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SMART GRIDS WITH GIS TECHNOLOGY

Abstract. Nowadays republican grid in Kazakhstan is regulated to have automated electric power accounting
system for every energy supplying entity. However, with wide implementation of units on renewable energy sources
(RES), especially in private sector, such measures will not be enough. World scientific community propose a number
of methods to modernize grids on national or regional level. One of them is to transit from AC power transmission
system to DC power transmission system. It leads to easier connection of plant on RES to the grid and cost-
effectiveness in power transmission per each kilometer. Other modern approach is real-time digital simulation. Such
simulation gives information on grid’s functioning after emergency switching to plan all necessary balancing
measures. Next modernization step is in use of phasor measurement units in real-time monitoring for each element of
the grid. All of previously specified methods can be developed into GIS on electric power supplement, consumption
and transmission. A decentralization on the GIS basis can be implemented to the grid to minimize control delay for
the whole system. Authors propose an optimization task for decentralized smart grid on the GIS basis. Such approach
allows minimizing reaction time on emergency and power balancing. In addition, it gives opportunity for proper
planning of future power construction.

Key words: smart grid, GIS, decentralization, optimization task, real-time digital simulation, HVDC.

Introduction. The Kegoc as a main regulatory authority in the Kazakhstan stated that every power
suppling organizations have to implement automated electric power accounting system before connecting
to the grid [1]. It became obligatory as a main instrument to support real-time capacity balancing in the
electricity market. To the date, such balancing is a difficult but feasible task, as most power generating
facilities operate at the republican or regional level and are stations on traditional fuel or HPP (plants with
high production predictivity). Kazakhstan government wants to support the worldwide ecological trend to
switch at least partly power production in the republic to renewable energy sources (RES). While with the
active implementation of generating stations on RES, the issue of balancing the energy market is
becoming more and more complicated by the stochastic nature of their production. Even greater
difficulties will arise if plants on RES will be mostly low-powered and privately owned [2]. So, new
modernization approaches should be considered.

Smart grid approaches. In the world, a number of approaches for modernization of state-scale
energy systems are proposed. One of them is the transition from AC transmission systems to DC
transmission systems [3-5]. Such transition allows connecting sources on RES with minimal complex of
converting equipment. While now a small private power system with RES plants and accumulators has to
include inverters to convert power into AC form before supplying it into a central grid. Furthermore, high-
voltage DC power transmission systems (HVDC) transmit electric power over long distances with less
cost and loss than AC transmission lines. The difference in transmission cost makes possible even extra
continental connection ofthe grids. Transmission so long could provide a possibility to balance stations on
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RES by themselves with a change of weather worldwide. Another advantage is in absents of phases. It
gives the ability to connect national grids with different nominal frequencies. Also opens a possibility for
power producers and consumers work in one grid without first balancing them by phase. The main
difficulty in implementing such transmission systems is the high cost of DC-to-AC conversion equipment.
This requires significant capital costs. Especially with the widespread use of AC networks in our republic
and in many other countries of the world. However with development of the technology equipment price
is dropping.

For both DC and AC networks, real-time simulation systems (RTDS) become the primary control tool
[6-8] as time of reaction is becoming crucial in proper dispatching of a grid. Such systems are actively
implemented in emergency automation, frequency and voltage control of generation units, power
electronic’s management, power dispatching and grid’s real-time and systematic management systems.
RTDS allow real-time assessment of the consequences after connection or emergency shutdown of one of
the phases. Real-time simulation lies at the heart of the optimal decision on balancing a power system at
different levels. Large-scale real-time digital simulators or LSRTDS provide an opportunity to investigate
even the launch of district-scale networks from a fully de-energized state. Atthe same time by LSRTDS
technique one tool by 0-3 kHz frequency is sufficient for observation of a gird’s operation in the whole
spectrum of frequencies.

One of monitoring tools for emergency automation is Phasor Measurement Unit (PMU) [8-10]. These
units send real-time information about the state of power objects to data hubs for use in grid’s control
centers. The information from PMUs can be obtained in two ways. By one way, the PMU is physically
connected through current and voltage amplifiers to controlled points of a power grid. In second case, the
values are obtained from the special interface boards. Anyhow the information consist not only electric
parameters, but also their synchronization to exact time code. The obtained data can be used to monitor
and visualize the state of the power network in real time and simulate the behavior of the network by
RTDS in case of possible outages or connections. Besides RTDS, PMUs are increasingly implemented to
the emergency automation equipment. The difficulties of implementing PMU are in the novelty of
technology, which means that the principle of work is proprietary and the level of standardization is still
low.

