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Pedepar:

1. Incepraist Ha 3000YTTSI HAYKOBOTO CTYIIEHS KaHJMUJAaTa TEXHIYHUX HayK 3a creuianbHicTio 05.14.08
«IlepeTBOPIOBAaHHS BiJHOB/IIOBAHUX BUIIB €HEPTii». — IHCTUTYT BiIHOB/IIOBaHOI eHepreTuky HauioHanbHOI akagemil
Hayk YKpainu, Kuis, 2020. B nucepraniiiHii po60Ti BUpIIIEHO aKTyaJbHy HAyKOBY 3a/lady OO0 MaTEMAaTUYHOTO
MOJIeJIIOBaHHS MIPOlleCy HaKOIUYEeHHs! eHeprii BITPOBOIo IIOTOKY B 6aceliHi-aKyMyJIsSITOpi riipoakyMyai0BaabHOI
€JIEKTPOCTAHLii 3 METOIO iHTerpalii BITPOEJIEKTPUYHMX YCTAHOBOK [0 CKJIaAy ITPOMHUCIIOBUX Ta aBTOHOMHUX
€JIEKTPOEHEPreTUYHMUX CUCTEM. [Ipoliec mepeTBOPEHHS eHepril BiTPy B IIOTEHLIHY €HEPTilo BOAY AOCIiIKYBaBCs
IIJIIXOM MaTeMaTUYHOTO MOJIEJIIOBAaHHS POOOTU BITPOTYPOiIHM 3 IilpOHACOCOM 323 SKOPCTKOIO MEXaHiYHOTO 3B'SI3KY
MiXX HUMU Ta pOOOTU BiTPOEJIEKTPUYHOI YCTAaHOBKHU 3 6araToarperaTHoIo rilpOHaCOCHOIO CTaHII€lo 3
€JIEKTPOIIPMBOIOM BiJ aCUHXPOHHUX IBUTYHIB. JIOCIiI>)KEHH JUHaMIYHUX ITPOLECIB 37iiCHIOEThCS Ha 10-1
XBUJIMHHOMY {HTE€PBaJli OCEPEIHEHHS BUAKOCTI BITPY, 10 € CTAHAAPTU30BAHOIO BEJIMYMHOIO JJ151 OL[iHKYU

€HepreTUYHUX BJIACTUBOCTEN AOCIIIPKyBaHOI cucTeMu. MaTeMaTuyHy MOZeJIb CTOXaCTUYHUX 3Ha4Y€Hb MIBUIKOCTI



