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Pedepar:

1. Inceprauist Ha 3M06YTTSI HAYKOBOTO CTYIEHS KaHAMIATa TEXHIYHUX HAyK 3a crneljanpHicTio 05.14.08
«IlepeTBOPIOBaHHS BifHOBJIIOBAHUX BUIiB €HEPTii». — [HCTUTYT BifHOB/IIOBaHOI eHepreTrky HanioHanbHOI akageMil
Hayk YKpainu, Kuis, 2020. B nucepTaliiiHiil po60Ti BUpillleHO aKkTyajbHy HayKOBY 3a/1auy 1[0/10 MaTeMaTUYHOTO
MOJ€JII0BAHHSI NIPOLeCY HAaKONUUYEHHS €Heprii BITpOBOro IOTOKY B 6acelHi-aKyMyJIsITOPI TiApOaKyMyJIt0BaJIbHO]
€JIEKTPOCTaHLii 3 METOIO iHTerpallii BITPOEJIEKTPUYHMX YCTAHOBOK A0 CKJIaAy IIPOMUCIIOBUX Ta aBTOHOMHUX
€JIEKTPOEHEPreTUYHUX CUCTEM. [Ipoliec nepeTBOPEHHS €HEPril BiTPy B MOTEHIIMTHY €HEPTil0 BOOYU AOCIIiI>KyBaBCS
IIJISIXOM MaTeMaTUYHOTO MOJIEJIIOBaHHSI POOOTHU BITPOTYPOiIHU 3 IilpOHACOCOM 32 SKOPCTKOIO MEXaHIYHOTO 3B'SI3KY

MiXX HUMU Ta pOOOTH BiTPOEJIEKTPUYHOI YCTAHOBKHU 3 6araToarperaTHoIO ripOHaCOCHOI0 CTaHI€Io 3