Decentralized smart grids. The previously described technologies can also be used in the classic
centralized power grid, which remains relevant in the case of large government and corporate power
generating stations. While the widespread implementation of RES plants leads to a large number of
potential suppliers of electricity from the private sector. Moreover, the probabilistic nature of such plants’
generation increases the probability of critical delays in decision-making even for real-time monitoring
systems in centralized dispatching. Therefore, in parallel with the modernization of monitoring and
modelling systems, the scientific community propose to use the principles of grid’s decentralization
[11, 12]. Beside shorter period of the reaction, decentralization increases the robustness of the system as
the controlling functions are not tied only to the dispatching center but are parceled out to the spot. Such
control distribution ensures proper functionality in a grid even with communication failure between
dispatching center and end units ofthe grids.

While in centralized system all controlling and balancing is provided in republican or regional centers
in decentralized grids such problems are solved on the spot. Only if there is some power undersupply or
surplus the local grid requests balancing from the dispatching center above. However, it become actual
only with wide implementation of small power plants near private costumers to minimize transmission
loss ofthe energy.

Biggest challenge for decentralization is in proper dispatching while it is irrational to have human
dispatcher at the smallest units of the grid. Hence dispatching should be provided automatically. At the
same time, automation of any entity demands proper mathematical description of it’s functioning that is
economically impractical.

The authors propose to use Holon method for decentralization of a grid. This concept assumes that
some part of the system or subsystem named as Holon has the same character and mathematical
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description as a whole system named Holarchy [13]. Furthermore, even lower subdivision of the Holon
has the same description too. This approach allows implementing the same mathematical calculation and
optimization process for a grid’s unit at any level resulting in same controlling basis for whole system.
First step then is in formulization ofthe optimization task for the decentralized grid on any level.

Main economical goal for a grid’s element - Holon - is to import less and export more power to the
external parts of the grid. It leads to optimization task of minimization of upload from outside (negative
value means Holon is supplying the system):

t
j Pc(t)dt » min, 1)
(o]

or for discrete representation
Amin, (2)

where Pc is the power uploaded from outside of a Holon, tand T is a considered period in continuous and
discrete form.
Required power can be calculated as

dSoC
Pe(t) = O [ +pb(t) + Pt(t,d)-Ps(t) -C ala— (3)

where P;(t) is the sum of power loads in a Holon, Pb(t) is the sum of power required for balancing,
Pt (t, d) is the sum of power required for transmission from supplying units to consumers within a Holon,
Ps(t) is the sum of power generation, Ca, Ua and SoC are capacity, voltage and state of charge of
accumulators in a Holon, tistime, d is transmission distance between exact consumer and supplier.

Optimization of (1) and (3) will lead to proper control for a grid or its part. Some parts of
optimization task can be reduced to zero. For a high-level Holons accumulators are absent and will be
considered zero as power balancing could be provided by slowing down stations with controllable
production. Whereas for lower level Holons loads or supply could be missing and become zero.

Smart grid with GIS. In any case, power transmission, monitoring and modelling systems require
data visualization and recording for humans use. Usually it is done by superimpose grid’s parameters on
geographical maps according to plants and consumers’ placing. Nevertheless, such visualization is not a
fully valid geographic information system (GIS), as it does not use any of geographical parameters accept
for visual understanding of grid’s zoning. While zoning also is provided by administrative principles but
not by geographical placing.

Proper GIS for power grids can provide several undeniable advantages. Firstly, such GIS can
stimulate the reasonable zoning of the Republican power system into subsystems, taking into account the
power generated and consumed in specific geographical locations. Moreover, GIS information also can
become key factor for optimizing the loss of electricity transmission between the supplier and the
consumer. Especially with implementation of decentralization concept. In addition, connection of
meteorological GIS to the GIS for power grids will help with stochastic character of power production
from RES plants. Finally, such GIS for power grids can help in planning the location for the construction
and launch of new power plants and infrastructure for power transmission systems.

