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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 of the 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. At the 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 of the 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 of the 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 of the 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

fPC(t)dt — min, )
0

or for discrete representation
Xh=oPc(n) > min, 2

where P, is the power uploaded from outside of a Holon, ¢ and 7' is a considered period in continuous and
discrete form.
Required power can be calculated as

dSoC

P& = Pu®) + Py(6) + Pe(t, )P (8) = Calla——

3)

where P;(t) is the sum of power loads in a Holon, P, (t) is the sum of power required for balancing,
P,(t,d) is the sum of power required for transmission from supplying units to consumers within a Holon,
P;(t) is the sum of power generation, C,, U, and SoC are capacity, voltage and state of charge of
accumulators in a Holon, ¢ is time, 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 of the 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.

Kapamait

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 of uncertainty.

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 of the grid and construction of new plants and infrastructure.
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T'A%K TEXHOJIOTUSJIAPBIH KOJJIAHATHIH HHTEJIEKTYJIJbl SHEPTOKYWEJIEP

AnHoTanus. Ka3zakcTaHHBIH 3aMaHayd SHEPreTUKAbIK >KyHeciHae OaplblK SHEPrUsMEH >kaOAbIKTaylibl yibIMaap
YUIIH 3JEKTp HEPrUsAChIH KOMMEpIUSIBIK €CeNKe alyIblH aBTOMATTaHIBIPbUIFAH KyHenepi Oomy minger. byn amextp
SHEPTrHUSACHIHBIH HAPBIFBIHIA HAKTHI YaKbIT PEXKHUMIHAC Tere-TeHMIKTI KoJgay YUIH jKacanajpl. ByriHri KyHi MyHman
TEHJECTipy KUBIH MiHJAEeT, Oipak KOJJaH KeJleAl, 93JEKTP BHEPrUsAChIH OHMIIPETiH KOHIBIPFbUIAPABIH KOIIILIr
pecyOnMKanblK HeMece ayAaHbIK JNEeHreiie >KyMBbIC icTeiili ’KoHe NocTYpil OTBIHIBI HEMEce T'MAPOAIEKTPOCTAHLIUSIHEI
HaiiflaaHaThIH CTAHIUSIAp OOMBIN TaOBUTAAB! (6HAIPYAIH OOKAMIBLIBIFEI JKOFaphl). JKaHApTHUIATHIH HEPTHUS KO3AepiH
(OKOK) mnaiinanaHaThlH I€HEPATOPIbIK CTAHIMANAPABl O€lICeHIi TYyple €Hri3y HOTHIXKECIHAE, ONaplblH OHAIPICiHIH
CTOXaCTUKAJBIK CUIAThIHA OalJIaHBICTBI SHEPrUs HApPBIFBIH TEHJECTIpy Maceneci Kypraenene tycyne. Erep JKOK
TeHepaTopIIapBIHEIH Ko01 KyaThl TOMEH jKOHE XKeKe MEHIIIK 0olica, 0J1aH 1a YIIKeH KUBIHIBIKTAD TybIHIaHIbL.