€JIEKTPOIIPUBOJOM BiJl aCUHXPOHHUX ABUTYHIB. JIOC/IIIPKEHHS JUHAMIYHUX IIPOLIECIB 37iMCHIOEThCS Ha 10-1
XBUJIMHHOMY iHT€PBaJli OCepeAHEHHS BUAKOCTI BITPY, 110 € CTAaHIAPTU30BAHOI0 BEJIMYMHOIO [1J151 OLIIHKU
€HEPreTUYHUX BJIACTUBOCTEN NOCIIIKYBaHOI CUCTEMU. MaTeMaTUYHy MOJIEJIb CTOXaCTUYHUX 3HAYE€HD IIBUIIKOCTI
BiTpY, OYJIO yIOCKOHAJIEHO BCTAHOBJIEHUM OOMEXKEHHSIM Ha BEJIMYMHY IPUCKOPEHHS [IOPUBY IIBUIKOCTI BiTPy. JJaHa
yIOCKOHAJIEHa MaTEMATHUYHA MOJIeJIb CTOXaCTUYHOI 3MiHM IIBUAKOCTI BiTPy OyJia IlepeBipeHa Ha eproJuy4HiCTh,
BM3HAYEHI il BJIACTUBOCTI, SIK CTalliOHAPHOT'O BUIIAJKOBOTO MIPOLIECY, IUISIXOM CTaTUCTAYHOI ouiHku 100 pearnizanin
L7151 OCEPEHEHOr0 3HaYeHHS MIBUAKOCTEN BiTpy. BU3Ha4YeHo, 110 €Heprisl BITpOBOro NOoTOKy Ha 10-1 XBUJIIMHHOMY
iHTepBaJli ocepeHEHHSIM CTOXaCTUYHOI CK1a0Boi Ha 5-10% 6isble, HX 33 IOCTIHHOTO CepeHbOrO 3HAYEHHS
IIBUJIKOCTI BiTPY. BiTpoTyp6iHa XxapakTepu3yeThCsl MEXaHIYHUM MOMEHTOM, L0 3aJIE5KUTH Bif MBUIIKOCTI BiTpY,
KyTOBOI IIBUAKOCTI, KyTa II0BOPOTY JIOIIATel Ta ONIMCYEThCSI rilleproBepxHeto. [Ijis CIIPOLeHHs poOOTH 3 HEl0 6YJI0
PO3p06JIEHO METOZ, allpOKCUMalii TOBEPXHi a€POAMHAMIYHUAX XapAaKTE€PUCTUKHU BiTPOBOI TypOiHM HIJIIXOM 3aMiHU
3MiHHUX, 110 03BOJINJIO TPAHC()OPMYBATH BUXIJHY IOBEPXHIO [I0 YHIBEPCAIbHOI OJHONIAPAMETPUYHO]
aepoJyHaMiqYHOI XapaKTepUCTUKY 3 PIBHSIHHSIM 3B's13Ky MK 3MiHHUMMU. J0CJIipKeHHs TPoLlecy HaKOMUYeHHs BOIU
BiITPOBOJ0HACOCHOIO YCTAaHOBKOIO i3 )KOPCTKUM MEXaHIYHMM 3B’S13KOM MiX Typ6iHOIO Ta riipoHacocoM
IIPOBOJMJIACH HMIJIIXOM MaTeMaTUYHOrO MOJEJIOBAHHS AVMHAMIKA 00€PTOBOTO PyXy [JIs1 BapiaHTiB BUKOHAHHS
MIBUJIKOXITHUMU Ta TUXOXiIHUMU BiITPOTYpOiHAMH 3 YpaXyBaHHSIM CTOXaCTUYHOI 3MiHU MIBULKOCTI BITpYy.
BrKopuCTOBYBaNIMCh BifJLIEHTPOBI Ta MTOPLIHEBI riAPOHACOCH 32 Pi3HUX CIiBBiJHOIIEHD [IOTY>KHOCTI 3
BiTpOTYp6iHOI0. Ha OCHOBI 3acTOCyBaHHS KOe(illieHTy BUKOPUCTAHHS BCTAHOBJIEHOI OTY>KHOCTI IIPOTSATOM POKY,
BU3HA4YeHi e(peKTUBHI CIIiBBiIHOMEHHS OTY)XKHOCTE! Pi3HUX CKJIa[JOBUX BiTPOBOJJOHACOCHOI YCTAaHOBKH B Jlialla3oHi
pobourx MBUAKOCTEN BiTPy 5-25M/c. MaTeMaTUyHe MOJEJII0BaHHS [IPOLIeCy 3apsay ripoakyMyJll0BajbHOI
€JIEKTPOCTaHLIii BiJ BITpO€JIEKTPUYHOI yCTAaHOBKU 3 CUHXPOHHUM I'€HEPAaTOPOM BUKOHYBaJIOCh 33 YMOBU
3aCTOCYBaHHS 6araToarperaTHoi rifpoHacoCHOI CTaHIii 3 TPUBOAOM Bifl aCUHXPOHHUX ABUTYHIB. Moziesb SIBIsie
C00010 CUCTeMY HeJTiHINHNX nudepeHLiNHNX PiBHSHD, IO OIIMCY€E B3aEMOJI0 JBOX iHEPLIHUX CKIaL0BUX €IUHOI
aepoeJieKTporigpoanHamiuHoi cucremu. Ilepiua iHepijifiHa ckiagoBa MiCTUTh B COOi BITPOTYpPOiHY Ta CUHXPOHHUI
reHeparop, a Ipyra — aCMHXPOHHUH ABUTYH Ta riipoHacoc. B3aeMHMIA BIUIMB OJHOI iHEPLIHOI CKIag0BOI Ha iHITY
3IiMCHIOETBCS YEPE3 €JIEKTPUYHNUI 3B'130K MK reHepaTOpOM Ta IBUTYHOM Yepe3 JIiHilo eJleKTponepeaui.
BusHaueHHs napameTpiB MeXaHiYHOro 00epTaJIbHOTO PyXy iHepLifHUX CKJIalOBUX BUKOHYBAJIOCh B IIPUIYIIEHH]
IIPO KBa3iCTal[iOHAPHICTb €JIEKTPOMarHiTHUX NPOLECIB B CTATOPHUX i POTOPHUX KOHTypax reHeparopa Ta JBUTyHa.
Po3paxyHOK ix €JIEKTPOMarHiTHUX MOMEHTIB 37iICHIOBABCS 3 BAKOPUCTAHHSIM €KBiBaJIEHTHOI 3aCTYIIHOI
€JIEKTPUYHOI CXxeMH 00JIaiHaHHS 3 YpaxXyBaHHSIM 3MiHHOI 4aCTOTH OO€PTaHHS Ta JOBINbHOI KiIbKOCTI
rizpoarperaris y CKJIai rilpoHacoCHOI cTaH1jil. JIoCiI>)KeHHS IPOBOIUIINCH 32 CTOXACTUYHUX 3HAYEHD MIBUAKOCTI
BiTpy. BcTaHOB/IEHO, 10 HaNbiIbIIA €(EeKTUBHICT HAKOIIMYEHHSI €HEPrii J0CAraeTbCs 3a 00Y10BHU TipOHACOCHOI
craHLii B ckyazi 5 Ta 6inblie arperaris. Kito4oBi cj10Ba: aCMHXPOHHUI IBUTYH, BiTPOTYpOiHa, riipoHacoc, 3apsij,

