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BiHHULBKHI HALIOHATBHUH TEXHIYHUN YHIBEPCUTET

AHAJII3 ITPOI'PAMHUX 3ACOBIB
JJIs1 MOAEJIIOBAHHSA PEKUMIB POBOTHU EJIEKTPUYHUX CUCTEM

O3HAKOW Cb0200eHHs € WeUdKI meMnu iHmesekmyanaizayii e1ekmpoeHepzemuvHUX cCUcmeM 8 PI3HUX KpaiHax
ceimy. Ileped Haykosysmu ma IHJceHepamu nocmawms HOGI 3ada4i, noe'si3avi 3 po36y00801, YOOCKOHA/EHHSIM,
iHmezpyeaHHsIM 8i0H08.1108aHUX ddcepes eHepeii, NpOo2HO3Y8AHHSAM 8UPOBIMKY esleKmpoeHepaii, NOKpawaHHSIM NOKA3HUKIE
siKkocmi esekmpoeHepeii ma HadiliHocmi eseKmponocmayvyaHHsl Mowo 8 eHepzemu4YHOMy cekmopi KpaiHu. /]151 8UKOHAHHS
Yux 3a80aHb HE06XIOHO 3Hamu 8i0noe8idHI 064UCAI08ANbHI THCMpPYMeHmU 04151 npogedeHHs1 docaidie 8 yiil eanysi. B cmammi
pPO32/1IHYMO  CYYAcHi npo2pamHi 3acobu 0451 MOOenl8AHHS peXcuMmie pobomu esnekmpoeHepzemu4Hoi cucmemu ma
HasedeHO npuk/1ad po6omu 8 0OHOMY 3 HUX 0151 p038’s13aHHs1 3a0ayi docaidiceHHs1 NOKA3HUKIe sskocmi enekmpoeHepeaii 8
Mepedxcl 3 po3nodizieHUM 2eHepy8aHHSM.

Kaiouosi cnoea: npozpamui 3abe3neyeHHs,, e1eKMpu1Hi mepedci, pexcumu pobomu, po3nodineHe 2eHepy8aHHSI.
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ANALYSIS OF SOFTWARE FOR MODELLING OF OPERATING MODES OF ELECTRICAL SYSTEMS

Today, a characteristic feature of the enerqgy sector is the transition from a system based on fossil fuels to systems running on
renewable energy sources. The speed of change and the effectiveness of individual governments’ decisions to develop and implement energy
sustainability policies depend on countries and their level of economic growth. The World Energy Council supports these changes in the
energy sector. In the future, each country's energy systems are expected to undergo significant changes. Distributed generation facilities will
displace fossil fuel power plants. It is known that power plants running on renewable energy sources usually have an unstable generation
schedule, in addition, they are distributed at different points in the electrical network, which complicates the control system of electricity
flows in such systems.

The purpose of the article is to analyze the functionality. industries and features of application of various software for solving
electrical problems. A sign of today is the rapid pace of intellectualization of power systems in different countries. Scientists and engineers
face new challenges related to the development, improvement, integration of renewable energy sources, forecasting electricity generation,
improving electricity quality and reliability of electricity supply, etc. in the country's energy sector. To perform these tasks, it is necessary to
know the appropriate computational tools for conducting experiments in this field. The article considers modern software for modelling the
modes of operation of the power system and performs a brief comparative analysis of their capabilities. There is also an example of work in
one of them to solve the problem of studying the quality of electricity in a network with distributed generation. The obtained results can be
used by industry engineers or researchers in choosing software to solve the problem.

Keywords: software, electrical networks, operating modes, distributed generation.

