXU
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$QDOL]D JXELWDND X SULMHQRYV

SRGDWDND L] DSOLNDFLMD NRMH NRULVWH PHWHRURORA&N
QDYHGHQR XVSRVWDYOMHQ MH -2 HWa&kPU KODnRENL i MAPE DY D
povijesna mjerenja | vremensku prognozu kao rezultat. Suste
SURJQR]JH DUKLYX L]JPMHUHQLK L SUHGYLYHQLK NROLpPLQLEL
SRVWDMD L NRQILIXUELaWR PHWIERORO® RaANSRIXki 4.5

SIike50HWHRUROR&GNH VWDQLFH X +tUYDWVNRM L NRQILJXUD

6XVWDY PHWHRUROR&AGNLK SURJQREDgW HObO Mbr&dha QD
SystelmlGRVWXSDQ MH VYDNLK VDWL L 87& SUX
varijabli na 26 okomitih razina i u vodoravnoj rezoluciji od 0,25
LIUDPpXQL L]SBRHQRNSRBIONA.WHOMLPD ,]WDKRQ DY QD MH RIN|R
MH QXPHULpND PHWHRURORAND SURJQR]D V UH]J]ROXFLMRP
]D VYD XQDSULMHG GHILQLUDQD PMHVWD 1D VYDNRP PMHV
VX QDMYDAQLMH NROLPLQD WREHAWDQL QB GPFP RUNVNR . YWR/HN D

SUHIHQWLUDQL PHWHRURORANL VXVWDY NRULVWL VH
YRGRYLPD N9 D QD WHPHOMX SUHGYLYDQMD YUHPHQVNL
i odvoda za svaki 400 kV dalekovpedd za 24 sata

4.4. ,JUDpXQ JXELWDND ]D GDOHNRYRGH X SULMHQRVQRM P

6YD PMHUHQMD HOHNWULPQLK YHOLPLQD NRMD VH Sl
SULMHQRVQH PUHaH VH X]JLPDMX VD VWUXMQLK L QDSRQ\
transformatore shHHPaj¥UryDML NRML |D FLOM LPDMX PMHL
HOHNWULPQH YHOLPpLQH =D SRWUHEH RGUHYLYDQMD JXELW
s brojila el. energej® MICADHYove glavne kazatatleliicdide3
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$QDOL]D JXELWDND X SULMHQRYV

POWRMHUL VX¥WaD YubkokegiXeadazne podatke smavedenih
sustava (U, 2za Pda®)yane dahgkoond@ el N \WarlapeHreNRQ WRJD VH Y
LIUDpXQkXEPWM XL X REJLU YUHPHQVNH XYL MHYH L] J CSSULR/P
VYLK GRELYHQLK LJ]UDpXQD JXELWDND .DNR SRVWRML YLa
SRYLMHVQLP SRGDFLPD ]D LVWX SUHQHVHQX VQDJIX L XV
NRUHNFLM.DOLlp|igDpa¥v@Benih koraké.8an je slikom

Slik&6: ,]JUDpEIdikcija gubitaka iz mjernih podataka

1D WHPHOMX SURYHGHQLK LJUDpXQD PRJXUH MH ]D VY
svakdalekovod zasebngprikazdnai s4. Qubigovzea psnigenosnih dalekov
uprijeno®ribflaL +UYDWBMNNH XWYUGLOL JXELFL NRURQH L Q
SURYHGHQH VX GRGDWQH DQDOL]H GD VH SRYHEQ@R KWYU
dalekovodima J@peY®Q@u X]JURN MEMWDINE QEREKe. Utjecaj vrem
gubitke 400 kV dalekovoda je toliki da u pojedinim satima gubit
dominanti karakter u ukupnim gRUHaAMma ' DOMQMKLN DQREOL]DPD
pristup da se dominantWhkepkodxriatiaspatviigesnih mjerenih podataka
kV dalekovod zasebno kako bi se utvrdili iznosi gubitaka za
JRGLAQMH SRMDYOMLYDQMH L RYLVQRVW JXELWDND R YUHF
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Analiza gubitaM&dd QRMQRM PUHAL

Slik&a7:,]JUDpXQ JXELWDND |]D GDOHNRYRGH QD SULMI

%LOR MH PQRJR SRNX&abMD GD VH SRNXaD RGUHGLWI

JXELWNH WH VX SULPLMHQMHQH UD]JQH PHIDNRGM K SBH@RQ D p C
YHUD@QIDOL]D UDGL QD PMHUQLP SRGDFLPD XUHWORWOLOD HOH

Slikda8:,]JUDpXQ JXELWDND NRURQH L RGYRGHdbBine N9 PUH

SCADA sustav je primarn¥ magiinQMHj ¢ (6 2ZaXVWDYD L SULMH
VX XRpHQH RGUHYHQH PDQMNDYRVWL L RIJUDQLpHQMD SUL
pojedine dalekovode. mzetrewjeazzo8 8 At AkROsESti tammjgdgaja
nisu dostupna. Na 84iKldPR&@H VH YLGMHWL NROLPLQD L XpHV'
PMHVHpPpQRM WMHGQRM L VDWQRM RVQRYL |]D SURBFRDMWUDAQ X
400 kMelitaTumbri je prikazana kretanje gwlitaBa0Zza2020dothoje
23.05.2020k®)dGMH MH RPHQR GD GR4OR GR SRUDVWD JXEL!

63
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NL&ARP L ROXMQLP YUHPHQRP ,]JQRV JXELWDND NRURQH VH
RpHNLABQmMKnamjbdnosti kako je prikazano slikom 4.10.

Slik&9:Prikaz gubitaka Mal#®®dukvbod 18.05 2020. do 23.05.2020.

Slikel0O3ULND] JXELWDND ]D N9 PUHAX ]D J

3ULND]DQLP QDpLPQRRIK ilH U\DH X®IDUHNWQR L]JUDpXQDWL L
OR&HJ YUHPHQD L QMLKRY L]QRV ]D VYDNL GDOHNRYRG X]LI

4.5. 3ULPMHU L]UDpPXQD JX&4WbdWwD de® N9

SUHGYLYDQMH JXELWDND YUAL VH ]D GBRWURESWLHV
SURL]YRGQMH L UD]JPMHQH 8 RYRP SURFHVX SRVWRMH GY
XWMHpPX QD L]JUDpXQ JXELWDND QHSODQLUDQL MRAMNBYL pLI
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SUHNRJUDQLp Q@D buds MM B Y Idalelusvodidjeecaj vremenskih prilil
Naglasiahk VMWDYLWL QD RGUHYVLY D @GWH MHRGRDM@IVK PIXHE LW BN [
vremenskih prilika. Detaljnge@DaYidaLgpkaGR@GDWQLK JXELWDNELC
QD N9 GDOHNRYRGLPDNnlwG®&capPbMXKuphhfeDdMibitke te se lak:
usligjemanjeg broja 400 kV dalekovoda

SULMH L]JUDpXQDYDQMD SURMHNFLMH JXELWND L] YU
viremensku prognozu (temperaturu i oborine) za sprookazree Qo i z«
kV dalekovodi. Za promatrane 400 kV dalekovode napravljenc
viemenskim uvjetima na temelju povijesnih podataka za svaki 4
20.5.2020. god.

Slikl1Prognoza padalina za cijelu Hrvatsku 20.5.2020.

Na slicijéptdgndahaHPHQD ]D X]HWD X8YH.2ORQMLP
,VWR WDNR MH ]D QD NRULGRUX VYDNRJ GDOHNRYRGD X

NLaH |D OYLP SURFHVRP VPR XVSRVWDYLOL YH]X L]PHYX ]F
GDOHNRYRGD L RpHNLYDQLK YddsRahQ ehdtin &0 GahOh @ Bd alt B e
NROLpLQH RERULQD J]D VYDNX PHWHRURORANX SRVWDMX SL
olmrina za svaki 4povOWR VD 1D WHPHOMX XNXSQLK
svaki 400 kV DV provodi se regresijska mepoda tizk poo igednoi mezan,
a za s¥8RikV DV provodi seopagdkalemgekprikazanaaldied mkdvbal

AHUMDX¥EIKBEtinovo nije napravljena projekcija dodatnih gubita

nije u pogonu.
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Slikal2Procjena gubitaka korone za promatran204D.® &20dalek«

KakBEL VH EROMH UD]XPMHOD NRUHO® EhMD alk]iQdaV¥ &k dI\Rold
na slici JULND]DQH VX LIPMHUHQH XNXSQH NROLpPLQD NLA&F
20.5.2020.

Slikel3,]PMHUHQ@rHe pRO4&lpne na trasama za 28 R &K\6.RDI2Z&ovod:

,JQRVL LIPMHUHQH NRGalpkQ@wb N Is@iHp Dk a/2YaBiigdaBljeom 4
vidlvo daza 400 kV dalekove@HTQuUNDi LIPMHUNRGBGLPQDHMHD MRaH
20.5.20¥%0VRJD MHYDWRpPH ]QDpDMQH JXELWNH NRURQH ]D QD
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Tabli44,]PMHUHQH NROLPpLQH SDGDOLQH SR PMHUQLP SRVWI

1IDNRQ @&WR VPR XV SpvaH a Qs SWYROALRIMH GID@WIHNRYR G X UDC
gubitgiba SRMHGLQD)p QiHDGBIOMHHNGRY R G.H\N\Pa PsUittdnd pravijena je
procjena gubitaka korone4@@ kdXaleaveandisporedba prlocijenjeni
izmjerenih vrijednosti gubltk&au kmekimejsBRi@ragosljedica razlike
prognoze i izMNRO&PILhQ Dz & 206G DO 2 @D .

Slikel4Usporedba izmjerenih i procijenjenih gubitaka korone z
dalekovoad28.2020

PUHGVWDYOMHQLP QDPLQRP RGUHYLYDQMD JXELWDND
]JDVHEQR L SRVHEQR ]D RGUHYLYDQMD JXELWDWDLRQBG ORAL
viemenskih ptDMWEGHQLP QDpPLQRP VPR ]QDpDMGURida®B S UL N
XVOLMHG NRURQH UDREYRBOQL WRGH®RD RG LBt YBQNMHNIXE
LJUDPpXQLPD
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3ULPMHQD SUHGORAHQRJ DOJRULWPD

5. 35,0-(1% 35('/24(12*ALGORITMA NA TEEd, M

U ovoBRJODYOMX L]YUZHQN MHWOBRIUBPRPXALQY FLOMHP
SRWHQFLMDOQLK ORNDFLMD ]D LPSOHPHQWDFLMX +7/6 YRG
SRGORJH |]D SURUDp X glo rs@MHREMDAQNREDELL UDJUDYHQL X
VH PRJDR L]YUALWL BREGHDpPXOQ BHYRVYB PUHAD Qj&i NRMRM
SURUDpPXQL WRNRYD VQDJH D ]JDWLP L SURUDpXQ NDSDFLW
QD WHVWQRM PUH&L SURYHGHQL VX X SURJUDPVNRP SDNHW

Nakon odabranih scenarijaagosyetlijivesanala dalekovode s C
EXGXuD NUHWDQMD SRMHGLQLK SDUDPHWDUD XYR] L]YR]
PRGHOX =DNOMXpQR VH GDMX VPMHUQLFH ]D SRMHGLQH Q
elementi (dalekovodiHE®RYROMQHN NDSDFLWHWD SULMHQRVD
SULMHQRVQRRIGRPEH®IQH=BDOHNRYRGH SUHGOD&H VH SRYH
SULPMHQRP +7/6 YRGLpD L LOL NRPSDNWLUDQMD 3UHGORF
SDUDPHWUH $R¢YWRbMiHai ldlkeIERovoda poznatih iz literature.

Na odabranom SWddeHQRVQH PUHA&H YUAL VH RFMHQD S
LIUDpXQ JXELWDND L NDSDFLWHWD SULMHQRVQH PUHAaH
gubitaka na svim elementimlad HPRERSGINEDO SULMHQIRMVQH PL
naponskim nivoima. NaRddRMX UpoMsHwp/id u kretanja i ovisnost t.
svim naponskim rddDdOBIRZMHQH X SULMHQRVQRMPdlH&L =D
odabir se skup el. paraer & jza & oy e StU H G O B a Ha@alek

Nakon provedene studij@roanmoddpivojetirdzmatranje za komg
400 kV dalekP@®EAL UH VH NRQDpPQR UM BHD@M HD] B VWNRWMFD VD %
Za odabrane modelP pH BERMISNSUHGVWDYOMDMX RpHNLYDQD N
u promaPraGXuUHP YUHPHQVINRPodlbBAEIRED MdQe a$&R YHIDQMD
NDSDFLWHWD SULMHQWFOWRHERURIRIHMIH QX RLXWDMBFDM SUHGOR
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S3ULPMHQD SUHGORAHQRJ BA@QJRULWPD

5.1. ldentifikki® ORNDFLMNDSBFHWB®/NWMD SYLMHQRVQH PRUL

5.1.17HVWQD PUHAaD

$QDOL]D PRJIXULK QDpghpdci SRAYMIDMHIIDK SULMHQRVC
(dalekovdd®@dPDWUD VHUD GEREXMK XVOLMHG Yr@QRajeQ RVWH
dalekovdddMRORBNUIKVWRUQR SODQV NAzZ oRRiLIDRIamid@aM Prijenos
susta%aobzirom na kompleksnost izgradnje novih dalekovoda
SRYHUDQMH NDSDFLWHW DP SeRi¢ VARN@IDip KQG P D HRNBRY#-BlE&ED & D
dalekoveoaasdh @ D PRJIXUQRVWizndR/ENHUPOMMWM DL QDSRQD (OHNWU
GDOHNRYRGD X RED VOXpDMX VH PRJX |QDpDMQR SURPLME
VOXpDM SURYHVWL DQDOL]X SULMHQRVQH PUHaH L RGUHGL
NRQVWUXLUDWL GDOHNRYRG NDNR EL VH RSWLPDOQR XNOR
QD SULMHQRVQRM PUHAL +UYDWVNH X QD NRMRM UHPR UD]P

kretanja:
X ,QYHVWLFLMH X N9 SULMHQRVQRM PUHaAL
X InvesticijeN® ZADLMHQRVQRM PUHAL
X Inv®8SLFLMH X N9 SULMHQRVQRM PUHAL

MRGHOLUDQD W$WYWMEDV PYGMD UHJLRQDOQX SULMHQF
MXJRLVWRpPQH (XURSH RG suwwodxhFDerbiYhaShaREDopEKean mode
na dije(SWLMHQRVQHvaPikd@H pKijeswstaovgzmatra implementacij
predstavljenih tehAHYMW@iPaPUHAD MH VDpLQMHQD RG pHWLUL
bYRULaWD VHGDP N9 WUDQVIRUPDIdR & Vijldd 0 VKWDQLFH
transformatorsHe BY&NIREMW DIV X PHYXVREQR GRIHK\g@MHosnim
dalekovodima {Slika WHVWQX PUH&X VX VSRMdenrstwRi)]YR
WUDQVIRUPDWRUL NRPSH{Q]DN&a Ms\LINSIU BNJH YOOMDL MH WWHRJV W Q L
PHYyXVREQL VPMHaAawWDM L SRYH]DQRVW WUDQVIRUPDWRUVNL

BURYHGHQL SURUDpPXQL VX L]YUAHQL Xp&keHoHiQV 366
RPRJIJXUXMH L]YRYHQMH aLURNRJ VSHNWrAbk g BOdjpD oW R N RIY
toké¢v VOQDJID SURUDpPXQ QDSRQVNH VWDELOQRVWL VLPXOI
DQDOL]JH L MR&a PQRJR WRJD
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Slikel: ORGHOLUDQD SULMHQEBVODRERPOHEARD SRGUXpMD 5

5.1.2Rezultati &\aMiE& OMLYRVWL SULMHQRVQH PUHAH

Na navedeesotomomde$S URYHVW UH VH DQDOL]JH NRMH UD]PCLC
el. enepgijeojedinim kategbRYy®mraPD SRVWRMHULK YULMHGQRYV
je odabrano s obzirom na pronteidLu Llplripe-hD ©WHKmK YWHI VR DB UH G
dalekovodi s nedostatnkmkbkajeaocidestamo u pRPrdaedj@enBm2analizama
URGQRVX QD ED]QL VOXpDM SURYHVW UH VH QD PRGHOD |
SULND]DQL UH]XOWDWL V2a 3w e Henadd any edeh driGa@ R W KL m
QLYRLPD SULMHQ@&MQdMIP UHAMHAHQR SRYHUDQMH WRNRYD SR

nivoima u odnosu na bazno stanje.

5.1.23RYHUDQMH XYR]D

=D QDYHGHQH PHREGHOPDBH WYHLWL SRYHUDQMH XYR]D HC
VPMHURYD X NRUDFLPD RG L SRVWRMHULK YULMHGC
V RE]JLURP QD SURPHW X SULMHQRVQRM PUHAL L] UHDOQLI
UsporedB&WRYHGHQLK DQDOL]H X RGQRVX QD ED]QL VOXpDN
RSWHUHUHR®WNER QDBRLPD SULMERQRNMNQIHpB UbE eld MHmViXapor
nivoima u odnosu napbikarvm shdbhijei 5.1
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Tablish8VSRUHGED WRNRYD QD SULMHQRVQRM PUHAL X

9LGOMLYR MH GD XVOLMHG SRYHUDQMD XYR]D GROD]L

N9 SULMHQRVQRM PUHA&L GRN N9 SRND]XMIMR APDYB M Q

]IDNOMXpLWL GD |D YHULQX XYHJHQH HQHUJLMH QD VHEH SU

GD MH SURL]JYRGQMH QD N9 PUHAL X ED]JQRP VOXpDMX GI

PUHADVYIHGIDYBzene energije se prenosi kN®zPARMAEARVYMH XMHGQ
vidljivo iz5s2ike

5.1.23RYHUDQMH L]YR]D

SBRYHUDQMH L]YR]D VH QDSUDYLOR ]|D FLMHOX SULMHQF
X NRUDFLPD ]D L S R VOV RMDHY#hEm pravcima (granicamalre
BRYHHD®WRL]YRGQMH ]D QDYHGHQH L]QRYV H WHiA NoUgeOWR QD
instaliranih proizvodnih kapaciteta psdrak@®&nyskim ODv SiURaL | ¥ & G (
110 kV za 20%, 220 kV za 40%L] 8RWWRMIHILK SURL]JYRGQLK
VOXpDMX GD VX SURL]YRGQH MHGLQLFH UDGLOH SXQR VQD
SURL]YRGQMH SUHOD]JLOR SRVWRMHUH PDNVLPDOQH SURL]Y
VH UD]PMHA&WDODeS& &R MW & MIH (sleP@BPad RWPoMiikt fak\kiy VA lentno g

generatora.

3RAWR VH SRYHUDQMH L]YR]D QDGRPMH&AWD SRYHUDQM
QLYRD &dWR MH QHSRY ROGIDQDRWIE NIDXPmR M 9D VRIPMHaAWD XY
UH ZWMt dtiti na granici sdgdannetopdalekia MQXWDU SULMHQRVQFL
'"'RELYHQL UH]JXOWDWL VX VOLpgE BitbWKeh@ QB8R NHRIID@M B M
uvoz¥idljiyeda SSRYHUDQMHFPRPIYRJODWQR SRYHUDY & 0DURPHW
QDSRQVNLP QLYRLPD RYLVQR R VFhHQDaprMmPDa &ID ORI gQjte an
N9 X RGQRVX QDLPDWR MHEBIWRGLR SURL]JYRGQMH QD )
kVPUH&axXatdWjRBuvoz iz susjedmanjegigejet4j00 kKWUHAaXdio
proizvede@QHdUJLMD JDYUFDRMHQMXMEH XYH]JHQX HQHUJLMX E
SRYHUDQMX SURPHWD HO HQHUJLMH SURSRUFLRQDODQ MH
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8 VYLP VOXpbbB MHdIasiRvodnje nadiloIr@ikVedene esmrepgeeosSi na
22&VL N9 WH X NRQDPQLFL JERJ |1QDpDMQLMEH I 1BUIRW X JI
GROD]L GR YHUHJ SRYHUDQMH SUREMH \WPoH Ok alit Ot WiJ b Mr-b €uD
na 1k

Tablis22a28VSRUHGED WRNRYD QD SULMHQRVQRM PUHAL X

2ED VFHQDULMD 9§RRHL PRMXVRERD VKe MDNR (RYEN QD F
VWRJD MH ]D RpHNLYDWL G riidd UWMHR N REYLLW ¥ QMDD i@ [Pi B Y& M H
VOLPDQ WséH @G nd G lléin]dy LOMIEMOHRIH SRYHUDQMH WRNRYD
N9 SULMHQRVQRM PUHAL

S1ike2: 2YLVQRVW SUL QB QIRNQGH PO KBHHXaY R] D

5.1.23RYHUDQMH SURL]YRGQMH

8 VOXpDMX SRYHUDQMH SURL]YRGQMH SURYHGHQD DQI
kapaciteta u koracima 100, 200 i 5000MWin8a0D3O0kKkAONIApPONSK
na 220 kV naponskom nivou, te 300, 500 i 70MiMWi.nZa480QukV
SURL]YHGHQX HO HQHUJLMX SRYHUDQ MH L]JYR] QD YHU SRV
V VXVMHGQLP SULMHQRVQLP PUHADPD
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Tablis2a8VSRUHGED WRNRYD QD SULMHQRVYIQRM iPjeHAL XV

SBRYHUDQMHP SURL]YRGQMH QD N9 ]D SURPDWUDQF

SURL]YHGHQD HQHUJLMD SUHOMHYD QD L N9 SULMHQR
na prijenosth®dl mr L N9 =D YHuULQX VDWL X JRGLQL WR
GRSULQRVL PDQMLP JXELFLPD QD N9 A&WR X NRQDpPQLFL

svim naponskim nivoimaniim agmjbicaka.dblazi do velikidgotiamnzita
kojMX SUYHQVWYHQR X]JURNRYDQL SRYHUDQRP SURL]YRGQ

RSWHUHUHQMD L N9 PUHaH =D WH VDWH XRpHQR MH
NUR] N9 PUHAX GRN SUHRVWD@Oé&¢tEDRrgRE bW QRISKR/Y H4 DO

konstantnom omjeru za navedene naponske nivoe.

Za proizvodnju el. energije na 220 kV vidljivo je da s¢
GRPLQDQWQR SUHQHVL N9 PUHARP X VYLP VOXpDMHYLPI
kapacitet za evakuacijuepeaigigeidan®. 2) .

SBRYHUDQMHP SURL]JYRGQMH QD N9 QDSRQVNRP C
SURL]YHGHQH HQHUJLMH QD L N9 QDSRQVNL QLYR |
promatrane scenarije postoji uvoz na 400 kV, pa proizvedena e
taj uvaz4m®0 k\sephobiva pMHiPdaaD N9 PDQMH RSWHUHUHQ

Slikea3:2YLVQRVW SULMHQRVQH PUH@B G RNIDRALMR XQMULLW RER
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5.1.23RYHUDQMH WHUHWD

SRYHUDQMH WHUBMWBK@D nived QDnapravljenu u koracime
0: DHQHUJLMD MH QDGRPMHAWHODKY] 8URKVW RGWDM& iQDsusj
regijaD VYH VFHQDULMH MH YLGOMLYR SRYHUDQMH SURPHW
AWR MH NLVDWpRpHXVOLMHG(taRN ¢ldl QN DOW DM WIDHN NGB VH
QDGRPMHAWD L] SURL]YRGQMH QD N9 L N9 YLGOMLY
energije)istim naponskim niv¥iowapDtd Sé RIL]Y R G QdVjHy @i D N9
pokazaRSWHUHUHQMD N2AsPODRHEBRRIRGQMRP QDU N9 F
VOXpDMX XYR]D HQHUJLMH GROD]L GR SRYHUDQMH RSWHU
]DELO MHHESFOHH UDQMD QD N9 L N9

Tablis4 UsporedbaQbk®¥YaMHQRVQRM PUHletrdVOLMHG SF

=D VOXpDM SRYHUDQMD WHUHWD QD Sithlav YRK@RM XP U
proizvodnih j@@iNicaHP QDSRQVNR®OQkaY)&EXoYhO X DEIXOMHAHQL
manji tokovi i ebéikmsdji¢ghe tokova po napehiklkmb.Ad)voima

Slike4d:2YLVQRVW SULMiQRVVRE] PWRHR KR ORNDFLMX X SULM

5.1.2-DNOMXpFL 8WRV¥zZ-AGHQLK
SBURYHGHQD DQDOL]D QD SRVWRMHURM SULMHQRVQRM

N9 SULMHQRVQD PUHaD MH SRND]DOD RVMHWOMLYR
]D RVWDOD VFHQDULMH GROD]L GR PDQMHJ SRYHUDQMD WR
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SULPMHQD SUHGIRRIANMPRI @D WHVW PU

RSWHUHUHQMD NDGD SRVWRML LVWRGHRERDEYHAD i ADRLKYR G
SULMHQRVQH PUH&AH XVOLMHG SRYHUDQRJ WUDQ]JLWD LOL \

SULMHQRVQD RWBHAMEBERRDXMN P oD NWé H&n & Mn et ig il e Q
prenosi dalje. Omjer prenesene energije i energije koja se prek
kVPUH&X RYLVL R WUHQXWQRM SURL]JYRGQML HOHNWUDQD
SULNOMXpHQLK HOHNWUDQD QD N9 PUHAX L SURL]YRGQN
HQHUJLMH X N9 PUHAX YDULUD NUR] JRGLQX

400kV SULMHQRVQD PUHMSDNSRND]X¥MpMen®sni karakter i
RSW HUMM@WXpLYR RYLVL R NROLPLQL SUHQHVHQH HQHUJLI
SRYHUDQMH WHUHWD QHPD SURPAMHOWIEYR RSWE-hBOHZHID R piH\
UTS 1Kk¥/XUPBDMX YHUHJ XYR]D YHULQD XY406{ ®W iapled Sk oD
nivouJ)QDPDMQH SURL]YRGQMH L] +( SRYROMOQLMLP KLGUR(
]JDELOMH&HQL WRNRIYWOQDBD GR®PLHAR JUDQLpPQLK NDSDFLW

Za XpDMHYH SULNOMXpPND QRYLK HOHNWUDQD SRJRWR
SULNOMXpPDN L]YHGH QD N9 MHU MH YLGOMLYR GD L ]D Pl
PDQMH RSWHKWiIHQNIE PUHSMDM QDPLQ VH YeélriidsdDOHKQMHUJL N
PUH&RP a4WR SUHGVWDYOMD R Mai!ilt NCh\VialARLY B DD Q @ K/ W WD

N9 PUH&L X QHNLP VOXpDMHYLPD SRYROMQR XWMHpH QT
QDpPLQX QDGRPMHAWDQMD SR W UHIERDH GRIOHU LLGIR SRO H XD QWL
N9 PUHAL

5.1.30dabir scenarija

2GUHYLYDQMH EXGXuLK NUHWDQMD X SULMHQRVQRM |
RSWHUHUHQMD HOHNW UPHGAIBHIHWRREH OV X HW@XYWVODQMD QL
obzirom na pMddIREWHUHUHQMD SURL]JYRGQMH L L]JJUDGQMH
RGDELU VFHQDULMD 3ULOLNRP SURYRYHQMD DQDOL]D SRW!
SUHGVWDYOMDMX VWDQMD X SULMHQRVQRM PHUHHAILVY BQMPR
L DQDOL]LUD UDVSRG MHQM N QRNQERHI &S MidHd HjieHj@ Mi eta 2018.
L UDVSRGMHOD JXELWDND SULND]DQ MH QD VOLFL =D |
SUHGVWDYOMDMX aHOMHQR EXH; RSAVH D HIRIBONHHXYWYIR G HBH
UD]J]YRMD SULMHQRVQH PUHAlO®UWAQIN ERWBURBAGQWD X srednja
SURJQR]J]LUDQRJ RSWHUHUHQMD XpremaRGNQLratQ&MLprijer
PUHaWM SXWD YEMILEAR REBSRWWVWIUHIHQMH VXVWDYD X
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VFHQDULM L] AWR MH GUXJL NRUDN UDGH VH SURMHNEF
provesti daljnje analize.