CUHXPOHHUM r'€HEPATOP, CTOXACTUYHICTh, IIBUIKICTb BIiTPY.

2. Dissertation for obtaining the scientific degree of candidate of technical sciences on speciality 05.14.08
"Transformation of renewable energy". Institute of renewable energy of the National Academy of Sciences of
Ukraine, Kyiv, 2020. In the dissertation the actual scientific problem concerning mathematical modeling of process
of accumulation of energy of a wind flow in the pool-accumulator of a pumped hydroelectric energy storage with
the purpose of integration of wind-electric installations in the structure of industrial and autonomous electric
power systems. The process of converting wind energy into potential water energy was research by mathematical
modeling of the operation of a wind turbine with a hydraulic pump with a rigid mechanical connection between
them and the operation of a wind turbine unit with a multi-unit hydropump station with asynchronous motors.
The research of dynamic processes is carried out at a 10-minute interval of averaging the wind speed, which is a
standardized value for evaluating the energy properties of the system under research. The mathematical model of
stochastic values of wind speed was improved by the established limitation on the magnitude of the acceleration of
the gust of wind speed. This advanced mathematical model of stochastic change in wind speed was tested for
ergodicity, its properties were determined as a stationary random process by statistically estimating 100
realizations for the averaged value of wind speeds. It is determined that the wind flow energy at a 10-minute



interval by averaging the stochastic component is 5-10% higher than the constant average value of wind speed.
The wind turbine is characterized by a mechanical torque that depends on wind speed, angular velocity, blade
angle and is described by a hypersurface. To simplify its operation, a method of approximating the surface of the
wind turbine aerodynamic characteristics by replacing the variables was developed, which allowed the output
surface to be transformed to a universal one-parameter aerodynamic characteristic with the equation of coupling
between the variables. Researches of the process of water accumulation by a rigid mechanical connection between
a turbine and a hydraulic pump was carried out by mathematical modeling of the dynamics of rotational motion for
variants of execution of high-speed and low-speed wind turbines taking into account stochastic changes in wind
speed. Centrifugal and piston hydraulic pumps were used at different power ratios with the wind turbine. On the
basis of application of the capacity factor during the year the effective ratios of capacities of various components
of the wind-pumping installation in the range of operating wind speeds of 5-25m / s are determined.
Mathematical modeling of the process of charging a pumped hydroelectric energy storage from a wind-electric
installation with a synchronous generator was performed under the condition of using a multi-unit hydropump
station driven by asynchronous motors. The model is a system of nonlinear differential equations that describes
the interaction of two inertial components of a single aero-electro-hydrodynamic system. The first inertial
component includes a wind turbine and a synchronous generator and the second - an asynchronous motor and a
hydraulic pump. The mutual influence of one inertial component on the other is through the electrical connection
between the generator and the motor through the transmission line. The parameters of mechanical rotational
motion of inertial components were determined using the assumption of quasi-stationarity of electromagnetic
processes in the stator and rotor circuits of the generator and the motor. The calculation of their electromagnetic
moments was carried out using an equivalent alternating electrical circuit of the equipment, taking into account
the variable speed and an arbitrary number of hydraulic units in the composition of the pumping station. The
researches were performed at stochastic values of wind speed. It is found that the highest efficiency of energy
accumulation is achieved by constructing a hydropump station of 5 or more units. Keywords: asynchronous motor,
wind turbine, water pump, charge, synchronous generator, stochasticity, wind speed.
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