Historically grid’s zoning in Kazakhstan was based on administrative principles, as main power
supplying stations are state or public owned. With implementation of small power plant’s in private sector
zoning enforced to be done on geographical principle. Even more, zoning have to be periodically
reconsidered because of new plugging of consumers or supplier.

Decentralization of a grid will not decrease an importance of GIS for power grids rather the opposite
as the division into Holons should be provided on basis of placing and connection. Furthermore,
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optimization task (1) and (3) takes into account, among other things, the distance for power transmission
between the network’s facilities obtained from the GIS ofthe power grid. Such a distance is the length of
all power transmission lines through which electricity must pass to the consumer, other than the shortest
distance between objects.

The main problems with balancing of a grid with RES plants is in their almost unpredictable power
production. The integration of real time meteorological information gives possibility to predict with high
accuracy power production from RES or power consumption in short-term [14]. Therefrom GIS for power
grids needs to include process and visualization of meteorological information to control and dispatching
system with RES plants as can be seen on picture. It includes temperature, pressure, wind speed at several
heights, solar radiation.

Beside real-time controlling, GIS information should be used for planning of grids further
modernization. Geographical parameters and landscape, closeness to the costumers should be considered
as main factors for choice of placing for every planned new power plant or station. Above that for RES
plants wind or solar potential at the exact spot should be considered. All of these parameters can be
presented on real-time GIS for power grid.

GIS for power grid with real-time wind data

Conclusion. All over the world power plants on RES are represented more and more not only on
governmental and regional level, but also in private sector. It challenges power grid’s control and
dispatching with high level ofuncertainty.

RTDS with PMU can be used for simulation and real-time decision-making within a grid. Transition
from AC power transmission to HVDC eases RES plants’ connection and decrease power transmission
loss. Decentralization of a grid leads to faster dispatching, robustness of a system and reduces power
transmission distances. In addition, it gives possibility to scale automation solutions with less research.

Described approaches can answer to the problems of modern power grids both in classical form with
centralized dispatching and public power plants and as an advanced grid with decentralization and wide
private RES implementation. While GIS for power grid will make it possible to understand what is
happening in the grid, to respond quickly to emergencies and phase imbalances, as well as to plan further
expansion ofthe grid and construction of new plants and infrastructure.
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FAX TEXHONOTNANAPBLIH LONAAHATBIH MHTENEKTYNAblI 9HEPTOXYMENEP

AHHOTaumMsA. K a3aKCTaHHbIL, 3aMaHayn SHepreTuKanblk XYWecinge 6apnibik SHEPruAMeH XabablKTayLbl yiibiMaap
YLWiH 371eKTP 3HEPruAchiH KOMMEPLMANBIK ecernke any/bll, aBToMaTTaHAbIpbinraH xYVienepi 6ony MiHaeT. Byn anektp
3HEPIUACBIHbIL, HapbIrblHAA HaKTbl YaKbIT peXuMiHAe Tere-TeuKT Kongay YLiH >Kacanagpl. BYTiHri MyHZall
Teugdectapy KublH MIiHAET, 6ipak KongaH Kenegi, 3NeKTP 3HEepPrusicblH eHAIpeTiH KOHAbIPrbliapAbll,  Kenwiniri
pecnybnunkanbik Hemece ayfaHiblK [eLreiae XymbiC iCTeAl XaHe A3CTYpAi OTbIHAbI HEMECE TMAPO03NeKTPOCTaHLMSAHBI
nailganaHaTblH CTaHUMsNap 60nbin Tadblnagbl (eHAIPYAIL 60/mKamMabINbIrbl Xorapbl). XKauapTbinaTbiH 3HEPrMa Ke3aepiH
(K3K) naiipanaHaTblH reHepaToOp/bIK CTaHUMANapabl OenceHAi TYpAe eHN3y HITWKeciHAe, onaphbll, eHAipiciHil,
CTOXaCTUKa/IblIK CuMnaTbliHa 6aiinaHbICTbl 3HEPrvMs HapbIrbiH - TeudecTipy Macenec KYpaeneHe TYcyge. Erep XK3K
reHepaTop/apbIHbIL, Kebi KyaTbl TEMEH XX3HE XKeke MeHLLK 60/ca, 0fiaH Aa Y/IKeH KVbIHAbIKTap TybIHAAAAbI.

