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Kparak cagpikaj

HoBu TpeHII0BH y MOTPOIIBU €IEKTPHUYHE SHEpTuje, MporpecuBHa ypOaHu3anuja U CTaIHH
mopact moTrpeda CaBpPEeMEHOT JPYIITBA 3a EJICKTPUYHOM CHEPTHjoOM TMPEACTaB/bajy CBE
KOMIUIEKCHHJH HM3a30B 32 €JIEKTpOeHepreTcke cucreme. Hemocrarak mpocTtopa y BEIUKHM
rpajJioBUMa 3a TOcCienuily uma cBe Behy moTpedy 3a KOMITAKTHHUJUM BHCOKOHAIIOHCKUM
pa3BOAHMM IMOCTpojerbuMa. Kako OM ce MOCTHUINIO CUTYypHHMje M TOy3JaHHje Halajame
MoTpoInaya, kao U Beha eKOHOMCKa KOPUCT, TOKOM MOCIEImBUX JeleHHja pacTe MpHUMeHa
MOCTPOjeHha U30JI0BaHUX SFs FaCOM.

KoncTpyknuja moctpojema omoryhaBa BHUCOKY 0€30€IHOCT Jbyau O] CTPYJHOT yaapa, y3
OrpaHUYEHE MPOCTOPHE 3aXTEBE U BEJIMKY KOHLEHTPAIMjy CHAare Ha BUCOKHM HaroHUMa (110
1100 kV y Kunn) u npu Benukum crpyjama (10 8000 A y Kananu). Yaeo GIS noctpojema y
MIPOjEeKTHMa eNIEKTPOCHEPTeTCKUX 00jeKara IMupoM cBeTa ce nmosehasa y nopehemwy ca 1pyrum
TEXHOJIOTHjaMa (Ba3ayXOM HU30JIOBAaHUM WJIA XHOPUTHUM).

[TocToju MHOTO IpyTrHUX pas3jora, OCHM IPOCTOpa, TAEe TacoM H30JI0BaHa mocTpojema (GIS)
MOTY OMTH puMemeHa. Heke o onmTux mpeqHoCcTH KopuIithemba Cy eKOHOMCKa €(hUKaCHOCT,
BHCOKA TMOY3JaHOCT, 0e30€AHOCT 300T OKJIOIJBEHOCTH OINpeMe, AYT pajJHUu BEK, HUCKU
TPOILIKOBH O/Ip>KaBarba, EPrOHOMCKH JIU3ajH, MOy3[aH paj y eKCTPEMHUM YCIOBHMa OKOJIMHE.
MonynapHOCT KOHCTPYKIIMj€ OBHX IOCTpojera omoryhaBa J1aky MOHTaxXy M ckpaheme
BpeMeHa rpaame. [locTpojema cy moaes/beHa Ha TacCHE KOMOpE, IITO y CIIy4ajy KBapa y HEKOj
KOMOPH, JIOBOAM JI0 UCKJbYUYEHa CaMO OTPaHUYCHOT JIeNla MOoCTpojema. Mano pasnarame SFs
raca mpH Tramiewmy JyKa U HE3HaTHO TPOIICHE KOHTaKara MpeKHuaada M pacraBjbaya IMpU
KoMyTaljama, omoryhasa fia mocrpojeme paau u a0 20 ronuHa 6e3 oaprkaBama.
Crnenudukanuja pa3nuuuTux acriekara GIS moctpojema, KOMIIOHEHaTa U mparehe onmpeme je
JeTajbHO pa3paleHa y BeJIMKOM Opojy HOpMaTUBHUX JOKyMEHAara.

Y pany je mar mpukaz HCTOpHjCKOT pas3Boja GIS texHomoruje. OmmcaHe Cy OCHOBHE
KapakTepucTuke SFs raca ¥ racoM N30JI0BaHUX MTOCTPOjeha.

Pa3marpanu cy TeXHWYKH 3axTeBU 3a u300p GIS moCTpojema, carieaBambeM pPa3IHuIuTHX
(akTopa, KOju ce OJHOCE Ha €IEKTPOCHEPIeTCKH CUCTEM, OKPYKEHE 1 TPOLIKOBE.

