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METOIHN OINIHIOBAHHA PU3UKIB BUHUKHEHHSA
HEBAJIAHCIB AKTUBHOI HOTYKHOCTI B IOKAJIbHUX
EJEKTPOEHEPI'ETUYHUX CUCTEMAX

BiHHMIBKMI HAIllOHATHHINA TEXHIYHUHA YHIBEPCUTET

Cyuachi menoenyii po3gumKy eHepeemuyHoi eany3i YKpainu, 3yMo61eHi ceimosumu 3MiHaMu KAiMamy ma npueoOHaHHaM
Kpainu 00 HanpsamKy ceimoGoi CHilbHOMU U000 3MEHUEHH GUKUOI6 NAPHUKOBUX 2a316, NOCHPUANU PO3GUMKY GIOHOBNIOBAHUX
Odicepen enepeii. Bnposaoacenna BAE 6 po3noodinwii enekmpuini mepesici ne Mo2io He GNIUHYMU HA CIPYKMYPY ma pesicumu
pobomu ocmanmix. Ilicna inmeepayii iOHOGmI06ANHUX Odicepen eHepeii PO3NOOINbHI Mepexci 3 NepesaMs#cHo padialbHux
nepemeopIoiomvCs Ha Maxi, 8 AKUX 3 A61AI0MbCA 080CMOPOHHI NEPEMOKU U JHCUGTEHHS CHOACUBAUIE MOJice 3a0e3neyy8amucy
AK 810 61ACHUX po30cepeddceHux 0dxcepen enepeii (PAE) mak i 6i0 yenmpanizosanux oxcepen — nioCManyill enepeocucmemu.
Ocmanni poxu yacma Gi0HOBNII0BAHUX Jcepell eNeKMPOEeHeP2Ii 8 3a2aNbHOMY GUPODITKY 8 PO3NOOITLHUX eNeKMPOMEPEICAX
csaeae 20-30 %. I ya wacmxa 3pocmamume i naoani. Tomy neped onepamopamu cucmemu po3nooiry HOCMAOMb HOSI
BUKIUKU, NOB A3AHI 3 eheKMUBHICMIO (YHKYIOHY8AHHA Mepedc, wo Micmams posocepeddiceHi Odcepena enepeii. Aodarce,
8pAX08YIOUU  3MIHY NO20OHUX (DAKMOPIE [ HecmabilbHICMb 2eHepPYy8aHHs MaKux Odxcepel 5K COHSYHI ma 6impoei
e1eKmpoyCmanosky, xapakmep cenepysanns oeaxux BIE ¢ timogipnicnum i He 3aedcou npocnozoeanum. Pozeumox
BIOHOBNIOBAHOI  eHepeemuKyU CNPUYUHUE NOSI8I HOBUX 3A80AHb [ HEOOXIOHOCMI NOWYKY HOBUX Mooerell ma memodig
nioguwens egpekmusHocmi poo6omu po3noOiNbHUX eNEKMPUUHUX Mepedic MA IOKATLHUX el1eKMPOeHePemUiHUX CUCTHEM.

Tlosnomacumabne emopenents pociticokol ghedepayii ma pyunysanHs 00’ €Kkmie eHepeemuku npuseeno 00 nepebois y
nocmauanHi erexkmpoenepeii. Ilooanvwi amaxu Ha enekmpuyHi cmawnyii ma niocmawnyii Modxcyms nocunumu Oeghiyum
eekmpoenepeii ma npuzgecmu 00 eHepeemuyHoOi Kpuu ma 6eauKux MamepiarbHux 30umxie. Ak aromepuamuga y CKIaOHUX
YMOBAX QYHKYIOHYBAHMSA —eNeKmpoeHep2emuyHoi cucmemu GiOHOGNIOBANT 0dicepena enepeii  Modcyms  niompumamu
e1eKMpoOnOCmadaibii KOMRAKii 1 3a6e3neuumuy YacmuHy CnoiCU8ayis eieKmpoeHepicio 8 yMosax 8ilicbKo8020 CIMAaHmy.