Slike5:3ULND] JRGLAQMLK JXELWDND X JRGLC

8 GUXJRP NRUDNX RGUHYXMHPR WHAaLQVSBlderd®DINMRUH
RVWDOLK JRGLAQMLK VDWQLK YULMHGQRVWL

_Ap0)Q>RIE
Aspe Apo) Q> B4Z E

, JUDPpXQ RGVWXSDE QMM YDNRI srednje vrijednosti i st
odstupanja za&J DpXiQkle VH QD :VOMHGHUOUL QDpLQ

Sy L

TWEB;

¢Ts L 1IA=X) Q> E0F |A=X) Q> B0 TV

¢Us L O FJAR > gl O RJAR > Egp k0 TVA;

Da bi odredili jedscen altjjpada XQDYD FRKYEORIHGHUH
T F1A=3Tigpa;
cas O P @igpa;

Us F I A=JUzpaA;
-iam L ——
O P @lzpa;

WA

76



3ULPMHQD SUHGORAHQRJ DOJRULWPD

.UR] LIJUDpXQDYDQMH (XFOHGLMHYH XGDOMHQRVWL GY
za pojedini B&ReMBrQDMEROMH SUHGVWDYOMD JRGLAQMH JXEL

"y L Sé*-éﬁosEk-]ﬁos? WK
a"E
.RQDpQL EURM RGDEUDQLK PRGHOD NRML UH SUH]H
proizvoljan tj. oda@Ha @O CstYaLpDUD *ODYQL FLOM SUHGORSZA
PRGHOL PUHaAH X VWYDUQRP YUHPHQX SUHGVWDYOMDMX &L

5.1.4Prijed+dd6 YRGLpD L NRPSDNWLUDQLK GDOHNRYRGD

5.1.40RIJX0QRVWL SULPMHQH +7/6 YRGLpD L NRPSDNWLUDQL

BRYHUDQMH NDSDFLWHW SULMHQR VDD B R \BWR Kavhisb €@ W 16 D C
WHUP$trNjegponskowwlLOL RERMH 3RYHUDQMH VWUXMH ]QDpL
GRSXaWHQX PDNVLPDOQX WHPSHUDWXUX YRGLpDnjeOL SRY
QDSRQVNH UD]JLQH ]DKWLMHYD QRYX JODYX VWXS GDOHNR
XGDOMHQRVWL L XGDOMHQRVWL RG WOD *kRy@HterEHWRC
daleloda predstavijeni subu-HGBWIIRES QDPLQRD GIxaviHeWaR SR\
SRVWRMHULK YRGLpPpD V YRGLpLPD YHUHJ SUHVMHND LOL SR
WHUPLPpNX VWUXMXaRfHGRVVWREENLHDHOD =SRVWRMHUOULP GDO
QRYRJ ]DPMHQVNRSUWRGLHBPDYERISULQRVL SR DU B R WIW RMWHHAILL
uslijed pojave ledaRYRGLir&R $SREKMIDD SMRUWRMHILP NRQVWI
.RQYHQFLRQDOQL YRGLpPpL V YHULP SUHVMHNRP SRVOMHGLpC
NRQVWUXNFLMDPD L PRJX VPDQMLAADOGHER R GIDR) RVWO R RY MWXR
NRQVWUXNFLMH RMDpDQHS UL QDN RIFG HDARN RUIHNOWHMEY. RBLPL VI
promjarda imaju istuVis$iHRBhjpQRP WHALQRP NJ P NDNR EL V
RMDpDQMHP RYMHVQLK NRQGNVMHU Xfiriels ke BV WXSQPR ID YSRV M
PRIXUQRVW UDGD QD wLadeR WHRBSHODWX&tDrRa zadovolje s
udaljenosti od tla i susjedn Wi &lj¥¢WaDaY LIPVABSNARWHPSHUDWXUQL
provjesom koji se mBgUHbNMXtiQDYHGHQL X SRJODYOMX ,JEF
R SURMHNWQLP XYMHWLPD SRVWRMHUHJ GDOHNRYRGD L EX
za isti dalekovod.
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TablisaOHWRGH ]D S&patite@aM tiaNekovoda

Metoda Opis
3RYHUDQMH SRYHUDQMH YLVLQH |D
3RYHID tempeure SRYHUDQMH ]DWH]QLK
i .RPSDNWQL YRGLpL
maksima “DPMHOD Y Q p
strujnog +7/6 YRGLDpL

RSWHUH S GUHYyLYDQ[ 6WDWLVWLpPNL SURUDD

GRSXaWHQH OROLQH L]JUDPXQ

SRYHUI s amiena izol2dMmiena izolatora
E?iﬁgﬁlot : Rekonstrukcija glave stu
daleko\ 3RYHUDQMH 3RYHUDQMH YLVLQH ]D
3RYHIiD o Razmotritigeomestrije gla
Primjena —
naponsk . Rekonstrukcija glave stu
. kompaktiran — .
nivoa Rekonstrukcija stupnih 1

3RYHUDQMH 3RYHUDQMH J[DWH]QLK
PHYXID]QH | Rekonstrukcija stupnih n
udaljenosti [ Rekonstrukcija glave std

BULOLNRP SRYHiUDR@MR oN®ESADHF L DVHWWRY 1) D SRR V X
]QDpBIQMadi konstrkRGHNRYRIGDL $OXPIDMHYH SRVWRMHUGD N
stupa i samog stugpy PeWWBDAaHQH PHKDQLPNH Ltege NsWolglap QH
SRWUHEQR UHNRQVWUXLUDWL SRVWRMHUL GDOHNRYRG ,DN
stup/stupno, dojltsQeD JODYL VWXS YUaAH(FPL@QjemMb e Qo mpkY D WML
AWDER®DWRUD 'D EL VSHRYRERBUH dbde KODdHlaEk Hznosi buke, a
VPHWQML HOHNWULQDiko MDrikdd WSHRWNVRRIGINI DKSGHGBPR X R C
sekomparandMHaHK@MmPpaktiMBaHQMH SULOLNRP SURMHNWLUDQN
razlikuje od tradicijommalabigzdimajzmaMBEnYLdH pLPEHQUND NRML
YDAQL X WUDGLFLRQDOQRP GL]DMQX 6PDQMLYDQMH PHY}
HOHNWULPQRJ L PDJIDAHWXINIR IS RDM 3 RYOHWDQXMH GLHOHNWUL
Smanjen]eDMNaD PHYyX YRGLpPLPD X]JU&NahWMHeVedDeRoQdH teH
SRVOMHGLPQR SRYHUDYD SULURGQD VQDJD GDOHNRYRGD
YRGLpLPD GRYRGL GR SRYHUDQMD HOHNWULpPQRJ SROMD X .
awRvodi do komoave.dE®OeX pDMHY Hp BaR/W3dtH BBRdMth a paeikatmanja
projektiranja izolatorsko Wwjashaevbp reazRGUrd@ ]| aNL GH VH HO S
dalekovordmjentomi6 XaDGL L NRPSDNWLUDQLK UMH&AHQMD
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5.1.4,2UDpXQ abUB®RIEWRGLpPH L NRIRBIXNWLAAD QH

=D VYH VOXpDMHYH SRYHUDQMD SULMHQRVQRJ NDSD
PDNVLPDOQH VQDJH NRMH SURL]OD]L L] SULPMHQH +7/6 YRC
o njegovoj duljini, kao i o izvornim projektnitn 6pRétld o BDt@QMKa
MDNVLPDOQH GRSX&A&WHQH VWUXMH ]D N9 GDOHNRYRGD G?

tokoweQDJH MHU MH RJUDQLpHQMH SRVOMHGLFD SDGD QDS
porasta struje.

2SUHQHWRAH UHUL GD MRS KB bkigrBo@MAUN kcija topologije
sustava (dalekovodi, transforRRBSOHQ]|DELMRAtGQD,SRQDReLdRSWH
PQRJD UD]PDWUDQMD NRMD VH RGQRVH LVNOMXpLYR QD SU
maksimabkion QDJH |]D RGUHYHQL GDOHNRYRG 'D EL RGUH
LQYHVWLFLMD SRWUHEQR MH L]YHVWL SURUDpPpXQH QD FLM
GDOHNRYRGX ,VWR WDNR SRWUHEQR MH RGUHGLWL JUDQI
pogd3DOHNRYRG SD MH VWRJD SULOLNRP SURMHNWLUDQMD

Slik®6:2JUDQLPHQMD SULMHQRYD4YQDJH QD GDOHN

Kako fepdredili grawodJ uwnRMLK MH RRINKYH i XUHQDL MH B/RW
MH SR]QDYDWL RJUDQLpHQMD 8 QRUPDOQRP SRJRQX GDC
SULMHQRVD VQDJH VX GHILQLUDQD WHUPLpPNRP L VLIXUQ
GHILQLUDQD PDNVLPDOQRP WHPSHUDW XdVRP ilXRdM Xt opRiGEpP U
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YRGLpLPD MHpXdUsRKN&W DSYWRJD MH WHUPLpPpND JUDQLFD GH
GRSXaWHQRP VWUXMRP 6 GUXJH VWUDQH VLIXUQRVQH JUIL
SULMHQRVD VQDJH L RYLVH R SRORNADE R WLOG N D A D KYRWGH
VQDJD GDOHNRYRGD NRMD VH PR§H SUHQLMHWL GHILQLUD |

2 L2 Bt tUPY, (5)7

Gdje su:

VitQDSRQ QD SRpHWNX GDOHNRYRGD
Votnapon na kraju dalekovoda

/li1-l2+maksimalna razlkkaaf azanppogna (uzima se 30°)
X tdirektrektaemcija dalekovoda

,VWR WDNR YDa®@iRoMH R@bak® i oMga se definira izrazom

Zs0q g (59
Gdje su:
Ustnazivni napon
Z,tvalna impedancija dalekovoda
Valna impedladtekiaviadmrethodnoB Gurldagz 4 M H
<é|_§:iL¥T®% (5.9

*GMH VH NDSDFLWHW L LQGXNWLYLWHW RGUHYXMX

5 5

%Ll Tl (5.30
oLt & ®-|—ijz (5.11
Gdje su:
8 L ¥& o®od®Ro 0 (5.32
8ok NLP ¥:85 6@ 53 @85 68856 (5.13

Induktivitet | Hapalcodvasddsu izravno ovisne o materijalima k
za konstrukciju dalekovoda. GlavRG pananmfeinfkMpwitekam kapacite
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swefinimpendmetrijskaheno&tiSRO RARGIINWR MH PRaH YLGMHWL L]
IDYHGHQH MHiGeQle GaEithduktivitet potpuno transpodardndag trof:
kapacGPOHNRYRGD EH] |HéaP OMMN LK sWwkr 6 md/d&niosti dalekovod
niti punduktivitet ili kapacitet daleilksdeoda, r&lprezerkt@rtivni pr

induktiaitkapaadteltekovoda

Valna impedancija je ujedno pokazatel] prijenosne sposo
RWSRU GDOHNRYRGD V MHG @R VWWUWHXIML R NYRR G L p'. P®ORRIE M pIQRU
dalekovoda za 110 k&@&20BeWMWirodna IshadeW, a kod 400 kV prir

VQDJD a 0: .RG YRGLPD X VQRSX MH YDOQL RWSRU PDQI
SRYROMQR MHU WRuSR Y $aiDuad e SaMoM H Q RV praksY Hiiel ®@ovod
viemegmra&nosi iznad ili ispod prirodne snage dalekovoda, prema

Kako se duljina daRekk irdeektancXja8B3RY HUDr@kdRcije
Xsmanjuje se maRDIRAIE®HBHNRYRGD NRMX GDOHNRYRG PRat
sigurnosna granica dalekbvabona iGnpEhFlLjdD GDOHNRYRGD VH P
smanjenjem faznog razmbka RN BjE@BOHPREULRD X VQRSX SRY
n SRYHUIDQMIHWXVD YRGLpPpD LOL SREHUDQMHP UDGLMXVD VC

Prema svemu gor® rsdviedeifoRVQD PR wvaGmO HINRYMR GO | d
GDOHNRYRGD QH RYLVL LJUDYQR R PDWHULMDOLPD NRML V
ovisi o geometriji dakssupwredamgdiempozitnih materijala dizajnir:
geometgipre sYupaOMHP PDQMLK PHWUBPRLEKIKIG® @MHE@RYIWha
QDpPLQLPD NRDS/AMAQXMNUD @M I KdBfINDQLPpHQL VLIXUQRVQLP R
(naponothgk sWKLaGDOHNRYRGL RIJUDQLpHQL WHUPLpPpNLP RJL

Upotredyd6 YRGLpPpD X XVSRUHGEL V NRQYHQFLRQDOQLP
utjecatianau I GPOFLMX GDOHNRYRGD .RULAWHQMH NRPSR]LW
promjeni u geometpoifjakdmgkiottme geometrije) i time dovodi dc
UHDNWDQFLMH L YDOQH LPSHHGIEDEHILMdh ed W Ra dleH [Ka0 &\klol Bd a
RpHNLYDWL MH GD VDPR UHODWLYQR YHOLNH ®URPEMMEOH JF
prirodsmeage daRSKDOWX VOX[BIRWXVBMHIH GDOHNRYRKG&GI&LHA®OWA LVV
istom naponskosa PMWRMHUL ke 3@ HkdRyBRKtiranjem pretvara u d:
LOL VH 'LAMLG@D QDIRQRPMHINGYYRH. GRUL GR ]1QDpDWeQakKa SURP
GDOHNRYRGD X RGQRVX QD SR¥YW &M Erijehk Yavib Qe H ali &RV G Hla G
UHQDpPpDMQR XWMHFDWL QDawsaMReY KHa Qixddrixtikie HBdlelkovoda
valne &p@FLMH L SRYHUDQMD SUYLURGQH VQDJH GDOHNRYR(
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5.1.4BdalparametaHé/@a&r RGLpH L N RIRBIXN WoLdéhD Q H

Odabimzivh@PSRQD L WLSD YRGLpD RVQRYQL VX SDUD
RSVHJD UHNRQVWUXNFLMH SRVWRMHUHJ GDOHNRYRGD L
QDYHGHQLK SDUDPHWDUD VOLMHGH L] WHKQLPpNLK L HNRQI
pogonskimkhwivPD X NRMLPD VH QDOD]L GDOHNRYRG NDR GLR ¢
NRML SUYHQVWYHQR XWMHpPpX QD LIERU QDSRQD MHVX ]DKW
SRIRQD 6WDELOQRVW SRJRQD |DKWLMHYD W DI ¥ $in 61 HONIW U
XWMHFDMD QD RNROQX PUHaX WM LVSD®G® jid@airNWdrD QiDu X j\ed
prilikom rekonstrukcij@Dd¥lle&klo VPR ESRPPMNLsQ sYdbildsgeonta&du.
SRWUHEQR MH SURYHVWL tjptB[RAVAHD GE HID NPIBIRSWUHEBAMREEMHQ |
UMHEHQMD SURYHVW (BUIHVK®Q RIVHE B NP \QHDA N DLSaDMRELMHNGKD IXP DU |

tokosaaga

] VYHIJD QDYHGHQRJ SRWUHEQLeVi¥r§e&tR KiDWuQaN] B H LV
razmotsWtbDWLpNH DQDOL]H WRNRYD VQDJD ]D SUHGORAHQD
navedenih panah@trHQWH SULMIQORLYMH PBPRINIQRVWLPD LP
VXYUHPHQLK UMHAHQMD iH VH SURYHVWL ]D VOMHGHIiH VO

X %D]QL VOXpDManjé¢mGDaQMLP VW
X ImplementacijaRHGMpIN 10, 220 i 400 kV
x Komgktirani dale&ovb@2a0 i 400 kV

+7/6 YRGLpL VH SULPMHQMXMH QD GDOHNRYRGH NR|
RJUDQLpHQMD SR SLWDQMX VLIJXUQRVQLK YLYLQDndMo GR
LIQRVX VWUXMH NUR] YRGLp NRMD XJURNXMH SRUDVW WHP
PDWHULMDIO@L YSRRGMIHIDD QMH SURYMHVD  +7/8 XYWWRES lYpHU R R/AWK USK
RGQRVX QD NODVLtpoD h@HP YRCGMPYNRBQ ¥H VIRYXMH MH SUR
SRYHURMXiIt@DEOHNRYRGD PHYXWLP XVOUMBGQRU R RLYKH URDIC
kapacifeta stvarnostimeeaeajtexdbnosti od teoaleltimsa b.6 id&né
presjek razn¥aR Cal@iVWLKRYLK HOHNWULPQLK =LDWSHRKNQU i K H KL N.CDUb
JXELWDND NRULAWHQLVHMXY $&&RKRUY R P HRAMNXRMMLX KUYDWVNRM
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Tablis@GPreglrez matrdRIGLPpD k¥ dalekovode

Otpo

Promj Preki{ DC n Strutd Gubit¢ Omje

na’s°( Imax zasb0O@A Imax

7LS YR( !
[mm]| sila [| 20°C [A]
SOWH Al [KW/K| ACSR
ACCC 21,7{ 1055/ 0,088 598 | 122| 22.2| 1.92
Lisbon
ACSR
WK 2179 9708 0,17| 605 | 640 29.3 1
ACCRITW 51 6/ 8708 0,115 618 | 125/ 28.8 1.96
Hawk
ACSSITW 51 7¢ 7077 0,119 652 | 128 28.4 2.01
Hawk
Tabli®saPreglrez matrdRIGLPpDOI|A 0KV dalekovode
. .| OtpebC Gubitc .
7LS YR P[rn;’rr:]‘ ':irleak'[‘i na 20° '[mAeiX 28600 OE(J:G'S”EX'
> NP [KW/Kn
ACCC 26.4| 15327 0,0611 1560 15.4 1.87
Stockhol
ACSR 26.7| 12357 0.,0807 835 20.1 1
Starling
ACCC 30,41 16241 0,044% 1918 11,1 1.93
Vienna
ACSR 30,6/ 14791 0.059| 995 148 1
Cardinal

(OHNWULpPpQL SDUDPHWUL SULMHQRVQLK YRGRYD VX R
NRQILIJIXUDFLMD JODYH VWXSD SURPMHURP SmBbjRMHEP YR
XGDOMHQRVWL L]JPHYX YRGLpPpD L X]st & b pirQrid<s i Gh b FhQenY De Il
parametara dal®KHoWwOMREQLP SULEOLADYDQMHP YRGLPD SRVW
GDOHNRYRGD aWR GRYRGL GR VPDQMHQMH XNXSQH LPSHG
prirodne snage dalekovoda. SmyXjeD® RDaljXiblPtO e QLP GLMH
LPD VYRMH RIJUDQLPpHQMH X YLGX L]QRVX VWXSQMD L]JRODI
SROMD QD SRYWBRVIOMWHB®BEBRRguUbitaka uslijed korone. Isto t;
zanemariti Ed epoéeja nalRIviHPOMH UbWuRuViPHWQMLdAalekovod
nazivne napone kMadER20VORAHQRVWL QDYHGHQH WHPDWL!
SUREOHPD VH SULVWXSD J]DVHEQR JERJ NRPSOHNVQRVWL
XWYUGLOD JQWQIRYWIQHERILWNEID QDYHGHQRJ RYGMH UH VH ¢
GDOHNRYRBGDIj¢eHleampakthrkeanfiguracijakada22&Vi 400 kV

83



3ULPMHQD SUHGORAHQRJ DOJRULWPD

QDSRQVNH UD]JLQH RYLVQR R RGDELUX XaHan pre 8 $tR R NdheX
geometdip&@ YH VWXSRYD ]D N9 SURYHGHQ MH L]JUDpPpXQ
NRQVWDQWL GDOHNRYRGD SUHGVWDYOMHQ MH X SRJODYO
PSES6LHPHQV /LQH RGUHYHQH NRQVWDQWH GDOHNRYRGD

razmahMH MH X]HWD NRQILJXUDFLMD VD VOLNH F ]D NRM
RGDELU SUHVMHND YRGLpPpD

Slika7.Geometrije glave stupova za [b11J kV dalekovode

Rezulpatiametra dalekovodidadd@dCa estiil tab ] B@m

Tablis&@3DUDPHWUL ]D NRPSDNWLUDQL N9 GDOHNRYRC
Broj PYrF\?énlj_El R L C Phat Pnax
YRGU oyl > NP( > NP [uS/k| [MW] [MVA
1 21,8 0,12 0,38] 3021 32 122
268 008 0,317 3134 35 148
2 21,8 0,06 0,83 4415 47 244

Glavna karakteristika geometrije Og kawled sNiRgblvaWHQ Ml a
NRPSR]LWQLK LIRODWRUDVRRMAWD QMH REPRD XUXWWDYD QD
2GDELU YRGLPD RYLVL R PHKDQLpPpNLP PRIXUQRVWLPD SRVW
RGDELU MHGQRJ YRGLpD $&65 6WDUOLQJ
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Slike8:Geometrije glave stupova za [520 kV dalekovode

.DUDNWHULVWLNH SUHGORAHQRJ UMHAHQMD SULND]DQ

Tabli§2a3DUDPHWUL ]D NRPSDNWLUDQL N9 GDOHNRYRC
Broj F;ngg‘dfl R L C SIL|  Puax
YRGY (ROl > NP¢ > NR [us/k| (MW MVA
1 268 008 0.89| 290 | 139| 318
, 21,8| 0,06 | 0,22| 397 | 205| 487
268 0,0 | o0,a6| 407 | 214| 636

Osnovne karakediswRe SDNWLUDRDOAMWMDX G QWMHRArR &Kt GD V
SRVWRMHUL VWXSRakbjevOd dNpPpajajlE noskoa zpd& r p tiksaos e
YHUWLNDOQH VLOH WHALQH YRjeLEE JR YRSUHWRIPH LK R UV DX}
SULEOLAQR RMRIAMWKR =ERprimMéNé XRMWRO DWRIZVNLK ODQDFIL
VH ]JDGRYROMDYDMXUD XGDRIGULEQRXNWRFAEQREHDPX GREALR QD W
SUHGOR&AHQR UMHAHQMH QH ]DX]LPD YLA4H SURVWRUD X RGC
YRGLpD ]D N9 MH RG L]QLPQROHRYL KO L XKERR\DOOM Mb RERL
UD]JPRWUHQD ]DMHIHIIOWE MM $&65 &DUGLQDO GYD YRGLpPpD
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Slike9:Geometrije glave stupova za £2®] kV dalekovode

Parametri 400 kV dalelovallacdaénil @u

TablishO3DUDPHWUL |D NRPSDNWLUDQL N9 GDOHNRYRC(

BI’Oj Plegg]ll_El R L C Phat Prnax
YRGL ol > NPG > NP [uS/k| [MW] [MVA
2 30,38 0,03 0,30| 3,F2| 562, 1377
3 268 0,8 0,21| 41954 686, 1733
30,38 0,2 0,268 4239 701, 2066

Provedena gmadiaaljeodkdzuj® Hl a N9 PUHab Rj\iWVIWOMLY
QD SRYHUDQMH uR®W kU $ldeth@NRY iiLé p@d&RiBvodnjom nagdjle€0 kV,
GROD]L GR SULYUHPHQLK ]DJXaBRMDIBRWHN B H UGB CGHNORHYNR-
nemaju dostatan kapadit&tD pMiHUDRRWULWL QDpPLQH SRYHUC
kapaciteta dalekWoha@2i&Vi 400V pokaxaxXavVOLpQX NDyjeNWHULV)
]DELOMHAH RS \WQBMatti®tanja uvozB8iRYdzZiDQX SURPL]MREGQ M X
SRYHUDQMD RSMMH U HIOBFQNHBIZSRND]DOD ]QDpDMQH SURPMHC
Za oba napoRRaXniSULMHQRVQRM PUHalsiSIRaNKREDaO Ho¥ D0 jV H |
istodoWMHdOLND SURL]JYRGQMD L YHOLNL XYR] aWR GRYRGL GI
VPMHUX VMHYHUD 8 WDNYLP WUHQXFLPD ]QD GRUL GR QHG
VWRJIJD VHUDYJRAODQWDOHMMH SRYH hRQMD KVSDHO0 kV kako bi st
RJUDQLpHQMD ]D QDYHGHQH VDWH
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SUHPD DQDOL]J]L RVMHWOMLYRVWL |D RGrHjEeth@Qsinbdg X
PUHRUWUHGORAMIQMMHQD +7/6 YRGLhDThDONIRRBSH NS & WIDReMdIEnarij
KOJXNOMYPXRMXWUDQMH SU H6 GiRaj Halpk nsM blja Ha@ MD

Tablisht13ULMHGORJ LQYHVWLFLMD X SULMHQRVQ
Opis investicije
Inv_1 ImplementHtijSRGLpD 1M ®Y DO
Inv_1 KompaktiddrjdDWNV 2x110 xV