Beryn. Ha cporosiHi xapakTepHOIO 03HAKOIO0 €HEPreTHYHOI Tany3i € IepexiJ| BiJj CHCTeMH, 1110 0a3yeThes Ha
BUKOIIHOMY TMajMBi JO CHCTEM, IO MPAaIfOIOTh Ha BIJHOBIIOBAHUX JDKepenax eHeprii. IIBuakicTe 3MiH i
e(heKTHUBHICTh pIIICHh OKPEeMHX YPSAIB MO0 PO3POOKH Ta BIOPOBAKCHHS IOJITHKH IOJ0 3a0e3MeUeHHS
EHEePreTUYHOI CTIMKOCTI 3aJIeXKNTh BiJ KpaiH Ta piBHA iX eKoHOMiuHOro 3pocranHs [1]. BececBiTHs pasa 3 muTaHb
€HEePreTHKN MiATPUMYE IIi 3MIHM B Tally3i eHepreTHkd. B Mail0yTHbOMY OYIKYETBHCS, IO €HEPrOCHCTEMH KOXHOL
KpalHH TpoiayTh yepe3 icToTHi 3MiHA. OO0'€KTH PO3MOMIICHOTO TeHePYBaHHS BHTICHATHMYTH €JICKTPHYHI CTaHIIII,
IO TIPaLIOIOTh HAa BUKOITHOMY NaiMBi. Bimomo, mI0 eNeKTpHYHiI CTaHIii, IO MpaIoOTh Ha BiJHOBIIIOBAHUX
JOKepenax eHeprii 3a3BM4ail MaroTh HecTaOLIbHUH rpadik reHepyBaHHS, 0 TOTO X BOHHM PO3IOAUICHHI B PI3HUX
TOYKAX EJCKTPHYHOI MEPExi, 10 YCKIAJAHIOE CHCTEMY KepyBaHHs MOTOKAaMH eJIEKTPOCHEpril B Takux cuctemax [2-5].
OkpiM, TOTO SIK 3a3HAYAETHCS B [7] TaKOXX OCTAHHIA YacoM Pi3KO 3pic MOMUT Ha enekTpomoOinmi. OTxe 3pocTae
KUTBKICTB Ta MOTY)KHICTB 3apsAOHUX CTaHIIN JUISA IIUX aBTO MO BCii TepuTopii kpaian. Takox mpouecu ypOanizarii
MICT, PpO3BUTKY HOBHX TEXHOJOTIH 1 BHPOOHHWITBI, NPU3BOAWTH JO 3POCTaHHA CKJIAQJHOCTI CHCTEM
€JIEKTPOIIOCTAYaHHS.

OTxe, mepes EHEPreTHKOI IOCTAIOTh HOBI 3amadi, a caMe 3a0e3nedeHHs CTabiIbHOCTI Mepexi,
MIATPUMYIOYH 1 JOIMYCTHMHX 3HA4YCHHSM IOKa3HUKU SIKOCTI €JNEKTPOEHeprii, 3 ypaxyBaHHSM JBOHAIPaBICHUX
MIEPETOKIB THOTY)KHOCTI B PO3MOAUIBHUX Mepexax 3 HecTaOlUIbHMM rpadikom reHepyBanHs HasBHuX PJIE Ta
HecTaOLIbHUM TpadikoM HaBaHTaXeHHS. ToMy BHHHKae HEOOXiJHICTh BHBYEHHs MPOLECIB, IO BigOYyBalOTHCSA B
CJIEKTPUYHHUX MEpeXkax 3a HOBHMX YMOB (DYHKIIIOHYBaHHS, IUISIXOM BHKOHAHHS KOMITIOTEpHOTO MojentoBaHHs. Ha
ChOTO/IHI Ha PHHKY NPOrpaMHUX 3ac00iB € Oe3niy iHCTPYMEHTIB Ui BHUKOHAHHS MOJIEIIOBAHHS IIPOIECIB B
eJNIEKTPUUHMX Mepexax. [lepex iHKeHEepOM Ta HayKOBLEM I[IOCTa€ CKJIAJHA 3ajada, sKy caMe Iporpamy
BUKOPUCTAaTH I BHpINIEHHA IOCTaBieHOi 3amad. Tomy B cTarTi MpoaHAIi30BaHO OCHOBHI IPOTpaMH, IO
3aCTOCOBYIOTBCSA [UII MOJETIOBAHHS PEXUMIB POOOTH €IEKTPOCHEPTETHYHOI CHCTEMH, TIOYMHAIOYH  Bif
BHPOOHUIITBA, TIEpeAadi Ta pO3MOIIITY 10 CIIOKUBAHHS SIEKTPOCHEPTii.

