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Pedepar:

1. Iucepranist cnpsiMmoBaHa Ha BUPiLlleHHS aKTyaJlbHOI HAyKOBO—TEXHIYHOI 33/1aui MifTPUMKN HEOOXiIHUX YMOB
30a71aHCOBAHOr0 (QYHKIIOHYBaHHSI €eHEPrOCUCTEMHU Ta EHEPrOPYHKY LIJIIXOM iHTerpatii BifilloBiAHMX METO/iB
MOJIEJIIOBAaHHS Ta IIPOTHO3YBAHHS YaCOBUX PSIiB BUPOOITKY (POTOEIEKTPUYHOI €HEePrii MEpPEXEBUMU
($OTOENEeKTPUYHNMY CTAHLIIIMU 3 KEPYIOYMMU Ta iHpOopMaliiiHO-BUMipIOBaJIbHIMU CUCTEMaMU, SIKi 320€311e9yI0Th
MOHITOPUHT Bciel HeoOxinHOoi 14 uporo iHpopmalii. B poboTi mpoaHanizoBaHO 0COOJIMBOCTI CUCTEMU YIIPABJIiHHSA
(OTOENEKTPUYHMMY MTPOL,ECAMY, SIKi BUMAraloTh iHT€JI€KTyaIbHOI MigTPUMKU IPUMHATTS pilleHb HA OCHOBI
IIPOTHOCTUYHUX MOJIeJIel, a TaKOXK MpoLec POTOEJIEKTPUYHOTO EPETBOPEHHSI COHSIYHOI €HePrii y SIKOCTi 00'€KTy

aBTOMATUYHOTO IPOTHO3YBaHH4. 3a pe3yJIbTaTaMH LjbOT0O aHaJli3y IPUIHATO PillleHHS BiTHOCHO NMOGY0BU



CTPYKTYPHY MOJEJIi 32 €K30r€HHUM TUIIOM, SIKU BPAaXOBYE SIK PETPOCIIEKTUBHI []aHi, TaK i OHOYaCHUN 3 MU
IlaHMMU BEKTOP NapaMeTpiB, SKi BIJIMBAIOTh Ha piBeHb reHepatii. Jlo nux napaMeTpiB BiTHOCATHCS METEOPOJIOTiIYHI
JaHi Ta JaHi, 110 XapaKTepU3yI0Th Y YaCOBill IIOCIIiJOBHOCTI [10JIO’KEHHSI COHLISI Ha HE60CXUJIi BiTHOCHO MO3UILLi
reoJsiokaii pororanbBaHi4HOI cTaH1ii. O64YKMCII0Ba4Y €EK30T€HHOI MOJIeIi 6a3y€eThCsl HA MATEMATUYHOMY OIUCY
¢dororanpBaHigHOrO Mpouecy. [Ipu uboMy 17151 HO6YL0BU 1IbOTO MATEMAaTUYHOTO OIMCY BUKOPUCTAHO ribpUIHMIA
niaxin. 3rifHo LbOro mifAxory MPOrHOCTUYHA MOeJIb BKII0YaE ABa QYHKIIOHANBHUX 6JIOKU: 6JI0K aHaIiTUMHOTO
IIPOTHO3YBaHHS Ta 6JIOK CTATUCTUYHOTO [TPOTHO3YBaHHS 3 BUKOPUCTAHHSIM METO/IiB MAlIMHHOTIO HaBYaHHs. biiok
QHAJIITUYHOTO [IPOTHO3YBAHHS [IJIS1 KOXKHOI TOIMHY KOSKHOTO JHS i MICSILISI POKY B 3QJIEXKHOCTI BiJi [IOJIOKEHHS COHILIS
004KCIII0€ BEJIMYMHY €HEePTil COHSYHOTO BUIIPOMIHIOBAHHS, SIKe OCsTae NaHesiel PoToeseKTPUYHOI CTaHIii 3a
ifeanpHUX YMOB 6€3XMapHOro Heba. ByIoK CTaTUCTUYHOTrO IPOTHO3YBAHHS O0UUCIIIOE 3 YPaXyBaHHSIM
IIPOTHO30BAaHOT0 CTaHy aTMoc(epy MPOrHO30BaHUI MIOTONMHHNN BUPOOITOK €JIEKTPUYHOI €Heprii
($OTOENIeKTPUYHOIO CTaHLi€l0. PO3TJIsIHYTO iCHYIOUI HiIX0au 10 TOGYNOBU 6JI0KiB TPOTHOCTUYHOI MOJIEJII.
BinzHavyeHo, 110 rOJIOBHUM HEIOJIIKOM PO3IJISIHYTUX MiAXOIB 10 I06YI0BU 610Ky CTaTUCTUYHOIO IIPOrHO3YBAHHSI
SIBJISIETCS BiICYTHICTb B HUX €()EKTUBHOIO ME€XaHi3My 3aXUCTy Pe3yJbTaTiB IPOrHO3YBAHHS BiJ TOMUJIKOBUX O3HaK
METEOPOJIOTIYHOTO CTaHY OBKIJJIS Y PETPOCIEKTUBHUX 6a3ax JaHUX, SIKi BUKOPUCTOBYIOTbCS [1J11 MAIIMHHOTO
HaBYaHHS MoJiesiel. 3a HasBHICTIO TAKUX ITIOMUJIKOBUX O3HAK MOJ€JIb HABYAETHCSI HEKOPEKTHO, 1110 TPU3BOAUTD 1O
3HAYHUX BiXWUJIEHb [IPOTHO3Y Bifl PaKTy y OJAJbIIOMY, HaBiTh IIPU SIKiCHUX, 6€3II0MUJIKOBUX METEOPOJIOTIYHUX