Inv_2 ,PSOHPHQWDFLMD28&¥/0OMRG

Inv_2 KompaktirahjleD22 u 2 xR0V

Iny 2 KompaktirahjleD22 u 2 xR0V i
- LPSOHPHQWDFLMD +7/6

Inv_3 lzgradnpak4nV

Inv_3 Kompaktiemje&kV DV u 400 k\

5.2. Rezultati primjenom kompaktiranih dvaR&dowvdda i HTLS

IXPHULPNL SURUDpPXQL RVRNRDVPDFYRIBEOIRMHUSBEA&IS V RNU |
programskom paketu (predstavljeno u poglreavdymb eludpgadpaog po
SUHGORAHQizKabu MrH &l QMoD Prijlde A DsNeONR BilrediHoR RtIOdrimjena
pojedinih invesSiRiJj@DYOMX SURYHGHQ MH L]JUDpPXQ RVMI
obzirom na razne parametreS UROIDRE/GBI N WHFHQDULMLPD SRV
SULMHQRVQD PUHAD SRND]DOD MH QHGRVWDWQL SULMHQTF
NUHWDQMD SRYHUDQMD WMIUYHWDL LY B U DN @MKX|pHHNLUWID W E GERDY €
GDOHNRYRGD QHUH ELWL GRVWDWDQ

5.2.1RezultatiR@tt@LK LQYHVWLFLMD ]D N9 SULMHQRVQX P

Za PHGORAHQL PRGHO SamvwH@RIVQup dHBBkovodima i
]DIXaHQMD NRMD VH MDYOMDMX X SRMHGLQLP VFHQDULMI
SUHGORAHQD MH SULPMHQD WG X6 D/NR G3LUbIHP MGIFRONS dMUBR I DD N W |
dalekovo(dRIL&IXkMdo dalekeproklaizan kao prosjek tokajidpajeztrojk
jedrdstem&ioogpaktirpmpamoren-siscen sk RYHGH Qdn & pUdd e M
na 25 modela koji pMel@GsQ&RIIRgGLaQMH UD]PDWUDQMH 8 SUHW
NDUDNWHULVWLNH UD]PDWUDQLK UMHAHQMD L YUVWH HO
pokazali da navedene investicijeweem&j20uk Me ¢ &j0Mak®UpHiGEnosna
aAWR MR IEJD RpHNLYDWL MHU VX QDYHG#HM®M R 210QK\HY W DB LKWWH
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SULMHQRVQH PSH&RHWDPAIXDWRWRYD VQDJDJHAX SRAHGW WDQ X
su slikom 5GIMH MH YLGOMLYR GD YHULQD G bdkieN& Y RoOGD o] HuG L
na bazno stanje izuzev ajameklcRis OHRABE QWLUDQD SUHGORAHQD
MH GD LPSOHPHQW D F IXWDM1dtie Ko Gsln &/gohdiedRevbrdima, dok koc
NRPSDNWLUDQMD MH YLGOMLY EWDMHGDDMYQDSWRRMRM G RPQ D b
'9 8 RED VOXpDMD QD NULWLPpQLP GDOHNR¥RGAd®IE kM Ho G&R
i otklan]®UppaHQMD JGMH X 7O [YIRNEX pU LPUMHPQMHQMHQ MH Q
12 i 18H ]1QDpDMQLMHtSKald k®vp dNaD B U FILSV

Slikml0,]UDfXkova po dale kDv8UJiRPaD W UD Q X N9 PUHAaX

Odabranih 25 modela MHGIGRIR@GLEAQMH UD]JR DWdaMe@ MH L
LIUDPRGLEQ Mtlakja kapacitetsS PgLavteQRaviQH PUH@AK d$ Da WiQelnF L
MH L]UDPXBGIODRAHOPWWLFLMH X SULMHQRVQRM PUHAL JGMH
LQYHVWLFLMH GRSULQRVH SRYHUDQMX NDSDFLWHWD

Slikel1. UHWDQMH NDSDFLW Hyub i SaklaMkHt QR ¥y QH nRIUH a H
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ORAH VH |DNOMXpLWL GD MH NRPSDNWLUDQMHP GRA&aOF
NRQDpPpQLFL GRSULQLMHOL QHAWR SRYROMQLMLP S®RND]DWtE
RE]JLURP GD JXELFL pLQH ]1QDpDMDQ WURADN X YRYHQMX SU
QRYLK LQYHVWLFLMD QD L]IQRVH JXELWDND =D QDYHGHQH
gubitaka na temelju ostvarenih mjerenja Xako jeUbrpKaZ aXE uWD
LIYUAHQ QD JRGLHONMR BHQM LQAXpD MB Yjld deanwpre@led ukupn
JRGLAQMLK JXELWDND X RGQRVX QD ED]JQR VWDQMH ORA&H
smanjenju gubitaka, gdje jkgm@pialktiranlika slajed promjene toko\
SRYROMQLMH XWMHpH QD JXELWNH QD VYLP GDOHNRYRGLP

Tablish2*RGLAQML JXELFhv]D2QYB L

Bazno stanje Inv_11 Inv_12
Ukupni teret [MWh] 1.122.850 1.122.850 1.122.850
Ukupni gubici po DV [MWh] 16.174 14,982 13.0%
Gubici [%)] 1,44% 1,33% 1,16%

5.2.25H]XOWDWL SUHGORAHQLK LQYHVWLFLMD ]D N9 SULI

5H]XOWDWL SURUDpPXQD XND]XMX GD QOUHRISWHUH&HQ
prilikp@DWQRJ SRYHUDQMD SURL]J]YRGQLK NDSDFLWHWD QD
nije Z2MHA4HQR ]QDpDMQLMH RSWHUHUHQMH 8 VNORSX EXC(
LIYRUD |]D RpHNLYDWL MH GD UH MDYLWL SRWUUsH&®DohDeSRYF
]QDpDMQH SURL]YRGQMH ELX GXgiladl R kit i b K | jILYWARWID LORJIJXUH
UMHEAHQaWKE dldne sce®BRMiEpPQMH SRVIAR M N @ LRUSA P iveD & Da k
GLMHOD PUHaH QD N9 QDSRQVNL @Qdl¥éRov.ddNdaRnY Ha 2 B GIL0|Q ¢
WUDQVIRUPDWRUVNH VWDQLFH SRVWRMH UHDG®ploHR JXUQR
400 kV rasklopno postrojpmeenaz0gd Xre@ R& WL SUHODVND N9
QD N9 QDSRQVNL QLYR SUH]JHQWLUDWL UH VH X LGXUHP
NDSDFLWHWD S Ul @ R Vahta | PZHAM R OkEDavijena u prethodn
poglavljnavedenatrdulsa VH X]HWL AHTCES Xedckkho Imr84j&Ha® , 6
mmMm, promjera 26RV@RY QLK WHKQ4th KA preDstBMNehih Niatablici
SRVWRMHUOL GDOHNRYRG UH VH SIGIMH MHQ B W \/-$INSR\P B BIN W H G
kompaktirarejteerarprusickcuie msslgieometrijom stupa kako je prikazano
YRGLBPBBR Staptesjeka 366i5ACE®tockholm 3L
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SURYHGHQLnla]gy2 p be®nsMhitn mo N Rmla X VOXpDMXoji N9 DQ
predstaWwH@QRIRG LAQYMBHIWGPOARRAHQD LQYHVW & F I\ De nEYiBa c i N (
+7/6 YRGapBzmatrani 220 k\{Ddalkkpaodike/ifllixo je ne postoji
SURPMHQD WRND QD SURPDWUDQLP GDOHNRYRGLPD ,Q°
kompaktiranja za navedeni dalekovod (DV 15 na slici) u dvostru
tdruga tro]KD)pXQL VX BRNBiyh 2@®D utjectgkoave u 110 kV i 400
N9 SULMHQRVRRMVAHHUSALPLMHWLWL GD SRVWRMHUD RSWHUH
PUHAX VX VH QDpHOQR VPDQMLOD GRN pDof)ehaG bokidNR Y
(smanjeojfa |D '9 D ]D '9 njERYyKAERD]ORAHQMH QDYHGHQLK
jeDV 1BOHNWarap&NaNRPSDNWLUDQLP N9 GDOHNRYRGRP VYV
prebacio kvV@®O N9 PUHAX 3RYHUDQMH RSWH UM aé&Hj@ Nj@ m9
reaktanciijjeperijenoBdéiaH XVOLMHG NRPSDNWLUDQMD N9 G
SRUDVW RSWHUHUHQMD QMmedStaviNRMLoXMHGuUsjsdabagvrijenc
,QYHVWLFLMD ,QYB XN/O6 W XIMHD $D INPNRVRHEDXNWLUDQL N9
vidljivo d@RELYDMX VOLPQL UH]X®WD Wpu eN BReprio  Bd e@ B
UD]PDWUDQMLPD SULPMHQD Q{rg & MG GaDQWRMWAMHPHe DV n
SURPDWUDQRM S BMWWHOARDWD R R PRSWDHNAALL U D Q@ 0D i @iD s m &lrdj ePnl i
ukupnedWDQFLMD N9 PUHAH L QD WDM QDpLQ RPRJIXULR Y
QDpLEtMHetlo dio dalekdiW dde0 B ak WO RVQRM PUHALLI0 GVR WRN
L N9 SULMHQRVQX PUHAX SUHX]HR QD VHEHN9IBYHGXQL .
zbog bolje povezanostiimlpeithaenditanXeQDYHGHQLK QDSRQVNLK

Slikal2,]JUDpXQ WRNRYD SR GDOHNRYRGLPD ]D SURPDWUL
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Kako navedene [BrR & MditD @rivbX i n
kapaciXeta N9 PUH&L 4WR MH L RVWYDUHQR JD3V.YiHl I$ivRPDW L
jeGD ,QYB L ,QYB plokaMed ¥ Clap@rtdmatrano razdohDj& HEOKR nv

manje gubitke u oddosjle navgswtecije

je vidljivo investicije su

Slikel3.UHWDQMH NDSDFLWHWD SULMHQRVQH PUHAaH L

=D SUHGORA&HQH LQYHVWLFLMH QDSUDYOMHQ MH L]UD}p
VQDJD NDNR MH SULND]DQR X SRJODYOMX ,JUDpPpXQ JXE
QDYHGHQH Vt@X pioiNHNY 56 DBQ SUHJOHG XNXSQ o nds@ Lid&d) Mdxn 4>
VWDQMH ORAaH VH/dDNOeMXigijw LdGdrinose smanjenju gubitaka,
razlika da kompaktitanf&GLpLPD ]QDpDMQLMH GRSULQRVL VP

Tablish3*RGLAQML JXELFL2Di,QnwB 23 ,QY

Bazno stanje Inv_21 Inv_22 Inv_23
Ukupni teret [MWh] 7.859.797 7.840.203 7.905.630 7.890.248
Ukupni gubici po DV [MWh] 89.446 85.061 85.754 82.275
Gubici [%] 1,14% 1,08% 1,08% 1,04%

5.2.3RezuMh SUHGOWEHIQLK & S8ULMHQRVQX PUHAaX

$QDOL]D RVMHWOMLYRVWL SULND]DQD X SRJODYOMX
SUHRSWHUHIHQWD SULMHQRVQRM PUHAL GROBRYK®DLMHG
proizvodnih kapacilNeot dEadOvalastazmaQamjd IDELOMHAHQR ]Q
RSWHUHBHDMQW®@HQD SUREOHPDWLND N9 PUKadh GeehQuDliL MR A
RE]JLU EX&XaMa integracije obmuosljsyeldnzmozam|mmRé HMEL¢DWL G
UWYH pHaAUHI@BPIRhiMabih/nepredvidivih tranzitaPlrM8lk®tveno n
MHGLQR PRJXUH UMHAHQMH QDPHUH VH SR NXoHHEHNDH B RVRWIRDI
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razmatranezentigsanaablbcil8 RYRP VOXpDMX QLMH UD]JPDWUDC
Xahd@] UDJORJD aWR MH QD SURPDWUDQRM PUHAL VDPR MHC(
L aWR MH SUHGPHWQL GDOHNRYRG VWDU WWRURdalakoGb@®d
na spomerd@tmipYavcu sva energija se zatvara KIMHQRY @X P WHA
1zQDYHGHQLK UDJORJD VH UD]I]PDWUD JUDGQMD QRYRJ N
spomenNIRPSDNWLUDQMH SRVWRMHUIWHD]ORIN® QDR 20HKS RV WR
dalekownwadani neposrednoj blizini 400 KkV sttramisfo.r ns&tces ksitup a
geometrija glave dalekovosdaapsdicst& BN MMH ]D YRGLpH SUHG)
tablici 5.7 Ada®PRardinal presjeka? X9RRGIMMXUDFLMD GYD YRG
PHYXVREQR XGDOMHQD FP

SURYHGHQL LR MaHIi QD& mopedim@adkaodva razmatran
odabrani m»dedBVWDYOMDMX MHG@RIRESIEMAM Bin &IDZ & D& Up® &
]QDpDMQH UD]JOLNH [DtRGDEKM2Q|& MblladMaMpredstavijeni s
Primjenom kompPakRYAWRMHQGBIV 1&6aN®Okovoda na(BVO1&Y azi
doJXELWND JODYQH IXQNFLMH SRVW®RVjdiibls enldg§e LM sIQjR Vi
sjeveO)LGOMLYR MH GDhaXeWRBiMaOXPREX KV domai DOtk prela
QD WDNdo@ bip®RiYH U DQMXWRNXSQRJ N9 8 VOXpDMX L]JUDGQ
(DV 18DOHNRYRGD UHDNWDQFLMD N9 PUHAH VH ]QDpDI
SRYHUDYD XYR]DQD2@®3aIMRovodu. Vidljivo |SREYHID QMDD WNRNRY

N9 SULMHQRVQRM PUHAL a@&WRiJbeSRVOMHGL YV LPID2® KYR

dolazi do smanjenja tokova snaga.

Slikal4,]JUDpXQ WRNRYD SR GDOHNRYRGLRM® DUSIARPDWUL

92



3ULPMHQD SUHGORAHQRJ DOJRULWPD

3UHGORA&HQH nLadaaH &/iWyLigth jalpacidd kPrijenoBUd el &L aWR
MH L RVWYDUHQR ]D VYH ISR BDV DIQiMo Vi@ X i &Mkl d3je6
pokazatelja u oldiwo XRXUNYHQVWYHQR L] UDRDMRWD YSHRIMIN RWOHIIMBIF
SULMHQRVYQH PUHAaH

Slikel5.UHWDQMH NDSDFLWHWD SULMHQRVQH PUHAaH L

, JUDpXQ JXELWDND |]D LQYHVWLFLMH X N9 SULMHQR
SURMLFLUDQLK WRNRYD VQDJD NDNR MH SULND]DQR X SRJ
investicije za 400 kV zna biti izazovan usinped dabdattamkh gabi
LIRODWRULPD 3ULOLNRRQDWVDp R QDR UHEWDHENBRDV/PED SRYLMH
ostvare® LGHQWLpPQLP NRQILIXUDFPXRDBERBIMWSMERORAHQFR
NRPSDNWLUDQR UMHAHQMH VH YKRAGUGBDLQDPLQLESD VH HNUXR
UMHAHQMD L NRPSDNWLUDQRJ 1Dph@Q k@ prdiidbikia kipd bVt WER R C
koropeema foBmbl4ii $DIRED V@GXpdMPpredstayRMWRWQR SRYHU
LIPHYXELWDND XVOLMHG NRPSDNWLUDQRVEL 3D MIU H BUDR XHQ XX
uslijed korone ne ovisi YHGKHIYLM aL ] UpD pXK) LRDD WXMNRIRELWDND
YUAL SUHPDraggdlaQuBMaka korone (Slika 5.16
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Slikel65DVSRGMHOD JRGLAQMLK JXELWDND XVOLM

1DYHGHQD DQDOL]D MH SUHGVWD Yt@ Matk@ P nli  §UELI Diy H& D
kompaktirani 400 kVprd&bekiquokiaa glujeicitokova snalgako kerone

prikazano:

28400600cp Biaenlp 28282289 D? LW V
2ompml 2iazaadvoacaV&aazd9 D? W W
*XELFL NRURQH VH RGUHJXMX QD QDpLQ GD %bhSRVWR
SUHUDpPXQDYD ]D QRYH NRQILJXU DKok eH1 ,=do K @ B \2lapkQpRn pakH ia
dalekovod Kakli®p XQD NDR RPMHU JXELWDND NRURQH

G&aaaL—ZAaaé@é”p>" ? W X
2K 884G 000

U tablitdMH GDQ SUHJOHG XNXSQLK JRGLAQMLK JXELW
ORaAH VH ]DNOMXpLWL GD VYH LQYHVWLFLMH GRSULQRVH VI
izgradnja novog 400 kV dalekovoda ima SlAYpoyv WrilHeQ Rok h 28D ¢Q
MH ]DGUADQD SRVWRMHUD N9 SULMHQRVQD PUHAD L VDPI

po svim naponskim nivoima

Tabli®8h4*RGLAQML JXELFL, | EID]QRZVWDQMH

Bazno stanje Inv_31 Inv_32
Ukupni teret [MWh] 8.129.206 8.620.636 8.364.948
Ukupni gubici po DV [MWh] 86.536 76.269 77.926
Gubici [%] 1,06% 0,88% 0,93%
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5.3. =DNOMXpQH SUHSRUXNH

Svripgovedanahizi je razmecwf/6 YRGLpD L NRPSDNWLUDC
QD SRVWRMHUH SWLOVHNRRIREEXH jRRIRIIBXK L K jBl MildaHIP/220/400 kV
prijenoBbi@dkazMjd GD QDYHGHQH WHKQRORJLMH LPDMX VYI
+7/6 YRGLpD QH X]JURNXMPDSV®RP VMH QH. XKDWRINUPYQLPpHQ XWMEF
NDSDFLWHWD SULMHIHPHIHVDBHME +7/6 YRGLpD QD VDPR
GRSULQRVL SRYHUDQMX SULMHQRVQRJ NDSDFLWHWD WRJ C
PUHAL LPD M HdabDe&k dMbIdRAU i@ + 7 MHYRGLKHYDWOMLYR UMHA&AHQ
JGMH SRVWRML YLAH NULWLpQLK HOHPHQDWD SRWUHEQD M
X WDNYLP VOXpDMHYLPD VH PR&aH GRSULQLMHWL SRYHUD
PHYyXWLP WVURADWLYRVW WDNYRJ UMHAHQMD PR&H ELWL R
SULPMHQD NRPSDNWLUDQMD QD SRVWRMHULP GDOHNRYR
NDSDFLWHWD GDOHNRYRGD L XMHG @R tRelbM EH QM OWERMNNX H
SULPMHQH + 7 6SYR M HIQRNW QU PhUth dXdnostavnije dok primjena ki
]IDKWMHYD GHWDOMQLMH DQDOL]H SRJRWRYR JDoR& GDOF

nausjeddarhekovodima

. RPSDNWLUDQL GDO HNRYRG LHRPHHEGWUIYND X1 X O/IDYRH VW X S D
RSUHPH |]DPMHQX YRGLPD L SULPMHQ®std\ RKkS RfleW® uKed WD &
PLQMHQLFX GD NRPSDNWLUDQD UMH&HQMD QLVX VWDQGD
HOHNWULPQD UDdmDINEAD (aM D YyeR BLtrijul gias easituapraaict]e
se MARVWR MIHOHk&mpaktPRaublHald@mMXiti ath@HANaAWULPpQLK SDUD
PURYMHUD UHOHY D QW {xlid{@all Kéealo@d [dfNIMXpXMX SURYMHUX R
stupgh mpe@GHUH ELWL UMDjEDWWasDi@®rtacije. Za odabrano kompe
UMH&GHQMH L]JUDpXQDW UH VH NRRUGLQDFLMD L]J]RODFLMD
NRPSRQHQWL GDOHNRYRGD |]DJULMDYDQMH YRGLPD L RYI

obzoam na rezultate koordinacije izolacije.
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6. KOORDINACIJA IZOEARREMA IEC-50071

Izolacijskajstava /HeEREUHYyXMX NRRUG Lo@RIFbkRR In&Rp»D E
NRML VH PRJX SRMDYLWL QD PMHVWX XJUDGQWHKRYPBEBBYL
karaktericprieengl RODFLMVNL VXVWDYL YLVRNPQBBORQANOK 9:
LIOR®HQPLYQRP LIPMHQLPpQRPSQDHRIQX pOHMNYHQ@FLNHenaponin
ih mogu ugrozixl. B3WgEP X WUHED GLPHQ]GRRBOUYBRWL &pBINR GD
kogse mogu Zavvrij&rhelOHNSpULip®hjl@ | u pogonu.

UslijeRYHHUDQMH SULMHQrRERIb NN SohEEtMeHW D mXa i dalek:
SUHODVNRP QD YLAL QDSRQVNL QLYR MDY O MK vl iBR& JWHE D
LIRODFLMH L SULNODGDQ LpeREbSEBR®BERRVRWWNERW.LMH ;
kompakthramiekovoda koji iiMiQuHmMarjyXIDJ]QH LIRODFLMVNH U
QD NODVkpQdt & DsQdlg napohbs&[R2pnivoa

Do polaBUHQDSRQD NRML XJURNXMX NYDURYH QD QDG
VOXpDMX XGdd)®dkBXd&dMiHi Xi neposrednje dIskioprieh operacija ukl
i isklapanja daJeR#voRIED VOXpDMD GROD]L GR SUHVNRND ¢
dalekBGD a4WR WOBANRMHHOHNWURPDIQHWVNH SRMDYH NRM
SUDAQMHQMD X JUDNX

2GUHYLYDQMH L]QRVD DWPRVIHUVNLK L VNORSQLK SU
procesom definiranilmk Cu 6rodkmii IEC 620[814], .[B5dcée3UDpPpXQD
SUHQDSRQD VH YUaL QD QDpLQ GD VH SUYR PRGHOLUD UD]
sklopnPR¥tTHUVNLK SUHQDERODe RGUHYIXPMenaponi, zatim ko
podnosivi naponi, zahtijevani podnosivisivapmoagdoinstammdeaméni pod

=D SUHGORAHQR UMHAHQMH NRPSDNWLUDQMD SRVWRN
SUHWKRGQRJ SRJODYOMD SURYHVW iUH DQDOL]D RGUHYL
QRUPRP .UR] SUR YHIG#HIQ@H VH DpXRVL S UM 6iRm@aDn L &R & U H
PHYXID]QL L]JRODFLMVNL BRWDF¥H Y=HDi MO XPpORIWLY FSUHQD SR
standard AP RWULWL UH VH SULPMHQD RGYRGQLND SUHQDSR

Duljina raamoegrdalekovoda izn®sikmotbatoo 3dAOEHNWULPQR I
VWDMDOLAWY9 '9 SRVHEQd&jeSxaskhMipnih prenapoanagkayinom
RGUHyKe@medm dalekovoda i kar8ktemMidiQROVM®®H PUHAH JGMH
predmetni dalé¢koyetdma HRSEWHURRBEPMIRFL GR SRYLAHQMD Q
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GRS XiaWH Qed EXGHaMH '9 QDOD]L X UHODWLYQRnNeREWRM Kkih N
proizvodnih jedinica spojeriXaQ®& oM@ dktV potrebni niwdacijski
predmetnog dalWiboVRd& D VH L]Y UddleR RGoHHaO HUNDVQaWiHa K L K
QDGRPMHVQH SULMEMRV@Hadlidipdkio vezane su mhumipratne
udaljenb]JRHYyX®dID LJPHRGLpPpD L XpPHjROIW HQL Itvgh KGUHY X MH
skladBHBYyXQDURGRIaAdima za koordimBCija0{ZMIE® i§O-Q.7 1

6.1. Prenaponi u elektroenergetskom sustavu

(OHPHQWL SULMHQRVQH PUH3aH VX WUDMQRemhE@R&EHQ
prenaponim®Rkl§i GRVHIQXWLI j¢éQ@DpDXMQPrenapon se definira |
YULMHGQRVW QDSRQD L]JPHYX IDJQRJ YRGLpPD L JHPOMH LO
RG RGIJRYDUDMXUH GLPHQ]JLRQLUDQH YULMHGIQR¥MINeRSUFE
PRAHPR SRGLMHOLWLla@ehjdWPRRVe K VidwH ks lethklasklopne
(trajanja do nekoliko milisekundi) i privremene koji mogu tre

frekvencija im je bliska nazivnoj (Tablica 6.1).

