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USING THE FLEXIBILITY OF EPS AS A MEANS OF IMPROVING THE SYSTEM RELIABILITY OF POWER
SYSTEMS IN MODERN CONDITIONS
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Scientific research in the field of EPS flexibility has recently been intensified, and this flexibility is considered
in a fairly broad setting [1, 2]. It is important to note that the issues of EPS flexibility are not new, but the term
“flexibility” was not used to refer to this issue before, although all the main issues were considered within the
framework of the topic of system reliability and development of EES, and the issue of continuity of modern
research with previous scientific research and existing scientific results is important.

In the traditional electric power industry, the main focus in the field of system reliability of power plants
was placed on the maneuverability of high-power generating equipment and sufficient reserves of capacity
of intersystem and intra-system main transmission lines. The nature of changes in the load over time (over a
year, over a week, over a day, over an hour, over a minute) was fairly predictable and determined by the types
of consumers, including the type of production at an industrial enterprise. In such conditions, it was possible
to plan the required properties of the power grid in terms of both the controllability of power grid elements
and the maneuverability of generating facilities quite effectively in the long term. To ensure system reliability,
the tasks of determining the optimal volumes of hot and cold reserves of capacities of generation were solved.
These aspects, in fact, provided the required flexibility of the EES (primarily due to large-scale generation
and main electric grids), and the effectiveness of the traditional approach within the previous technological
structure is confirmed by practice.

In modern conditions, when there is a mass construction of small power plants based on renewable sources,
the installation of electricity storage is gaining pace, consumers electrical installations are being modified,
they are becoming adaptive and intelligent, there is a process of mass appearance of electric vehicles, and a
revision of traditional provisions in the field of power system reliability is required. The problem is caused by
a sharply variable and generally unreliably predictable schedule of consumer loads. Small utility consumers
are not involved in operational dispatch management, and the prospect of their involvement in the future
is unlikely. As a result, there is no dialogue between consumers and energy companies, so the reasons and
motives for changes, including abrupt changes, in the load of consumers are unknown to energy companies.
In the case of an active consumer with its own generation using renewable energy sources, there may be a
situation of a sharp transition from the mode of electricity supply to the network to the mode of maximum
load consumption and vice versa, and this will happen without notifying the power companies. Attention
should be paid to taking into account the development of electric transport (electric vehicles). If the entire
current fleet of the country is transferred from internal combustion engines to electric drive, it will require
about a 3-fold increase in electricity generation. Of course, the scenario of 100% transition to electric transport
is unlikely, but it is also quite likely that the transfer of 10% of vehicles to electric drive will require a 20%
increase in electricity consumption, and through distribution power grid.

Therefore, the traditional approach, where the flexibility of the EPS was provided at the level of reserves of
large generation and main power grid, with the passivity of distribution power grid, will not ensure the system
reliability of the power systems of the future. It is not a problem to provide the required reserve in the future
at the level of large-scale generation and capacity of main power grid, the problem will be in the distribution



of electricity to consumers. It will require either a multi-fold increase in the capacity of distribution power
grids, or the application of new approaches to ensuring system reliability due to the flexibility of the EPS on
the part of distribution power grids and active consumers.

Traditionally, one of the aspects of system reliability has been the power security of the EPS, which refers to the
ability of the system to withstand sudden disturbances without unintended impacts on electricity consumers.
At the same time, the analysis of power security was mainly performed only in the volume of the system-
forming power gird of the EPS. For the power systems of the future, the importance of power security increases
significantly, but as an analysis of the power security of the system-forming and distribution power grids
together. For a number of years, the authors have been engaged in research in the field of mode reliability
using the method of calculating EPS modes taking into account discrete and interval characteristics of mode
parameters [3]. This method allows us to study the properties of controllability of power systems of the future
in the required problem statement.
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VCIIOJIb3OBAHUE T'MBKOCTU 393C, KAK CPEJICTBA TTOBBIIEHUS CUCTEMHOU HAJIEXKHOCTU
9HEPI'OCHUCTEM B COBPEMEHHBLIX YCJIOBUAX

Ocak A.B., Bysuna Ef1.
HCS5M CO PAH, r. Upxkyrck, Poccua

B nocneqnHee BpeMsl aKTMBM3MPOBANUCH HAYUHbIE MCCIEJOBAaHIS B obiacty rubkocty 93C, mpuueM ara
ru6GKOCTh PacCMaTPUBAETCS B JOCTATOUHO LIMPOKOIL IocTaHoBKe [1, 2]. BaskHO OTMeTHTB, UTO BOIIPOCHI
ru6kocty 99C He SBISIOTCS HOBBIMI, HO PaHblLle st 0003HAUeHIIsI NAHHOII IIPOGIeMaTIKM He MCIIONb30BANICS
TEPMUH «TMOKOCTE», XOTS BCe OCHOBHBIE BOIIPOCHI PACCMATPUBAIIICH B pAMKAX TEMATIKY CUCTEMHOI HaIeKHOCTI
u pasButus 99C. COOTBETCTBEHHO, BaKHBIM SIBJIAETCS BOIIPOC IIPEEMCTBEHHOCTIL COBPEMEHHBIX ICCIIe{OBAHMIT
C TIpeABIAY LMIMI HayYHBIMU UCCIIEJOBAHMSMIU ¥ MMEIOILIMIICS HayUHbIMI Pe3yJIbTaTaMIL