Oneme MEMIIEKETTIK SHEPreTUKAIbIK XKyilenepiH xeTuiaipyaiH Oipkarap Tociianepi ycbiHbuiraH. ConapabiH Oipi
alfHpIMalBl TOKTBIH Oepinic XKyleciHeH TypakThl TOK Oepy skyHeciHe aybicy. ByHnmailbl esrepic xaHapThUIATBIH SHEPIUs
Ke3epiHe €H a3 TYPJICHAIPTill Kypajljap >KUBIHTHIFBIMEH KOCYFa MyMKiHIiK Oepeni. bipak, eH 0acThIChI, YJIKEH
KaIIBIKTBIKKA 3JIEKTP SHEPrHUACHIH JKOFapbl BOJIBTTHI TYPaKThl TOK xyhenepinmer (HVDC) GepyaiH KYHBI MEH LIBIFbIHBI
allHPIMaJIbl TOK JKENiIepiHe KaparaHga TOMEH. Tarbl Oip apTHIKIIBUIBIFBI - 3JEKTP SHEPrHACHIH OHAIPYUIUIEp MEH
TYTBIHYIIBIIAPABI OJap/abl (a3aiblk TypAe TEHrepiMci3 KOCy MyMKiHiri. byHnmait Tapary sxyiienepiH icke achIpylarbl
HETi3ri KUBIHABIK — TYPaKThl TOKTHI aybICIIANbl TOKKA TYPJICHAIpYre apHajfaH >KaOIbIKTBIH KbIMOATTHIFBL bi3niH
pecriyOnuKaga jkoHE OJEMHIH KOINTereH eNjepiHine aiHbIMaibl TOK JKENIepi KeH KOJJIaHbUIAbI, COHJIBIKTAH Oyl
aWTapIbIKTal KO MIBIFBIHIBI KAXKET eTel.

TypakTbl >koHE aybIClallbl TOK SKEJIIEpl YIIiH Herisri 6ackapy Kypaabl HAaKThl YaKbIT PEXHMIHJIE UMUTASLUAIAY
xyienepi (RTDS) Gonbin Tabbutanpl. MyHpai xyilenep TeTeHIIe XKargainapibl >KOHE >Kajlbl SHEPrus >Kyienepin
Oackapyna Oencenai enrizimyme. RTDS 6ip (aszaHbl KOCy HeMece amaTThIK TYpJAE OINipy CalgapblH HAKThl YaKbIT
pexuMinie Oarajayra XOHE OPTYpIi HEHreijieri Heprus KyHeciH TEHrepy Typajbl €H JKaKchl IIEIliM KaOblljayra
MYMKiHIiK 6epeni. ConbiMeH KaTap, 0-3 kI'I1 KHUITIKTI KoJigaHyFa OaillaHbICTBI, OYKLT JKUUTIIK CIEKTPiHJE KyaT KYHeciHiH
JKYMBICHIH 0aKbUIay YIIiH Oip Kypas KeTKiTiKTi. HaKThl yakpITTarbl ayKbIMIbI IIEQPIIBIK cummysisitopiap Hemece LSRTDS
TiNTI alMaKTHIK MacIITaOTaFbl JKEJIep il TONBIFBIMEH SHEPIUACKI3 KYI/IeH iCKe KOCY/Ibl 3epTTeyre MYMKIHIK Oepeni.

TeTeHme xarnaiaapasl aBTOMATTaHABIPYAbl OakblUiay KypaugapblHblH Oipi - cuHxpodaszopmap (PMU). Byn
KYPBUIFBUIAP HAKTHl YaKbIT PEKUMIHIE 3HEPTeTHKANBIK KOHIBIPFBUIAPIBIH JKal-KyHi Typaibl aKmapaTTsl SHEPreTHKAIbIK
JUCHETYEPIiK OpTalbIKTapa HaijanaHy YIIIH JepeKTepli >KMHAKTarbllTapra xibepeli. AJBIHFAH MOIIMETTEp 3JEKTp
KEJICIHIH KYHIH HaKThl YaKbIT pPeXHMiHAe Oakpliay MEH BH3yalM3allMsulay YIIiH JKOHE TOKTall Kally HeMece KOCBLTY
KaFJafbIHIA JKENiHIH OpeKeTiH Mojenbley YIIiH KommaHbuia amanbl. PMU eHrisynmeri KUBIHABIKTap TEXHOIOTHSHBIH
JKaHAJIBIFBIHIA, OJIAPABIH >KYMBIC IPUHIIUII KaOBIKY, a1 CTAHAAPTTAYbI JJli 1€ TOMEH JeHTeHe.