TablighVrstealni oblici pf&ddpona

Da bi se osigurao pouzdani pogon EES potrebno je dimenzi
SULMHQRVQRJ VXVWDYD GD L]GUAL GLHOHNWULPQD QDSUH]
pogonu i prijelaznim stanjpmosajeddy@primbupan izolacije (SI1) koj
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RGUHWXMAH koordindRQDFLMH L RGUHYHQ MH SRGQRVLYLP
atmosferskim i sklopnim udarghed apsteoprenamdincao mab. Jegdje
Su prikazuje vrste phevapwalaa oplike prema Aof8%]IEC 60071

Dimenzioniranje izolacija uzima u obzir i ekonomska ra
GLPHQ]JLRQLUDQMD QLMH PRBUWH SRN\HWSUH GIDSROUHBR V HE (
sklopBeéika 6.1 prikazujeremen ampaghaekitoiu pre Ka@Bdna

Slikal:Klasifikacija prenaponaifearletmautpapdBafpona

Na ordinati je prikazan koekKy,ckponmpjenamomlatude prenap

fazrwvegijednosti maksimalnog pongonskog napona

T eof T eof
-5 L _/E7NLsé§;tw/ETN XS,
Yi—
yu

gdjeUwaxamplituda prenbegfekaivaa vrijednost linijskog napor

Sklopni, atmosferski iaplénda bpzijpltenni keerakdigu, dosegnuti
amplituwdyako kratkom v@QeOMNWNenRIQ pHJID VH SULJKaXk Xstka@dV
priviemena@pQwiD QDSRQD WU DeMXI koD $\e@ Rn@ X PavsthdRrGe Ko ik o

Amplitude sklopnih prenapoMBRYYRIGIDKk PYuvda R & UIV\WezSUHN
uklopnih otpozmolkaatkog spoja i kidéddkde NNURMIRM VH XdNODED GDC
dadkovoda i kompeprzacijna krajevima dalekovewdap pmdyvomhpecnip
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transformaflampolnPRBY JHQHULUDWL YUOR YLVRNH VNORSQH
QDERMD QD GDOHNRYRGX ,]JELMDQMH SUHRVWDORJ QDERWM
izvedbi naponskih transformatora u transformatorskim stanicse
dalekovoda nd&rdVk¥@L QDSRQVNL WUDQVIRUPDWRUL GDO
QHNR YULMHPH RVWDWL QDELMHQ &WR QLMH VOXpDM NRG
SUHRVWDORJ QDERMD QD GDOHNRYRGX RYLVL L R YRGOM
korone maLpoa PD L YUHPHQX SRQRYQRJ XNORSD

$WPRVIHUVNL SUHQDSRQL VX SUHQDSRQL SULMHOD]QI
GRVWLAX DPSOLWXGX X NUDWNRP YUHPHQX OQDNORQ pH.
atmosferskih prenapona kojiQIzx @RGjHRDABPVERGRYLPD PRAaH G
LIUDYQRJ XGDUD PXQMH X ID]JQL YRGLp XGDUD PXQMH X V!
SUHVNRNRP QD IDJQH YRGLpH WH HOHNWURPDJQHWVNLK L
munje u tlo u neposiredaxdje tninzoda ili stupa dBdlelPoesdac]
uzrokovani atmosferskimsyp@®mapaimaUD]ORJ LVSDGD L NYD
SULMHQRVQLK YRGRYD D PRJX XJURNRYDWL RaAWHUHQMH R
sustava te ugrozitS \6BNGUEHONUDMQMLK NXSDFD HOHNWULPQH F
SUDAaQMHQMD QD UDG QDG]JHPQLK YRGRYD SRVHEQR MH L]UI
YHOLND JXVWRUD XGDIUVEBRPKIQMDOQX WWRBRRUYWOBN

Koordinacija izolacjigeipbedsizaoMhcijskih svepdtaivanopraeme
napone koji se moga mo¢avutiugad®PBMXuiL X RE]JLU DWPRVIH
NDUDNWHULVWLNH SUHQDSRQVNH JDaWLWH 3UHQDSRQVND
kombinaciji):

a)ogrdpyHQMHP SUHQDSRQD QD PMHVWX QMLKRYRJ QD)

PRJXUH MH RJUDQLpLWL ]DAWLWQRP XaDGL L VF
GDOHNRYRGQLK VWXSRYD GRN MH VNORSQH SUHQC
SUHNLGDpPD V XNORSQLP RWiSREIKJapaAREMOL NRQWUR

b)) RJUDQLPHQMHP SUHQDSRQD XJUDGQMRP RGYRGQLNI
=D SUHQDSRQVNX |1DAaWLWX HOHNWURHQHUJHWVNLK
VH RGYRGQLFL SUHQDSRQD NRML VH SRQDaBMX NDR
mijenja ovisno odadMMBDRHARQD 2GYRGQLFL SUHQDSRQ
RSUHPX QD QDpLQ GD aWR XpLQNRYLWLMH RJUDQLpPD
ispod razine podnosivog napona opreme, a da se pri tom
uslijedvipamenih prenapona
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6.2. Koordinacojledzje prema normi-2EC 60071

Postupaér#édinacija iadoX&vipeiD RGEHYOMDNYMHPQH pYUVWR
opreme s obzizoos@grivremenih prenapona kofjiLfeDMXdgl XoRak]
XYMHWH RNROL&D L NDUD MV Ejé LOMMILNEG dDia W i dald | ResaligeP H
kV dalekovooM¥ HhiD GLHOHNWULPpQD RSWHUHUHQMD PRJX VH |
uklapanja nabijenog Rraded®s SIAXKQLRIEP D RGUHYyXMKIopHIhL]QR\
prenapokweordinacijski podnosivi naponi, zahtijevani podnosivi
podnosivi naponi oprem@RRLaY HOQM&l jiY ULMHGQ RMVALN R Gadzhy X M |
PHYXID]QL L]ROD MLam ¥ tld.n U pdyrubpbag eun s kla SR ¥ W R iVicH ihR I
za koordinaciju[8Boilaxrileazan je naBsldodj@l2 reprezentativnih f
SUHQDSRQD RGUHYHQD WMHGWHY LM BPHIMBRDWO@QRYEYRRBRYULMHG
(6.3)

PsL rAw®74 F s; X4 ;
gcl TawaE UP Xal,

Uesge50 % iznos kumulativne vjerojatnosne rapoilljele fazi
Vjerojatnost raspodjele reprezentatRGUH i¥ M oM e re fjugagnoorsd i
GHYLMDFLMRPJIJUDQLPQRP,X®5EMHGQRVWL 8

Py L rAw®756 F s& W X
acL sSAW® s Eraduv I X&v,

RHSUHIHQWDWLYQL PH§XIDr@LjedH & DiSdRLeacejskih
NDUDNWHULVWLNBstLgpoHIYyHVviPlLKomponentepljieddeakie saiprotnog
polaritertigedhost linijekegtegpvnog phrerRa(pOdrgelM H

aeaol t ®(5746 E (675, X
gdje Bu E

s ¥s E $°
— K F
t Fyi SE$

5 L XY,
s ¥Ys E $°

— H =78 XE:
tFy SES$

6 L

KonstaB(t@&.7§6i.8) ima vrijednost za urmafgrajnai v@kalsiku
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SIike22GUHYLYDQMH VWDQGDUGQRIJI[BBUHODFLMVNRJ C
Dijagram oviNshdstWrikazan je naZdivia®).3ku izolaciju vrij

% WJINKtN zavisi o on/ildtgdjeDj@D]J]PDN L]PHYyXHYsR&dpjRA vdsina
YRGLpD L]IQDG WOD
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SIike3:OviRVW NXWD N Rf&HAMHUX ' +

6.3. 2GUHYLYDQMH ID]JQLK L PHyXID]QLK UD]PDND X] SULKYI

dalekovoda

=D RGUHYLYDQMH L]QR Va2 b§Epdle ko PdtiiaX p@Qdtkno je nap
SURUDPXQ VNORSQLK L DWP BVIHHGWR K QI W G BB HRIGWH KbD Qd
QHSRYROMQLML VOXpDM LIQRVD SUHQDSRQ UH VH MDYLWL
na teme]WDgkQopnih preR&pWA-h@LWL L]QRVD |1bgdQrha kM oRlldy X1D]C
]D VWDWLVW L pd\oln i#ri¢ R&popaQpVikazan j&sDh&LsNei B. RRIWRMH i
N9 GDOHNRYRGD NRMD VH PRAaH LVNRWID WR VEID |DHS Q B CEIR| D\
stupovima kpnasdeulskgez®I RG aWDSQLK NRPSR]JLWQLK LJ]RODYV

SIikkdORGHO ]D SURUDPXQ YANMPRSQLK SUHQDSRQ

3ULOLNRP RGUHYLYDQMD VNO RIPMEHSRYRDIRQM IS VRKXI
se @MDMX QDMYLAL VNO®RSQhi SAPHIQB SjROhe WaklyanB0nkYije
dalekovoda duljN®e 29GMH MH VLPXOLUDQ VOXpDM SRQRYQ
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SUHRVWDOLP QDERMHP &dWR MH V REJLURP QD YLVLQH VN
QHRSWHUHUHQRJ GDOHNRYRGD 1D NUDMHYLPD GDOHNR)
WUDQVIRUPDWRUL SD QDNRQ LVNORSD SUHNLGDpD GDOHNR
QLMH VOXpDM NRG LQGXNWLYQLK QDSRQVNLK WUDQVIRUPD
SUHNLGDQMH NDSDFLWLYQH VWUXMH GRUDKRBpYHR thdh QweH
PDNVLPDOQX YULMHGQRVW SD RYLVQR R YUHPHQVNLP XYM
YL&H PLQXWD RVWDWL QDELMHQ WH QDSRQ PRA&H ELWL
SRIJRQVNRJ QDSRQD ,]YRU QD GHVQRBRYNVRUQMKLGIDQHMNR VRS
RWYDUD VH W PV SULMH XNORSD SUHNLGDpPD W PV
VLPXOLUDQ MH VOXpDM QHXVSMHORJ XNODSDQMD L] WUDQ
SUHNLGDpP X WUDQV IR &RIBVEUBNNRWD VWHD@LIFQ VOXpDM X SUL

6.3.10RGHO PrdblddiDD KvWwmpaktirdhanl@dkovoda

MRGHO PUHAH VH R G UHyXwa@ Bvbj MHRNYGLDY PEEHQW YDQMVN
NRML SUHGVWDYONMD BRMBYRH MNYULHALG B S\ rfejid & ploRGolgH § X
I tropolkogtkog s@Boj¥OXpDMX L]JUDpXQD QDGRPMHVQRJ HI
QDMQHSRYRQMQNUMIMHIXPDMGDOHNRYRGD WM X]LPD VH pYR
VSRMD a4WR UH UH]XOWLUDWL V YLALP VNORSQLP SUHQDSRC

Modabhlekovoprg¢elstawlpedalnim vrijednostima valnih otpora
EUJLQDPD aLUHQ MDD &b<r\alQdd r YiDrodd¥eD trofaznog neprepletenog
frekvencijskiSdAvHPEN NRMHPX VH NDUDN W& UL VDWW @ Da YIS G R ¢
Ab & DSURNVLPLROMXQUWP IXQNFLMDPBIIXL&BHI. WHhBGa>je@eome
XGDOMHQRVWL INPRYX YPGIXDYRGLpD Zabdaath e WnQddk | XréaH Yl
prikazdXeSURVMHpPQH GLPHQVILMH QDIYVIOK EYERBILY QRJ XaAHWD

Slikab:Slika dimenai(lajesvwp, model stupa u EMTP (desno)
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,JUDPXQ QXOWH L GLUHNWQH d4tPSjHdGjR Q@FdpbHn P [ X1Q ®p

kratkog ¢$609a i (6.10):

& L 2@, 4
YUREAS E : 8 o

. YU @ @Y 2@,

& L 2 L a X& T

< E<gE< t<cE<y
Jednopolna i trokoht&ogtragaja

k=10,2483,8° k&11,085,2° kA,

Dobiveni iznosi nulte i direktne impedancije su:
Z4=21,96 f Yi=21,96 f Yo=82,37 f Y

Ry Y ¢#69,69 m+E08 ¢=85,00%

Podaci o daledBWod¥ X NRULAZWHQL X SURUDpPXQLPD
)D]QL YRGL4A04BIMBYD YRGLPD X VQRSX
-SURPMHU ID]QR3OYR@p,D G
-MHGLQLpPpQL GMHODWQL HOHNWULPQL RWSRU QD
-udalje V@G LPD X ¥ QIOSK MG
=DAWLWQR X&H $00J6L% $&6 PP
.SURPMHU |DAWEWQRMMMAHWD G
-MHGLQLpPpQL GMHODWQL HOHNWULPQL RWSRU QD

'XaLQD GDOHNRYRGD NP

f&

fé&

IDMQHSRYROMQLML VOXpDM XNODSDQMD SUHNLGDpPD
XNODSDQMD SRORYD SUHNLGDpPD EOL]X PDNVLPXPD QDSRQ
SWXDFLMD XNORSD SUHNLGDpPD V QDMYL&LP VNORSQLP SUH

MH VUHGQMH Y BASSIAPRFHL XMWOR@OGD U GQUD4GHRS.LMDFLMD 1
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6.3.2,]JUDPXQ SUHRDBEROMAHN X NRQILIXUDFLMXlekoMO8dEMRPSD

, JUDPpXQ rolvesHli Sa navedenu konfiguraciju koja je predsta
poglavZjaa.model dalSKbRSHYYW. BH RMHD pXQD RGUHYLYDQMD VNO
UYL SURUDpPXQ X]LPD X RE]LQLAMKGHI GIPHOHNRERBO QLGOS L
VH &XkjrojavaD MY bienam@an&raju dale'koXdldaSURUD uX Qb Xif[LP D
XJUDGQMX RGYRGQLND SUHQDSRQD QD QDpLQ GD VH LQVW
pogodnim lokacijama po dufaviO detEbdwaxdaije ugoddafanika
prenappnaveddnb YLAH | KlaJDsXQMazmatrali utjecaj odabira loka

odvodaigrenapona na iznos prenapoN® XpDMXnepovoljniji

8 SURYHGHQLPMmM®URDIDG XL najnepovolykripiparigehoe a
SUHNLE&/DHpRGUHYyOEUWDO nprenapona na kraju dalekovoda. Na tem
viemena sklapan3& tH Le¢e5D ,l\5 sids 481hare 51nbs, doseggnut
maksimalni fazni skloépni prenapbagijsaksimalni slklopmonpr
ostvaren je u vremenima SklildNasGBpdo Wwese 60tke 50m0s
iznoB84S X L]PHYX IDJH]$AWHWL SURUDpPXQD QDSREOVINMLK SU
prikazani su naasliznoG.érfapona nadktakwvodaa Bzmose linijskih

napona na kraju dalekovoda.

Sliké6:Fazni naponi na kraju dalekovoda
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Slik@7:Linijski naponi na kraju dalekovoda

Tdlica prkkazuje rezultate analize sklopnih prenapona na

SUHGORAHQM &KX BNpeEYMHost faznih i lini)skih prenapona
Tabli@zlznosi faznih i linijskid krregunagalekovoda
Fazni i Iinijski Ua Us Uc Uas Uac Usc
60XpDM 4.7 2,9 4,3 3,7 6,4 4,5
60XpDM 2,1 1,9 2,0 2,5 4,1 3,3

Slika8fprikazuju rasfpadjdlyprendpoao dulpialeko v@edba
QDMQHSRYROMQLM]ID WX¥p D K DXANQ DM@ DAVCOOOIOMHAIYYD MH R J
minimalni broj mjesta za koje je potrebno ugraditi odvodnike pr

UD]PDWUDQLK VOXpDMHYD |]JD NRMH VX RGDEUDQD PMHVW
dalekovydd WHPHOMX LIJUDpXQDWLK YULMHGQRVWL VNORSQLE

sazolacijski razmaci te zahtijevani i stpnedmedniopodnosivi napor
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Slikee8:Raspodjela faznibh PReGa2p@OMLQL GDOHNRYRGD ]D QDM

6.3.32GUHYLNO QMWD L P HrjaxID3 Q4 60a K\ m p a kitickal e ko v o d

PremarnpiredstavijpogjawljuLfUDp X QidWiintd cVjld izolacije za
SUHGORAHQX MRQIkVXkohFdakbiranih =alleKbd p ¥ &. XPUMPHD@HRU H
uvijete:

Podaci o dalekovodu:
-QDMYLAL SRIJRQVNL QDSRQ N9
-QLYR ]DJDYHQMD ,QLVNL GR VUHGQML
-nadmorska508inu
-D = 6,7m=1H 35 m (iz slikeé stupa 6.5)
-D /H RPpLWDYDPRNV VOl #H 0,509
Prema izréz)yin@.BslijediF0F43 720 FL244.

8 VOXpDMX NDGD RGYRGQUEF{HSUHQD S\RUDM QY. VXD XG
LIUDPXQDWUMH) DBRRM X VOXpDMX QbRSRMM®dhiHQRJ QDELMFE

Ue=4,473 p.u.k\L534

U=6,060 p.u.k\2078
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lz izraza (6.6) slijedi:
Up2r=6, 47 p.u.GIKY/

, JUDPpXQDW®no¥tU reprezentativnogp2r$e napaezmasiald
QDMQHSRYROMQLML VOXBMkoJULIDISNRP réNQjRddj@vhdlat v
pojavljivaBDMRQ L]JUDpXQDWLK UHSUH]JHQWDWLYQLNUMIBLK L
se U pokRIPBHYLKYD @MMMacijski pQdBARvSUHPD VOMHGHUHP L]JU

oel 75a®p X& S,
gdje KkeVWDWLVWLPNL NRRNEK MQDVWH NRGNULE ADX(INWh Welt | M @ N F

razinu rizika IRRNDOVWYHQR SULKYKRiz+h@ Bi MULMHGQRVW L

Koordinacijskisippodnage D VNORSQH SUHQDSRQH X] VW
koordin&giG&,15 su:

-LIPHYX ID]H U2 QNG 7 614V,
L]PHyX ID]D Q RKARILOIBRDERV
-L]PHYX ID]D PBWkBRrel,15326V.

Slike9:5L]LN SURERMD L]RODFLMH SUL VNORSQLP SUHQDSTF
NRRUGLQDFLMVNRP IDNWRUX83$KDVH WR SKDVH’

Zahtijevani podnodiviobagmPQRAHQMHP NRRUWAEAhQDFoY VNF
naponsigurnosnodsfaktmosferskim korekcijigkim faktorom
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26 L 76e®2®p X3 t;
Za vanjsku izdoadtatipbjedok se koreke kD fXKxDrtY D
-oLAa:<_é9;4 XS U
gdje je:
Hxtnadmorska visina (m),

M+tRGUHygMeHna §LiFD UD]JOLPpLWH NRRUGLQDFLMVNH SRG

Slikal0Ovisnm®t koordinacijskom podnosivom&&kJlopnom napc

Zahtijevani podnoliwi naponi

-L]PHYX ID]H UJHREMMH=D0OXMm = 0,44)
-LIPHYX ID]D QRRERKOWIRBIKMm = 0,56)
-LIPHY X (Irlem @: Y Ka- K- Uw=Z5&Mm = 0,56)

Reprezentativni i koordinacijski podnosivi sklopni fazni
DQDOL]JLUDQ+HI poixpbdhH YUH Ve BHIliIVK RBGUHYHQL |DKWLMHYDQL

pripadni sdtangeosivi naponi u.tablica 6.4
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Tabli@&iReprezentativni i koordinacijski podnosivi sklopni faz
Fazni i linijskik¥Y Ue-> Up2 Upz2e| Ucwrazn Ucwiinij{ Ucwlinijs
60XpDM 153y 207 220 1764 2390 2531
60XpDM 104| 156| 162 1204 1797 1873
60XpDM 856| 145| 148 984 1669 1706
60XpDM 802 141| 143 922 1628 1655
60XpDM 743 134 136 854 1550 1570
Tabli@gé&tZahtijevani podnosivi naponi i standardni podnosi
Fazni napon (} Linijski napon (kV)
Urw Uw Urw Urwre Uw
60XpD 1902 >1550 2597 2750 >2480
60XpD 1298 >1550 1953 2035 2210
60XpD 1061 1175 1813 1853 2210
60XpD 995 1050 1769 1798 2210
60XpD 921 950 1684 1706 1763

1D WHPHOM X sk]lg pipaxz@ b WriLiks iap¢paVYH DQDOL]JLUDQH V
(tablic.8 L RGUHKHydhQhakKpdoadnokiviapotadlijca ®.ad temelju koordinaci
LIRODFLMH > BLRGRBDQRMXYIBHDFL L]PHYX ID|iHabl]Eld@ ® MbH L F

110



Koordinacija izolacije prei#fa IEC 6007

TabliegaOLQLPDOQL UD]PDFL L]JPHYX IDJH L JHPOMH L PHyYX IL

standardne podnosive napone

Minimalna udaljHpXtiD OLQLPDOQD XGDOMH

zemlje (mm) (mm)
ORGLftuUp ALOMIRNG L] 9RGLPRG| AaLOMIRGL
60XpD >4900 >6400 >7600 9400
60XpD 3600 4800 6100 7400
60XpD 3100 4100 6100 7400
60XpD 2600 3400 6100 7400
60XpD 2200 2900 4200 5000

SBURYHGHQD DQDOL]D NRRUGLQDFLMH L]JRODFLMH ]D S
40B@Vdalekovodaeullmzrugjnepovodjmligemdo poypase prenapona koji
]D UD]PDWUDQX JHRPHWULMX YHUL RG GRSXa&WHQLK YULMH
PR&H XWMHFDWL QD VPDQMHQMH L]QRVD SUHQDSRQD VWRJL
ugradnje | migecajese prenagonm. reabipaciveaenih sixxvi@xigd MX
5(ugradnja odvodnika na krajevima dalekovoda, pokdp@®gul50, 1°
dajeprimjenom odvoaguHSeRVWLIUL PLQLPD @Y B RXGILrR MM @ERe/ W L
simulacija sklopnQD 8BR&QDi hbPWYODIDHQH ZB]§&ONMetriju glave stu
PRJXUH MH ]RGRYRDyMIMHK RGN AHQLP ORNDFLMDPD
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7. EM BLJA KOMPAKTIRAALBKDVODA

Primje&manpaktijaRVWRMH U H B DIOHNRBaR|GENE Yok e | a z a k
naYLa&aiponski nivewedibu stypvizaH WURIDQ@L K RAVIWVRWDEAIDH P LOL
napekom nivd MHGQRP L GUXJRP VOXpDMX SRWUHEQR MH UD
V. VPDQMHQLP UD]PDFLPD L]JPHYyX YRGLpD aWR GRW&GL GR
LIRODFLMH WH MH X WDNYLP XYMHWLPDnNn$R WaJ H B QR uX/YeN © |

pogona ikmoaonwsdrukcije [Htujpova

8VOLMHG VPDQMHQMD UD]PDND L]JPHYX YRGLpPD QXaQbD
HOHNIW Wlvjp j ptgjea inmimkonenti dalekovoda. U prethodnom poglav
LIUDpXQLNODFWMH L]RODFUMH &DQHAkiKk G SR {34/ @RdR& Halk-bl/ d a
220 kV n&kMOWH VX GDWH SUHSRUXN.Hs{b Sltb G & RaH@RN0 M H 3
geometriRQILKXUDFISMUX G AR &HDRrD Vel tbd He MHDO H NsW dj Is byl K
elemenata dal8kBYdd® SRJODYOMX UH VH L]YUALWL SURYMHL
podrazumijéMad YDQMH GLHOHXVBULYRRPL K HIRNMYRY®IHUX HOH!I
JODYL VWXSD QD YRGLpLPD L]JRODWRULPD RYMHVQRM R
Provedenim posHUYKHOBMMURYHVYWESBMRGDEHOQYMKIQdiNeldstaviti
PRIXUQRVWD Q LPHHOIDR AHQRAaSRMVIEMPMBQHOHNWULPQLK VY
spomenutih elemenatd RIAL&/KG L da NHR Q/IHp @ HKV Rk@ Bid° H Q D @ pe
UD]XPMHOL SULURGX L SRQDabDQMH XWMHFDMD NRPSDNWLU

U postupku kom gwsakV¥iWweRed i H J NOVE ROHWWYWGDOIH VH
trasGDOHNRYRGQL VWXSRYL 8 JODYL VWXpgiDainlfu Vgt el v L
L NRULEMRIDOMRUVNH L RYMHVQH RSUHPH 8 QDVWDYNX SL
HOHPHQDWD SUHGORAHQRJ UMHAHQMD L |I.PIRGHBGIIDRARORI
3D modledmpaktirdh® KV dalelsdvoRaiH VH dkwippte@DWalne plohe
IRUPLUDQMH HOWHNanJdjpgdRVI SRWOpMDdalekovoda

Pojava korone, buke i radio interferencije na visokonapons
jeSRVOMHGLFD YLVRNRJ HO SROMD] QE¥R &lek Vo ®e Mal 2Q®R M
L YLAHP QDSRQVNRP @QREYRDWERWIBHRERBOQWRWW SULOLNRP RG
HOHNWULpQYIRG BREORWDHYDPD YRGLPD V.BYdbdMQRAPNR SddthiR P
DJPRWULW (H VH XWIQBFD]) RV $ DN IR D LB a & B O P
pojedinih komponenti #da¢esoyo dhOOZEBROMD YRGLpPD
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lzbor izolatora i ovjRiIsh R GpLt¥WRJI |]QDpDMD NDR L RGDE
definiraajaktiPel KDQLb&rakteristika dalekovoda. Ilzolator i ov]
RPRIJIXUXMX SULKYDW YRGLpPpD QD NRQVWUXNFLMX VWXSD V
izolacils®PaHKD QL p N X anyiRakVivahhd dalekovod) D2Mpitz@liddtacSELP MH (
AWDSQH NRPSR]JLWQH LJRODWRUH NDNR EL VH RPRJXULOF
RPRJXULOD SULPMHQD VOR&HEDIL&YOHRRABWRDQNL K RGLJFD N
karakteristike od@dWwW&lUbD XoRGQRVX QDUN[PIRVL P QY| elichdl jF-NVGHH Q |
HOHNWULPQRJ SROMD GIDNERYWSRQHAERODOD RBRQRVX QD NODV

Dozvoljene eaekbhmomagnetshkihk@rotidlauekovoda su propisar
]JDNRQRGDYQLP RNFRURP SWHWRMBKE L QRYL GDOHNRYRGL ]
8 GbQbaQMH YULMHPH GDOHNRYRGL PRUDMX LPDWL aWR PI
se zahtjeva da razine elektEohGagnatwiHhL PdaljRDQMH -HGDQ RC
elektrd@EWVNLK SROMD MH SULPKak@DjeN RHB®AH b0 DuQh &g LhM H
=D SUHGORaHIRR Y NHEHIDPN2MED $1:0 H Now UL m@Q g negtskagu trasi
koridora daleMakodaprovedenih udpemdiuainG O dRedoHQeHg | perea
iznose elektromagndtrakihdabdéj@madaH VH SUHSRUXNH V RE]JLU
LIQRVH HOHNWULPQLK L PDIJIQHWVNRJ SROMD GHILQLUDQH ]

SBURYHGHQLP 03dDpXiQ LPaDaa otchabgaavatupoveutjecaja
HOHNWpbL @ Rkompodahdkovoda, kaoHiOutNe/bijaph @riReltskog polja
blizini daledatitidpre poruleMHa D YA Q kg m atra rojeo m KeRduH Q L K

problema.