IIpoBenenuii anamiz moka3zaHo B TaOyummi 1. Tak, Ha ChOTOAHI YHIBEPCATLHUMH, 31 3pyUYHUMHU
iHTepdeiicaMu, 3pO3yMiIIMH Ta 3 IMMUPOKHMH MOXJIMBOCTAMH € Taki mporpamu, sk Simulink iHTerpoBanmii B
MatLAB (The MathWorks) [8], PowerFactory [9], PSCAD [10], PSS/E [11], mo 5n03BOJSIOTh BUKOHATH
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MOJICITIFOBaHHSI eJIeKTpUUHUX Mepex 3 BJIE Ta nocnianTi NoKa3HUKH SKOCTI €JIeKTpOeHeprii Ta CTablIbHOCTI poOOTH
mepexi. Takox € crenianizoBaHi nporpamu, Taki sk WindSlim ta SolarPro, cnpsiMmoBaHi Ha MOJENIOBaHHS Ta
MIPOTHO3YBaHHS BUPOOITKY €JEKTPOEHEprii BITPOBHUMH Ta (POTOCTEKTPUYHHUMHE CTAHIISIMH BiIIOBITHO, a TaKOX
JO3BOJSIIOTh HA OCHOBI TEXHIYHMX XapaKTEPHCTHK €JEMEHTIB CTaHIIf Ta CTaTHCTUYHHUX METEOPOJIOTIIHUX
mapaMeTpiB OLIHIUTH eKOHOMIUHY €(eKTHBHICTh IIPOEKTIiB, ONTHMi3yBaTH PO3MIIIICHHS TOIIO.

Ta6mums 1
IopiBHAJILHMIA aHATI3 Pi3HUX MPOrpaMHHX 3ac00iB
IHCprMeHTI/I MOJCITHOBAHHSA
IIporpama 1 5 3 4 z 5 - 5

PowerFactory + + + + +
PSCAD + + + + n T + o
PSS/E + + + + ¥
WindSim +*
OptiPower i +
Solar Pro % +
IPSE Pro i +
ATP + + + + + +
EDSA Paladin Toolkit + + + + + & +
Open DSS + + + + + +
ETAP tool kit + + + + + + +
GYM toolkit + + + + i T
PO_M Applications " " +
Suit
AUTODESK
Substation Desing * * *
Grid LAB-D + + 7
Power World + + N T
Simulator
ASPEN Toolkit + + + 1 + T T
PowerCAD, Windis + + + + o T
EMTP-RV + + T + - =
Easy Power Suites + - T
GYMGRID + +
Cable Pro + &
Bentley Substation + + + + +
POM Applications T

; +
Suit
Grid Spice + + + + + + +
IPSA + + + + + + +
MATLAB + + + + + + + +
Simulink
I'padckanep + + + + +

* mume BEC; ** mume CEC

1 — MojenmoBaHHs TEIUIOBHX EJICKTPOCTAHINN; 2 — BIJHOBIIOBAHMUX JDKEpET €Hepril; 3 — miacTaHIlii,
TpaHcdopmaTopiB, 3a3eMIIIOIOUMX MIPUCTPOIB; 4 — CHCTEM IMepeAadi Ta pPO3IOALTY eIeKTPOSHEpril; 5 — MOBITPSIHUX
Ta KaOeIbHUX JIiHIH eIeKTporepenadi; 6 — po3MOIUTEHUX MIPUCTPOIB Ta CHCTEM 3aXHCTY; 7 — AKOCTi €JIEKTPOCHEPTil;
8 — mepeToKiB MOTYKHOCTI Ta KOPOTKUX 3aMHUKaHb.

Tak, 30KkpeMa, OJHI€I0 3 BAKIMBHX 3aJad € ONTHMaJbHE IHTETpyBaHHS OO'€KTIB PO30CEPEIKEHOTO
TeHepyBaHHs B PO3IIOIUIEHI MEPEeXi sl OCIIKEHHS MOKa3HUKIB SKOCTI eJIEKTPUYHOT eHeprii B Hill.