Hecmabinonicme Oeaxux 6i0HO61I08AHUX OdHcepeN eHepaii HeeamMUBHO 6NIUBAE HA OANAHCO8Y HAOIUHICMb Ma CMIUKICMb
pobomu enepeemuunoi cucmemu. I1io uac npocrnosysanmns cenepysantusa 6i0 BIE eunuxaiomv pusuxu noseu HeOaiancie
aKmuGHOi NOMYAUCHOCHI 8 JIOKANbHUX eNeKMPOEHeP2eMUYHUX CUCTNeMax. 3MeHuumuy UMOGIipHICMb GUHUKHEHHS HeOANaHCi8
ma, AK HAcHiOoK, wmpagnux cankyiv 0o eéracuuxie BAE mooicna po3pobusuiu memoou ma 3acoou niany8ants pedicumis
JOKANIbHUX enexmpoenepeemudnux cucmem 3 BJ[E.

Memorwo 0anoi pobomu € 00CniodnceHHs: NPoOIeMU GUHUKHEHHSL PU3UKIE NI0 YaC NPOSHO3YE8AHHS 2PAQIKIE 2eHepy8aHHs.
BJIIE. B pobomi supiuyemobcsi akmyanibHa 3a0a4a 600CKOHANEHHS Memodie ma 3acodie onmumizayii HOpMATbHUX PeHCUMie
eIeKMPOeHePeeMUYHUX Cucmem ma po3nooiibHux ernexkmpuynux mepedic 3 B/E. Ilpoamanizosano icuyloui memoou
OYIHIOBAHHS PUSUKIB, AKI MOJMCYMb OYMU SUKOPUCAHI ONsi AHANI3Y GUHUKHEHH HeOANaHCi6 aKmueHOi NOmMydcHocmi 6
JIOKANIbHUX eNeKMPOeHePeeMUUHUX CUCTNEMAX Ni0 4ac NIAHYBAHHS PEHCUMIE POOOMU 8 YMOBAX CYHACHO20 eHePSOPUHKY.
KnrouoBi cioBa: HebanaHc, pU3MK, JIOKalIbHAa €IEKTPOCHEPreTUYHa CHCTEMa, PUHOK EIEeKTPUYHOI eHeprii, BiIHOBIIOBaHI
JDKepena eHeprii.

Beryn

OnHUM 13 OCHOBHHX NPIOPUTETIB JEPKABHOI MTOJIITUKH B €JIEKTPOCHEPreTUYHIN Tany3i YKpaiHu € Kypc Ha
nekapOOoHi3aIlifo Ta CKOPOYEHHS BUKUIIB TAPHUKOBUX T'a3iB, 3MEHIIIEHHS 3aJIEXKHOCTI Bl BUKOITHOTO TAJINBA,
a TaKOX TepexiJl 10 HU3bKOBYTJIEIIEBOTO PO3BUTKY KpaiHu. EHepreTnyHoI0 cTpatericro YKpaiHu Ha mepioj
1o 2050 poky mnepeabadeHO PO3BUTOK PO3MOIJICHUX JDKEPENl SHEprii, CUCTEM HAaKONMWYCHHs, 301JIbIICHHS
JDKEpes, IO HaleXaTh 0 «3€JIeHOi reHepaunii». ToMy KOXXHOTO POKY YacTKa BiJHOBIIIOBAHHX JKepel
enextpoereprii (BJIE) B 3araipHoMy BHpOOiTKY 3pocTae [1].

KonuBanehuii xapakrep Ta HecTaOUIBHICTh TAKHX JPKEPET CTBOPIOE MPOOIEMy Ta MiJABHINYE PU3HKH JIJIS
Oe3neku Ta cTalOiabHOCTI poboTH eHeprocuctemu [2, 3]. 3rigHo 3 3akoHoM Ykpainu «IIpo puHOK
CJIEKTPUYHOI EHEpril» BUPOOHUKHU eJIeKTpUUHOI moTykHocTi BJIE moBMHHI 3aifiCHIOBATH MPOTHO3
MOTOJJMHHOTO Tpadika reHepyBaHHs Ha j00y Hamepen [4]. YV pa3i BUHUKHEHHs HeOallaHCIB, 3yMOBIICHHX
BiIXWJIEHHSIM IIPOTHO30BAaHOT0 rpadiika reHepyBaHHs, BUPOOHUKY MMOBUHHI KOMIIEHCYBATH iX.