SFs Tac ce MOXKe cMaTpaTy PEBOJYIIMOHAPHOM TEXHOJIOTH]OM, KOja je Onia KJbYdHHU TTOKpeTad
caBpeMeHne ypOanuzanuje. C apyre crpaHe, €BpPOIICKU OIEpaTopyd MPEHOCHUX CHCTEMa, Y
capaJiu ca Mpou3BohaurMa ornpemMe 1 KJbyYHUM 3aiHTEPECOBAaHUM CTpaHaMa, YJIaxy BEJTHKe
HArope J1a MOCTENEeHO CMambe YHoTpedy SFs raca y CBOJUM MpekaMa U yBEly alTepHaTHBHA
pelemna.

VY pany je natr Kparak Iperie]] perylaTiuBe U uJbeBa EBpoICKe yHH]je 3a CMambemhe eMHCH]e
SFs raca, koju ipunaza (G1yopoBaHUM TacoBuMa ca eekrom crakiiene oamre. [Toues ox 2010.
roMHe, TOTpara 3a ajJTEepPHATHBHUM H30JIAMOHUM M KOMYTAI[MOHUM TacoM ca 3HAaTHO
CMamkEeHUM IOTEHIIMjaJIoM ToOaHOT 3arpeBama (GWP) je noHena pelniema 3aCHOBaHA Ha
¢biyopHUTpUITY, (IYOPKETOHY M TEXHHYKOM Ba3lyXy, Y KOMOHMHALUjU Ca BAaKyyMCKHUM
npekuaadnma. Y pajy je Ipe3eHTOBaH MpUKa3 JOCTYIMHUX alTePHATUBHUX TEXHOJIOTH]aA.
AnrepHaruBa gaHamimuM GIS mocTpojemMMa ce omiefa y JOCTUTHyhuMa y pasBojy H
ynotpebu exonomku eduxkacHux GIS peniema M HUHTErpalyju JAUTUTAIHUX TEXHUKA Y
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MIPOjEKTOBabY M AMjarHOCTUIM. To mozppasymeBa KOMOMHAIM]Y HHCKO-YIJbEHHUYHOT OTHCKa,
CYIEpHOpHE TOY3MaHOCTH M HHUCKHX TPOIIKOBA >XHBOTHOT IUKIyca y (iaekcuOmiHoM
pacriopeny eleMeHara.

Jlururanuzaiyja Mpexe, o ¢ase MpojeKToBama 0 MOTIYHE AUTUTaTHE (QYHKIIMOHATHOCTH
cBakor ypehaja y eNEKTPOCHEPTeTCKOM CHCTEMY, j€ HEIITO INTO TMPEACTaBba KIbYd
TEXHOJIOMKOT TpaHcdepa ka Oynyhum pememrma. OHO mTO je Beh M3BECHO Cy: TEXHOJIOTH]a
OUTUTATHOT ONU3aHIla, WHTETPUCAHM WHTEIUITEHTHH eNeKTpoHcku ypehaju ([ED) ca
JUTUTATHOM YIIa30M W M3J1a30M, KOMIUIETHa 0a3a IoJaraka eJIeKTPOCHEPTeTCKE Mpexke
JOCTYIIHA y JAWTHTATHOM OONaKy M HWHTEIUTeHTHH COQTBEp, KOjU KOPUCTH BEILUTAYKY
uHTenureHnujy (4/) 3a ontumusanujy paga mpexe. Jurutanau GIS HEM30CTaBHO MMOCTaje €0
Oynyhux eIeKTpOoeHepreTCKIX Mpexa.

Ksbyune peun: ['acom uzonoBana nocrpojema, GIS texnonoruja, SFs rac, antepHaTUBHA
perniema, TUruTaau3almja Mpexe.

buorpaduja npenasaua

Mp Jbybuma Ywuukapuh je aumiaoMupao Ha EHEPreTCKOM
ofceky EnexrtporexHuykor ¢axynrera YHUBEp3UTETa Y
beorpany 1986. rogune, 7€ je cTekao u agurioMmy Marucrtpa
CJIGKTPOTEXHUUKUX Hayka Ha cMmepy ,,EiekTpoeHneprercka
noctpojema u onpema’” 2010. rogune.

