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1. InceprauiiiHa po60Ta NIpUCBSIYEHA PO3BUTKY TEOPii KEPyBaHHS aKyMyJIITOPAMU B CUCTEMI €J1I€KTPOKUBIIEHHS 3
BITPOYCTQHOBKOIO Ha OCHOBI 3aCTOCYBaHHS JUHAMIYHOI KOMyTallil aKyMyJIsITOPiB [1J15 IOJIOBKE€HHS TEPMiHY iX
po60TH, 110 103BOJISIE NiIBUIIATHA €(PEKTUBHICTb BUKOPUCTAHHS €HEeprii BITpPOBOro NOTOKY Ta 3alIPOIIOHYBAaTU
IIPOCTi aJITOPUTMU K€PYBaHHS. Y MIEPIIOMY PO3iJli pO3IJISIHYTO KIacu(iKallilo Ta IPUHLUIN 10OYA0BA aBTOHOMHUX
CHCTEM €JIEKTPOKUBJIEHHS 3 BiTpOyCTaHOBKaMu. JJOC/IiIKEHO BIUIMB [IAPAMETPiB HABKOJIMIIHLEOTO CEPEIOBUINA Ha
BUXIiIHY IIOTY>KHICTb BITpOyCTaHOBKHU. [IpoaHasnizoBaHO METOAM IIPOTHO3YBAaHHS ITapaMETPiB BiTPOBOIrO IOTOKY Ta
KpUTEPii OLIHKY TOYHOCTI IPOrHO3YBaHH LIUX NapaMeTpiB. PO3IJISIHYTO 0COOIMBOCTI €KCILTyaTallii akyMyJIITOpiB y
CHCTEeMax €JIEKTPO>KUBJIEHHS 3 BITPOyCTaHOBKaMU. HaBelleHO MeTOy MiIBUILIEHHS €(pEeKTUBHOCTI BUKOPHCTAHHS

€Heprii BiTpy Ta akyMyJIsITOPiB. Y APyroMy po3fiji IPpOBENEHO OLiHKY Ta IPOTHO3YBAaHHS MOTYKHOCTI Ha BUXO|



BiTporeHepaTopa Ta NOTYKHOCTi HaBaHTaXeHHs. [IpoBeieHO nomnepenHI0 06pOOKY JaHUX IBUAKOCTI BiTPY Ta
IIOTY>KHOCTI HaBaHTa)XEHHS, a caMme — BU3HAUEHO 3aKOHU PO3IOZiny QPyHKLUii 3MiHM IBUIKOCTI BiTPY Ta OTYXHOCTI
HaBaHTaXEHHS; IPOBEIEHO BiTHOBJIEHHS JAHUX LIBUIKOCTI BiTPY Ta MOTY>KHOCTi HABAHTKEHHS Pi3HUMU
METOJaMU; IIPOBEAEHO KOPEJILIHUI aHali3 JaHUX. BUKOHAHO POrHO3yBaHHS (PYHKLii 3MiHM IIBUAKOCTI BITPY Ta
IIOTY>KHOCTI HABAHTAXXEHHS 3 PiI3HUM F'OPM30OHTOM IPOTHO3Y 3 BUKOPUCTAaHHAM Mozeili ARIMA, a TakoK METOZIOM
CEPEIHBOrO Ta METOJIOM CTAJIOCTI. TpeTiil pOo3isl IPUCBSIYEHNI PO3PAXyHKY KiJIbKOCTI aKyMyJISITOPIiB y CUCTEMi
€JIEKTPOKMBJIEHHS 3 BiTPOYCTaHOBKOI. HaBeieHO (opMyIly pO3paxyHKY KiJIbKOCTi aKyMyJIITOPiB HA OCHOBI
dopmynu [leiikepra. [TokazaHo, SIKMM CaMe YMHOM IVIMOMHA PO3Psiy BILIMBA€E HA EMHICTb aKYMYJIITOPIB, OCTYIIHY
1711 BAKOPMCTAHHA Iif] Y4aC KOHKPETHOTO LIMKJIY 3apsify-po3psiny. PO3IVISIHYTO BIJIMB TEMIIEPATYPU HABKOJIUIIHBOTO
cepenloBHUIIA Ha KiJIbKiCTh aKyMyJiaTOpiB. HaBeeHO MeTONKY pO3paxyHKy MiHIMasIbHO HEOOXiAHOI KiNbKOCTi
aKyMYJISITOPIB 1151 6€31epe6iiiHOro JXUBJIEHHS. HABAHTAKEHHS 3 YPaxXyBaHHAM (PAaKTUYHOI EMHOCTI aKyMyJISITOPA,
sIKa BU3HA4Ya€ThCS TPUBAJICTIO [IOINIEPEIHbOI iX pOOOTH, Ta y 3aJIESKHOCTI BiJi TEMIlepaTypu, IIMOMHY PO3PsALY,
CTPyMY pO3psiZy, Yacy po3psly, IOXMOKM IPOrHO3yBaHHS MIBUIKOCTI BiTPY Ta XapaKTEPUCTUK aKyMyJIITOPIB 3
BpaxyBaHHSIM CTOXaCTUYHOTO XapaKTepy BiTPOBOIO IIOTOKY Ta IOTY>KHOCTI HaBaHTaKeHHS. [IpoBeieHO pO3paxyHOK
0€330UTKOBOCTi CUCTEMU 3 aKyMYJISITOpaMu. YeTBEPTUIA PO3/iJ IPUCBIYEHNI KOMITIOTEPHOMY MO/IE€/IIOBAHHIO
pPOOOTH CUCTEMU €JIEKTPOXKUBJIEHHS 3 BITPOYCTaHOBKOIO Ta aKyMYJISITOPaMH Yy IPOrpaMHOMY cepenosuii Matlab
Simulink. Po3po671€eH0 Ta 0nmcaHo CXeMHY MOZEJb BITDOYCTaHOBKM 3 BUKOPUCTAHHSAM aKyMyJIATOPa Ta HaBEJIEHO
4acoBi fiarpamu, 110 MOSICHIOIOTh IPUHLUI pOO60TH cxeMu. HaBejeHO CxeMHy MOJieJb 6JI0KY aKyMYJISITOPIB 3
3apsIHO-PO3PSIIHUM IIPUCTPOEM, TOOYIOBAHOTO 3 BUKOPUCTAHHSM Mi/IBUIIYIOYOTrO Ta IOHUKYIOUOTO
[IepeTBOPIOBAYIB, Ta CUCTEMOIO KepyBaHHsI. OnucaHo poboTy 610Ky KOMyTallii akyMyJIsITOPIB, 110 CKIaNA€ThCs 3
IIECTH i€HTUYHUX aKyMyJISITOPiB, Ta CUCTEMU KEPYBAHH4, 110 POpMye CUTHAINA KOMYTallii aKyMyJIITOPiB.
[IpoBeeHO MOZEIOBAHHS CXEMU BITPOYCTAaHOBKU 3 aKyMYJIITOPAaMU Ta NIPOBEJIEHO MOPiBHSJIBHUI aHaIi3
TPUBAJIOCTi 6e31epebiliHOTo KUBIEHHS! HAaBaHTAXKEHHS 3 KiJIbKICTIO aKyMyJIITOPIB 32 GOPMYJIOI0 PO3PaxyHKY Ha
ocHOBi popmyu IleiikepTa Ta 6€3 ypaxyBaHHs popmyiu [leiikepTa. [TobynoBaHo rpadiky BXigHOI Ta BUXiAHO]