Pe3yabTaTu gocaixKkeHHs

3 ommsany Ha 30UIBIICHHS IHTETpalii BiIHOBIIOBAHUX JDKEpEN CHEpril y JIOKallbHI €HEeprOCHCTEMH,
BUHUKAaE TMOTpeda y CTBOpPEHHI e(QEeKTHBHUX METOIB IIIaHyBaHHS ix pexumiB pobotu. BIE €
HECTaOUTbHUMU JKEPEJIaMH, 1110 CTBOPIOE PU3UKH BUHUKHEHHS HeOAJIaHCIB aKTUBHOI IOTYHOCTI, 0COOJINBO
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B yMOBax JICIICHTPATi30BaHOrO TeHepyBaHHsA. LI HebasaHCH MOXYTh TPH3BOAMTH JIO 3HWKEHHS
e¢(heKTUBHOCTI POOOTH EHEProCHUCTEM, 30UIBIICHHS BTPAT €HEprii Ta IMOTIPHICHHS HaIIHHOCTI
eHepromnoctadanus [4-6]. Tomy mocTae 3amada OIIHIOBAHHsS PH3MKIB BiJ HecTabimbHOCTI podoTn BJIE
BHACHIIOK 3MiHM TOTOMHUX YMOB IIiJf YaC KOPOTKOCTPOKOBOTO IIIaHYBaHHS rpa()ikiB HaBaHTa)XKEHHS Ta
TIaHyBaHHS JUCTIETYEpU3allii.

Ha croromni Taki BJIE sk coHs9HI, BITPOBI CTaHIli HE 3aBXIHM € TapaHTOBAaHWUMH JDKEpellaMi €HEprii,
OCKUIbKM BOHHM HaleXaTh 1O YMOBHO KEpPOBaHMX JDKepen 1 3ajexarh BiJ TOrogHUX yMoB [6].
3axkoHOAABCTBOM YKpaiHM mependavacTbcs BUKOHAHHS BracHUKaMu BJIE mporHo3yBaHHS reHepyBaHHS Ha
no0y Hamepea. SIKimo mporHo3Hi rpadiky He CIIBIAIH 3 PeaJbHIM T'e€HEPYBaHHSIM JDKepeia, Ha BIACHHUKIB
B/JIE naknanatotbes mrpadHi caHkiii. ToMmy BaXKJIMBHM €TaroM € BUOIp METOIy aHai3y Ta MPOTHO3yBaHHS
rpadikiB HaBaHTaXEHHSA, a TaKOX Ta OIIIHIOBAHHS pPH3UKIB Bill BHUHHKHEHHS HeOATaHCIB aKTHUBHOI
MOTY’KHOCTI B JIOKAJIbHUX EIeKTPpUIHUX Mepekax 3 BJIE BHaciiok HECTabITEHOCTI OCTAaHHIX.

[loHATTSI pU3MKY IIMPOKO BHUKOPHUCTOBYETHCSI B Cy4dacHOMY CBiTi. Lle TOHSTTSA, fK mpaBuIo,
3aCTOCOBYIOTh, KOJIH POOJATH OMUC TMEBHOTO MOTEHLIHHO HeOe3nedHoro sBuia, 3arpos. llapanensHo 3
MOHATTSIM PH3HUKY, MOXKYTh 3aCTOCOBYBATH TEPMIH «IIAHCY, SKUH XapaKTepU3y€e CTYIIHb YCIINTHOCTI SBUINA,
CHCTEMH 32 TIEBHUX YMOB, (DakTOpiB.

B po6oti nmpoaHanizoBaHO METOAM OLIHIOBAaHHS PU3MKIB, SIKI BUKOPUCTOBYIOTH B cydacHOMY CBiTi. Lli
METOJTN TIOIUTSIFOTHCS Ha AKICHI Ta KUTbKICHI migxoau omintoBaHHA [ 7, 8]. Ilpu skicHOMY i X011 BUSBIISIOTH
pU3HUK, 0 TOTpedye AeTaIhbHOTO aHalli3y, a TaKOXK HEOOXiIHI 3aX0JM KOHTPONIO Ta Jiii Ha OCHOBI eeKTy
pu3MKy i Horo BIUMBY Ha 00’ekT mocmimkenHs [8]. Ilix 9ac KiTbKICHOTO aHaNi3y PH3HKY IMOJA€THCS
grcenbHa a00 KibKICHA OIIHKA JJIS PO3pOOKM WMOBIPHICHOI OIIHKK MpoOieMu. PU3WK sIK KiJTbKiCHA Mipa
HeOe3NmeKn MOXKe MICTUTH TaKi TIOKAa3HUKH SK: WMOBIPHICTP BHHHKHEHHS (YacTOTa BHHHUKHEHHS)
Hebe3neyHoro ¢axkTopa, MO PO3TIAAETHCS; po3Mip 30MTKY Bia Aii sikorock HeOe3meyHoro (akropa;
HEBU3HAYECHICTh PO3MIpiB 30UTKY Ta ¥MoBipHOCTI. [lig yac KidbKICHOI OIIHKM Y4acTO BHHHKA€E MpodiiemMa
HEeCTadi BXiTHUX JaHUX JJIS aHaJli3y.