7.1. Kompaktirani dalekovodi

7.1.1Karakteristike konpbadhkbonandh

=D GDQD&QMH GDOHNRYRGH NRML VX UDVHQL QD ANOD
SLWDQMX SURMHNWLUDQMD L RGUADYDQMH WH MH QDSLVD
NRMLK VX SURL]D&OGD Q®IU FSHURS]LI/NR @R j &/ b ay WURE LPi c] DIl
normamMaSRMHGLQH SDUDPHWUH GROD]L GR UD]JYRMD L UMHA&
L XVDYU4ADYDMX QHNH RG HOHPHQDWD SRVWRMHULK GDOHN
XQDSUNMRNORNDHUILK UMHAHQMD LiL X NRUDN V YUHPHQRP |

6 RE]JLURP QD QDYHGHQD VWURA&H ]DKWMHYH SULOLN
SRVWRMHiULK GDOHNRYRGD UD]PDWUDQD VX UMH&GHQMD NR
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sman]OX]HUH SURVWRUD L XWMH PpDbidg@dd b MW b v ilhD d/aY elkidv &daH
]DX]JHUD SURVWRUD L XWMHFDM QD RNROL& VX UMH&GADYDQWMN
SUHSUHNH XEU]DOH VX UD]JYRM L LPSOHPHOQW D MIHAX QQVRDY LM
NRULAWHQMH SRVWRMHULK GDOHNRYRGD GD VH SUL UHNRC
RPRJXULR SUHOD]DN QD YL&LPD R YMRAH@WBH. REH. ¥ R DOAVAHDQRRM M/ L L
VWXSQLK PMHVWD &aWR GRYRGla BRWERBUVIHRIMKQGDAKRNBYR®
kompaktirBlRj&XuH SULPLMHOKOWL izgradnje novih dalekovoda
kompaktiraniho@dBle@PpHOQR SUHGVWDYOMD VPDQMHQMH 1D
YRGInwDiI dizgeromettypaste prkoepazKtaWDSQLK LJRODWRUD V
oViesWD VIDISNID 8 QDpHOX NRPSDNWLUDQL GDOHNRYRG Q
tradicionalnih dalekaltigdaa al®]PDWUDQMD SR SLWDQMX SR
cjelima RGQRVX QD VDGDaQM#ci & OHNRBRYIR&dvodi su diza
konzervativno s velikom maXgaGboOmmMidQ pwvMWinjL]PHYyX YRGLpD WH
jednostavna kobMHARPESD GUYR pHOLPpQR UHAHWNDVWD NR

Slikl: Kompaktirani ddbelklovodi

SULPMHQRP NRPSDNWLUDQMD VH XVSLMHYD ]QDpDMQF
nove I modernije materijale smanjuje g®omM&EDIYd pGHEYV & DsOHIN
izolatorski lahRGEHeYIHUWLNDOQR VDPR V MHGQRP |]DYMHVLAYV
dalekovoda izvode kKla\b GEDsliDipb H&¥L@WSDim ili pokretnim konzo
X] GXa RVL WUDVH GDOHNRYRGD 8SUDYR RYDNDY SULVWX
vVoGLPpD L X]JHPOMHQ ltKs iR iV &M@ HKARDVYQH JO DKOHi V¢BXBD L &L
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6ORAHQRVW JHRPHWULMH & R BBT)&wd Ldel 9l iRi B DBl N R R
modelim& UXNpLNdo &tinNAW A Snpatrikmojm)odabira ke rgfligwe asctiu p a
NRML |DKWMHYD GHWDOMQLMH DQDOL]J]H SRMHGLQLK NRP
PRIXUQRVW RSWLPLUDQMD Skivhi 6 hréid K e id KhQ . gpdNd. wa FMH O L C

7.1.2KarakteriStikGEORaHQRJ NRPSDNWLUDQRJ GDOHNRYRGD

8 VOMHGHuULP SRJODYOMLPD UD]J]PRWULW UH VH RVQRY
RYMHVQRM RSUHPL YRGLpX L X VDPRM WUDVL GDOHNRYR
YHULILNDFLMD PRGHOD QD SRVWRMHULP WHKQLpNLP UMH
SULPLMHQLWL UH VH dd] ifjekh&xk alPacdRHNSVRIM HU H P N9 GDC
UD]PRWULW UH VH PIRRBXGADRRANVIKONH B®MaNIija S smanjenim razme
VWXSD =D QDYHGHQX JHRPHWULMY¥ENMANBRQE&E MaYWEILMX N
SURJUDPVNRJ DODWD SURYMHULWL UH VH GLHOHNWULpPQH
stupa i u trasi dé&§ekdvddeHNLYDWL MH GD UH ]D QDYHGHQX
XVOLMHG PDQMLK UD]PDND GRUL GR SURPWHH QHH NRIRWWMMB
PRIXUQRVWKolnstBNRIQIAWHQMiHWwa g$Wweklprogram$&ap alata

SRVWRMHINAIlekokPIHGHQ MUHHEHONDMNWLP VWXSRP WLSI
glavi stupa su spojeni preko jednostrukilskoljéamalk astakdaljemnao:
YRGLpD RG RVL VWXSD MH L PHWDUDIjGaR Bk MXa Y HL
SRVWRMKWVHdlalekovoda je d&na slikom 7.

Slikk22*HRPHWULMD SRVWRMHUHJ N9 L SUHGORA&AHQRJ N
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2VQRYQH NDUDNWHULVWLNH SUHGORAHQRJ NRPSDNWL
SRVWRMHUH QRROYWHLVR/ME RWYRD]ROH RG aWDSQLK NRPSR]LV
zadovolQeRALYRVWL SRVWRMHULK VWXSRYD SUHGYLYD VH GD
kako se ne bi prenio LmUyWe&rRULIRe GRGDWQR R&WolJeitiH® MH
SUHGORAHQRJ UMH aaizQrivab i Ls @ hby Xl dzZpOnd RsGilkiplm XADt@in@ D SRN
NRQ]JRODPD LPD PRJXUQRVW JLEDQMD URWDFLMH RNR V.
7TDNYRP NRQVWUXNFLMRP XVOLMHG QHUDYQRPMHUQRJ RSW
VPMHUX WUDVH X]GXaQR 1DYHGHQMR B R JX]ILRRNW (B\RNU HW
VLIXUQRVQH XGDOMHQRVWL L]JPHYyX YRGLpPD L X]JURNRYDWL
VYRMVWDYD GDOHNRYRGD L HO SDUDPHWDUD 'D EL VH L]EI
URWLUDQMH NRQJROH =D SURUBPXQIHRWSR|& 0l éltHeR Die WRJD L
(slika 708 VH X]HWL ]D VWDFLRQDUQR VWDQMH 3RNUHWQ
kompozitna izolatorska lanca duljine 3345 mm na kojima su na k
360 mm. Na kraju pokre@meOBdhzRMNM$eVLAWH ]D SUPXAUDW 1

kako je prikazana slikom 7.3

Slikia3:3D model kompaktiranog 400 kV stupa
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7.2. ,]JUDpXQ HOHNWULPQRJ SROMD VWXSD GDOHNRYRGD

7.2.11DpLQL L]JUDPXQD HO SROMD

SBRVWRMH UD]QH PHWRGH ]D SURUDpPXQ HOHNWULDPQR
DQDOLWLPNH L QXPHULpPpNH V REJLURP QD QDpLQ UMHADYDQI
UMHAHQMD X |IDWYRUHQRP NRQFHQWULPQRP RE&®OBDNX L] N
ILILNDOQLK YHOLpPLQDVQDNNRE@DPDLLY WHK] XV W B MIVQEDY 0. M D@
pojednostaviljena i za razmatranu problematiku ne uzimaju u obz
PDWHULMDOD 1XPHULPpNH PHWR&Hh W X e0 8\ DiQQUMIXsX bHIN LaXmRa
DOL VX VSRULMH VORAHQH L VNXSH ]D NRULAWHQMH L ELW
SURVWRUQH GLVNUHWL]DFLMH *ODYQD SRGMHOD DQDOLW
SURUDDPXQX HoOjtaNeV&h g fERPOB |

x DQDOLWLpPpNH PHWRGH
o metoda Mawxweldotencijalnih koeficijenata,
o MarkMengelova metoda,
o metoda zrcaljenja,
0 metoda simulacije naboja (CSM);
Xx QXPHULpPpNH PHWRGH
o MHWRGD NRQDpPQLK UD]JOLND )'0
o metoda rubnih elemenata (BEM),
o metGD NRQDpQLK HOHPHQDWD )(0

OHWRGD NRQDpPpQLK HOHPHQDWD(0)LQPQHWXHX PG H B plIQDV FOHH\
NRMD VH NRULVWL ]D UMHEADYDQMH VORAHQLK SURVWRUQLK
X UD]J]QLP SRGUXpMLPD LQAaHQEHQDWLYPINNPR KDMRL VXL BWR WD
topline, strujanpeobbeaiaktromagragbid eehektrostatskih i magnetos
SUREOHPD SUHNR $& KDUPRQLpPpNLK DQDOL]D GR (0 SURU
SURUDPXQL NRML NRUIPMWIR D OOQRHWREPERWUYDPDBMH WRPpQRVWI
]JIDVWXSOMHQL X UDpXQDQMX [B@OHANWWU RPADIQBHWLANMIKQ 2 RNIR
QXPHULpNLK PHWRGD WUHED SULSLVDWL UD]JYRMX L GRV
SRIRQVNRP SUDNVRRoOPIRIDpUHCESU Moptimiranje u proizvodnji
HOHNWULpQH RSUHPH .RQYHQFLRQDOQH PHWRGH NRMH VX
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NRPSOHNVQRVW SURPDWUDQRJ SUREOHPD 7R VH SUYHQV
(detaljniji m3ddekomponenti. UlHa¥$tMuUKND]DW QHNH PRJIJXUQRV\
SURUDPXQD HOHNWULPQRD IL BP bnb@ ENRAN RV VHRIOMBMRPHUFLMI
programski paketMaN®¥H (verzija 16.2. iz 2015. godine).

ANSYSOD[ZHOO QXPHULDpNEQMHWR®GH ONUDVariaRij8ULQF
prespekdomene i interoldodiDpXQLPD HOHNWURPDJIJQHWVNLK
elektromagnetskihkpazldju se-LMWaMM&EQDGAEDPD L SULND]XMX V|
NRQDpPpQLK HOHPHQDWMWRDXSRRQ®p@L HOHBHRWL WYRUH PL
WLMHOR X SURVWRUX ]D NRMX VH YUaL SURUDpXQ 7DGD VH
SRWRP UMHADYD X PHyX RGQRVX QD VXVMHGQH HOHPHQWH
EURM QRQPFDOHPHQDWD QD SURPDWUDQR® #NE K HHIRWXR GUM G H
NRPSOHNVQLMLK PRGHOD L XVSRUDYD YULMHPH L]YRYHQM&E
MH a8WR VH LJUDpXQDYDMX SULE[GR2RAQD DSURNVLPDWLYQD

Glavni koraci primmehed EMtupPEEKGHOLUDQMHakp®dRUD p X C
HOHNWULPQRJ SROMD VX VOMHGHUL

X 'LVNUHWL]DELMD VH SULPMHQMXMH QD PRGHO L]U|
L HOHPHQWL ,]YRUQL PRGHO pLQH HOHPHQWL SRY

Xx 1D WHPHOMX UD]SURPDMWUDYRKMWVWDIMWHULMDOD X PR
SDUDPHWUL HOHNWULPQLK NDUDNWHULVWLND GHI

x MaxweMH MHGQDGAEH L UXEQL XYMHWL NRULVWH V|
zajedno u skladu s svojstvima elemenaH& QDGad B se
NRQDpQLK HOHPHQDWD

x 3UHPD |DGDQLP SRVWDYNDPD RGDELUH VH RGJR
UMHADYDQMH QHSR]QDWLK IL]JLPNLK YHOLPLQH X
LWHUDWLYQRP SRVWXSNRP NDGD MH SRVWLJQXWD

"HGQRVWDYDPI LQDPPRQDY D QMO HININEGRROGNRH O SURUTL
raspo@jdOHNWULPQRJ SRWHQFLMDOD =DWLP VH UDVSRGME
negativdhDGLMHQW UDVSRGMHOH HOHNWULPQRJ SRWHQFL!I
HOHNW UR V\W DWDIVIS\RRGIMIFRODMH O H NQVIUS Ip\DIRW LS R O MW/HD M H GPHRBLH Q

' LFi8 (7.1)
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iz MaxweHl MHGQDG&EH
- o
6 ya,

JGMH MH ! HOHNWULPQL QDERM DL B DGO OMH, /WU Lp QD
GLHOHNWUQMPD JMNBRMWD T i@ MH UHODWLYQD GLHOHNWL
GLHOHNWULPQRJ PDWHULMDOD .DGD1) krE DN W UilbuwRe I3 R O
MHGQDGABRELMH VH 3RLVVRQRYX MHGQDGAED

I T LFé Tyl
kada u prostoru nemla naBRjlLVYiRQRYX MHGQDGAED SRV
MHGQDGAED
I T L Y&,
SURVWRUQD MHGQDGAED ]|D KRPRJHQH PHGLMH X NDUW

08 . 08 . 08
0T —olF — O\

Lr yay,

SURPDWUDQMH UDVSRGMHOH HOHdMNWdklolv@ By SR @ &ddm d
]ODpxMRD RGUHYLYDQMD VWXSQMD L]JRODFLMH GRSX&aWHQ!
(izolatoRGEpojna i ovjesnaLolpjeR¥Y¥D HOHNWULPQRJ SROMD X
daljnjpmglavljiR¥ HOMWL OH \SH) RSUHDADIX Q N GUONMS WM [HIDR4) a z a
jednW®YQH PRGHOH GDOHNR¥Z&61T)eld ®BR PRIGWUHWMN DVQWKEZE D QD
SROMH ]D VYDNX NRPSRQHQWX 3D \WHoE@Ro t 668H BRI pXEQ B HV X

predstavljene kao glatke i suhe.

7.2.2Ekvipotencijalnepmwlibekompaktiranog dalekovoda

JRUPLUDQMH HNYLSRWHQFLMDOQLK SOR&MniGasa YLVRN
obzirom na predmhpdkte koji se nalaze u meplsrmmadramjeblizi
ekvipotencijalnih ploha opisuje kretanj@aVWRBt & X &R CkvMdzY pioR tR
HO SROMD VYRGLp L]QMPWREREWHGUNMBIODL REDYADEHQL XpLQL
model kompaktiranog dalekovo&dLDMbdwdijekomllik2jornja, izolato
VOQRSRYH YRGERpEL VH XWBMHAQBDPBXRN PHWRGRP NRQDD
QDSUDYOMHQD VX RGUHYHQD SRMHGQRVWDYOMHQD X VYUK

X Metalna struktura stupa dalekovoda je puno tijelo
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EM polja kompaktiranih dalekovod:

X 2YMHVQD RSUHPD LIRODWRUD L YRGLpD MH SRMHG
X 9RGLpL VX SUHGVWDYOMHQL NDR FLOLQGUL

Xx Tlo peedstavlija kao ravna ploha, dok su okolni objekti
X 6LPXODFLMD WRUQMD L XaDGL VH SURVWLUH PHY
x 3URYRGL VH HOHNWURVWDWLPIND DQDOL]D |]D RGDE

Na slikd3mda 7.5 prikazana jezgl 220 IsWupikV datklgaje je
vidljiv utgjeoanetViWXSD L UDVSRUHGD YRGLpPD X JODYL VWX
NODVLpPpQH NRQJROH L NRPSR]JLWQL SRWSRUQL LJRODWRUL
QD LIREOLpHQMH L]QRVD UDVSRXG MWOH |5 RS\WRMIDAUL MG IOAX X R
HOHNWULpPQRJ SRO M@ BoMBRIFEERMHEHPRLRDHNYLSRWHQFLMDO
MH RGUHGLWL SROMH QD SRMHGLQLP HOHPHQWLPD GDOH
neposrednoj blizini metalnihodarudbtlarza daleledormiranja ekvipot
plba kako je prikazafoUsadijeldchnavedenih deforhXddilHal dJoD &5 Rd.bH (
ekvipotencijalnih ploha i pizrastta re m ap od yvg ersay & Gopgorle D i

Raspodjela potencDjalaJDneGXa DNVLMDOQRJ VPMHUD Y
Ekvipotencijalne ploha u trodimenzionalnom prostoru je
GYRGLPHQ]JLRQDOQH HNYLSRWHQFLMDOQH OLQLMH 1DYHGH
dovoljno od stupa, XogyRVsREQHj8RIJX SURPDWUDWL NDR ' PR
formiranje ekvjalotene vidljiv nai shik@Mad MH YLGOMLYD YHUD
HNYLSRWHQFLMDOQLK SORKD QDXYRVWRMHIHHA K PN B O QHK

SIikkd(NYLSRWHQFLMDOQH SORKH QD SjRVAW&RIMpIUHP N
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EM polja kompaktiranih dalekovod:

Uslijed jednostavnijpe kRPDOQMULKCIiSRYUALQBROMPRRIIramw X S|
dalekovodi imajel.mpm@a RGQRVX GD VX NRQNWAADX INJDOML puM
dalekov@8@QQWRp PDQMRM GHIRUPDFLMH HNYLSRWHQFLMDOQC
GDOHNRYRG L]QRV HO SROMD X JODYL VWXSD UH L GDOMH
naponmaainj&d@ ]PDND L]JPHYX YRGLpD

SIike5:(NYLSRWHQFLMDOQH SORKH ]D SUHGORaHQLstNIRPSDN

7.3. ,]JUDPXQ HOHNWULPQRJI SROMD YRGLpPD

2vLP JOREDOQH UDVSRGMHOH SRWHQFLMDOD X SRGUX
HOHNWULPQRJ SROMD SR SRMHGLQLP NRQVWUXNWLYQLP |
NRQDpQL GL]IDMQ GDOHNRYRGD WH MH VWRJD SRWUHEQR S
bi se oldRePHYXVREQLhXpYMiKBED M lojektiranja dalUsdkEMo8d R B ® [pX
SURMHNWD QRYRJ GDOHNRYRGD REJLURP QD QDPMHQX L W
biti poznati naponskiQRWQDi MRijeGDOHNRYRGD VWUXMQR |
RSWHUGBHH@QMMH D SRWUHEDQ SUHV NHN LYMRHG LY iRO5 L pIOR X XVIGHIR M X
QD QL] GRGDWQLK HOHNWULpPNLK L PHKDQLpPNLK RJUDQLDF
NRPSURPLV L]JPHYyX QMHJRYLK PHKDQLPpNLK L K OHNYVANRPYDL |
LIJUDGQMH L. RGEGRUADIMOD MBROAMDLPOQORYRGLPLPD MH MHGDC
SURUDpPXQD SULOLNRP RGDELUD SUHVMHND SURPMHUD YR
X8HWD MH L GLUHNWQR RYLVDQ R QDSRQVNRP QLYRX GDOH
NRQILIXUDFLMX EMRGRPRQ NNIDONL LIQRVH L SREROM&ADOL UDVSHE
=D SUHGYLYHQH OHANNWDLppEIRHlEr SiRaO MPM skrooggrpaket ANSY S
Maxwell dBRAXQRJ XVWRAMHNVEDPRIXUQRVWL IO HeGh 6 Do@MV B
na iznokermiranje e[91pdga QDVWDYNX UH VH SURYHVWL SUI

121



EM polja kompaktiranih dalekovod:

HOHNWULPDRREREBEMIBX QD SRYUSLQL YRGLpD L XWMHFDM ¢
HOHNWULPQRJ SROMD QD YRGLpX

7.3.1,]JUDPpXQ HOHNWVYRBQRSh SROMD ]D

lzborRGLPpD MHQM MG QERQRIGNIKa prilikom projektiranja dale
NRQDpQL RGDELU YRGLpD SRWUHEQR MH SURYHVWL SUHW
karakteristike dalekovoda. Kada su poznati naponski nivo i
dalekovoda pristupa R lddabibuFLML YRGLPpD ,JUDpXQX HOHN
SUHGORAHQX NRQILIJXUDFLMX SULVWXSLOR VH QD QDpLQ GTC
NDNR EL VH SRWYUGLR SUHGORAHQL NRQFHSW L]JUDpXQD =I
koje #eRJIJX QDuUL X SUDNVL L SUHGVWD¥OkMHG®) VX D/ OLUND Y O X
VX SURYHGH&L Ldladbrpaz@ini nap arG M MM XGDOMHQRVW L]PH}
D XGDOMHQRVW L]JPHYyX YRGLpPD FP

Slikm: (OHNWSROER ]D YRGLpHLX YEABEKD X VQRSX

=D RGDEUDQX NR Qal wJ XtdpRiL pMrXkd R&GniogenU R HIGEHI Q7 MH L]JUL
HO SROMD QD YRGLpLPD L QDSUDYOMHQD MH XVSRUHGEL
usporedbom prikazandbWLG® MLYR7MH SRNODSDQMH ]D QDYHGF
PRAH ]DNOMXpPLWL GD MH QDp¥HGEPLVRRGHOVHMEOWIHLFU U D@ ]I
kompaktitAMHAHQMD

Slik7:8VSRUHGED L]QRVD HO SROMD |]D UD]JOLpPLW
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EM polja kompakht dalekovoda

Isto takpravljehU@epXQ HO SROMD ]D YRGLpH X VQRSX ]L
]D XaDé&nowpdaljenost ROzamSAURUDPXQD VX SUBRND]DQL VOLNRP

S1ikm8:3URUDpRQ WD ]D UD]OLpLWH SURPMHUH YRGLD

ZapredstavNBQULIXUDFuUMXOpRGLpPazanompnavetien 7e6
LIlUDbXpgacieDaYRGLpLPD L QDSUDLYO MM aAVHH SMSIRIIDHPE KD K
DQDOLWLPNLP SWRBWdEmQ LLEPorddRom ptrakbizamnddljiwo je
SRNODSDQMH ]|D QDYHGHQH SURUDpPXQH WH VH VWRJD PRAaH
L SULPMHQMLY ]D NRUL&AWHQMH SUL UD]|PDWUDQMLPD NRPS

Tablith,]JUDPpXQ NDIYRIP®BVORPpLWLP SURJPFPVNLP SDNH

PolYRGI 1 1.53 1.5925 2
[cm]

Faze L1 L2 L3| L1| L2] L3| L1| L2 L3 L1| L2| L3
$opoo.y 10, 10, 10, 10, 10, 120, 10, 10, 10,¢ 10, 11, 10,
EMTP 10/ 10, 10j11.,12,)11.,)11.,)11. 11.9 12|12. 12
MAXWEL 10. 10, 10., 10, 11} 10.,10., 10, 10.7 11|11, 11
mMATLARB 10,10, 10, 10, 10, 10,/ 210, 10,/ 10,y10, 11, 10,

1D WHPHOMX JRUH GRELYHQLK YULMHGQRVWL PRaH °
dobivene u Muaixwkrllgim progabatskamsu plRPRaAXEBLPQR L WR RYL
YHOLpLQL EURMD HOHPHQWD NRML VH UD]PDWUDMX X PRGH
PDWULFX 1 GRN ]D VORAHQLMH PRGHOH PRA&H ELWL T L YL
svesti na 3x3 (teYLPHAWIYLUDWL SD tH NRQDpPpQH YULMHGQR
YULMHGQRVWLPD NDSDFLWHWD SRMHGLQLK HOHPHQDWD
PDWULPQX IRUPX NRHILFLMHQDWD HOHPHQWD L NUDMQML L

on prettawlja da se radi o prepletenom vodu.
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EM polja kompaktiranih dalekovod:

IDNRQ &WR VX XVSMH&EQR VRURNH@H Qkj . phtDefic QL W H
konfigur¥®@eLpD )XGRERBKQL VX VNOUBQKARINGHOWPWGHOLUDQN
SROMD ]D SUHGOR&HIQKaNR®D)ILIXUDFLMX

SIikmO:El. polje u glaQDsYR@ALPLPD ]D NRPSDNWLUDQL GEC

lznos el.XpdOQ®YL VWXSDKpn [BdkH i@ O &40DQLKkV dalekovod je
X RGQRVX QD NODAH [6QRR(B LLYWMEWL SRYHUDQMX HO SROMD
YRGLpD 1 2 XPWQRSX 8 RGQRVX QD NODVLpPQL elN9 < VW
SROMD QDzWMRIEMEIh@B 15k¥6cm na 16,28 OWR/EH VH ]DNOMXpLW
LIUDpXQDWR SRYHUDQMH L]IQRVD HO SROMD |]D NRPSDNWLL
JXELFLPD NRURQH EXNH L UDGLR LQWHUIHUHQFLMH X RGQI
ali isto tako treba aaponp®E@ii SWORYHVWL QDYHGHQD LVWUL
]IDNRQRGDYQRJ RNYLUD NRML VH |1QDpDMQR PLMHQMDR X R

dozvolu (nije predmet ovog rada).

7.3.22GUHYyLYDQMH HOHNWULPQRJ SROMD QD SRYUALQL YRC

Razvojmmterajaproizvodhm hkkPERIX jjdUCRYRM UD]QLK YUVWE
RYLVQR R SRWUHEDPD GD |[DGRYROMH SRWUHEH HOHNWUF
SURL]YRGQML YRGLpPD Xdo@M XpiXjeiXg a3 B LIFDMd-bQilkWw Ltrapeza.
IDYHGHQLP NRQVWUXRNMMBRDERRGIDPPHKDSQLPND L HOHNW L
YLARM FLMHQL LPSOHPHQWDMIHV I YW DNQYOLIKD MQISNMRY D 6YWRG I |
trapezoodbnikow¥mRGLpD L NDR L NODVLPQLK LJLVNXMX SRWUHI
SROMD QD SIRoODUBRHQHSRRN& RMHUL PRGHOL NRULVWH KHXULVYV
SRVWRMHUH PHWRGH ]D L]JUDpXQ HOHNWULpPQRAILBERIDMD QD
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EM polja kompaktiranih dalekovod:

MHGQRVWDYQRVWL L EUJLQH L]JUDpXQD 8 WRP VA@XHDMX Y
IDYHGHQL SULVWXS MH GDY DR WIRY RIDNMEHRT A Rip ® ¢in $XHJ K © ¥
UMHAHQMD 3 U WUAMEGRSIMYRYVW XS D jlawilaSReY poYi®GhpDa pono\
sagledavanjemLizlD¥SRGMHOL HOHNW U530 R Jt eQrik [FDPAHL Q L
HOHNWULPQRJ SROMBIikap RG4 thik LEANGREHKN W U L d @ Rlb B8R O M D
YRGLpPDR¥LVWRQR R LJERUXI\WABD YRGLpPD

SlikklOBULND]D UDVSRGMHOH HGASRX MIEs@b XRGR[pX OLM!