Kanaii Oonranna fa, 37IeKTp SHEPruschiH Oepy xkyilenaepi Je, MOHUTOPUHT XKaHE MOJETbIey JKyHenepi reorpadusiibik
aknapaTThIK xyienep ('AX) apKbuIbl BU3yann3allusHbI )KOHE €CelKe ay Ibl KakeT erefi. by Genrini 6ip reorpadusuibik
JKEpIIepAe OHJIPLIreH KOHE TYThIHBUIATBIH KyaTTapAbl €CKEPEe OTBIPBIN, PECIlyONMKaHbIH SHEPreTUKANIBIK JKYHEeCIH Kimli
Kyienepre caHaiubl TYple ayAaHAacTelpy yuriH KaxkeT. Conpaii-ak, AXK-gaH xKeTKi3ylli MEH TYTBIHYIIBI apachIHIaFbl
SNIEKTpP SHEPTUACHIH Oepy/eri MIBIFBIHIB OHTAWIAHIBIPY MIHIETTEpl Typaibl aKmapaTThl ecKepy Kepek. JlereHMeH, ofaH
Gacka, 2mekTp xeininepiHe apHanraH MyHnail ['AJK sxkaHa 3IeKTp CTaHLUsIAphl MEH IEKTp Oepy >kyHenepi yuliH
UH(PAKYPHUIBIMHBIH KYPBUIBICHIH XKOHE 1CKe KOCBUTYBIH XKOCTIapIayFa KOMEKTEeCe 1.

BypeIH cHmaTTanFaH TEXHOJOTHSAIAPAB! ipi MEMIEKETTiK KOHE KOPIIOPATHBTI 3JIEKTP CTaHIMSAIAPHl KarJalbIHIA
©3eKTi Oouyibll Kajna OepeTiH KIACCUKAIbIK OPTalbIKTAaHIBIPBUIFAH KT OKENUIepiHAe KoljaHyra Oosaasl. Al
KAHAPTBUIATBIH SHEPIUsl KOHABIPFBUIAPBIH KEHIHEH EHTi3y JKeKe CEKTOpAaH 3JEKTP OSHEPrHACHIH SKeTKi3yIIUIepAiH
kebOetoine okeneni. OchIHIal KOHIBIPFBUIAPIABIH ITaMyBIH €CKEpEe OTBIPHIN, OPTANBIKTAHABIPBUIFAH JXOCHAPIay HAKTHI
YaKkpIT pexuMiHAe Oaxpuiay dKyiesnepi YUIiH e memiM KaObuinay Ke3iHJeri MaHbI3[bl KEeIIiryJepHiH BIKTUMAaJAbIFbIH
apTThIpabl. COHIBIKTAH FHIIBIMU KAaybIMAACTHIK MOHUTOPHHT XKOHE MOJIENIbACY XKYHeNIepiH sKeTiNAipyMeH KaTap SHEpreTu
JKENTIepiH OpTaIbIKCHI3NAaHIBIPY KaFUAATTAPEIH KOMIAHy Il YCHIHAIBL.

ABTOpNAp OpTYpAl AEHreiineri opTaabIKTaHABIPUIMAFaH 3HEpPrus kyheciH XoJOH ofici Heri3iHAe OHTailaHAbIpy
MoceneciH TYxbIpbiMaaasl. COHBIMEH KaTap, sHeprus skyiheciHin ['TAXK-nmeH anblHFaH JKENUIIK HBICAHAAP apachIHIAFb
JNEKTpP SHEPTUACHIH Oepy KaIIBIKTHIKTHI eckepeli. byl KalIbIKTBIK HYKTe-00BeKTiNep apachIHIAFEl €H KBICKA KAIIBIKTHIK
€MeC, JIIEKTP KyaThl TYThIHYLIbIFA 6Tyl KEPEK OapIIbIK 3JEKTP JKENiNEPiHiH Y3bIHbIFbL.
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HUHTEJUIEKTYAJIBHBIE DQHEPTOCUCTEMBI C T'HC-TEXHOJIOT'USIMHA