IIPOrHO3ax Ha IIPOTHO30BAHY I'OJUHY.

2. The thesis deals with solution of the actual scientific and technical problem to maintain the required conditions
of the balance operation by energy network and energy market through integration of adequate simulation
methods and temporal series of photovoltaic energy generation, using photovoltaic stations with controlling and
information and measurement systems monitoring all the necessary information. The thesis has analyzed features
of the system, controlling photovoltaic processes, involving intelligent support to make decisions based upon
prognostic models, and the process of photovoltaic conversion of solar energy as an object of the automated
predicting. The analysis results have helped make the decision concerning the development of exogenous model
taking into consideration both retrospective data and simultaneous with the data vector of parameters influencing
the generation level. Meteorological data as well as data characterizing timely the sun position in the sky relative
to geolocation of the photovoltaic station are among the parameters. The exogenous model predictor is based
upon mathematical description of the photovoltaic process. In this regard, the mathematical description
development has involved a hybrid approach. According to the approach, the prognostic model includes the two
functional blocks: analytical predicting block and statistical predicting block with the use of machine learning
methods. The analytical predicting block calculates the value of solar radiation energy, achieving photovoltaic
station panels if the sky is cloudless, for each hour of each day and a year month depending upon the sun position.
The statistical predicting block calculates the predicted hourly electric energy generation by the photovoltaic
station taking into consideration the predicted atmospheric state. Available approaches have been considered as
for the development of a prognostic model blocks. It has been mentioned that lack of efficient mechanism,
protecting predicting results from false signs of the meteorological state of the environment in the retrospective
databases used for machine learning models, is the key disadvantage of the considered approaches to develop such
a statistical predicting block. Due to the false signs, a model is learnt incorrectly which results in significant future
deviations of the forecast from reality even if meteorological forecasts at the predicted hour are qualitative and
unmistakable. To overcome the drawback, it is proposed to develop such a model structure, which would apply
reverse (reflexive) mathematical transformation (i.e. physical use of photovoltaic modules as solar radiation
sensors) for automatic correction of selective retrospective meteorological data in accordance with functional
relation between them, other data, and actual level of electric energy generation. It has been noted that polynomial
prognostic model, developed using the least square method where dependence of the generation station capacity
upon influencing factors is obtained through the machine learning results in the form of a polynom (i.e.
analytically) matches the problem most of all. Hence, it becomes possible to derive in an explicit-form influence
functions of meteorological factors on the level of photovoltaic energy generation and use the available



mathematical apparatus relative to the polynomial model transformations. The model in the work has been
developed relying upon the proposed hypothesis to factorize influence function of meteorological factors on the
generated photovoltaic energy level. According to the hypothesis, the general influence function can be
represented in the form of product of partial influence functions which of them takes into consideration the
influence of one of the factors. The hypothesis has been supported in the work through a method of correlation
analysis of photovoltaic transformation of the solar energy at the operating network photovoltaic stations using

Pearson coefficient of determination as the criterion.
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