Anemae MeM/EKeTTIK 3HEPreTuKablK XXylieneply, XeTingipygiy 6ipkatap Tacingepi ycbiHbinraH. Conapably, Gipi
aliHbIManbl TOKThIL, 6epblc XYVleciHeH TypakTbl TOK 6epy yiieciue aybicy. ByHaalibl esrepic »auapTbiiaThiH 3Heprusa
Tesdeplie ey a3 TYp/eHZipril Kypangap >XMbIHTbITbIMEH KOCyra MyMKiHAIK 6epegi. bipak, ey 6acTbiCbl, Y/KeH
KaLLbIKTLIKKA 3M1EKTP 3HEPTUACLIH KOrapbl BOMbTTbI TypakThl TOK XYWenepinven (HVDC) 6epy/il, KyHbl MEH LUbIrbIHbI
aliHbIManbl TOK >KeslinepiHe KaparaHfga TemeH. Tarbl 6ip apTbIKWbIbITbl - 37EKTP 3HEPrUsCbIH eHAipyLinep MeH
TYTbIHYLWbINAPAL! OnapAbl (asanbik TYpae Teurepimcis kocy Mymkwabl. ByHpaii TapaTy xYlVlenepiH toke acbipygarsl
HEri3ri KUbIHABIK - TypakTbl TOKTbl aybiCnanbl TOKKA TYpAeHAipyre apHaaraH >kabablKTbll, KbIMOGaTTbIrbl. bi3giy,
pecny6nmkaga 3He 3MeMHL, KenTereH efepiHAe aiHbiManbl TOK XKenifepi Kel, KonfaHblnadbl, COHAbIKTaH 6yn
alTap/bIKTall Ten LWbIrbIHAbI KKET eTefa.

TypakTbl X3He aybicrafbl TOK >Xeninepi YLWiH Herisri 6ackapy Kypasibl HaKTbl YaKbIT peXXumMiige vmutanayuanay
XYWienepi (RTDS) 6Gonbin Tabbinagbl. MyHpaii xYVienep TeTeHlle argaiinapibl XaHe >annbl aHeprus XYllenepiH
backapyfa 6enceHgi eHrisinyge. RTDS 6ip asaHbl KOCy Hemece anaTTblK Typfe ewipy CanfapblH HaKTbl YaKbIT
pexuMLLae Garanayra >aHe 3pTypni feureigeri sHeprvs >KymeciH Teurepy Typasbl el XKaKCbl LUELWiM Kabbligayra
MyMKiHAiK 6epeqi. CoHbIMeH KaTap, 0-3 KL K M TKA KOMfaHyra 6alinaHbiCThl, 6YKIN Xninik cnekTpiHae KyaT »YVleciHiy
XXYMbICbIH 6aKbinay YLiH 6ip Kypan eTKifikTi. HakTbl yakbITTarbl ayKbiMabl LAGPbIK cummynstopniap Hemece LSRTDS
TWN aliMaKTbIK MacLUTa6Tarbl Xeninepsi ToNbIrbIMEH SHepruachI3 KYVeH icke Kocy/bl 3epTTeyre MyMKiHZiK 6epesi.

TeTeHWe >Karfainapibl aBTOMaTTaHAbIpyAbl 6Gakblnay KypangapbiHblly 6ipi - cuHxpodasopnap (PMU). byn
KyPbINFbINap HaKTbl YaKbIT PEXUMIH/E 3HEPreTUKabIK KOHAbIPrbINapApiL, xait-KYVi Typanbl aknapaTThbl SHEpreTUKabiK
AMCTETHEPNiK OpTa/blKTapfa NainganaHy YLWiH AepeKTepdi XKMHaKTarbiwTapra ioepefi. A/bIHraH MafnimMeTTep 31eKTp
YENICIHIL KyWIH HaKTbl YakbIT pexumilge 6akbinay MeH Busyanusauusnay YLUiH X3He TOKTan Kasly Hemece KOCblny
XarfaiiblHAa dXeniHiy, spekeTiH Mofenbgey YLLiH KonfjaHblna anagbl. PMU eHrisygeri KubIHAbIKTAp TEXHOMOTMSHbIL
YauasbIrbiHAa, 0NapAbIL, XXYMbIC MPUHLMN «Kabblk», an cTaHAapTTaybl 3M1i e TeMeH Jelreige.