BiTPY, OYJIO YAOCKOHAJIEHO BCTAHOBJIEHUM OOMEKEHHSIM Ha BEJIMYMHY [IPUCKOPEHHS MTOPUBY LIBUIKOCTI BiTpy. JaHa
yIOCKOHaJIeHa MaTeMaTHYHa MOJIeJlb CTOXaCTUYHOI 3MiHM MIBUIIKOCTI BiTpy OyJia epeBipeHa Ha eprogudHicTs,
BM3HAYEHI il BJIACTUBOCTI, SIK CTalliOHAPHOT'O BUIIAJKOBOTO MIPOLIECY, LUISIXOM CTaTUCTAYHOI ouiHku 100 peasnizanin
IJ1s1 OCEPEHEHOr0 3HaY€HHS MIBUAKOCTEN BiTpy. BU3Ha4YeHO, 1[0 eHeprisl BITpPOBOro NOTOKy Ha 10-1 XBUJIIMHHOMY
iHTepBasi ocepegHEHHSIM CTOXaCTUYHOI CKIaoBoi Ha 5-10% 6isbine, HiX 3a OCTIHHOTO CePeIHbOr0 3HAYEHHS
IIBUJIKOCTI BiTpPY. BiTpoTyp6iHa XxapakTepu3yeThCsl MEXaHIYHUM MOMEHTOM, 110 3aJIe5KUTh Bifl MIBUIIKOCTI BiTpY,
KyTOBOi IIBUJIKOCTI, KyTa [TOBOPOTY JIONIATEN Ta OIUCYETHCH TilleprioBepXHeEl0. [l CripoleHHs pob0TH 3 Helo 6yJ10
PO3p06JIEHO METOJ, allpOKCUMallii TOBEpXHi aepOJMHAMIYHUX XapaKTePUCTUKU BITPOBOI TypOiHM LIJISIXOM 3aMiHU
3MIHHUX, 110 LO3BOJIUJIO TPAHCHOPMYBATU BUXIZIHY TOBEPXHIO JO YHIBEPCAIbHOI OJIHONIAapaMeTPUYHO]
aepoJMHaMiYHOI XapaKTepUCTUKH 3 PIBHSIHHSIM 3B's13Ky MK 3MiHHUMMU. JI0CJIiTpKEHHS TPOLleCcy HAaKONMUYEHHS BOIOU
BITPOBOJJ0HACOCHOIO YCTAaHOBKOIO i3 )KOPCTKUM MEXaHIYHMM 3B’S13KOM MiX TypO6iHOIO Ta riipoHacocoM
IIPOBOJIMJINCH MIJIIXOM MaTeMaTUYHOTO MOJEJIOBAHHS AMHAMIKA 00€PTOBOTO PYyXy [iJ1s1 BApiaHTiB BUKOHAHHS
IIBUJIKOXITHUMU Ta TUXOXiIHUMU BiTPOTYpOiHAMU 3 YpaXyBaHHSIM CTOXaCTUYHOI 3MiHU MIBUMIKOCTI BIiTpYy.
BrKOpuUCTOBYBANMCh BifILIEHTPOBI Ta MTOPLIHEBI riAPOHACOCH 3a PI3HUX CIiBBiJHOIIEHD [IOTY>KHOCTI 3
BiTpOTyp6iHOI0. Ha 0CcHOBI 3acToCcyBaHHS Koe(illieHTy BUKOPHUCTAaHHS BCTAHOBJIEHOI TOTY>KHOCTI IIPOTSATOM POKY,
BH3HAaYeHi e(PeKTUBHI CIiBBiTHOIEHHSI [TOTYXHOCTEH Pi3HUX CKJIAJOBUX BITPOBOJOHACOCHOI YCTAaHOBKY B Jliara3oHi
pobounx MBUAKOCTEN BITPY 5-25M/C. MaTeMaTUyHe MOJE/II0OBaHHS [IPOLIECY 3apsay IiJpoaKyMyJIl0BabHOI
€JIEKTPOCTaHLIii BiJl BITDO€JIEKTPUYHOI yCTAaHOBKU 3 CUHXPOHHUM I'€HEPAaTOPOM BUKOHYBAJIOCh 32 YMOBU
3aCTOCYBaHHS 6araToarperaTHoi rifpoHacoCHOI CTaHIii 3 IPUBOAOM Bifl aCUHXPOHHUX ABUTYHIB. Moziesib SIBIsie
C00010 CUCTeMY HeJIiHIMHUX NudepeHLiNHUX PiBHSHD, 0 OIIMCY€E B3aEMOJI0 JBOX iHEPLIMHUX CKIaL0BUX €IUHO]
aepoeJieKTporigpoanHamMiuyHoi cucremu. Ilepia iHepiifiHa cKagoBa MiCTATB B COOi BITPOTYpOiHY Ta CUHXPOHHUN
reHEparop, a Apyra — aCMHXPOHHUI IBUTYH Ta rilpoHACcOC. B3aeMHUI BIVIMB OJHOI iHEPLiHOI CKJIalOBOi HA iHIY
3MifICHIOETHCS Yepe3 eJIEKTPUYHUI 3B'I30K MK reHepaTOpoOM Ta IBUTYHOM 4epes JIiHiIo eJleKTporepenadi.
BusHnaueHHs napameTpiB MeXaHIYHOro 00€epTaJIbHOTO PyXy iHepUiMHUX CKJIalOBUX BUKOHYBAJIOCh B IPUIYIIEHH]
IIPO KBa3iCTal[iOHAPHICTb €JIEKTPOMAarHiTHUX NPOLECIB B CTATOPHUX i POTOPHUX KOHTypax reHeparopa Ta JBUTyHa.
Po3paxyHOK ix eJIEKTPOMarHiTHUX MOMEHTIB 37iICHIOBABCS 3 BAKOPUCTAHHSIM €KBiBaJIEHTHOI 3aCTYIIHOI
€JIEKTPUYHOI cxeMU 06JIaIHaHHS 3 YpaXyBaHHSIM 3MiHHOI 4aCTOTU 06epTaHHS Ta JOBLIbHOI KiIbKOCTI
rizpoarperariB y CKJIaji rijpoHacoCHOI cTaHLji. JJoCIiI)KeHHs IPOBOIUIINACH 38 CTOXACTUYHUX 3HAYEHDb MIBUAKOCTI
BiTpy. BCcTaHOB/IEHO, 10 HaNbibIIA €(EKTUBHICT HAKOIIMYEHHSI €HEePrii HOCAraeTbCs 3a 0OYI0BHU TipPOHACOCHOI
cTaHLjii B ckiani 5 Ta 6inbie arperatis. Kito4oBi cji0Ba: aCMHXPOHHUM ABUTYH, BITPOTYpOiHa, rifpoHacoc, 3apsiz,

CUHXPOHHUH F'€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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