AnHoTanus. B coBpemeHHOW sHeprocucreme KaszaxcraHa periaMeHTHPOBAHO HaJIM4YMe€ aBTOMAaTH3MPOBAHHBIX
CHUCTEM KOMMEpPYECKOI'0 Ydera D3JIEKTPOIHEPIMH JJIsi BCEX SHEProcHa0XalolMX OpraHu3aluid. OTO craenaHo s
MOJUIEP’KKU OajlaHCHPOBaHMUS MOIIHOCTEW HAa PHIHKE 3JEKTPOIHEPTUU B PEXHME peajbHOro BpeMeHH. Ha cerogHsmHuit
JIeHb Takoe OaJlaHCHMpPOBaHHE — 3aj1a4a CJIO)KHAsl, HO BBIIOJIHUMAs, T.K. OOJBIIMHCTBO SHEPrOreHEPUPYIOUINX OOBEKTOB
paboTaroT Ha pecryOIMKaHCKOM WIIM pailoHOM YpOBHE M MPEACTaBIAIOT COO0M CTaHIUM Ha TPAaAMLMOHHOM TOIUIUBE WU
I'SC (c BbICOKOH mNperuKaTMBHOCTHIO BbIpaboTku). IIpM aKkTUBHOM BHEIPEHUM TIEHEPATOPHBIX CTAaHIMHA Ha
BO300HOBJIIEMBIX HCTOYHUKAX sHepruu (BUD) Bompoc OanaHCHMpOBaHUS SHEPrOpbIHKA PE3KO YCIIOXKHSETCS B CBA3HM CO
CTOXAaCTHYECKUM XapaKTepoM UX BblpaboTku. Eme Oomblue 3aTpyAHEHUs BOSHUKHYT €ciii reHeparopsl Ha BUD OynyT no
GoJplIel YaCTH MAJIOMOILIHBIE M B YACTHOM BJIaJICHUU.

B mupe a1 sHEprocucTeM rocyIapcTBEHHOro Maciutada mpeiaraeTcs psia NOAXO0I0B il MoaepHu3anuu. OQuH U3
HUX — IIEpeX0J] C CUCTEM Iepeadr 3JIEKTPOIHEPTUU IEPEMEHHOI0 TOKa Ha CUCTEMBI IIepe/ladyn MOCTOSHHOTO TOKa. Takoi
Mepexo/1 Mo3BOJISET MOAKIIOYaTh UCTOYHUKM Ha BUD ¢ MUHMMAanbHBIM KOMIUIEKCOM IpeoOpa3yrouiero o0opyaoBaHHUsI.
Ho, uro Gonee BaxxHO, ce0ECTOMMOCTh U IOTEPU TEePeIauu 3JIEKTPOIHEPTUU Ha OOJIBIINE PACCTOSIHUS 110 BHICOKOBOJIBTHBIM
cucremaM nocrosiHHoro Toka (HVDC) Huke, yeM 1o JIMHUSAM Iepejad nepeMeHHOro Toka. Elne oJHO MX JOCTOMHCTBO B
BO3MOXHOCTH IOJIKJIIOYATh IPOU3BOAUTEINCH U MOTpeOUTENEH AIIEKTPOIHEPruK 03 MPeaBapUTEIbHOTO BHIPABHUBAHUS MX
1o (aze. OCHOBHOH CIIOKHOCTBIO /ISl BHEPEHHS TOJ00HBIX CUCTEM Iepeayull SBJISETCS JOPOrOBU3HA 000PYA0BaHUS ISt
npeoOpa3oBaHMs MOCTOSHHOIO TOKA B NEPEMEHHBIH. A, yYUTbHIBas, IOBCEMECTHOE HCIIOJIb30BAHUE CETEH NEepEeMEHHOIO
TOKa B Hallleil peciryOJInKe 1 BO MHOTHX JIPYTHX CTpaHaxX MHpa, 3TO TpeOyeT CyIEeCTBEHHBIX KallUTaIbHBIX 3aTpar.