Khanaii 6onranga Jja, 3NeKTp 3HeprusicbiH Gepy xyiienepi e, MOHUTOPUHT XaHe Mogenbaey >KYVienepi reorpadmsnbik
aKnapaTTbIK XYVlenep (FAXK) apKblibl BU3yann3aLmaHbl XaHe ecenke any/bl KaxeT eTefa. byn Genrini 6ip reorpausnbik
Xepnepge eHAIPINreH >3He TYTbIHbINATBIH KyaTTapAbl eCKepe OTbIpbIM, PecrnybiMKaHbIL, SHEPreTUKaNbIK XXyReciH K
YVienepre caHanbl Typae ayjaHaacTbipy YiiH kaxeT. Confaii-ak, TAX-AaH XeTKisylli MeH TyTbIHYLUbl apachiHAar.
3NEKTP 3HEPrusicbiH 6epyfen LbIrbiHAbI OUTalinaHAbIpy MiHAETTEpi Typanbl aknapaTThl eckepy Kepek. [lereHmeH, ofaH
Gacka, 9MEeKTP Ke/lleplie apHanraH MyHgali FAXK >kaua 3nekTp CTaHUMsiapbl MeH 31ekTp 6epy >KYI7Ienepi YLwiH
VH(PaKypbIbIMHBIL, KYPbIbIChIH YX3He ICKe KOCbIYbIH Xocnapnayra TeMekTecear

BypblH cunaTTanraH TeXHOMOrusnapAbl ipi MeMAEKeTNIK >X3He KOPMOpaTMBTI 3/1eKTP CTaHuMsnapbl arfgaibiHaa
e3eKkTi 60MbIN kafa 6epeTiH  KnacCUKanblK OpTafiblKTaHAbIPbIATaH 3M1EKTP JKeninepiHge KongaHyra 6onagbl. An
XauapTblnaTblH 3HEPrus KOHABIPrbIIapblH KeLHEH €eHri3y >Keke CeKTOpZaH 3MeKTP 3HEPryAChIH KETH3YLULLIEPALL
Keb6etoiHe akenefi. OCbIHAAM KOHABIPrblNapAbil, AamybiH eCKepe OTbIpbiN, OpTa/bIKTaHAbIPbIIraH >XOCMapnay HakTbl
yaKbIT pexumMiie 6akbinay >xYVenepi \Taw fe welwiM Kabbingay Kesljen Maubl3fbl Kewirynepail, bIKTUManabirbiH
apTTbipagbl. COHAbIKTAH FbINbIMU KaybIMAACTHIK MOHUTOPUHT X3He Moaenbaey X\ienepLu XeTingipyMeH Katap sHepreTu
XKeLepLy, OpTabIKChbI3AaHAbIPY KarnaaTTapbiH KogaHy bl yYCbiHagbI.

ABTOpnap 3pTYpni deureigeri opTanblKTaHAbIPbIIMAraH 3Heprus X ~e”H XO0noH 3gici HerisiHge ouTalinaHapipy
M3Cenecll TyXbIpbIMaaasl. COHbIMEH KaTap, aHeprus KYWeciHil, TAXK-[eH anblHraH Xenifik HbicaHgap apacbiHAar.
3NEKTP 3HepruscbiH 6epy KallbIKTbIKTbl ecKepedr Byn KallbIKTbIK HyKTe-06beKTifep apacbiHAarbl el KbiCKa KallbIKTbIK
eMeC, 3M1eKTP KyaTbl TYTbIHYLLbIra eTyi KepeK 6ap/iblK 3MeKTP XesLepLiLl y3bIHAbIrbI.
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CunattanraH Tacingepgi FTAX KongaHaTblH 3eHprus XYW eciveH KOMNgaHy aHeprus xenblHge He 60MbIN XaTkaHbIH
TONMbIK TYCiHy YiliH, TEeTEHLUe Xargainnap MeH hasanblK TEHrepimci3fikTepre >bingaM ama >kacay YLiH, COHAain-ak
XKEeNiHi 0faH 3pi KEHEeMTY X3He XaHa HbicaH4ap MeH UH(PaKypbIbIM calyAbl AypbiC Xocnapiay YLUiH KaKeT.