On 1987. rogune je 3anocnen y Uncturyry Hukona Tecna y
beorpany, rae TpeHyTHO paau y 3Bamby CTPYYHOI CaBETHHKA.
Pagno je Ha pa3Bojy M MMIUIEMEHTAIMjU TepMOTrpadcKux
METOla HCIUTHUBamka OINpEeME Yy EeJIEKTPO-IOCTpOojemhuMa
pa3nuuuTUX HanmoHckux HUBoa. Ox 2015. rogune pagu kao
PYKOBOIMJIAIT Crnernujanu3oBane naboparopuje 3a
UCTIIUTUBAkba  EJICKTPOONpEeMe, MarTepHjajia, 3aIlITUTHHUX
cpencraBa W 0e30€AHOCTH, Y OKBUPY aKpEIUTOBaHE
naboparopuje Mucturyra Hukxoma Tecna y beorpamy. [locemyje MCKycTBO y HpykKamy
KOHCYATAaHCTKUX W yciayra CylnepBHU3HMje, KOHTpOJI€ KBajJUTeTa U  HCIHUTHBamba
CJIEKTPOHEPreTCKE OINpeMe pa3IMYMTUX HANOHCKUX HHBoa. Pamno je, 3a moTpebe
€JIEKTPONPUBpE/IC, HA U3paau CTyAHMja, TEXHUUYKUX MpPEropyka W MHTEPHUX CTaHIapna 3a
UCIHUTHBaka M KOHTPOJIE €HEPreTCKuX TpaHchopmaropa, OOPTHHX EJIEKTPUYHUX MalllnHa,
E€HePreTCKUX KalJIoBa U Ipyre eleKkTpoeHepreTcke onpeme. Axktubad je uian y CIGRE CpOuja
y BUILIE CTYIUjCKUX KOMHTeTa. AyTop je OpojHMX pagoBa Ha MmehyHapomHuMm u gomahum
CTpYYHUM KOoH(EpeHIjaMa, y MOHOTpadujama 1 4acomucruMa.
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Abstract

New trends in power electricity consumption, constant increase in the needs of modern society
for electricity and progressive urbanization represent an increasingly complex challenge for
power systems. The lack of space in large cities results in an increasing need for more compact
high-voltage switchgear. In order to achieve a safer and more reliable supply of consumers, as
well as a greater economic benefit, during the last decades the application of facilities insulated
with SF6 gas has been increasing.

The construction of the facilities enables high safety of people from electric shock, with limited
space requirements and a high concentration of power at high voltages (up to 1100 kV in China)
and at high currents (up to 8000 A in Canada). The share of GIS installations in power facility
projects worldwide is increasing compared to other technologies (air-insulated or hybrid).
There are many other reasons, besides space, where gas-insulated plants (GIS) can be applied.
Some of the general advantages of use are economic efficiency, high reliability, safety due to
the enclosed equipment, long service life, low maintenance costs, ergonomic design, reliable
operation in extreme environmental conditions.

The modular design of these facilities enables easy assembly and shortening of construction
time. The facilities are divided into gas chambers, which in the event of a malfunction in a
chamber, leads to the shutdown of only a limited part of the facility. Small decomposition of
SFs gas during arc extinguishing and minor wear of circuit-breaker and switch disconnector
contacts during commutation, allows the facility to work for up to 20 years without
maintenance.

The specification of various aspects of GIS facilities, components and supporting equipment is
elaborated in detail in a large number of normative documents.

The paper presents the historical development of GIS technology. The basic characteristics of
SFs gas and gas-insulated facilities are described.

The technical requirements for the selection of GIS facilities were considered various factors
related to the power system, environment and costs.

SF¢ gas can be considered a revolutionary technology, which was a key driver of modern
urbanization. On the other hand, European transmission system operators, in cooperation with
equipment manufacturers and key stakeholders, are making great efforts to gradually reduce
the use of SFs gas in their networks and introduce alternative solutions.

The paper provides a brief overview of the regulations and goals of the European Union for
reducing the emission of SF¢ gas, which belongs to fluorinated gases with a greenhouse effect.
Since 2010, the search for an alternative insulating and arc-quenching gas with a significantly
reduced global warming potential (GWP) has brought solutions based on fluoronitrile,
fluoroketone and technical air, combined with vacuum circuit breakers. The paper presents an
overview of available alternative technologies.

The alternative to today’s GIS facilities is reflected in the achievements in the development of
environmentally efficient GIS solutions and the integration of digital techniques in design and
diagnostics. This means combining a low carbon footprint, superior reliability and low life
cycle costs in a flexible arrangement of elements.

Digitization of the network, from the design phase to the complete digital functionality of every
device in the power system, is something that represents the key to technological transfer
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towards future solutions. What is already certain are: digital twin technology, integrated
intelligent electronic devices (IEDs) with digital input and output, a complete power network
database available in the digital cloud, and intelligent software, which uses artificial
intelligence (Al) to optimize the network operation. Digital GIS inevitably becomes a part of
future power networks.

Keywords: Gas-insulated switchgear, GIS technology, SF¢ gas, alternative solutions,
digitalization of the network.
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