HaIIpyry, a TaKoX CTaHy aKYMy.HHTOpiB, 10 l'Ii,ZITBep,UJ/I]IO TeopequHi PO3paxyHKH.

2. The dissertation is devoted to the development of the theory of storage battery control in the power supply
system with a wind turbine based on the use of dynamic switching of batteries to extend their life service, which
allows to increase the efficiency of the use of wind energy and to propose simple control algorithms. In the first
chapter, the classification and principles of construction of autonomous power supply systems with wind turbines
are considered. Influence of environmental parameters on the output power of the wind turbine was studied.
Methods of forecasting wind flow parameters and the criteria for assessing the accuracy of forecasting these
parameters are analyzed. Battery operation features in power supply systems with wind turbines are considered.
Methods of increasing the efficiency of the use of wind energy and batteries are presented. In the second chapter,
the assessment and forecasting of the output power of the wind generator and the load power are carried out.
Wind speed and load power data were pre-processed, namely, the probability distribution of the function of wind
speed and load power were determined; filling gaps of wind speed and load power data were carried out using
various methods; a correlation analysis of the data was performed. Forecasting of wind speed and load power time
series with different forecast horizons was carried out using the ARIMA model, as well as the average method and
the stability method. The third chapter is devoted to the calculation of number of batteries in the power supply
system with a wind turbine. Formula for calculating the number of batteries based on Peukert's law is presented. It
is shown how the depth of discharge affects the battery capacity available for use during a specific charge-
discharge cycle. The effect of ambient temperature on the number of batteries is considered. The methodology for
calculating the minimum required number of batteries for uninterrupted power supply of the load is given, taking
into account the actual capacity of the battery, which is determined by the duration of its previous operation, and
depending on the temperature, depth of discharge, discharge current, discharge time, wind speed forecasting
error and battery characteristics, taking into account the stochastic nature wind flow and load power. The break-
even calculation of the battery system was carried out. The fourth chapter is devoted to the computer simulation
of the operation of the power supply system with a wind turbine and batteries in the Matlab Simulink software



environment. A schematic model of a wind turbine using a battery is developed and described, and timing
diagrams are given that explain the principle of operation of the circuit. A schematic model of a battery block with
a charge-discharge device, built using step-up and step-down converters, and a control system is presented.
Operation of the battery switching unit consisting of six identical batteries and the control system that generates
the battery switching signals is presented. Simulation of the scheme of the wind turbine with batteries was carried
out and a comparative analysis of the duration of uninterrupted power supply of the load with the number of
batteries was carried out according to the calculation formula based on the Peukert’s law and without taking into
account the Peukert’s law. Graphs of the input and output voltage, as well as the state of the batteries, were
presented, which confirmed the theoretical calculations.
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