MopnemoBanust podorn eaekrpudnoi mepexi 3 PJIE 8 PSCAD. PSCAD € mBuIKoairo9uM, TOYHAM Ta
MPOCTHM JJIsl PO3YMiHHSI Ta BUKOPHCTaHHS IPOrPaMHUM KOMIUIEKCOM JUUIsI MOJICTIIOBaHHSI pOOOTH €HEProCHCTeM i
CHJIOBHX EJIEKTPOHHHMX IIEPETBOPIOBAUIB IPH iX MPOEKTyBaHHI, aHami3i ix pobotw, onmTumizamii Ta Bepuixarii.
IIporpama PSCAD mae mupoky 6i07i0TeKy €JIeMEeHTIB Ta KOMIIOHEHTIB JJIsA aHai3y peXuMiB poOOTH 00’ €KTiB
€JIEKTPOEHEPTreTUYHO1 CUCTEMHU.

bi6miorexa mictuth 6mm3pk0 300 KOMITOHEHTIB, SIKi MOXKHA PO3IUTUTH Ha TaKi TPYIH: NACHBHI €IEMEHTH;
JDKepella eJeKTPOEHEpril; BUMMKAdYi; €JIeMEHTH CHUJIOBOI EJeKTPOHIKH; TPaHC(HOPMATOpH; EINEKTPHUYHI MAIIUHH;
JIEIT i xaOeni; eneMeHTH peiedHOro 3axXHCTy; eKCIOpPT Ta IMIOPT AAHMX; JIOTiUHI (QYHKII{; eIleMEHTH CTBOPEHHS
CIICHapiiB MOBEIIHKA MOJIEIi; PLILTPHU Ta iH.

B mnporpamuomy cepenoBunii PSCAD po3po0ieHO KOMITIOTEpHY MOJENb EJIEKTPUYHOI Mepexi
110/10/0,4 kB (puc. 1) 3 MeTor0 OOCHIIKEHHS BIUIMBY 00’€KTIB PO30CEPEPKEHOr0 I'CHEPYBAHHS Ha MapaMeTpu
PEeKMMY MepesKi Ta MMOKa3HUKH SIKOCTI eJISKTPOeHeprii B Hill (auB. puc. 2).

EnementHa 06aza mporpaMHOro cepeloBHINA JI03BOJISIE BUKOPUCTOBYBAaTH SIK TOTOBI €JIEMEHTH, TaKi K
(hoToenekTpuyHi yCTaHOBKH, BITPOTYpOiHHI 1 T.I., TaK 1 CTBOPIOBAaTH IIi €JIEMEHTH caMocCTiiiHO. Momynb
MojieNoBaHHs Tepexigaux mporecieB. EMTDC™ no3Boiisie AOCHITUTH SK 3MIHIOBATUMYTHCS TTOKAa3HHWKHU SIKOCTI
eJIeKTpOCHeprii B TepexigHi peXuMU poOOTH MeEpexi, 30KpeMa, BKIIOYCHHS/BIAKIIOUEHHS IOTYKHUX
(hoTOETEKTPHYHUX CTaHIiH, BiJICYTHICTh )KUBJICHHS BiJl TOJIOBHOI ITiZICTaHIIii, aBTOMAaTHYHE BBEACHHS PE3EPBY Ta iH.
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Puc. 2. CnexTp rapmMoHiiiHuX cKJIa10BUX B Hanpy3i Ha mmuuax ®EC

BucHoBkn. Ha crorogni Ha pHHKY IpOrpaMHHX 3aco0iB iCHye 0arato KOMIUIEKCIB IS MOJICITIOBAHHS
PEeXKHUMIB pOOOTH ENEKTPOCHEPTreTHYHOI CHCTEMH, aHaJli3y POOOTH SK OKPEMHUX EIEMEHTIB, TaK i YaCTHH CHCTEMH B
nitoMy. B crarTi BUKOHaHO aHali3 HaAHOUTBII MOMMPEHIIINX MPOTpaM, X MOKIMBOCTEH Ta raily3ei 3aCTOCYBaHHS.
Pesympratn aHamizy MOXyTh OyTH KOPHCHHUMH SK IHXKCHEpaM Traiy3i, Tak i HAyKOBISIM 1 JOCHITHHKAM, TaK SK
JIO3BOJISIOTH 3a0IIaJUTH Yac JJIS BHOOPY IPOTPaMHOTO 3aco0y A pO3B’sI3aHHS OCTABIICHOT 3a1a4i.
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