B TpanmIoHHoIT 9IeKTposHepreTIKe OCHOBHOI aKIeHT B cdepe cucTeMHOI HafexxHocTy 99C menancs Ha
MaHeBPEHHOCTh ['eHepUPYIOILEro 060pyA0BaHMs GOJIBIION MOLIHOCTIL I JOCTATOUHBIE 3aI1achl IIPOITYCKHOIT
CITOCOGHOCTH MEKCUCTEMHBIX VM BHY TPMCUCTEMHBIX MATUCTPAIBHBIX 3JIeKTpOIlepefau. XapaKrep N3MeHeHUs
HArpysKu BO BpeMeHMU (B TeueHuUe IOfa, B TeUeHIe HeJely, B TeUueHne CYyTOK, B TeUeHe uaca, B TeUeHIe
MIHYTbI) OBUI JOCTATOUHO IIPEACKasyeM I OIIPeeIsiIcs TUIIAMM [I0TpeGUTeIell, B T.4. BIIOM IIPOU3BOACTBA

Ha [IPOMBIIIIEHHOM IIPeJIPUSTUI. B TaKIX yCIOBIUSIX MOXKHO GBIIIO OCTATOYHO 3(PeKTUBHO B JOJITOCPOUHOI
IlepCIeKTUBE ITaHMPOBATh TpebyeMble cBoiicTBa DIC B UaCTI KaK yIIPaBIIEMOCTH JIEKTPOCETEBBIX JJIEMEHTOB,
TaK U MaHEBPEHHOCTHU TeHepUpPYIOIIUX 00beKTOB. st ofecrieueHns: CUCTEMHOI HANEKHOCTH PELIAIICH
3a/1auil OIpeesIeHNs ONTUMAIBHBIX 00beMOB FOPSIUETo I XOJIOLHOrO pe3epBa. [laHHbIe aCIIEKTBL, [0 CYTH, I
obecreunBanu TpebyeMyo riu6kocts DIC (B IIepByI0 Ouepeb 3a CUeT KPYITHOI reHepaLiy ¥ MaruCcTPalIbHbIX
9JIEKTPUUECKUX ceTell), a 3 HEeKTMBHOCTD TPANUIIMOHHOTO IOAX0/a B pAMKaX IIPeAbIAYILEr0 TEXHOJIOINUECKOTO
yKiIafia HOATBEPKAANACh IIPAKTUKOIL.

B cOBpeMeHHBIX yCIIOBUAX, KOTJa MAET MACCOBOE CTPOUTEIBCTBO MAJIBIX 3JIEKTPOCTAHIII HA BO30OOHOBIISIEMbBIX
UCTOYHUKAX SHEPIUY, Ha6MpaeT TeMII yCTAHOBKA HAKOIIITEJEl 3JIeKTPOIHEPI N, IPOMCXOAUT BIUAOU3MEHEHIE
3JIEKTPOYCTAHOBOK IOTpebuTeNeil (OHM CTaHOBSITCS aJalNTUBHBIMI, MHTEIIEKTYalbHBIMI), MAET IIPOLECC
MAacCOBOTO IIOSIBJIEHMS 3JIEKTPOMOOIIIENL, TpebyeTCs epecMOTp TPAAUIIVIOHHBIX IIOJIOXKEHMIT B 001aCTI CUCTEMHOIL
HagexxHocT. IIpoGreMa BbI3BaHA pe3KOIEPEMEHHBIM U B LIEJIOM HEHAIEXHO IIpeicKasyeMoM rpaduke
HArpysok morpe6uresneit. Melkue KOMMYyHalIbHO-ObITOBbIE IIOTPEGUTENN He BOBJIEUYEHBI B OIEPATHBHO-
IIICIIeTUepPCKOe yIIpaBlIeHe I MaJOBEPOsITHA IIePCIIEKTIBA UX BOBJIeueHMs B OyayieM. Berencrsume aroro,
OTCYTCTBYET KaK TAKOBOI AUAJOr MEXAY IIOTPeCUTENIsMU U SHEPrOKOMIAHUSIMI, [I0STOMY IIPUUMHBL 1
MOTHBBI M3MEHEHUs], B T.4. Pe3KOro, Harpys3oK MoTpebuTeNeil SHeProKOMIIAHUSIM HEM3BECTHBL B ciryuae
AKTUBHOTO IIOTPeOUTEIS C COOCTBEHHOII reHepalyell Ha BO30GHOBISIEMBIX ICTOUHIKAX SHEPTHIL, BO3MOXKHA
CUTyaIs pe3KOro IIepeXo/ia I3 PeKIMa BbIIAUY IEKTPOSHEPTHUI B CETh B PEXXIM IOTpeGIeHNs MAKCUMyMa
HArpysK; U HaoGopoT, IpuyeM 5T0 OyaeT HPOMCXOAUTH 6e3 yBeMoMIIeHNs 3Heprokommanmit. Ciemyer
aKIeHTUPOBAaTh BHIMaHIE Ha Pa3sBUTIE IEKTPOTPAHCIIOPTa (31eKTpoMobuielt). Ecin Bech ceromHAIIHMI
aBTONApK CTPAHBI IIePEBECTU C ABUIAaTellell BHYTPEHHErO CrOpaHMs Ha 3JIEKTPOIIPUBOJ, TO IOTpeGyercs
IPMMEPHO 3-X KpaTHOe yBeJMUeHNe BBIPaGOTKM 3ieKTposHepruu. Koneuno, cuenapmit 100% mepexona