TyLWH ce3fep: WHTENNeKTyanbl sHeprus xYWenepi, TAX, OpTaNbIKChi3faHAbIPY, OHTaANaHABIPY M3Ceneci, anekTp
YWenepiH Mogenbaey, TypakTbl TOK 6epy »YWenepi.

[.B. MaHtokoBal, A.b. KaiipaH6aesa2 I'.b. Hypeucosa3 K.B. MNaHokoB4

YuusepcuteT uM.K.N. Catnaes, Anmartel, KasaxcrtaH;
MHCTUTYT noHoctepbl, HauoHabHbIV LIEHTP KOCMUYEeCKMX UCCNefoBaHUA 1 TeXHONoruii, Anmartsl, KasaxcTaH;
Kacnuiickuii yHuBepcnTeT, AnMaTbl, KasaxcTaH;
4YnusepcuteT MITMO, CaHkT-MeTepbypr, Poccus

MHTENNEKTYANIbHBLIE QHEPTOCUCTEMbI CTUC-TEXHONOIMAMUN

AHHOTaUMs. B coBpeMeHHO aHeprocucTeme KasaxcTaHa perfiaMeHTVPOBAHO Haniuuve aBTOMATU3MPOBAHHBIX
CUCTEM KOMMEPYECKOr0 YuyeTa 3/MEKTPOSHEPIvM A1 BCEX SHEProcHabXKaloWMX OpraHusaumii. 3T0 caenaHo Ans
noaAepXKKN GanaHCUpPOBaHMS MOLLHOCTE Ha PbIHKE 3MEeKTPOIHEPTUM B PeXXMMe peasibHOro BpeMeHW. Ha cerogHswHuii
JeHb Takoe 6anaHcMpoBaHMe - 3afaua C/oXKHas, HO BbIMOMHKUMAS, T.K. GOMbLUMHCTBO SHEPTOreHepUpYIoLMX 06LEKTOB
paboTaloT Ha pecny6/IMKaHCKOM WK PailoHOM YpOBHE W MPEeACTaBNsoT co6oli CTaHLUMM Ha TPaaULMOHHOM TOMAMBE UK
F3C (c BLICOKOW NpeaVMKaTUBHOCTbIO BbIPAGOTKM). [py  AKTUBHOM BHEAPEHWM TeHepaTopHbIX CTaHUMA Ha
BO30GHOBNSEMbIX WCTOUHMKAX aHeprum (BM3) Bonpoc GanaHCUpPOBaHWs SHEPropbiHKA PE3KO YCMOXHSETCS B CBS3N CO
CTOXaCTMUYECKUM XapaKTepoM WX BbIpaGoTKM. Elle 6oMblune 3aTPYAHEHNS BOHWUKHYT ecni reHepaTopbl Ha BU3 GyayT no
60MbLUel YaCTV MasIOMOLLHbIE W B YaCTHOM BNIafieHuM.

B mMupe 415 sHeprocucTeM rocyfapCTBeHHOro MacllTaba npeanaraeTcs psi NoAxXoAoB Ans MOAepHM3aumn. OauH 13
HUX - MEPEXOf C CUCTEM Nepefaun 3NeKTPOIHEPrM NePeMEHHOTo TOKa Ha CUCTEMbI Nepeaadt MOCTOSHHOTO TOKa. TaKoi
rnepexog No3BONSET MOAKMOYATb UCTOUHMKU Ha BUS ¢ MUHUMAabHBIM KOMMIEKCOM Mpeo6pasytoliero 060pya0BaHus.
Ho, uTo 6Gonee BaxkHO, CE6ECTOMMOCTb M NOTEPU Mepefaqm 3NeKTPOIHEPrMK Ha 60MbLLIME PACCTOSHISA MO BbICOKOBO/LTHBIM
cucTeMaM MocTosiHHOTO Toka (HVDC) Hike, YeM Mo IMHKUAM Mepefady nepeMeHHoro Toka. Elle oaHO MX [4OCTOMHCTBO B
BO3MOXHOCTM MOAKMOYaTL NPOV3BOAUTENE U NOTPe6UTeNelt a1eKTPOIHepru 6e3 NpeaBapuTENbLHOTO BbIPaBHUBAHUS UX
no daze. OCHOBHOI CMOXHOCTbIO /NSl BHEAPEHUs MOA0GHbLIX CUCTEM Mepedaqn SBASETCs 0pOroBr3Ha 060pyA0BaHNA /s
npeo6pa3oBaHns MOCTOSIHHOFO TOKA B MEepeMeHHbIid. A, YYMTbiBasi, MOBCEMECTHOE WCMOMb30BaHWE CETeil MepemMeHHOro
TOKa B Hallleil pecny6/mKe 1 Bo MHOTUX APYTMX CTpaHax Mupa, 3To TpebyeT CyLLeCTBEHHbIX KanuTalbHbIX 3aTpar.

