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Pedepar/anoTamis:

1. Inceprariiiny po60Ty IIPUCBSIYEHO PO3B’SI3aHHIO AKTYaJIbHOTO HAyKOBOT'O 3aBIAaHHSI MiJIBUILEHHS €PEKTUBHOCTI Ta
ITOKPALEHHS AMHAMIYHMX XapaKTE€PUCTUK KEPYBaHHS aKTUBHOIO Ta PEAKTHMBHOIO ITOTY>KHICTIO BITPOBOIi
enexkrpoctanii (BEC) Ha ocHOBI MacmTaboBaHOi 6araToTypO6iHHOI MOzei, MeTOLy izeHTu(ikauii ii napameTpis,
METOJly PO3IIOAiIY IIOTYKHOCTI Ha PiBHI KOHTPOJIEPA €JIEKTPOCTAHLIii TA METOAVKN MOJIEJIbHO-OPi€HTOBAHOI
peasizalii KoHTpoJiepa Ha LinboBuX InaTdopmax. Kontposep piBast BEC KoopayHye po3nois akTUBHOI Ta
PEaKTUBHOI OTY>KHOCTI MiXX Typ6iHaMu Ta 3abe3evyye BUKOHAHHS KOMaH/, oIlepaTopa CUCTEMU Ilepeiadi B TOUL
3arajibHOTO NpUeNHaHHA. [I7151 po3pO06JIeHHS IOTO aJIrOPUTMIB 6paKye MOJelI, sIKa oeqHye iHAUBiAyalbHUI ONNC
TypOiH 3 064YKCIIOBAIBHOI0 e(EKTUBHICTIO: arperoBaHi MoieJli He BiATBOPIOIOTh ITOBEiHKY OKpeMUX TypOiH, a
IeTaJIbHi eJleKTpOMeXaHiqHi Mogesli HeIpUAATHi 1J1s1 TPYUBaJUX ClieHapiiB i3 mecsatkamu TypOiH. Ilepexin Bin Mogesi
KOHTpoJIepa JI0 IPOMHUCJIOBOI peanidallii TakoXX 3a/1MIaeTbCsl PparMeHTOBaHUM. PO3p0o06yIeHO MacIITaboBaHy
mogenb BEC, y siKiil KosKHa Typ6iHa ONUCY€EThCsI KPUBOIO MOTY)KHOCTI Ta anepiognYHUMU JIAHKAMU IEPLIOro

MOPSAKY 3 PEXXUMHO-3aJIeXKHUMU CTaMMU yacy ass aktuBHOi (TP, TPL) ta peaktuBHOi (TQ) MOTYXHOCTI 3



ypaxyBaHHSIM PQ-06MesKeHb, eJIEKTPUYHUX BTPAT i MAlIMHU CTaHIiB Typ6iHu. MoJiesb OIIOBHEHO CTOXaCTUYHAM
reHepaToOpoM KOPEeJIbOBAHOTO BiTPOBOTO I10J151 HA OCHOBI npouecy OpHIITeliHa-YieH6eKka. BoHa mapameTpusyeTbes
npu6san3Ho 20-25 napameTpamuy, IpUIATHA AJ1s cleHapiiB TpuBazicTio 5-30 xB i3 JecsTkaMu TypOiH i Mae JiHiiHy
MacmTaboBaHiCTb OOUMCIIIOBAJILHUAX BUTPAT. Banifanis Ha etanonHiil mogeni NREL 5 MW nokasasa HOpMOBaHY
NoxUOKy He 6isbie 4,2 % B HeoOMesxxeHoMY peskumi Ta 0,02 % B pexkrMi 06MeKEHHSI TOTY>KHOCTI. 3alIpOIIOHOBAHO
CTPYKTYpOBaHuUi1 MeToy, ineHTudikatii cranux yacy mopeni: TP — 3a peakuieo Typ6iHU Ha TypOYJIeHTHUII BiTep,
TPL — 3a cTyniH4acTo 3MiHOI0 OOMEXEHHS MOTY>KHOCTI. MeTog, He NoTpedye AeTabHUX a€POJMHAMIYHUX Ta
€JIEKTPOMEXaHIYHMX XapaKTePUCTUK TypOiHu i BpaxoBye 3anexxHicTs TP Bifl cepeHbOI BUAKOCTI BITPY Ta
iHTEHCUBHOCTI TYpOyJIEHTHOCTI. YJOCKOHAJIEHO METO/I, PO3IIO/ijly aKTUBHOI Ta peaKTUBHOI IIOTY>KHOCTI Ha PiBHI
KoHTposiepa BEC, sikuil BpaxoBye iHAMBiAyanbHY JOCTYIIHY OTY>KHICTh, PQ-06MeXKeHHs Ta 0OME>KEeHHSI LIBUIKOCTI
3MiHM KOMaH[, KOKHOI TypOiHU. [I7151 aKTUBHOI NOTYXHOCTi Ha OCHOBI ITPONOPLifHO-PaMIIOBOTO PO3OAiNY
CHMHTE30BaHO OBO(A3HMI1 aJITOPUTM, 110 MOEAHYE MBUIKUI PO3INOALN y NEepexifHOMY IIPOLECi 3 IepPepO3NoAiom
HaBaHTa)KE€HHS B YCTAJIEHOMY PEKUMI; 17151 PEaKTUBHOI IIOTY>KHOCTi pO3p00JIeHO aJIrTOPUTM PO3IIOZiNY 3a
inpuBigyansHUMM Mexkamu Qmin,i Ta Qmax,i y pexxumax Q, cos o ta U. MogesntoBanHsl BEC notyxsictio 50 MBT 17151
TPbOX PiBHIB 0OMeskeHHs reHepatiii (30, 50 i 75 %) nigTBepanso epeKTUBHICTb aITOPUTMY: 32 75 % 0OMEXEHHS Yac
BXOIPKEHHS Y 2 %-710IycK 3MeHIuBes 3 62,8 1o 29,1 ¢, a nepeperystosanss — 3 7,1 o 0,1 %. Po3pobieHo MeTonuKy
MOJeJIbHO-Opi€HTOBAHOI peaizallii KonTposepa: Big moneni MATLAB /Simulink yepes aBromMaTH4Hy reHepaliilo
kony C/C++ go DLL-6i6sioTek 3a iHTepdericom gopatka G cranpapry IEC 61400-27-2, cymicHux i3 DISILENT
PowerFactory Ta PSCAD. [TapanenbHa Bepudikauis mogesi ta DLL nigTBepana ixHIO 064MCII0BAIbHY
€KBiBaJIEHTHICTb, 110 3a6e3Neuye eIVMHY KOJOBY 6a3y — Bill MOJEJIIOBaHHS [I0 IPOMUCIIOBOTO PO3TOPTAHHS.
Pesynbraru BripoBamkeHo y T30B «MITA-TEXHIKA» Ta B HaB4a/IbHUM [IpoLiec Kadenpu aBTOMaTU3allii Ta