Jliist ceTeid Kak MOCTOSIHHOTO, TaK M IEPEMEHHOI'0 TOKa OCHOBHBIM MHCTPYMEHTOM YIPABJICHUS CTAHOBSTCS CUCTEMBI
MojienupoBanus B peasibHoM BpemeHu (RTDS). Takue cucteMmbl aKTHBHO BHEPSIOTCS B IPOTHBOABAPUITHYIO aBTOMATHKY
U CHCTEMBI ypaBieHus sueproceTsiMu. RTDS 1no3BoJsioT B peabHOM BpEMEHU OLIEHUTD MOCIEICTBUS MOJKITIOUSHHS WIN
aBapUitHOTO OTKJIFOUEHHs OAHOM U3 (a3 ¥ NPUHATH ONTUMAIIBHOE PELIeHHUE 110 0AaTaHCUPOBAHUIO SHEPTOCUCTEMBI PA3HOTO
ypoBHs. [Ipu 3TOM 3a cuer yactoTHOW xapakTepucTuku 0-3 kI'1l 1OCTATOYHO OJHOrO MHCTPYMEHTA JJIs HaONIOJEHHUS 32
paboToii 3HeprocucTeMbl BO BCEM CIIeKTpe 4acToT. KpynmHomacmTabHble nu(poBbie CUMYJISTOPHI PeaIbHOIO BPEMEHH MU
LSRTDS natoT BO3MOKHOCTB JUIsl UCCIIEAOBAHUS IyCKa JaXke ceTei pailoHHOro MacmTada 13 NOJHOCTBIO 00€CTOYEHHOTO
COCTOSIHUSL.

OpHUM U3 UHCTPYMEHTOB MOHUTOPHHIA JUI IPOTHBOABAPUITHON aBTOMATHKH SBIIsitOTCS cuHXxpogazopsl (PMU). Otu
YCTPOHCTBA OTNPABIISAIOT MHPOPMAIMIO B PEaJbHOM PEXHME BPEMEHH O COCTOSIHUM HHEProoOBEKTOB B KOHIEHTPATOPHI
JIAaHHBIX JJIs1 UCIIOJIb30BAaHUS B JUCIETYEPCKHUX IIEHTpax sHeprocereil. [lomydeHHble naHHBIE MOTYT OBITH MCIIOJIH30BaHBI
JUIE MOHUTOPHMHIA W BU3YaJIHM3allUU COCTOSIHUSL YHEPrOCETH B PEKHME PEalbHOr0 BPEMEHH M MOJEIMPOBAHUS MOBEICHUS
CETH IPU BO3MOXHBIX OTKJIFOUEHUSAX WM NOoAKIIoueHusX. CrnoxxHocty BHeApeHuss PMU — B HOBU3HE TEXHOJIOTUH, a 3HAYUT —
«3aKpPBITOCTH» NPUHIMIIA pabOThI U TIOKA €llle HU3KOM YPOBHE CTaHAapTU3ALIUH.

B mo6oM ciydae Kak CUCTEMBI Nepeadyl JIEKTPOIHEPTHH, TaK U CUCTEMbl MOHUTOPUHIA U MOJIEIUPOBAHUS CUCTEM
TpeOyIOT BHU3yalM3allMd W Yydera JAaHHbIX uepe3 reouHpopmannonsele cucremsl (I'MC). Dro nHeobxoaumo st
000CHOBAHHOTO 30HHMPOBAHMSA PECIYOJMKAHCKOH 3SHEProcHCTEMbl Ha IIOACHUCTEMBl, YYHMTHIBas BblpabaTbIBaeMble U
notpediiieMble MOIIHOCTH B KOHKPETHBIX TreorpadMuecKux JIOKanusax. Tak ke HeoOXOOUMO INpPHHHMATh B pacyeT
uHpopmanmio ¢ 'MC g 3amad onTUMHU3alMM TOTEph Ha Iepefady d3JICKTPOIHEPTHH MEXIy ITOCTaBIIUKOM U
norpeburenem. Ho, kpome srtoro, takas 'MC nns sHeprocereli MOXeT HOMOYb B IUIAHUPOBAHUU MECTOIOJIOKEHUS
MOCTPOMKHU U 3aIyCKa HOBBIX SHEPrOCTAaHIUN M HHPPACTPYKTYPHI JJIsl CUCTEM dJIEKTpoIiepeaay.