3ULND]DQD MH UDVSRGMHOD HOHNWULpPQRALF®P®MD SR
(slika 7.1D)RYDM QD [peky amRiJ XJiBi@th P D U H Q MrDp X RiEjlemPevh a z a
ekvi@ddQWQL SURPMHU ]D YRGLPH X VQRSX 3URYHGHQH DQE
QD L]JQRV HOHNWULpPQRJ SROMD QD YRGLpX LPDA&LFEHRU WL S
NRQILIJXUDFLMD YRGLpPD X VQRSX XGDOMHQRVW X VQRSX L

Slik#al113ULND]D UDVSRGMHOHABOR SROMD QD YRGL]

Na slici 7.1@rikimad@n raspodjela eBLpO¥PDIpoirom na oblik i
promjeltFHidljivalgedznoess SROMD QPOPROMEPALNXMH RG L]JUDpX:
FLOLQGULpPQRJI DRBRPDHOQWMRIXRELPpDMHQR SULPLMHQMHQD
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EM polja kompaktiranih dalekovod:

FLOLQGULPQH YRGLHPH DX Wb i B IGRAMIDALWLPpNLP PHWRGLE
kojeg nastajerleadstaadaa jienesatra seadmgerje iznospogavaolja
NRURQH ]DQHPDULYD z& U H®DO QReP itMapklzlXd®®@hp vrhu svake
ALPplsteji polja kojenpvetieagijednesdga dolazi do lokalne pojave
UkupahQRV RYLVL R XNXSQRM GXaLQL ]D ' PRGHO SRYUAELQ
JUDQLpPQH Y ELMNt+-h® @R@eWhtrebno] y®@pXQDWL XKNXSQesGojal QX
VH RG JEURWRBKEXH DIWHEQR iZlposje izdBDaAMQjednosti

Slikal2Prikaza raspodjeleleF.DYDG&dgbrape Ahdf Brokrugdh)y D

Krivuljeshiai 7SIBHGVWDYOMDMX L]QR W HHEOHNW @ LFQ RYR €
neposred®8BYWWZALQX YRGLpPD ,] QDYHGHQLKiUHEUGIW B WDp PRM
RGUHYHQH JUDQLpPQH YULMMNGQRY WD BRON M QDRWEE HOXH N W
N9 FP WUDSH]QL YRGLp LPD WOjle NMoWbLD MRG XA OMHH R BQ BIG DWNH
SLFBRN NRG RNUXJGRI/ PBGQP GPARRWVH RESVHID MHGQH

Slikml3lznos el. poljfaDYEG LpD

Na temelju hQa ke ®QDOL]D PR&H VH ]DNOMXpLWL

1 =D YRGLpgMARNOWHD SRVWLAH YH&H & PeN ¥ LoRID O@SURN a
YRGLp V WAULIFDHP]m L P
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EM polja kompaktiranih dalekovod:

t ODNVLPDOQR HOHNWULPQR SRXQMBSUDSorGriap HaVv V
UXERYLPD WUDSH]D GRN V&LRB&BDYE RIGJR PR N U X J(
QDMXGDOMHQLMRM WRpNL RG VUHGL&WD YRGLpD

f 2EOLN HOHNWULPQRJ SRINMD QDWERBBHRFOQP Y
kontinuireh@QBY V SULEOL&Q®RNVWRB YRRMDPV RN
4L F DdoDikl. pojMOjEpDQ VLQXVRLGL

7.3.3UtjegegramenaraznoBpdD YRGLpPpX

Za konfiguGe¥dj Y RGLPpD]MDWEXRPWR MH L HOHNWULPQR SF
YRGLpD WH MH YLGOMLYR NDNR VH HOHNWULPpQR SROMH
SURPDWUDMXUL X]GXa WUDVH GDOHNRYRBGD X 6DXNR DVGHD RS [r
SRWHQFLMDOD NRQVWDQWDQ V REJLURP QD XGDOMHQRVW
manjda slici 7.14 prik@ROMWMH eQ® .SRYUALQL YRGLpD RYLVQR R
ravnine stupa, sa | bezaudpe@djd HBYLPpERGLp SYRRDNEHERAQH NRC
stupa na iZPOMD. QD SRYUALQL YRGLpPpD X RGQRVX QD ORNDF

SIlikkl148WMHFDM VWXSD QD LJQRV SROMD QD YR

7.4. ,JUDPXQHNWULPQRJ SROMD QD LIRODWRUX L RYMHVQRN

, ]JRODWRUL L RYMHVQD RSUHPD VH VPDWUDMX MHGQLP
RPRIJXUXMX SULKYDW YRGLpD QD NRQVWUXNFLMX VWXSD V
LIRODFLMVND VYRMYWIY D goluRIRRJINGMLdalekovoda. lzolator i «
trajnoppal napoWiRJIJD MEBDQXRQRHVH YLVRNH L]QRVH HOHNW!
izolatori mora imatiGOp Xs SRNISPX SRGQHVH QDSRQVNH SUHV!
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EM polja kompaktiranih dalekovod:

polja i koRAW®QLpL JLEDQMH YRGLpPD L VO D GD ]DGUAaH LQ
SULOLNRP L]JERUD LIRODWRUD YDAaQR MH SURXpLWL L SURY
VDJOHG QDDYMXGHQH SDUDRBRAW&aWWH RDIMVHOHNWRYR@RQLSR
izolatpaakompakt dalekovod i datiopnesurNKeDVLPpQD UMHAHQMD

Kompozitni izolatoriosuppilvkombizvedbe kompaktiranih d
prvenstven® x® blgWitbOIFEHK DQLPNH by Ijye&/ Warriaht t kb ri sd bkneo.stiidro f
Kompozitnioisalsstspl od gheavnajekako je prikazano .$nkidarrvjils
GLR VDVWERWH RGDEHQH RG SOIKV&LMHvIRMMDipaQi walnjskog
silikonske gume )(shlktaebldoinpozitnih ipotaédbmeo je obratiti pozor
na njihove karakteristike prilikom:

Xx 5XNRYDQMH VNODGL&A&WHQMH L WUDQVSRUW
x Kvaliteta proizvodnje
X lznosi prenapona

X (OHNWULPQR SROMH QD LIRODWRUX

Slikell5Kompozitni ig®%]ator

lzedba kompozitnih izqRathD¥ SRGMHOL HOHNWULpPQRJI S
LIRODWRUD VWRJD MH QX&QR UD]XPMHWIA QRPLSR]UDNDQRAC
izolaté @D Yigb @niciRKDAYIHY XM X EHIpYERIGHM O XEtrija iHOIHNWA Lp QL
karakteristika silikona (polimera), geometrija koronaRRé&dnM v a,
izolatora u glavi stupa, $RYbUidaoaomea ns[ 9IS TNDIMYHUH HOHNWU |
naprezéopepozitnih i¥dla@G®EBpDjevima meitjallmivhsmiz olatorskim
materijakowoh ftaklenog spojah@rntalne kape s izolatorskim prstenon
QHSUDYLOQLK JHRPHWULMVNLK REOLND SRMDYOMXMH YHUL
VH VPDQMLO RO HN&NWLpQjeca] na izohat dkmajlesvikiea 1zbéatorsk
lanca se stavljaju metladmopasseaypdWiNULAWD NRML VOXaH ERON
HOHNWULpQRIXP R OIM EBW HOIENGRNIKXD r skrodg@ 6], [97]
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EM polja kompaktiranih dalekovod:

Sliklal6lznos el. polja za 500 kV kompozitni izolator bez |

U praksi odabir izolatorskog kamo@as keoma tmwlgaijae razlikov
WH VH NRQDbPQL RGD&&li DR QNHRPHRONKL MDUD&AHQLK L]JRODF
GDOHNRYRGD 8 OLWHUDWXUL SRVWRMH RGUH$EQHY&KRSUH \
morapuimjenjijiVatSREROMAaADQMH L]RIODMY. MYVIN .GRrEPE & WS 2 Y.D
polja kojaiseratsyrominje za Kkizmpaotoiti za R¥DAawXlljH SHUIRUPDQ
dalekovof@bsu

X 0,45 kvm (rms) PP L]QDG SRYUALQH RYRMQLFH
x 3,0 kivitunutattakloplasiikieona
x 2.1 kV/smaSRYUALQL PHWDOQLKsG&MHORYD L NRURC

Odabmzrolatobarjesne opreme sgahityampej&li. raspodjele potenc
X L RNR LIRODWRUD WH SUHGVWDYOMD YDaDQ pLPEHQLN X
izolatorima. Pr8wWeRieD pH) LRV R R G UpgH § Xevhied &>a8\ M pi@liizetia za |
odabirom gedndézajkeor@AVWHQD QD SRpHWNX L MRIXMK MROD
RJUDQLpLWL L]QRV L UDVSRGMHOX HO SROMD

=D SUHGQOR&WPOXWULMX NRPSDNWLUDQRJ GDOHNRYRG
HOHNWULPQRJ SROMDM@D Ngd ROy R UK N jeBrDakD Qffguracija za
kojW X SURYHGHQL LGP RYL HMRODRMORMD/NRJI ODQFD
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EM polja kompidktiademkovoda

Slikll7Konfiguracija izolatorskog V lanca kompaktiranog d

2PHNLYDODMIHGQRVWL HO SRWOMDLEXW H | RRDQM IRXADRFD M |
ovjesne oprense miadgesii@ial8 Vidljivdd jJeEDdVOXpDM NDGD QHPDPI
korona pPSREMHOLUDQ VWXS L YRGLp GDOHNRYRED/PRAaH GRUI

Slika18,]QRV HO SROMD ]D GX& RVL LIRQ®BYRUD ]D UD]C

Provedena je zasealanataklelnnakapeatokiompozzionadaokako
je prikazano hasSisiikeLEFOMLYR GD HOHNWULpPQR SIRIOMH VH \
te nema bitnilu ianlika elnapoldabrane .i@BBHgvdmijetiti da je u
QHGRVWDWNX VWXSD HO SROMH MHGQDNR QDKk&®R[sleWNX L
modeliugpb,§QRYVY HOHNWWLPrQRW i B kot no .sHtdmja je modeliranj
VWXSD RG L]IX]HIV QWRIp QRD RGNV B § L¥tD Vi bh HI® j e $RUD dlIDE krein u
izolatdNraa slici 7.21 prikaze .jporlagaproacidol@azokareaai pessena

130



EM polja kompaktiranih dalekovod:

PRaH |DNOMXpLWL BIDNRMERIGBIVMWAHYL VPDQMHQMX HO
dijelovima s izolatorskim materijalom

Sliklal9lznos el. polja na izolatoru a) stakleno kapasti izolator i

Slik®20lznos el. polja na izolatoru sa i bez korona prs

1D VOLFL MH SULND]DQD NRQILJXUDFLMD QD NRMR
EH] NRURQD SUVWHQRYD JGMH VX YLGOMLYD J]JQDpDMQR PL
, JQRVL HO SROMD GXa& LIRODWRUD VH P Rzin el & \kD ¢ bam e J&ID

SROMD L JGMH GROD]L GR NUL22)PWIND YNQ M MGQ RV WW D DM N
LIRODWRUD SUHPMHIIRWEAM/ L GD L]QRVL HO SROMD SUHPD&XN

N9 PP VWRJD VobHSvwelGaadapaona prstenova kako bi smanjio izr
na izolatorima.
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EM polja kompaktiranih dalekovod:

Slikl21,]JUDpXQ HO SROMD VD OLMHYR L EH] NRURQTI

Ugradnjom korona prstesd HSRUPONHIQEUL JRQABVkiv®D SROMD
(slika .22UHED QDSRPHQXWL GD X VOXpDMX PRGHOLUDQMD
EH] SULVXWQRVWIONRWYULDRIRY SIRCBNPGID p Davt xR ¥ BljleHsu ujedno
YLAH RG SUHSRWKPMQIsKiku® iznosu i prikazu el. polja na izol

opremi.
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EM polja kompaktiranih dalekovod:

Slik22lzned. polja)siablez korona pGXanbMaOMWRUD

7.5. B3URUDpPpXQ HOHNWURPDJQHWVNLK SROMD

Dalekovodi

emitjua prostor

IQeR Y € ReM 1RO HIAV

220 kV

indpiovnko\ napona)
okedlekebemagnetsko polje freNavengpijee bWe Maiji

elektromagpelsiklo SURPDWUDt NGYR QANWBOH. IF Nilalgm© Xk SR P [a
mogsigpromatzasielputeBUURSLVDQLK UHIHB B QINDQLRKY WpikDQd NOVU L
uzima seiMMXVWRUOX PDJQHWVWNtRMMBINL HOIHM®WJhel Qo)

polja vewanzmaponatruje.

'RSXAWHQL

LIQRVL mHa@ Hélg/kplop aRP@sw pisani pravilnikom

A3UDYOINERQ[DNAWLWL RG HKHERWYPPDNRMW\SNUIRSLVXMH PDNYV
UHIHUHQWQLK YHOLPpLQD ]D SRVWRMHUH L QRYH GDOHNRYR
poljadsawni tablicom 7.2

TabliczZ’ZR]YROMHQH YULMHGQRVWL MDNRVWL HOHNWULpPQR

(B) propisane pravilnikom

Kategorija dal SRVWRMHUL GD( Novi dalekovodi
SRGUXpMH ]D¢ E (V/m) % 7 E(V/m) % 7
BRGUXpMH SU
. 5000 100 5000 100

LIORaHQRVWL
SRGUXpMH

: - , 5000 100 2000 40
osjetljivosti (2
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EM polja kompaktiranih dalekovod:

Za potr&RMEUHYLYDQMIDHNWYRYPQRJ L PDIJQHWVNRJ SR
kompaktiranog dapekdgoaaljenog u p.dgrorpdeni L]|dUDpXQL
elektromagnetsknapgrahbhena je WspoR¥bORMHUORIekowWoTom i
NODWLYPM®@IO kV dalekovodom

U tu swrinmmapravitjeoddmenzionalna&GMbdrRRaEGHOD N9 L SR\
220 kV dalekovod) vaAWeds IBodedimaju uJdbRPIHWULMH YRGLpPD
stuka ko bodreedili iglrekiromagnets8k® PG H®.X VXVANCERYPLH QIR GL |
SR GYD YRGLHpDzXlIat Q& XzZamtjaem|]RR6EHOLUDQD NDR UDYQ
relativK@® OMHQRVWL RG YRGLpboNBM®&»NRGIRYDUD PMHVWX

Slikll23Modeli promatupooibay 400 k¥kadmp 400 kjeJac 22D kV

5DVSRGMHOD MDNRVWL HOHNW UdjpNpgRod oS/RceMdzas®d & aV) U C
UD|PDWUDQD VOXpDMD .2432DWVIBRQ M HD QX WWREH PDJQHWYVN
je na gLizhb

S1ik@245DVSRGMHOD MDNRVWL HOHNWULpPQRJ SROMD GR SR
400 kKVbkbmp 400 kj\Jac 220 kV)
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EM polja kompaktiranih dalekovod:

Slikll25Raspodjela jakosti magnetskog polja do polob(weitcre raspon:
400 kVwWkbmp 400 kV)

SULND]DQLP SURWDBLDWeNQLBD svi pecztuéttaria detaljnu
analimgporegroumatr&onfiguracija daslekimaiodmm na odredbe Pravilr
]DaAaWlewdkRGmagnetskridbpoilfeati na umluzdreajue seavao dalekovodi
tji.SULPMHQMXMH VH VWURAaH YULMHGQRVWL 1B OHDNWAHUpRIFDHJ
GDOHNRYRGH VH SULPMHQMXMX RGJRYDUDM XHI® HRNGEW H GIEHRB
SROMD L JXVWRUH PDJQHWWYNRIH WRINNMHEBQERYWREBUXpMIBG C
SURIHVLRQDOQH L]JORAHQRVWL L |D SRGUXpMD SRYHUDQH R

Egr= Q00 V/iges BN 7

TablicZa*UDQLpQH XGDOMHQRVWL |D GDOHNRYRGH ]D SRG

Novi dalekd@RGIXAWHQD SRGUXpPpMD SR
“UDQLDQ 9LVLQD YRE8mD 9LVLQD YREE pd)
udaljen@st| g vy o 7 E(VIM % 7
~ ~
(@) (@)
2000 40 = 2000 40 =
o o
o (@]
Y+400 kV 28 2 19,5 35 28 .5 18,7 35
Kompg400 k 19,9 8,9 35 19,8 7 35
Jel®w220 kM 14,3 - 25 13,8 - 25
] UHIXOWDWDFLSORMLYIRXQB GD SRVWRMHUL N9 GD(

propisane iznose elekppdma gmudtskiha korido rRr ade Finn keenmsel
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EM polja kompaktiranih dalekovod:

LIQRVL JUDQLPQLK XGDOMHQRMLsSEOHG.\2W Bj\eidieh slgayld W DaE O |
HOHNWULPQRJ SROMD |]D NRQILIJXUDFLMX SRVWRMHUHJ N
400 kV dadda&dikonfiguyeadio0 kV koja je uUWpDODWENRM ISULMHQRV (
SURUDpPXQL ]D VYD WUL VOXpDMD VX L]YUEGHQL QD VUHGLQL
minimalnoj sigurnosnoj/9mskra 4#@0tka/ )8 Rezultmta grmasstsdajge ol ja
za razmatrane konfiguracije prikazani su na slici 7.27 gdje su

N9 $ L $ 1D N9 ,JUDpXQ miQ Re/tBkdlgaH NeW U L b
napravljen za visinu 1,5 m od tla.

5HIXOWDWL SURUDDPEKIKQYD iXNos jakmlsaifpelkcija naponskog
nivoigeometrglawme stuPaNRPSDNWLUDQL GDOHNRYRG YLGOML
HOHNWULPQRJ SROMD X REQIRYXvQMD N @ Ds\ hip @@ gme f$% o
poljH VRO ISR D 4 DINDX HNDDHR\LW Ljtéep (@Rvidljsvoodigp aktir SR & W L & X
PDQMH YULMHGQRVWL LVSRG L QD UXEX GDOHNRYRGD X RG

S1ikm265DVSRGMHOD HO HNWiAty@Re) KodilgDracije stupova

Primjerkmmpaktizanpaove dalekoveldmagnml§a na razmatranom
NRPSDNWLUDQRP GDOHNRYRGX VX X GRSXaWHQLP JUDQLF
jednosistemskim 400ik¥dnigndsiesfmodalseamo) traskam peoktirani
MH SRYROMQD X WRM BMHU bxat PpoRddliXxa dijelove tralgmasilekov:
el. i mm@dgjaa rubu koridora za razmatdahe klooomdaWRIGIONR QLAL (
PRJXUH SULPLMHBAONKVNRaplo@d RIkI2 phwo) (+/
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EM polja kompaktiranih dalekovod:

Slikll27Raspodjela magnetskog polja za razmatrane konfigu

7.6. 3UHJOHG UH]XOWDWD SURUDpPXQD

SBURYHGHQLP DQDOL]DPD SURXpHQD VX IsvOBIR&WUH
kompakbigah00 kV didaj@X WD YOMHQH WHKMXp B PMBEQRYW VD.
X RGQRVX QD XREYPOMHRWRMHNWLUD@MProhe rid Hd ifr & KW iRn
SURUDPXQRP RBELGOQREEM).BWYUYLYDQMDRBRRIWXSNDDYDQML
napomenuraaedena razpmetsatgpayMRUDN X UMHADYDQMX VORAH!
pretvorbe (kompaktiranj@QX ad@Re ol oSIRW Y (kGhrd/hi tUA]D¢@ MWD W L P C
pogomreba nag@®dsiMiH GLR SUHAQPRAHOQHEXHBDOIBNW H]JD QciX¢ L]E
pogodalekovadavu sWUWULUODJIRYHEQ eIRKIIR@XEg prijenosrolgasustav:
takawahtjeva razradu itoV\H @&kddMeidgo WodReEE]LURP QD VPMHAaAWDM X
PUHaX

SUHOLPLQDUQL )RE SDRARNMPpVWDFLRQDUQH XYLMHWH C
magnetskog polja na pojedine elemente u glavi stupa dalekovo!
LIPHYX IDIPHNLYDWL MH SRUD VAW R OjHNMPE il Q RYdBtR VI HGDREWL V1
HOHNWSRPOBRI 3ULPMHQD &@&WDSQLK NRPEHEHMMQILEK 4 ]ROMDWR
UDJ]PDFLPD EH] GD VH SULPMHQH pHOLPQR UH&AHWNDVWH NR
LIREOLPHQMH H N NoLh&RIWHIQ € LeMh Dj @ QHa® pididgjelljh.Q R J
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EM polja kompaktiranih dalekovod:

Prikazanim rezulMdtYlRaMWHJGED GROD]L GRRORWDDY W ¥ RHGOLHN
RYMHVQRM RSUHPL L LIRODWRULPD =D N9 QDSRQVNL QI
VQRSX SD MH L]JERU EURMD YRGLPD L NRQHAIXHDELMD F
NRPSDNWLUD®RR WM kizx@MKonfiguwrgibipda VQRSX GROD]L GR S|
SROMD QD SRYU&ALQL YRGLpD =D RpHNLYDWL MH GD UH GR
MH SRWUHEQR YRGLWL UDpXQLkakoNNID©& WHINdgIiDVdaQHi Lg
SRYHUDQMH EXNH L UDGLR VPHWQML

Ka¢D YRGLpH YHOLNL QOQ DO/ DY MHDOQWIBY>XOWIMBFDMD HC
=D N9 QDSRQVNL QLYR QXaQR MH UD]JPRWULWL XWMHFDM
smanjenje iznod& U PURMH HO SROMD QDiSRzHWatX LK &DuDPW
QD QXA40QX XSRWUHEXRRU RQDp S WNMRHOFROYDOVERNOX D] Q RVSIRO HW
izolatorskopLIRHcYH SR \BWIL 82 d&sl WIXL b ZRd B/R O KD

Za sva provedena N&zuiatWah@QaMHP )(OpRE&aPPRGHD H UQ VEIX V|
SRVWRMHiUL ' ' PRGH®ODPXQLUEBLNOBYV Ll RPo MHWRI@DIPDnja L
QHGRVWDWNX SRMHGLQLK HOHPHQDWD WM SRMHGQRVWD)
RYMHVQH RSUHPH L YRGLpD WHHEDREUYN QX IJIHYXOW R BMULHPR
GRYHVWL GR NULYLK IDNOMXpDND
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

8. ZAGR$9%$1-( 92'.9y$ , 5§,y.2 321%$a$1-(
OVJESNE OPREME

OsinprovjeeBEWULPQLK NDUDNWpirdtd¥vsizN Ompe &lth el din | X
UD|PDWUDQMIoRPesiWR@ppérodatooijaposjedovati PHKD&®LPND L
WHUPdVONEtaai osigurangg sigoauzdaadag ekovhNhdaedepaema je
WUDMQRPHRBQHRWMHU PilapNePanjdiHKDQLPpND QW $ tue]s@Wed o
uzrokovibh®DPD QbDslYjRGLpremenskih prilika (u vidjetdadiatnog
snejgal/ledatHd®KL pND QBSHBH]OQDMIDL] SURWMHFPIGEMDBOs¥VER XM H
ovjesnu i izolatorska petreg@PDWUDQMD WHUPLPNRJ SRQDADC
opreme]PRWULIRIJUHWMHYDQMD YRGLpPpD L SULMH QFAMaWoRSOLQH

7THUPLpPpNR QDSUH]DQMD YRGLpPD L RYMHVQH RSUHPH
LIORAHQRVWLS8EDOMNBYRGODWMHFDQMD VWUXMH NUR] YRGL
YRGKk{pjR2 peijenssina ovjesnui apo¢at®8fURFL SRYHUDQMD WHPS
prvenstveno uzrokovani prolaskom struje mupmldhkao)amparitnarse
GDOHNRYRG U DYPMRWHI LIWHL PHKDQL]PLtENpEWILQ ReB USR Y M D Q@I

rasprostitempeeragtor@ojedinim elementima

2GUHYLYDQMH QUHFREUWDP WP HMH PRIKRIBHE SRPREX
standaff@&} [10/0Svi stan®UHPMHQMXMX WRSOLQVNX MHGQDG
WHPSHUDW,X g tjeY B LBIBXYIQPMHQMXMX i Ld o({(j W WdDNZ6 DG vniji
rezultatodnosdrogetandthrdVOLMHG MHGQRVWDYQLMHJ SUDUF
standi®itf SULNODGQLML ]D $UDON bblgh RO jLeQ Bab@ Mri-bls ViW Y nz i s t
LIJUDpXQD WHP SHUDWRUVSRQ XOD]QLK SDUDPHWDUD ,((( VWD
UDIPDWUDQMLPD NDR UHIHUHQWQL L]J]UDpPXQ

IEEE VWDQGDUG SUHGVWDYOMD YRGLHPWRID WRQG K Y
razmotriti primjenu suvr &b Bhekroze2®GH®H QDSUDYLWL L]UDpX
WHPSHUDWXUH ]D UDBEDNLWHIW LVIR PR GHRG ISRDVQB EDPODL R GC
GD UH VH L]UDpXQHRE VaH#tsWweW D Wt HHEY stand@bdof LIUDPpXQD\
temperaturne vrijednodH YHMDeRGUHYLYDQMD WRGRDPPNRJ F
izolatoReezultati navEdéLpN L K VEDURUWHIGHDNIDM Xo GIRQtR AD QIM dli j a
YRGUpBVIbBSOHPHQWDFLMH QDd &R KdvidaodhL dOR Vive BRI iljte
slikimformaecWelUPLpNRP SRQDA®IQ N ¥h¥IR &diped
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

8.1. SWMHFDM ]DJULMD YD &N iDe @ remeLp

U ovom pogRWHGVWDYLWL pilLHPe VikkioJOPpYi@bnose porast
temperatopdinsksamspojedinih konpbamleomoda i @BV @®dEAnih
XpLQDND GDWHREQR UH VHGRRNG LWDHLDWW RSOLQWNERA QDSUH
YRGLD

8.1.1Uzroci toplinskog naprezanja

Prilikom projektiranjadpkalka¥wri@]dyDayv WHU PRPUBRQLPHQMH
upogormdwmlekovodaaprijeeBRaGUHWREIXELURP YUVWH YRGLpPpD L SU
Maksimalna radna t¥R@épaBeadHij SUHNRWDBLWMENnosnih razloga
RGUHYHQDRMWWYLPD PDWHULMDOD R.GPN&kMWIKe Mld YdRGilnsk
QDSUH]DQMHMASY j@WUPDM QRJ R $WdHd hHkii &it® MDs Porjie 0 d nii
utjecajmoput udaraSgoDibD L Y WMRHIQYN)ENRML PRJX SRYHUL
temperaGXdalekov(edid8al

Slikal:UzroWiRSOLQVNRJ QDSUH]DQMD YRGLpPD

Navedemaprezanja pViRa ANRP LPDMX UD]JOLPpLWH XpLQNH
UD]PDWUDWL ]DVHEQR 8GDU JURP DIXzMRGlap k NAWKaSp b aly & iQ
PR4H X]JURNRYDWL ]QDpDMQD R&AWHUHQMD QD L]JRODWRUVN
QDVWDMH XVOLMHG GRGLUD ID]J]QLK YRGLpPD V JHPOMRP X
VOXpDMIQbEBsretnim dodirom s okolnim wbg¢eHipem@m)e(kiogk osu
PHyXID]DPD XVOLMHG YUHPHQVNLK QHSULOLND LWG =D Y
YLVRNLK L]IQRVD VWUXMD QHNROLNR N$ NRMH WUHQXWQR
trajanje kratkihespolj@hiano krtkpMiO, MHWWRHEQAXYWQR L]JORAaHQ
WHPSHUDWXUH N RANX PIRNSHRBSURF NW PR ] Q DAV GBHR M PV SR & D U
]QDpDMQD WRNRP OMHWQLK PMHVHFL L PRaH XJURNRYDWL
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

7RNRP SRabDpdraturezmogiti il0002CC i u blizini daRRKdVoda
doprinijeti sliadbggmpetpa, ovjesneYARG emP.Nbavedene pojave zboc
svojih karakteristika (nepredvidivoste]ektaviKdmQia¥jR 6jup D
zahtijevaju z@RalHa@m atriaripay predmetrdahajidan

8.1.1TlrajmoH U PR §WRI UXR & DPVDH

SULMHQRY HOHNWULPQH HQHUJLMH SddPiDaNDFIsRD I
ostvar@PecOHNRYRGLPD 8 GDQD&aQMH YULMHPHaXVr@jemMdiG SRU
PUHaAX L SRYHUDQMD RSWHUHUHQMD XVOLMHG JRVSRGDI
promjenjive tokovEEstsna§aQDYHGHQLP XYMHWLPD GROD]L GF
dalekovodazkokWHBHrujn&W HUPRISNVRHUMRIGQMIR 0 biizdbgegla
QHAHOMHQD SWHRGSMEQRH VMHQOROWIL PL]LUDWL NDSDFLWHW SF
QMLKRYLP PRJIJXUQRVWLULP B]K0INt DQ LisbiAEH®BPYRGD QA YHULP
WUHED VWURJR RJUDQL puL2Wak b éhb e R WIRSGHLOD RS UXRIDX & W
8 NRQDpQLFL SRYL&AHQMH WHPSHUDWXUH XJURNXMH WHUPL]

do degradacije materijala.