[ns ceTell Kak NOCTOSIHHOTO, TaK U NepPeMeHHOro TOKa OCHOBHbLIM MHCTPYMEHTOM YMNpaB/eHWsi CTAHOBSATCS CUCTEMbI
MO/le/IMPOBaHUs B peasibHOM BpemeHn (RTDS). Takue cUCTeMbl aKTVBHO BHePSOTCS B MPOTUBOABApUiiHYIO aBTOMATUKY
U CUCTEMbI YNPaBNeHUs aHeproceTamMn. RTDS no3Bo/isioT B pealbHOM BPeMeHN OLEHWUTbL NOC/eACTBIS NMOAKMIOUEHUs Um
aBapUItHOTO OTK/IOYEHUS OfHON M3 (ha3 U NPUHSTL ONTUMa/IbHOE PeLleHie No 6anaHCMPOBaHIIIO 3HEPrOCUCTEMBI Pa3HOTO
YPOBHS. MMpKn 3TOM 3a CUeT YacTOTHOI XapakTepucTuky 0-3 KL, 4OCTATOYHO OAHOTO WHCTPYMeHTa Ans HaGMiofeHus 3a
paGoTOii 9HEepProcUCTEMbI BO BCEM CMEKTpPe YacToT. KpynHomacluTabHble LM(POoBble CUMYNSTOPbI PeasbHOr0 BPEMEHN UK
LSRTDS [faioT BO3MOXXHOCTb AS UCCMEA0BaHNA MycKa flaXe CeTeli paiioHHOro mMaclutaba U3 NMofHOCTbI0 06eCTOUEHHOO
COCTOSIHUA.

OfHUM U3 UHCTPYMEHTOB MOHUTOPUHIA 47151 NPOTUBOABAPUIAHOM aBTOMATUKM SBNAIOTCS CMHXPO(asopsl (PMU). 3T
YCTPOIACTBA OTNPaBMAOT WH(POPMALMIO B PeaslbHOM PEXMMe BPEMEHW O COCTOSIHUM 3HEPro06HEKTOB B KOHLIEHTPATOPbI
JaHHbIX /19 UCMO/B30BaHMS B AMCMETUYEPCKMX LIEHTPaX aHeproceTeid. MonyyeHHble AaHHbIe MOTYT GbiTb UCMOMb30BaHbI
A1 MOHUTOPUHIA W BU3Yann3aLymn COCTOSHIUS 3HEPTOCETU B PEXMME PEaibHOr0 BPEMEHW U MOZENMPOBaHMS MOBeAeHNs
CETV NMPY BO3MOXHbIX OTK/TOUEHUSIX UM NOAKMOUEHUSIX. CNOXHOCTW BHeapeHUs PMU - B HOBM3HE TEXHOMOMMK, & 3HaUNT -
«3aKpbITOCTU» MPUHLMMA PaboTbl U MOKA ELLEe HU3KOM YPOBHE CTaHAapTH3aLuN.