KOMITIOTepHO-iHTEIPOBaHUX TE€XHOJIOTi HallioHasbHOTO YHiBEPCUTETY «JIbBiBCbKA MOJITEXHIKa».

2. The dissertation addresses the topical scientific task of improving the efficiency and dynamic characteristics of
active and reactive power control of a wind power plant (WPP) on the basis of a scalable multi-turbine model, a
method for identifying its parameters, a power dispatch method at the plant controller level, and a model-based
procedure for implementing the controller on target platforms. The plant-level controller coordinates the
distribution of active and reactive power among turbines and ensures compliance with transmission system
operator commands at the point of common coupling. Developing its algorithms requires a model that combines
an individual description of each turbine with computational efficiency: aggregated models do not reproduce
individual turbine behaviour, while detailed electromechanical models are impractical for long scenarios with
dozens of turbines. The transition from a controller model to industrial deployment also remains fragmented. A
scalable WPP model is developed in which each turbine is described by its power curve and first-order lags with
mode-dependent time constants for active (TP, TPL) and reactive (TQ) power, taking into account PQ-capability
limits, electrical losses and the turbine state machine. The model is complemented by a stochastic correlated wind
field generator based on the Ornstein—-Uhlenbeck process. It is parameterised by about 20-25 parameters, is
suitable for 5-30 min scenarios with dozens of turbines, and scales linearly in computational cost. Validation
against the NREL 5 MW reference model showed a normalised error not exceeding 4.2% in unconstrained
operation and 0.02% under power curtailment. A structured method for identifying the model time constants is
proposed: TP from the turbine response to turbulent wind and TPL from a step change of the power limit. The
method requires no detailed aerodynamic or electromechanical turbine data and captures the dependence of TP
on mean wind speed and turbulence intensity. The method of active and reactive power dispatch at the WPP
controller level is improved to account for the individual available power, PQ-capability constraints and command
rate-of-change limits of each turbine. For active power, a two-phase algorithm based on proportional-ramp
dispatch is synthesised, combining fast distribution during the transient with load redistribution in steady state;
for reactive power, a dispatch algorithm based on individual limits Qmin,i and Qmax,i is developed for the Q, cos o
and U control modes. Simulation of a 50 MW WPP for three curtailment levels (30, 50 and 75%) confirmed the
effectiveness of the algorithm: at 75% curtailment, the 2%-band settling time decreased from 62.8 to 29.1 s and
overshoot from 7.1 to 0.1%. A model-based implementation procedure for the controller is developed: from a



MATLAB /Simulink model through automatic C/C++ code generation to DLLs compliant with the Annex G
interface of IEC 61400-27-2 and compatible with DIgSILENT PowerFactory and PSCAD. Parallel verification of the
model and the DLL confirmed their computational equivalence, ensuring a single code base from simulation to
industrial deployment. The results have been implemented at MITA-TEKNIKA LLC and in the educational process
of the Department of Automation and Computer-Integrated Technologies, Lviv Polytechnic National University.
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