1D VOLFL SULND]DQD MH RYLVQRVW WHPSHUDWXUH
YRGLpPD

SIik&2:2YLVQRVW WHPSHUDWXUH YRGLHD3A VWUXML ]D

SBURYHGHQH VWXGLMH VX SRND]D@HR SEEBWW QR YDA
SUHRSWHUHUIHQMD®» WHRGLH B XRYRGL pR > @e n2PeM&ftelu S RY HUD
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ZagrijaMah YRGLpPD L WHUPLPNR SRQDEDQMH R

RYLVQRVWL R SRUDVWX VWUXMH MH ]D YHULQX YRGLpD O
SUHGVWDYOMBz &G | HRHEAMHLYDQMD GRSXAWHQRJ WHUPLpPN

pogona.

, ]JQRV WHPSHUDWMD YRGR 5 VIMBYHE A RHIADNWE@R LAWD GD VF
YHUD VWUXMD YRGLpDUt&mH ida SsUbMad@ERRY WVH) GDHQD WHPSHUL
]ODPDMQR XW MH p Xu Ysd HePrid @ Nvfriefifdvhddrieln s ki u wdj@fté kroav o d u
PRJX ]QDpDMQR YDbagebytiafy kR EfLiliRe dia keok drvrold H,a S\t bl @a
MH YDAQR StRhQdeyD&nske prilikeR Gdkid Goli 2 JU DR & WM. MUHHUCPML D
2GUHYyLWDMOWDHUQLK YUHPHQVNLK XYMHWD QD WUDVL GDC
GDOHNRYRGDY RPIR JDDUPOFH Vold e Rovod av WeaD &I QX WHPSHUDW X!
ovisnorenutnim vremenskiwWwRISGeLQMRaVL UD]XPLMHYD@QRNEX PMDHU P L

8.1.182WMHFDM YUHPHQD QD YRGLD

=D RGUHYVYLYDQMWHR @/pbisdbub WeXgblznavatviyeeen &o pikrea je
LIORAHQ YRGLp 9UHPHQVNL XYMHWL GRSULQRVH KODyYHQM
XWMHpX QD WHPSHUDWXUX YRGLpPpD PRJX SULND]DWL VOLNI
SRWUHEQR MH SR]QDYDWL WR SRMQWHIXL NIH G @ik 5N X PERME X p

viremenske.prilike

SIik&3:3RGMHOD YUHPHQVNH SULOLND NRMH XWMHpX (

2GUHYLYDQMH WHPSHUDWXWHQRRGNR B ORRMNIH NHIG ®WDIC
IECLEEE38lIICIGREandameud Gilavni konc@pQVdNoH MHGQDGAEH YR
generirana tomlAmaGupX VWUXNéedna®d¥d RO &ddMbdkicd pz rmik u
Temperatura okoline mPbGaVbHP SHauhPaN X UH Y R G ph pilPe Nal2 NtR pHE iLn & H
iovioidosta fakgovranstveno geolgratakik)tempdraUREMHQMLYD Yl
(oviidobu dahRGILAQMLP UBVWEGRBPBAIM@PDOLDMQLP JRGLAQMLP S|
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

tenperadHuYRGLpD 8WMHFDM EU]JLQH YMHWUD L VPMHU YMHW
L]IX]JHWQR MH YD&QR RGUHGLWL QDYHGHQD NUHWD@MD X V)
]ODMX ]QDpDMQR YDULUDWL V RE]Kd]RPa QBRI ekbRdidDpVoR
RGUHYLYDQMH WHPSHUDWXUH YRGLpPpDOX i BNNLE® iXVMHMpHAE
je iinsolakpm RSULQRVL SRUDVWXNI/G P SWHH IY\R &% U pl RYORGHA D V.
temperature ovisi o dobivenokr rtaz tiersxid Qtp slerRgdj il UD PRAMOQRV W |
SRYUALQH YRGLPD VXQFX L XpLOQNRY NARYIWL X.ILMDIQMBNQ [
viemenski utjecajipacaved@iiaVHPSHUDWXMXHURGAWMHFDM QD
YRGLpDrdiRBD EetaLtMHG YHUH GRDPIDGH @ RN HI/KBWBRYHIQRH WRSOL
YRGLPBGUHYHQHW W3l QHtis3,048umjkescaj vjetra na YeRlerBturu
MH RG L]QLPQRJ ]QDpDMD L LPD QDMYHIiUL XWhjkFDetR& V\
takggHU XWMHpPpH QD W teP FeHWiD WiXxkuXtiaw | &SULHBD postdQiD h O ¥

VPDQMHQMH WHPSHhUQWNX KD FRIGQRD QDMYHUOL MHLODG MH Y

Slikeé4:Utjecaj pojedinih vieOheND QD pPWHPSHUDWXUH YRGL

8.1.28pLQDN WRSOLQVNRJ QDSUH]DQMD QD YRGLpP L RYMHV(

8VOLMHG L]JORAHQRVWL YRGLpPpD YLVRNRM WHPSHUDWX
SRVOMHGLFX LPD VPDQMHQ Mrth kS &\ S\ M H Ul IKr PaHvia DQ & pd\Nnj K IX
VRG Il dalekovodu morajbspeMEiWEUIDQH PHKDRHKNELYRNX DN
PYUVWRUX HODVWLPQRVW L]GXAHQMH RGUAaDNaABRQ MoH VLJI>
dalekovod sigurno iRp&uSdraIPRQXi ]D SUHGYLYHQL ALYRWQL Y
NDUDNWHULVWLNH XWMHpH SRUDVW WHPSHUDWXUH QD YI
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

smanjerrjgektiranih vrijednosti. Na slici 8.5 prikazan je naveden
naprezarghpwbo

Slik&:Podjela uslijed toplinskog naprezanja

I1DMYHUL XWMHFDM QD SURYMHV LPD WHUB¢LHuNRI hRSWH
RSWHUHUHQMD GDOHNRYRGD L VODELMH&s&G¢eRyHQ@MD W
SURSRUFLRQDOQR GRU K i B QMNMueW UhE MiRi iXaN R Q D i@ LjFhi RY L V|
rasp@n. WHRGQR@M6 DRMDYH SRYH U DRRAH SGQERN/EHY Bkstremnih
viemenskih uvjeta (faVeR\4jld tEGRYHMVORLS GIRD QMD Y RRGENV PhioHQ
SRIJRQX VX GRSVXEMHGRN VH RGUAD Dy Piupkjeavast| a

, JORAHQR VYN WRNGLLFP DVHP SHUDW X U D P D dWhmitHdNsR Ry uGb Xtk J
YODpQH pTuWMWRDHQH pY UV IPRIKD §PIDNX pY UMMWEMXGALPIED QR J
RVRELWR DNR YRGLpaS$itH Q®rlp & BsSedt i PEeKEXWRHUH]XOWLUD PD
Q D S HWSRRYI K ULIDpQ dMvHhEa | e k 0 v cdRaG Lo RoHn vrelml&ed XMH L aLUL WH
VPDQMXMH HOEOINWRWWDOL YSBRYEO LMD RWBERKUWHPSHUDWXUD
SURFHVD BIPHHYEMDVPDQMXMH pYUVWRUD L SKRaktbiby¥ BeGXN
razumjredvedeni prazweigesmodiedtarenmjasvrhu razumijevanja toplir
Xpkapay RGLP]7Gubitd®DpQH pY UWWRILIMHERHFALHHDK D WX UD YRGLDpIL
GR VPDQMHQMD PHKDQLPNH pYUVWR tith jMs¥VGUH]D GMHR L] X3H
YRGLpD 8VOLMHG L]GXAHQMD YRGLpD GXJRWUDMQR GROD
SHULRBGWQ@RNDKDMDe zadowndhjifialni radaimdedbjekata u koridoru
dalekovoeaizbjegli kratki spojeviRaMald iéedzZaM @A WHRS lGHRPHR GL GF
QHUDVSRORALYRVWL GDOHNRYRGD

S8WMHFDM SRYL&HQLK WHPSHUDWXUD LPD XWMHFDM 1
VSDMDQMH YRGL pdp e rhFRIOVIRWB UW NR8H U D u\pXihB k& Rrivarbi e j a
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

RYMHVQH RSUHPH XWRD|IXBRWOBRRGDF VWDUHQMD L JXELW
opremMgekom Bdila SRYLAHQLP WHPSHUDW X thDd¥W&® ROVROLFH GRGSF
i sma@MD pYEhNWRMIE spojpiceWUD&LMMRQMWHP sp¥jRGlapD MH
ustanovlj@mqoS®aarowraizIMYOLMHG L]JORAHQRVYW G BNoRpEY &tQ FILR Q
0d125°CVi¥ YiedHeraturegpmjamicama ¢glagnibkber&d PO QLPNLK VYRMVYV
konektora@[1l100JRURpPQR siRaR |k Qaaddseé kovadagokuje ispade
dalekded®WR UHdxXa@wewnjem powzdaemedsEHNWULPpQH H@HYImWH
P U HALWU]0

8.2. =DJULMDYDQMD YRGLpD L RYMHVQH RSUHPH

7HPSHUDW XU D oY RLapvOp (RPE N MNDX MRP NRMD SUROD]L |
RNROLAQ®D RNR YRGLpFEtrdPMHU YMHWUD LQWHQ]JLWHW \
RNROtefQperatiraEL VH RGUHGLOD WHPSHUDWXUD YRGLpPD Si
SDUDPHWUH L SUHNR WRSOLQVNH MH G QD3 & & ek 6 iunaGriov L W
GRSX3WH Q@3S WRRDWWWDDE) L PRI X RE]beEuW Yd$&Q VYNDGH W i H
LJUDPpXQX WHPSHUDWXUD L VWUXh&® R EEBS Ve HdaribwQMD Y F
NRQJLVWHQWQRVWL L]JUDpXQD WHPSHUDWXUH ]D 4LUL UDVS
8.2.1:HGQDGAED YRGLpD

Prejlazna topVMih6kaY R &HPdOma IEEE stdMtt@QduGagsuje
GLQDPLpNH SURPMHQH WHPSHUDWXUH XVOLMHG SURPMHQH

N EME I O/Q%ﬁ ME $4: 6, 123
Gdje je:
¢+tRGYRYHQMH WRSOLQH NRQYHNFLMRP
d+tRGYRYHQMH WRSOLQH UDGLMDFLMRP
m+tPDVD YRGLpPD
G+tWRSOLQVNL NDSDFLWHW YRGLpPD
T.+tWHPSHUDWXUD YRGLpD
x+]DJULMDYDQMH YRGLpD VXQpPHYLP JUDPHQMHP

+tVWUXMD NUR] YRGLD
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=DJULMDYDQMH YR G LIpZD D MHH RF IVHWRQ SIRROS U H F

R(J+RWSRU YRGLpPD | WHPSHUDWXUX 7

8 VOXpDMX NDGD MH VWUXMD X YR Glepr @Qljioiapili M HQ M
GR LIMHGQDpPDYDQMH ]DJULMDYDQMD L K OWH HMH\GID V8 &E P D
PRAH SULND]DWL

MEML ME €4:65 1Z4;
8 UHDOQRP SRJRQX GXa4 WUDVH GDOHNRYRGD RNROL:
ORNDFLMDPD L LIQRV VWUXMD YHULQX YUHPHQD LPD EODAL
SRIRQVNH VYUKH QLMH SULPMHQMLY 5 RMHHIGVQ R MR D Y\OWIHH @QH

WHPSHUDWXUH YRGLpPD 8 QDVWIBOLQ ViNXVMHGERR] ICEHERIFY.RQ@
XWMHFDMH SRMHGLQLK SDUDPHWDUD QD L]UDpXQ WHPSHUL

8.2.2,]JUDPXQ VWUXMH YRGLpPD

8 SRIRQX VWUXMD NUR] YRG L ps KiL B LVEGHO0 W D DOLHV L GVHX
JjUDpXQ VWUXMH VWRJD RYLVL R PQRJR SDUDPHWDUD SD
RSWHUHUHQMD PRAH RGUHGLWL QD YL&H QDpLQD 'HWHUPL
SULPMHQMXMX X SUDNVL GG H ROHWH WP LDV W KPpNLIRBQRYV
WRpPQRVW

*ODYQD NDUDNWHULVWLND GHWHUPLQLVW buN&ditPh RGH
QDMXYYHKEIRS XaWHQX WHPWBH Db \havd pyaRERPDOH 1DMYHUD GR
tempera¥Rakb®g riggva@jh VPLMR GULK& JD N O DACIBRY , XBdkG
je]lD +7/6 YRGIlapHBBBHH NWUDQH SURL]JYRYyDpD =D QDMQHSRYR(
se temperatur@badifna@ vjetra pri mirmaemMlérentepnbzirgeW RIGLp
nhazi ¥aVLQDPD RG WOD NRMD VX L]JOR&HQD sUHiaVPe &&ie QD
vrijednlbenzervativn@Dip@ kleL GRELY H@rla rJ EldXgauwmol ti .V X X

,JUDPpXQ WHPSHUDWXUH YRGLpPD PRJXUH MH L]JUDpXQD'
uvijettd se izno®PRAH jSUINDHIBMIQR L] MMEQVWGMEBHIL QDpLQ

L - MEMF M
4: 6,

+ Lzau;

, JUDpXQ VWUXMH GLUHNWQR RGUHYyXMH WHUPLpPpNX JU
prenesikeBneaga u odnosu nIUeMHEMQRY WL GDOHNRYRGD X VOX
L QDSRQVND VWDELOQRVWRGS HYL @ D MMIL RV & R KW IdE B U D Q
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

SULOLNRP YRWaS@RM I/ OWBH L]QWRIQRHYQ&PRLQRP SULPMHQRP
flekELOQRVW SULMHQRVQH PUH&H

8.2.38WMHFDM YMHWUD LQVRODFLMH L WHPSHUDWXUH RNR

,]JYRUL WRSOLQH SUL ]DJULMDYDQMH YRBURD WKGIY YIH
VXQpHYD LQ\REBOLRARIDMOARKUDQMHQ@D X YRGLpX PRUD LPDWL V
VH QD RNROLQX VWRJD RNROLA&Q Lk paY MR VP IDRMSH 8 D MAKUGHC
2GUADYDQMH WHPSHUDWXUH XQXWDU GRSX&aWHQLj®e JUDQL
YRGLpD VH RPRJIJXUXMH NUR] NRQYHNWLYQR L UDGLMDFLMYV
RVLIXUDYD VWUXMDQMHP JUDND YMHWDU D UDGLMDFLMVI
ILJLPNRJ NRROQNDINWDRYQR KODpaKQ@W K\WHIPPWMBESHUDWXUX Y
VWRJD SUHGVWDYOMD VORAHQL L]JUDpXQ NRML VH VDVWRM
SULVLOQRJ KODYyHQMIXaKd DU Is¥ XoWeYdRoYWM HeW &ljiDiva deno S struj
LIUDpXQL VWUXMQRS$.RYWRBWU M@ MIDAJOSR, ACCR i ACCC.

3RPRUX ,((( VAPRQ®GIDHUG H L]UD X RIDAELZE WslvMd Hi@QRivie vijetr
funkcija nije lIJBBRMHAGHQLP L]UDpXQL®@IDiva/ @é NoDsity o prsid ig
RSWHUHUHQMD YRGre Dj¢bPaiDh@LL W iB&hla vjetra od 0 do 5 |
SRUDVWD GRSXRIWRQWaB s orast brzine od 5 do 20 m/s d
SRUDVWD GRSXaWHQRJ VW UXRIN) RIH RENKESWQHL 1 B R IMIDMWDgG R S X
RSWHUBMHIE QWD e dbeorsd o ¥MELMHGQRVWL VX LVW.HVIBINYH je]dbl GE
SRYHUDQMHP EU]JLQH YMHWUD GROD]L GR QHOLQHDUQRJ SR
GD MH XWMHFDM YMHWUD RG YHOLNRJ ]QDpDMD ]D RGUHYLY

Utjecsanjera vVQ@EXr@aRSXaWHQR VWU XM Qdn RS W IH Kghehjié8 QoM Hb )
je vidljiva nakara&teristakairom na kutUbDp &Da WReG A pv | ERr &N X W
7’nema nikakvih prompeNXWIY MHWUD R&staf 6tREBEWMWMEHER UFIROMD |
3%, a za porasta kuta vjetra odSARUDMWID GRkBIXEWHOQRI VWUXN
za WOIDYHGHQH YULMHGQRVWL VX 4t¥MWRH X D/ @ XiBDixtkdeEH YR
R EUJLQL YMHWUD PR@B p\DHMoIIMWD MHHHALSAHLU B WY X $JeQ RadzlRe&B W H U H
PDOH SURPMHQH SRpHWQLK YULMHGQRVWL L GD RED SDUD
WHPSHUDWXUH L VWUXMQRJ GRSXaWHQRJ RSWHUHUHQMD Y
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

2500
e —e— ACCC-DRAKE
2 —e— ACCR-DRAKE
’% 2000 —0— ACSR-DRAKE
< 1500
5
oo 1000
<

500

0 2,5 5 7,5 10 12,5 15 17,5 20
Brzina vjetra [m/s]

< g50 —e— ACCC-DRAKE
2 —e— ACCR-DRAKE
< 800 —e— ACSR-DRAKE
9 750
= 700
_ 650
=3
Iy 600
Y 550

500

0 10 20 30 40 50 60 70 80 90
Kut vjetra []

SI1ikap Ovisad VWUXMQRJI RSWHUHUIHQNM®) XRt@hjeD(AP UD]OLpI

PreladaPSHUDWXUH VD MR RGDHY B R NRI®@ IS@H DAV RIM |
YHti®OmperatulDh@LND L]PHYX SRY U &sQWHa ® Lip/Delt ik ROKCQjIS Ki
i radijacpysjkalaz toyaindiciaprikazan je utjecaj vanjske temperatu
dRSXAWHQRJ VW U Xgi QeR jJe RkS3WHIED 1 Al Q Ruxli i Qemiperaturni
raspon zZakromatrani treampenadkoénog zrdkal {0Q)olazi do smanjenja
dopAWHQRJ VWUXMQ BIYRE WHH HIHIQMBHRYAR GLp D

L QWHQ]JLWHW VXQpHYRJ JUDpHQMD LQVRODFLMD GRSES

stoga je potrebno eaamm®zrModityvjetom da su drugi parametri nej
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

porastiommenzijeap Hh@ME0 W/@D YRBRYHUIDYD VHAWRVEBRSHUILNR V
porageumpera¥®@LpD a4WR |]D SRVOMHG LgBXS WRHDJ N @ IDQNH Q MH W
(bpULND]DQ MH XWMHFDM VXQpPpHYRJ |JUDpHQMD JGMH MH YL!
RNROL&AD LPDP& &kt QHOIUKGL GLR NUJIDY XOMMH GRRIVWHL LQVR(
50 W/BIRVWRML |]QDpDMDQ S DBadvvd b paG@RXI VRIS pP\NHKU H U H&QIMD X J
i 149t AWR RGIJRYDWmRAH VHPRPHNLYDWWHNOGROMWOQMM GGRISRSE W
za WA odnoswuripadnost incddlakipdavedene vrisedawpjetija strujnog
RSWHUWXHWBHB |]D VYH L]YHGEH YRGLpPD

p{ e
< 1300 —e— ACCC-DRAKE
—e— ACCR-DRAKE

—&— ACSR-DRAKE

< 1200

0 5 10 15 20 25 30 35 40
Temperatura zrake €]

—e— ACCC-DRAKE
—8— ACCR-DRAKE
—8— ACSR-DRAKE

0 10 20 30 40 50 60
Insolacija [W/m]

Slika7:2YLVQRVW VWUXMQRGAVR 8 M kdj H i rh@a)an's BiGi b pjD
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

Sva provedena razmatranja su uzimala u obzir promjer
parametra dok su ostaliINRQEWSOQWRILI ,DNR RYRoQdderHaUHD
LVWUDALYDQMD ®REWRWHPIINURERWXUH YRGLDHPOWBRISKAYMD R
SRMHGLQH PHWHRUROR&NH SDUDPHWUH ,] SURYHGHQLK LV
vietrmaQDMXWMHFDM QD WHPSH U DayRas XkY&rGatjmida Wi hi&nla
X UHDOQLP XYMHWLPD RWHAaDYDMX L]JUDpXQ SULOLNRP RG
S druge strantempecature iznokasolacije ima manji ufeeawaj na p
WHPSHUDWXalH séBf@alfz@eti u dcOZLIOLNRP. LKADdKX®MD i kretanje
temperature oikslohaciije je relatiknoz spabimMmabhrano razfdoiblje sto
LIUDPWRRSHUDW X WXW VMR@®PpLOMQRIipanje rezu{tdt@XkpadoM X EU]LQ
kuta vjetra.

8.2.4Zagrijavanje ovjeshe opreme

Struje k9YyROD]L NUR] YRGLp VWYDUD WRSOLQX X YRGL
SODAWX YRGLpD tod MR ¥& YREhRE®BOLQX L VSRMQX RSUHPX
SULPpYUEAUHQRUDLLBFROVIW HEHLGGQROBREERNEQVNH UDYQRWHAaH ]
predstavlijena u prethodWdm SpdgdaWRP WRHEABHHUL D W B Kz & RGLp |
RPHNLYDWLGRDL GR t8pLMHIQRSDHPX NRMD MH X MRQWDNW
O GUHYyLWHPMEBHUDWXUH QD VSRMQLP PMHVWLPD YRGLPD L R
toplinski kapacitet svakbap laherk e rkitdpg-h dNtRe@p LieD koja se dovod
materijialue mijenN MR YHOLPpLQD YRGLPpD YDULUDKkugaVRJID M
toplinske kapazntateanih ebemleniaban na karakteristike njihovima
=D SRVWRMHUH YR GIL R UM IPHRYBEHD QMD ]DJULMDYDQM
SUYHQVWYHQR L] UD]J]ORXDY&AWRNWHRG HIPLS K B DGRX\UpH e dBRa Vv If &
NULWLpQH WHPSHUDWXUH ]|D RYMHVQX RSUHPX +7/6 YRGLD
YRGLpPpD *258&°C) sto@g¥daj@R X]JHWL X SRENIDY XWMHARKD WHPSHU
ovjesnoj o[drk]mi

Ovjesna opremasivipoVvatieyky GLPHQ]JLRQLUDQL V PHKDQLPp
VWDMDOL&WD GD PRJX SRGQLMHWL WHALQX YRGLpPpD X UD
GLHOHNWULPQD VYRMRW DD CGMDXAHNRE RIGalY eGHepHEOM e RiQLdJ D Q
tako mosegurati ddPHHKDQhYPNXWRHIijEdraseanperature tijekom cije
ALYRWIQ&RKJ trajanja dHdl &StRVAWRMHUL YRGLpL $&GEUDWRINRP J
vIRQH pYUVWRUH YRQ@DpUSBMBYDBD FMRVMXL pD L L Gsll. \sWo]dD QL |
je zOHNLYDWL GD UH XVOLMHG GXJRWUDMQH LJORAHQRVWL
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PHKDQLPpNLK VYRMVYMWDY O LHEWHPFHULVWXSL VX UD]PDWUDQL ]
se kroz teorijski i ekmpsrume naadiRNeO@iD O R tRexghGplewdrt &xr e
YRGUWH]DOMNHzYRG@GdieDuji 2000 [Al]l2Promatrampesna i spojna
oprenf®@DpDIMWQRFRe o karakteGiBOKANMRAYRGD SD MHKompOmRaAHQ RV W
meBQLpNLK L DOBSNWIDLOQMPDKLQGLYLGXDOQRJD NDUDNWHUD L
parametrima dallelfio ybi4]

8.3. ,]JUDpPXQ ]DJULMDI B Mdin & R G Leurde

,(JUDPpXQHWBHW X UH YRGLpD iV Hr g tonH mW RdvaHVaAWdsim spom
IEEE | CigardartdenMdHGDQ RG PRJIJXULK GEMNL®@DBt&dJh B Yl HQIRP
SUHGVWDYOMHQX VX RSuD QDpHOD )(0 PHWRGH WH QMH]
X LQAHQMHUVNRM SUDNVL[89BULPMMBOMK® ROM F D IQHRMW LS L
pogodn&R@MH UD]XPLMHYDQMH SORaAQLK SURVWRUQLK PRGI
karakteristike promat@ni Mib@QRPa.LVWRJ PDVBEHRIDWK|SN RJ (AR
LIUDpXQX L SULND]X UDVSRGMHOH WHPSHUDWRIRUMDMDX YRG
zagUDYDQMD YRGLpPpD VHRY\MARY Q/HN RS GHPHUHQFLMDOQLK L LC
koje opisuju promatmarlil]thbpd¥Q WHPSHUDWXUH @D LSRWHG LA LV
" PRGHO JOeYRBInpodel za ostale pro(oatmeasnie ie bd mteontka opreme
5HIXOWDWL SURUDpPpXQD UH VH XVSRUHGLWL V SRVWRMH]
YHULILFLUDQL PRGHOL UH SRVOXAaLWL ]D LJUDpXQD WHPSHU