BusHaueHHs HMOBIpHOCTI BHHUKHEHHS HeOe3meyHoro Qaxrtopa Ta 30MTKIB BiJi HBOTO € CKIJIaJHOIO
TEXHIYHOIO 3aJauero, JJsl pO3B’s3aHHS KO BUKOPUCTOBYIOTH Pi3HI MaremaTw4Hi meronu. Ha cporomHi
BUKOPHCTOBYIOTH Pi3HI MAXO0/IN 100 OIIHIOBAHHS Ta YIPABIIHHI PU3UKAMU, HATPUKIIA/T;:

- CTaTUCTHYHI METOMIU,

- TiAXiJ Ha OCHOBI €KCIEPTHHUX OILIHOK 1 OIIHIOBaHHS CYy0’ €KTMBHOT HMOBIPHOCTI;

- pi3Hi aHATITUYHI METOAM OILIIHIOBaHHS WMOBIPHOCTI BUHUKHEHHS HaJI3BHYANHOI CUTYaIli;

- WMOBIpHICHO-CTATHCTUYHHIL;

- TEOPETHKO-WMOBIpHICHHUN METOJ;

- GBPUCTHYHI METOJIH;

- aHaJi3 YyTIUBOCTI;

- amami3 gepesa HecnpaBHocTel (FTA) ta aHami3 BuiB Ta Hacmiikis Bigmos (FMEA) [8];

- aHaJi3 JiepeBa pillleHb TOIIO.

Bubip meTomosorii OIiHIOBaHHS PH3WKIB 3alIe)KWTh BiJ TOCTaHOBKHM 3amayi. He icHye inmeambHOT
METOJTOJIOTI, KOXKHa Ma€ CHIIbHI i cnmadki ctoponu. Ilig yac Bubopy MeTomy OIiHIOBaHHS PH3HKIB BaXKIMBO
3pO3YMITH, SKHX DPE3yJIbTaTiB MparHyTh JOCSITHYTH, a TaKOX BPaxOBYBATH OCOOJHMBOCTI KEPyBaJILHOTO
00’€eKTa.
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Methods for assessing the risks of active power imbalances in local power
systems
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The current trends in the development of Ukraine's energy sector, driven by global climate change and Ukraine's accession to the global
community's efforts to reduce greenhouse gas emissions, have contributed to the development of renewable energy sources. The introduction
of renewable energy sources into distribution power grids could not but affect the structure and operation of the latter. After the integration
of renewable energy sources, distribution networks are transformed from predominantly radial ones to those with two-way flows and con-
sumers can be supplied with power both from their own dispersed energy sources (RES) and from centralized sources - power system substa-
tions. In recent years, the share of renewable energy sources in the total generation in distribution networks has reached 20-30%. And this
share will continue to grow. Therefore, distribution system operators are facing new challenges related to the efficiency of networks contain-
ing dispersed energy sources. After all, given the change in weather factors and the instability of generation from sources such as solar and
wind power plants, the nature of generation of some RES is probabilistic and not always predictable. The development of renewable energy
has led to new challenges and the need to find new models and methods to improve the efficiency of distribution power grids and local power
systems.

The full-scale invasion of the Russian Federation and the destruction of energy facilities led to interruptions in electricity supply. Fur-
ther attacks on power plants and substations could exacerbate the power shortage and lead to an energy crisis and large material damage.
As an alternative, renewable energy sources can support electricity supply companies and provide some consumers with electricity under
martial law in difficult conditions of the electricity system.

The volatility of some renewable energy sources has a negative impact on the balance reliability and sustainability of the power system.
When forecasting RES generation, there are risks of active power imbalances in local power systems. It is possible to reduce the probability
of imbalances and, as a result, penalties for RES owners by developing methods and tools for planning the modes of local power systems
with RES.

The purpose of this paper is to study the problem of risks in forecasting RES generation schedules. The paper solves the urgent task of
improving methods and tools for optimizing the normal modes of power systems and distribution power grids with RES. The existing risk
assessment methods that can be used to analyze the occurrence of active power imbalances in local power systems when planning operating
modes in the modern energy market are analyzed.

Keywords: imbalance, risk, local power system, electricity market, renewable energy sources.
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