Panee ommcaHHBIE TEXHOJOTMM MOTYT OBITh HCIIOJIB30BaHbI W B KJIACCHYECKOW IEHTPAJIM30BAaHHON 3HEprocerwu,
KOTOpasi OCTAeTCsl aKTYaJIbHOW B ciy4ae OOJIbIIUX rOCYIapPCTBEHHBIX U KOPIOPATHUBHBIX 3HEPrOr€HEPUPYIOIINX CTAHIHMA.
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Tornma kak MOBCEMECTHOE BHEAPEHHE yCTaHOBOK Ha BUD mpuBOAMT K MOSIBICHHIO OOJBIIOrO YHCIA MOTEHIMAIbHBIX
MOCTABIIUKOB 3JICKTPOIHEPTHH W3 YaCTHOTO CEKTOpa. A, C yYeTOM BEpPOATHOCTHOTO XapakTepa BBIPAOOTKH TaKHX
YCTaHOBOK, LIECHTPATU30BaHHAsI JUCIICTYCPU3AIIHS TIOBBIIIAECT BEPOSATHOCTh KPUTHYECKUX 33/ICPKEK B MPUHATHU PEIICHUIM
JIaKe ISl CUCTEM MOHUTOPHHIA peanbHOro BpeMeHH. [103ToMy mapanienbHO ¢ MOJACpHHU3aIMel CHCTEM MOHMTOPHHIA W
MO/ICIIMPOBAHHUST HAYYHBIM COOOIIIECTBOM IPEJIAraeTCsl UCIIONIB30BaTh MPUHIHUIIBI JEIICHTPAIN3AI[IH YHEPTOCETEH.

ABropamu copMyTHUpOBaHA 3a/laua ONTHUMHU3AIMU JJIs JCIECHTPATU30BAHHONW YHEPrOCHCTEMBI Pa3HOrO YPOBHS Ha
OCHOBE MeTOZa XOJOHOB. B Heil yuuThIBacTCS B TOM YHCIE M PACCTOSHHUE Ui TEpEelavyd DIICKTPOIHEPTHU MEKIY
obbekTamu cetu, monyuyaemas u3 [MC sneprocuctembl. Takoe paccTosHHE NpEACTaBIsEeT CO0OH He Kpardaiiiiee
paccTosiHUE MEXAY TOYKAaMH-OOBEKTaMH, a JJIMHY BCEX JIMHUH AJIEKTpOINepead, Mo KOTOPBHIM AJIEKTPOIHEPTHsI J0JIKHA
MPOITH 10 OTpeOUTEI.

Peanu3zamnus onmucannsix moaxonos ¢ I'MC sHeprocucTeMsl 1acT BO3MOKHOCTD TMOJTHOTO MTOHUMAHUS MPOUCXOSIIIETO
B CETH, ONEPAaTHBHOTO pEarnpoBaHKs Ha aBapUiHbIC CUTyaluu W (a3oBble AUCOaaHCHl, a Takke OOOCHOBAHHOTO
TUTAHUPOBAHUS TANBHEHIIIET0 PACIIMPEHHUS SHEPTOCETH M MMOCTPOMKH HOBBIX 00OBEKTOB U MH(DPACTPYKTYPBHI.

KualoueBble ciaoBa: wuHTeIeKTyanbHble dHeprocuctembl, [MC, nenenTpanmszamnusi, 3amada ONTHMH3AINH,
MO/JICIIMPOBAHUE SHEPTOCHCTEM, CUCTEMBI TIEpEeIadu MOCTOSHHOTO TOKA.
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