8.3.10HWRGD NRQDpPpQLK HOHPHQDWD )(0

SULOLNRP SRPRuXQBOtopetreheb] VORAHQLK JHRPHWULL
jednostavne geometrijske oblike koji se zovu elementi primjenol
HOHPHQW MKo@deR nPdiiedita ke ¢u provioldleD p EQemeetpredstavija
PDWHPD\WWeld@&RfIR MD GHILQLUD VWXSDQMM@RIER Gdi . MOHVELR J
ogeometrijskomeleiQML PRJIJX ELWL iOLQjdMHd m SiRtY &8 Lls@QBltoji o
PYRURYD NRML VXUPBWEG P BWHINNMLQHSR]QDW LiKdYdd ind RitGQ RV W
prikazamprostoausvojim koordbiHpXO&OimeDWL SURUDPXQD VH LVND]
Kada se definiraju zagpbyrRUsRayefinira dusdavnihineraenih algebarskih
MHGQDBERIM MHGQdxrGtEK MHabtpdX¥ UADYDQMH NUR] SURJUD!
iUHODWLYQR YHOLMNXG\D@DIEQWVBPpXQDWMOWPH YHUILQX )(0 SURUL
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

u razumno vrijeme (u,nettodak EESEtIQDEDMRKWEPOOPMHQX 2SUHC
FEM metodU®¥WRML RG HPHYMESSSRYH]DQLK

1. Diskretikaeijraanje jednostavnijih elemenata,
'"HILQLUDQMH MHGHQ PiGAafE i kgdrmidigH-e@ix\V D
SULGUXAMHIMNOGQMGIAEH D WK BNIL GOXPIHORD OQLK MHGQD

4. Definiranje rubknilbhnuwjjetteagpstavijaju poznate vrijednosti,
5MHADYDQMH VXVWDYD }D MHERIQQMIE MMB DGR W
BURUDpPXQ WUDRAHOLKX QDIMMOEQILK YULMHGQRVWL

SURYRYHQMHEIM UDet s BIRUUDPVNRP SDNHWX $16<6 PRat
u tri koraka. U prvom koraku se za promatranu geometriju odat
SURUDDPXQD L]YRU ]DJULMDMeDEIMDL R OMH 5@ M B RVl XSEIRULBDDYC
spomenutih 6 poREHaDh @I{DGQMHP NRUDNX VH RGUHYyXMH SU
JUDILPNH SULURGH VOLNH L WDEOLPpQH YULMHGQRVWL NRI

8.3.23ULPMHQD )(0 X to]jldnpkQd4 M prezanja

Za pretpostavemperdduvarira radipgabhros| 6 RGBliDga se za
VWDFLRQDUQR VWDQMH SURPDWUD VDPR MHGQD &4LFD X VY
GXa VYRJ SUHVMHND PRaH VH SURPDWUDWL VDPR MHGQD S
dobije raspodjela temberROQKpdaiga)e jedjmho etl@ymeanata se provoc
diskretizaHNmMLMHK YBRG LM nagepageoivijskB8 dRI@DpPQLFL GRELY
NRQEpOmhefinitkFOHPHQW NRML VH PRAH ODNR IP®IV&HPrDMjiep N L
podjeBOQOMVNH L VUHGLAQMH A&LPKHa®@®dv NoRIGDbm He Hal ilsnFeel Q) Y H
konfigura®igeLpD

S1ik@8:5DVSRGMHOD NR QH/@EQ |kHOHMFRIQGUWHDGLEQMD 4LFD G
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Na slIB8B8iza definiranje tj. MNRKNKRIaNROHRRQWD NRULaW
VOMHGHUH R]J]QDNH

itbroj sloja
jtradijalna pozicija
ktkutna pozicija

SULGUXALYDQMHKEA &VHH GQIDEAMK VYRMVWYD VYUxNRJ NR
pretpostavkuedeps@HuUD]LQH L ILJLNDOQD VYRMVWYD JXVW
toplina) homogena u po$&JRNRGLsSIVHI LI UDpXQ WRS LKA H N
MHGQDs@aE®dsniva na izmjeni energije sa susjednim elementii

uzinveXw lobzir pyedenaplinu u svaleomuekakmo je prikaz@no slikom 8.

SIik&9:Prikaz toplinske bilance energije[8a]promatrani ele

Toplindsk@QDGAED NRQDpPQRJ HOHPHIMED ]D YUHPHQVNL

oo BRG L My BFF s&G @y BFF &G F My BRG @y BFG E M- BRGF
S; @ EBRGF s; F M BRG & BRG E' (g gE ' BFEG [Z¥;

lzvor topline koji sesgyakeiementu je pagljgdveanja metala
uslijed prolaskazsitjeina tdpHiyve NRQDpPpQLP VHFONREQ WIRRDG XN F L
, JPMHQD WRSOLQH RYLVL R WRPH SQEUPERJOLO&KIMD X QIXW
HOHPHQDWD ALFDgXiX& X8V pDeah@ MiRROWPHHIKX | NoRmQ MbD M®KAE O o m
NDGD QLMH RVWYDUHQ N R.GHDWaM j B ki Xe A& 1B EXRAY aNURIGNA & B D
seu obzir izmjenu topline s aoka ltrianm zmjeddipea®WH YDADQ SRGDW
KojRYLVL R YHOLpPLQL NRQB piQkuX rH O k¥ 6 jesriiniodR GLUMHLY @ Q D
konvergencijom iterativibo@ PWdtKE&#MpStIRUMDp X dabrati vrlo
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vrijednoWit usporedbi s temperaturnom vr e keekos kaeml goantsti@mntom

pokazao pouzdanim
8.3.3Razmatrani modeli i priprema podataka

8.3.3* HRPHWULMD L UXEQL XYMHWL $&65 GDOHNRYRGQRJ Y|

$&65 YRGLp ]D NRML (H VH SUR¥MHVY&RSRIRMDPKQ(WDVS
metoje 7¥26/7DrakeD]LY L R]QDNX d¥REBLDPDOLMHG L]YHGEH °
primjene u izde&kdmpidiaihb H R]QDND SRYU&4LQH YRGLpPpD X FP
EURMD DOXPLQBMNDAE.AIN ¢ HEDIS QJEKGLQVWYHQL aALIWKbbPiDQL QL
definirmjjihovu konstruk®&@ast¥ R@GLpL SFOIIWDMXPD $$& SR FYL
AAAC po gradedimatvemenglda sI8di0 prikazana je konstrukcija na
ACSRrakeRGLpD

SIikal0.RQILIJXUDFLMD $&65 YRGLpPD

Na osnovi ge GRELNeIQH VD VOXAEHQLK VWUDQLFD SUR
LIJUDPpXQDWL SURPMHU pH®RpDRaklle ,DOaxX B eNLMEINE H IMFHH S R W L
XQLMHWL SRGDWNH ]DDGIHVGOEVEH INQXEDRQFSRIGDX&AODFRG S
SUHGVWDYOMD AFOMD ¢HILY QXBEDRKOY QLQL

3RWUHEQR MH GHILQLUDWL pHWLUL YUVWH UXEQLK >
JUDPHQMH L JHQH&JLj|g Do Mtk VR 510 & Q H

Konvektivni rubkpredgese  BR ikoeficiDeBULMHOD]D WRSOLQ

6XQPHYR JLUDPOIRPPHYRI JUDPpHQMD T
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=DJULMDYDQMUPYRBRpORIQWADQMH RYMHVQH |

Radijativni rubtizrazjezta radijativne gWISRAEREWRVW SRYU

materijala da emitira energiju radijacijom

Unutarnji izvoe dompdrnean|enecspi SO RODVND HOHNWULpPQH
YRGLp PRAH VH UDpXQDWL SR L]JUD]X

L-|54 L
2 = 17\

gdje [H GR]YROMHQR VVRY KiVe@R oR & \WSHIBIPESHODMSIR Y U & L G
DOXPLQLMVNRJ GLMHOD YRGLpD

Provedeni pasRGIAKYLYD XWM WWBEMKLMHGH L ]D RVWDOF

8.3.3ModelH7d6 YREALGCC i ACCR)

$&&5 YRGLp VH VOLPpQR PRGHOLUD NDR $&65 V SURPN
materijala HdkPHWULMD $E&BRO Y RIGA P DX (RSRQIRNE BRDL pet je
NRPSR]LWQD MH]JUD KRPRJHQR WLMHORtRaYpRzM RIMHgaVH QD
PrimjenolnmiDapezoidnogexdhickeprazan prNROREALFD NRML LVSXQM
NRML VH SRQDAaD NDR LIRODWRU WH RPRJXUXMH abNiklk OMD C
8.lprikazagiaswgeometrijskii wptdadACQa8RACCRACCORAKERG.LpH

Tabli@hKaradkristAkeSRA\CCRACCORAKERGLpD

4% A} ]
Konfiguracija 26/7 26/7 1/8/14
hilu%v %}AE?]v €u| 468 484 591
Presjek aluminija [mrf] 402,6 418 519,7
Presjek jezgre [mrf 65,4 66 71,3
WElui E A} ] €uue| 2812 28,6 28,14
Promjer jezgre [mm] 10,36 10,6 9,53
}8%}E A} ] v 1d| 0,0728 0,068 0,0552
}18%}@E A} ] v OA 0,0869 | 0,0812 0,0665

8.3.3Model za ovjesniui oplretho @

ModéD L]JUDpXQ WHPSHUDWXUH RYMHVQH RSKabdPHuUL L]R
VOXRIBWHYLYDQMD WHPSHUDWXUH Y RGLPER @siPe b plsB ptX @1 \ie

155
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prikazani slifdRME. XWatsHpH|QID temperaturelzangpndamaiNawedeno
UDJPDWUDQMH VH PRAH PDWHPDWLpPNL LJUD]JLWL QD VOMHG|

%%i 2y 4E ZeF 256 F F 2 1z
2L &6 F 64; 12§,
2 L &:6% F 62; z&;

GdjeGeoplinski kapraoantetranog eTe¢en earng e red eun & [d pe
temperatura okolvnigeby¢e kooifent disipacije koD kedkediijemt i
GLVLSDFLMH]jeDtoh Qikad Roj & onal whodiR GmYRGLPpD SUHNR RYMHV
svaelo izolaPoja ,toplViXKQpHYRJ ,JRJILNVHQWRISOLQD NRMD VH YRGI
elemen®aiPRGYRYHQMH WR 0@ LVDIHDRK QDK NBIMMHRP. L JUDPHQMHF

Slik&dl 1Prikaz toplinskog modela ziazoMpg®mu opremu

Tempera3RMHGLQLK NRPSRQ#X@WU LLHN DR YUQDHED YBIQ M H P
'RELYHQL UH]XOWD¥W&g |8 RANGE WM ijEVADja e naseoxtjpasl e

pojedinim komponentama
8.3.45H] XOWDW LWHPRBHIDVOOUH YRGLPD

8.3.45H] XOWDWLFEMIRUDpPpXQD

=D VYH UD]PDW WO @iHadB Xp\WW M¥XM B NOUR)] XRBrizpnRGstrujan
zraka O,6doth/lsutom pidn80tazajh61l dan u godibuz prkd4postiavku da
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

VH WRSOLQD JHQHULUD VDPR XnkpraR Lj@iusi/d\R &b & LikiH 4
WHPSHUDWXUH GRELYHQD $QV\V }®012UR b DpaxrGREi LS. 1¢(
ptND]DQD MH UDGLMDOQD UDVSRGMHOD WHPSHUDWXUH $&6
iz tablice 8.2.

Tabliga5XEQL XYMHWL L NRQDpQD WHPSHUDWXUD $

Koeficijent prijelaza topling IEEFW/mK] 15,489pri Tyrake=40°C
Unutarnji izvor topline [W/m] 93,95

Auv o A} T E tIEEE [Wim] 12,43
Radijativni rubni uvjet 0,5 zalzaks=40°C
<}vA I§]Av} ZoIEEE [W/m] 81,975

Z 1i 3]Av} ZdIEEEI[W/m] 24,376
Temperatura IEEE38 [°C] 99,9
Temperatura FEM Ansys [°C] 99,9/101,3

KakoLbVH YHULILFLUDR PR @te® Sl ¥ Ru idNRId UDWSGD W
(FEM)veden zANPXa@slikttm 8)L2.ia)e mwhjpek& IEEE38 standard
SUHGYLBEOMLYR MH GD SRVWRMH |]DQHPDULYH UD]JOLNH X L
standar@®RMELYHQR f& L $QV\V )(0 SURUDpPXQRP f&

Slikdl25DGLMDOQD UDVSRGMHOD WHPSHUDWXUHRE®D)$&65 YF
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

.DGD VH SULPMHQL vWYDUQD JHRPHWULMD YRGLpPD NRI
X YDQMVNRP VORMX YRGLpD GRELMH VH L]QRV WHPSHUD
odstupadjd2,8°C (8.12 b). Razlika temHéRaAMuY® QMY NRIMUIR YU &
uz iste rubneaW\WR|j&SBRSULQRVL ER®RESBERORIGY RYRRAWaL@QHiYRGL
UDVSRUHG WHPSHUDWXUH X YRGLpX VH UHODW MY QBdRDUOR |
YRGLpD VD VYLP DOXPLQLMVNLP ALFDPD L JUDEQ@QLPR3IDSRULI
PRGHO YRBStigpiemaksimalna temperateMd SWHPESHUDWXUQD UD]C
VUHGLAWD L YDQMVNRJ UXED K&KAPHRGHOEQMOLIN®DU AL GRGL
LIPHYX VYLK &LFD X YRGLpX ]D RpHNLYDWL MH GD i(H QD
]ODpBNRMHDYH YLEALK WHPSHUDWXUD X RGQRVX QD YDQMVNL
ALFD XQXWDU YRGLpD GRGYRIR SPXORIUL VREBRDNALFD ]D
PDNVLPDOQD WHPSHUDWXUD RG f& L WHPSHUDWXUQD U
UXED YRGLpD NDNR MH SBLOIIDZIDQR VO gblRrPetrijske karakteris
YRGLpD PRAH WAL | BDOWMXGLMDOQD UDVSRGMHOD WHPSHUD
SRYUALQDPD AaLFD X YRGLpX L X VOXpDMHYLPD NDGD VX NR¢
]ODpDMRILIMIND WHPSHUDWXUH L]JPHYyX MH]JJUH L SOD&WD YR

Provedena je analiza DMACICRVWHNXOD]@Q HhreRM®@OWANH N
UD|PDWUDQMLPD 8 WDEOLFL VX LIUDpXQDWL UXEQL XYMI
VOLPQRVW V XOD]QLP SRGDFLRBGI]E® &@8idvareErli Pslk Q¥ R VWV PIN |
GYD QDY HG hph uYREGILNIDY DOWHUPER R AP&EREMBHY RGLPD D UD]O
RG $&65 YRGLpD-RNAD GPHVMBI]IJUX WH GUH VH SURYHVWL Gl
UD]XPLMHYDQMD WHPSHUDWXUQRJ SRQD&aDbDQMD VDPH MH]JU

Tabli@8&a5XEQL XYMHWL L NRQDpPpQD WHPSHUDWXUL

Koeficijent prijelaza topling IEEE [W/rfK] 15,363 priTzaks=40°C
Unutarniji izvor topline [W/m] 8663

Auv o A} T E tIEEE [Wim] 12,643
Radijativni rubni uvjet 0,5 zaTl,aks=40°C
<}vA I8]Av} ZoIEEE [W/m] 76,727

Z i 3]Av} ZdIEEEI[W/m] 22,549
Temperaturat IEEE 738 [°C] 95,6
Temperaturat FEM Ansys [°C] 94,4/97,4

BUYR MH SURYHGHQ SURUDpPXQ ]D SXQL NUXJ $&&5 YRC
VH SULVWXSLOR SURUDPXQX V UHDOQRP JHRPHWULMRP YR
SODaWD MH ]QDpDMQR YHUD L VDPLP WLPH VH SRWWEAH E|
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=DJULMDYDQMH YRGLpPD L WHU®PLfeMR SRQDA&D

(86,5°C u odnosu na 95,6°C) kako je prikazano slikom 8.13 a).
UD]J]OLNH X SRYU&GLQDPD L]PHyX UHDOQRJ L RNUXJORJ YRGL
prijelaza topline dobije se maksimalna tehn)BéL&tKaX iold R 4R£E]C
svojstvo jeamgred®itHa DQDOL]D XWMHFDMD VDPH .MRrjauweHd e L]\
analize su pokgerabiP®ats & UHIG\WOWWDYow eno tijelo (8.13 ¢) i da u
V SUHWKRGQLP UD]PDW Ut @da&tRibd ® HPLIN HQDY WRQWMDNR ]D VC
VPDQMH NRQWDNWQH SRYU&ELQH L]JPHYyX aLFD YRGLpPpD G
YRGLpD GRN QD SRYUALQL YR@ELpDIi WHRSEAHUDWXUD RVWDQH

SlikAl3Radinpal raspodjela tempebaVYiIR€@1lZ4a AUGWDFLRQDUQRP VW

=D VYH SURPDWUDQH VIRAP\WRIMLY HOiy{meMOQpErature u
YRGLUpiXnodr&+t9°KakeaiPRGHO QH VDBMHHX BRIGEU YRGLp X
]D RPHN& ¥ DM O®DELMH RGYRYVHQMH WR SO uQHino ¥ &ild WahR Sk
rub8]HYAL X REJLU VO VYREGA [iibé RINHM GDMXMH]JUX PR&H VH DN
$&&5 L $&65 YRGMQALPQR SRWDEDNRPa R & Urkdiijakpodjele
WHPSHUDWRWGH RyGIDMK WRSOLQH YRGLpPD
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

VWL LJUDpXQL WHPSHUDWXUH VX SURYHGHQL L ]D $&&
X WDEOLFL 6 REJLURP GD $&&& YRGLPp SRVMHGXMH QDN
alumMbD X SOPHEYWKXSURPDWLDRRKNMR®WID MH PDQMX JXVWRU)
L SRVOMHGLPQR PDQMH JHQHULUDQMH WRSOLQH

Tablig&«5XEQL XYMHWL L NRQDpQD WHPSHUDWXUD $&&&

Koeficijentprijelaza toplinet IEEE [W/rfK] 15,497pri Tyake=40°C
Unutarniji izvor topline [W/m] 70,1

Auv o A} T E tIEEE [Wim] 12,43
Radijativni rubni uvjet 0,5 zalzaks=40°C
<}vA I§]Av} ZoIEEE [W/m] 64,024

Z 1i 3]Av} ZdIEEEI[W/m] 17,906
Temperaturat IEEE 738 [°C] 86,9
Temperaturat FEM Ansys [°C] 87,1/84

Slikom48SULND]DQL VX NRNBRI&& |YRIBXRD viddjseo d
SURUDpPXQRP ]D S(sQiXoMUS k. Fade radmieiH VOLPQH YULMHC
temperatieD p X QR PEEEHB svamBamed nRBEWULMX YRGALPD VO
E FL G LJUDPpXQRP VH GRELYDMX PDQMH WHPSHUDWXUF
JHRPHWULMX WUDSH]DVWH &LFH X.YRDLEM MGIXELIYUD RV RA
GRELYHQD MH QL&D \WHMRINH QD $HK WD M\REEXPIDMXNNHH SR YIH D Q M
SRYUSDQHAWDWHR®DLNVD XpDM NDGD LPDPR QO XN XoSRGUAEL Q'
GR QDMPDQMH WHPSHUDWXUD YRGLpPD RG

8 VYLP SURPDWUDQLP VOXpDMHYLPD ]D $&&& YRGLp Q
WHPSHUDWXUH L]PHYyX VUHGLaAWD L YDQMVNRJ UXED YRGLYD
*HRPHWULMD WUDSH]QLK &LFD RPRJXUXMX YHUH NRQWDN
KRQGXNWLYQRP YRYHQMX WRSOLQH aWR |kl pnDam end FPai@Q M R
WHPSHUDWXUH XGEXWDHE YBRMPORVX QD $&65 L $&&5 YRGLD
SRND]XMH VYRMVWYR KRPRJHQRVWL L PRJXUH JBRuliéedv SULN
SRYUEALQVNH ,JURP¥®beL MIBR@LpDbnih pvjetstandaEEE 738
X]LPD QHNROLNR SRMHGQRVWDYOMN®IGIppeldLawBia@R UDp X
NRQFHQWULUD Qola Vd RfekiedpiV ple d st avlijgpanbomogédnje. Preko
RERGD SRYUALQH YRGLpPpD YU&GL VH NRQYHNW,jeY (R uUL sMIDG LN
WRpPpNDPD NROANWOOWRredstaapjemomdyeR] FLMHGlaoYRGLP
SRYUidlzaymNjRvasljigyKQpHYH LQVROMFXMHVBEFEPBB8ndard
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

RSLVXMH SRYNBRQIHRRBWHOKMYJS LOYBRSYRHAOQMH WRSOLQH G
RERGD YeéRednpelX.

Slikkl45DGLMDOQD UDVSRGMHOD WHPSHUDWXUREM)$&&& Y

8]LPDMXuL UXEQH XYLMHWH L] ,((( VWER GDEZED NDF
dobivayik VOLPpQH YULMHGQRVWL WHPSHUDWXUHRaPaRMNUXJOL
geonUeitMX SURPDWUIDNQLW0 YR Gigd®®PDMQD UDVSRGMHOD WH
RGUHydHiQeUBvIMRaEG kpju standard ne GdgVeaahoag temperaturnih raz
jeaWhRod &R G UFIEE Manalnza ikrazan RiMdgemetriYRGLpD JGMH VH Pl
definiMhRIQWDNWQBALBRY pddratenevjele RERGD YRGLPpD NRML >
JHRPHWULML LPD YHUX SRYUaALQX SU&HKDR pMN&WHANDIHQ IRGY |
SULPMHQRP $QV\V )(0 RPRJIXUX# XgdbHORELHAD J§OKH GWD Y D Q
SRYUALED YREHPAPHWULMX R ERG W DOIRIEaDL@ijalnu raspodjelu
WHPSHUDWXUH SURPDWUDQLK YRGLpPD

2ED SURYHGHQIEREFUDPXQYDspddEMIumijearFdjMHOD SRYUAL
obodaRGLmME iste konvektvBRB@ YRYHQMD MR PO LE®mhiperatura zra
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

NRQVWDQWQD GXabBbtdAR-CAHDSRDPNMRL{THUHDOQH YWRSaALpel QLMI
PRJX |IDPLMHQLWL VDYUAaHQLP NUXJRP LVWR WDNR QLMH UF
ELWL LVWR DPD YERAWSRIMIWBRQHB Do taxkdijacipskjelaz topline s
SRYU&ALQH YBWHFD RYDWIX UIn &jRt@ ijple rla tR DRt Ra R&EMK YHOLpLC
UHDOQX JHRPHWULMX YRGL)pDoRddaR GIVHDH] 5 RD HEE MEEW LSRR M |
VOXPPWWRMH UD]JOLNH RGVWXSDQMD X QDpPLQX RGYRYHQMD
Ansys (FIEIMDpOQEHL VH PRJOL VDJOHGDWL UHROQL j& XE Diln aX Y |
zrakbBD]OLpLWLK 4@ R\MP) kada rsjteugpelazi izolpmiharmutentno
GROD]L GR VORAHQLKoPURE Y e b@MtR AR Q-h Ine procese.
2GUHYLYDQMH UXEQLK SURFHW B P @HWYLHIEDHMHP RL XRUGY RIHH Q |
razmotriti primje(@ompQFfrtional fluigsdymudmaGde D simudiacaje
SULPMHQX PXOWLRLG UMNREGH R Ri®@IMMEXa RERGD YRGLPD L L]JUI
WHPSHUDWXUX L QMH]LQX)'UBVBRGMHOID 0R MRBYHXM X b zir
VWUXMDQMD IOXLGD/HOBNWYLQODQYRWMHFDM QQ DS RN KMGQ QL
RGUHMBEMR ViHOCWEBYRYHQMH WRISR® INRQDpPpYRGILpD]UDPpXQDYD
SR SRMHGLQLP GLMHORYLPD YRGLpD

8.3.45H]XOWDW Lp 6 thReDE® Q D

USUHWKRGQRP SRJODYOMX SURYHGHQL LJUDpXQL WHP
sagledavaju raspeajrainreonstantne rubkKmad&ao bijetkredili temperatu
SRQDADQND QRGLPBWULp GH) RXBEQW XEMLWMBEE)FESY S-luent
programskaketkoRiPRIX idaYybDedawdny¢anja mrddOLpLWLP EU]JLQL
NRQILJXUDFLNDGRB VMR gSmODADQMH ]D QDPRGMEQH VO X
je waerifikaciju méededatZa anjelizabWE@ERACCERGLpretfhodnog
poglavIiNea slici j& Jp5aka]2AJ DpXQD UDGLMD@AQE R.A&RSACOW XUH ]|
(8.15))D WUDSH]DVWH aLFH X YRGLpX GXALDDX QR WRKHPSXBD V
njihovaspodjela (ACBBBE3,6za AGBERR 42 K=83,27°M)axhap QjH
vrijednosti dobiverrs¢alredEaE@E38 R95,6°C | ABE,CG°C) | AREW
(ACCR94,4°C i ALEACC*ODYQL UD]OR]L XRpHQLK WHPSHUDW
SRYUAGLQH RERGD YREHELDLPDURPKPQARVYPQEY NRQWDNWQH SRYUS3Z
YRGLpD
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=DJULMDYDQMH YRGLpPD L WHUPLPNR SRQDA&D

Slikial5Radijalna raspodjela PeOpRRar)adC CecCzMRGCPpDFluent)

Kako bsasgletlaHDOQL UXEQL XYMHWI r@RiGRRUHQ R H YWRELA
V YRGLpDs@QDuluBmldrjjenja zQ&k&¥ RGLPp SUL UD]ONpLWick EUPLQ
prikazano je strujanje zraka (v=0,61 m/s) se mjpeeraznaledesno i fo
L L]ID YRGLpD 9LGOMLYR MH GD SRVWRML YHIHMDH® B H3LHDMD:
iIVODELMH RGYR$H{EMH IWRE® bQHNne marnujjamaztjesadesno|
SROXWFL YRGLpPpD

Slikal6Prikaz brzine strujanja zrakatfemmemrafRiGrs Braks 1
m/s
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