B nio6om cnyyae Kak CUCTEMbI Mepeaaqmn aneKTPOSHEPrvn, TaK U CUCTEMbI MOHUTOPUHIA U MOAENMPOBaHUS CUCTEM
TpebyloT BU3yanM3aLMW U yuyeTa [OaHHbIX uepe3 reouH(opMaLmoHHble cucTembl (FUC). 3To Heobxoaumo Asis
060CHOBAHHOTO 30HMPOBaHWs PEcny6/IMKAHCKOW SHEepProcMcTeMbl Ha MOACWCTEMbI, YUMTbIBasi BbipabaTbiBaemble U
MoTpe6sieMble  MOLLHOCTA B KOHKPETHbIX reorpaguueckmx /okauusx. Tak e Heo6X0oAuMMO MpUHUMATb B pacueT
uHopmaumio ¢ TUC gns 3agad onTMMM3aUMU NoTepb Ha Mepefiady 3MEeKTPO3HEPrM MexXay MOoCTaBLUMKOM W
notpeGuTtenemM. Ho, kpome 3Toro, Takas [VC gns sHeproceTeid MOXET MOMOYb B MIaHMPOBAHUM MECTOMOMIOXKEHNS
MOCTPOVKM 1 3anycKa HOBbIX 3HEProCTaHLMI 1 MHAPACTPYKTYPbI As CUCTEM aneKTponepesay.

PaHee OMMCaHHblE TEXHOMOTUM MOFYT GbiTb MCMOML30BaHbl M B KNACCMUECKON LIEHTPaN30BaHHOW 3HEProceTy,
KOTOpasi OCTAeTCsl aKTyaslbHOli B Clyyae GOMbLUMX FOCYAAPCTBEHHbIX U KOPMOPATUBHbIX 3HEPrOreHepUpPYHOLLMX CTaHLMA.
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Torga Kak NoBCEMEeCTHOe BHeApeHWe YCTaHOBOK Ha BV3 npuBoaWT K MOSBAEHWIO 60MLLIONO YWcAa MOTEHUMaIbHbIX
MOCTaBLUMKOB 3/71IEKTPO3HEPIM U3 YACTHOFO CeKTopa. A, C YYeTOM BEpPOATHOCTHOrO XapakTepa BblpabOTKM Takux
YCTaHOBOK, LIEHTpanu130BaHHas AucneTyepusaLms noBbILAeT BEPOSTHOCTb KPUTUUECKUX 3a[ePKEK B MPUHATUN PeLLIEHWA
Laxe AN CUCTEM MOHWUTOPMHIrA peasibHoro BpemeHW. Mo3aToMy napanniesbHO ¢ MOAepHU3aUmeil CUCTEM MOHUTOPKHIA U
MOZEN1poBaHns Hay4HbIM COOBLLECTBOM MpeaiaraeTcs UCNonb30BaTh MPUHLMMbLI AeLIeHTPan3aLmMm 3HeproceTel.

ABTOpaMu cthopMy/nMpoBaHa 3afjada ONTUMM3aLMN AN OeLeHTPann30BaHHOW 3HEProcMcTeMbl Pa3HOrO YPOBHS Ha
OCHOBE MeTofa XO/IOHOB. B Hell yuuTbiBaeTCA B TOM YWCNE W PacCTosHWE ANS Mepefayn 3MeKTPOIHEPrun Mexay
obbekTamu ceTw, nonydvaemas w3 MC 3sHeprocucTembl. Takoe pacCTOsiHUE NpeAcTaBiseT COB0M He KpaTuaiillee
paccTosiHMe MeXay TOYKamu-0ObekTamu, a OAMHY BCEX IMHMIA 3neKTpornepedad, No KOTOPbIM 3/1eKTPO3HEPrns [OMKHA
NPoWTV A0 NOTpebuTens.

Peanu3aums onucaHHbIX Noaxonos ¢ MIC aHeprocucTeMbl AacT BO3MOXHOCTb NMOIHOFO MOHUMAaHWA MPOMUCXOAALLErO
B CETW, OMepaTMBHOrO pearMpoBaHUA Ha aBapuiiHble cUTyaumm n (asoBble AucbanaHcbl, a Takke 060CHOBAHHOMO
M1aHUPOBaHWA fa/lbHELLIEro pacLuMpeHns 3HeProceTy U NOCTPOMKM HOBbIX 06BEKTOB U UHPPACTPYKTYPbI.

KntoueBble C€noBa: WHTe/eKTya/lbHble 3HeprocucTemsl, [WC, paeueHTpanu3aums, 3afada ONTUMM3aLMK,
MOZeN1poBaHue 3HeprocucTeM, CUCTEMbI Nepesadn MOCTOAHHOIO TOKa.
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