Ha 3JIeKTPOTPAHCIIOPT MAJIOBEPOSTHBII, HO ¥ BIIOJIHE BEPOSTHBII IIepeBox 10% TPaHCIIOPTHBIX CPEACTB Ha
3JIEKTPOIPUBOA HoTpeGyer 20% pocTa 3JIeKTpONoTpeGIeH s, IIpuueM II0CPEACTBOM PacIpefeUTeNbHbIX



cereil.

ITosToMy TpaaAUIIMOHHBII IOAX0A, Tae rnoKocTh IDC obecrieunBagach Ha ypOBHE pe3epBOB KPYIIHO reHeparinmu

VI MATVICTPAIBHBIX 3JIEKTPUUECKIIX CETEN [P OO1IIeT [TACCUBHOCTI PACIIPENEIITEIbHBIX CeTel, He II03BOIUT
obecIeunTs CUCTEMHYIO HaJeXXHOCTh 3HeprocucreM Oyayiero. He mpo6iema obecrieunts TpeGyeMblil B

OymylleM pe3epB Ha ypOBHe KPYITHOI FeHepalii U IPOITyCKHOI CIIOCOOHOCTH MaruCTPAIbHBIX I€KTPIUECKIX

cereit, Ipobiema GyIeT B pacIipefeIeHIN 3JIeKTposHepruu fo norpeburesneii. [lorpebyercs amb60 KpaTHBII

POCT IIPOIIYCKHOJI CIIOCOGHOCTH PacIpeAeINTeIbHBIX JIEKTPUUECKIX CeTell, 1100 IIpuMeHeHye HOBBIX IT0{X00B

B oOecIledyeHNI CUCTEMHOI HaJe:KHOCTH 3a cueT rubkocty 93C co CTOPOHBI paclpeneInTeIbHbIX CeTell 1

AKTUBHBIX I10TpeOUTEEIN.

TpagULIMOHHO, ONHUM M3 acIIeKTOB CUCTEMHOI HaJeKHOCTY SBIISIACh PeXXUMHas HagexHocts 99C, mox

KOTOPOIJI ITOpasyMeBaeTcs CIIOCOGHOCTD CCTEMBbI IIPOTUBOCTOSITh BHE3aITHbIM BO3MYIILIEHUSIM 0e3 HeIlpeJy CMOTPEHHBIX
BO3MeICTBUI Ha IOTpebuTeeit anekrposHepruy. [Ipy 3TOM aHAIN3 PEXXMMHOI HATEeXHOCTI B OCHOBHOM
BBIIIOJIHSIICS TOJIBKO B 06beMe cuctemMoobpasyroreit cetu 9IC. [l sHeprocucreM Oy AyILEro CyIecTBEHHO

BO3pacTaeT 3HAUMMOCTh PEXKMMHOIT HaeXKHOCTH, HO KaK aHAJIN3 PeXXMMHOI HaJle)KHOCTI COBMECTHO CHCTeMOo0OpasyroLei
VI pacIpefeNTeIbHOI ceTi. ABTOPHI B TeUeHNIe Psifia JIET 3aHIMAIOTCS ICCIIEXOBAHMSIMIL B 00JIACTY PEKMIMHOIL
HaJIeXHOCTH C IPYIMeHeHeM MeToAa pacueTa pesxnMoB 99C ¢ yueToM AUCKPETHBIX I MHTEPBAIbHBIX XapaKTEePUCTIK
rmapaMeTpoB pexuma [3]. ITOT MeTOx IT03BOJISIET JICCJIENOBATh CBOJICTBA YIIPABJISEMOCTY SHEPrOCUCTEM

Oyay1ero B TpeGyeMoll TIOCTaHOBKE 3aJaull.
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