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MATHEMATICAL MODEL FOR FORECASTING THE PROCESS OF ELECTRIC
POWER GENERATION BY PHOTOELECTRIC STATIONS

Purpose. Improving the efficiency of photovoltaic power plants in power systems by creating a model for forecasting the amount
of electricity produced in the form of a harmonic function and determining the prospects for using the selected mathematical
software to develop software applications.

Methodology. To determine the amount of electricity generated by photovoltaic plants per day and year, statistical methods are
applied using the harmonic function which allows taking into account the main meteorological factors of power change of photo-
modules. A technique is proposed for taking into account the level of generation by photovoltaic stations to track changes in voltage
levels in the connection nodes.

Findings. Mathematical models for forecasting the electricity generation of photovoltaic stations for different time ranges
are built. The influence of weather factors, the length of daylight and the structure of the local generation system on the
level of electricity generated by photovoltaic plants is investigated. Necessity is conditioned to use a harmonic function for
forecasting the amount of electricity produced, which improves the efficiency of calculations for new and existing power
plants.

Originality. The factors of the influence of daylight hours and cloudiness on the level of electricity generation by photovoltaic
stations are taken into account, as well as meteorological data that make it possible to predict the value of the amount of electric-
ity generated for a certain period of time. The dependences of the amount of generated electricity by photovoltaic stations are ob-
tained in the form of a harmonious function with reference to a coefficient that takes into account the cloud level for predicting
generation volumes.

Practical value. Created mathematical models of forecasting by means of harmonic function and analysis of voltage change in
nodes of local networks allow increasing the efficiency of photovoltaic stations, simplify calculation of change of levels of voltages
in a electric network, the forecasted values of the generated electric power on the “day ahead” system on the basis of duration of

the light day, meteorological data and other external factors at commissioning of photovoltaic stations.
Keywords: photovoltaic station, harmonic function, ARIMA model, energy efficiency, local generation

Introduction. The paradigm shift in the energy sector of
Ukraine and the world impugns current model of energy busi-
ness through a gradual transition to renewable energy sources
(RES). The large-scale challenges facing Ukraine’s energetics
and economy have led to a crisis with electricity surpluses and
the need to restructure the energy market. The universality of
solar energy consists in the fact that by attracting investment
we can get an energy source that does not require the presence
of fields. This can lead to changes in the global world energy
order, so for the energy sector of Ukraine it is important to
attract promising technologies and models of industry devel-
opment.

Increasing the share of photovoltaic power stations (PPS)
in the power system leads to the construction of modern pow-
er supply systems, which with the help of intelligent monitor-
ing and control functions will be able to provide the necessary
mode parameters with appropriate power quality and electro-
magnetic compatibility. The growing branching of local net-
works with PPS, improper choice of electrical equipment and
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the lack of a clear strategy for connecting new power plants
lead to the fact that the consumer’s electricity quality is dete-
riorating, and variability of weather factors affects the growth
(decrease) of voltage levels regarding permissible values. Since
according to current legislation, electricity producers will have
to pay for the imbalance of produced and declared (forecast-
ed) electricity when working in the market “day ahead”, the
creation of an adequate mathematical model for forecasting
electricity generation of PPS will allow responding to the
changes in meteorological factors and getting a better produc-
tivity in compliance with existing standards.

Literature review. Methods for forecasting the expected
power of PPS with taking into account meteorological factors
(cloudiness, temperature, humidity, precipitation) are given in
the works by Maurisio Soto, Xiao Qu, Rohini Kapoor, Travis
Galoppo [1], Lezhnyuk P.D., Komar V.O., Kravchuk S.V.,
Bandura I. O. [2] and F. Mei, Y. Pan, K. Zhu and J. Zheng [3].
The peculiarities of the application of various methods are
presented in the publication [4], and their choice depends on
the time range and the possibility of using statistics, probabi-
listic weather forecasting (NWP), as well as satellite imaging.
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Forecasting of the level of electricity generation of PPS de-
pends on the forecast of meteorological data, and therefore it
is advisable to use statistical methods for short-term forecast-
ing based on time series using the Box-Jenkins methodology
[5, 6]. This method is based on autocorrelation functions,
consists of identification, evaluation and prediction. Since the
generation process isS a non-stationary process, it must be
brought to a stationary one using the autoregressive integrated
moving average (ARIMA) model [5]. With this model, the val-
ues of a certain process coordinate at a given point in time are
set based on their previous values, using the moving average
operator, the backward shift operator per unit of time B, the
differential backward shift operator per unit of time V and the
integration operator S?. A time-discrete random process is de-
scribed using the following operators and equations

Z,=V"w,=S8%; VZ=2-7_,
Z,_=BZ; V=1-8B.

In ARIMA models, each value of the series is linearly de-
pendent on the previous values and the model error is a ran-
dom component. For stationary series it is called “white
noise”. A number of assumptions have also been made that the
factors that influenced the formation of meteorological factors
will continue to operate.

Unsolved aspects of the problem. To achieve this goal it is
necessary to develop a mathematical model for predicting
electricity generation by photovoltaic plants based on statis-
tics, daylight hours, and cloudiness using meteorological ap-
plications and determine the dependences of the amount of
electricity generated in the form of harmonic functions and
ARIMA model.

Results. Statistical data on the power generation process of
PPS with single-crystal panels during 2014—2016 and 2019
were obtained using the program “Energycenter” of PJSC
“Prykarpattiaoblenerho”. For a larger sample, open resources
of online monitoring of electricity generation of roof PPS with
a capacity of 1.55 kW, installed in Tlumach, Ivano-Frankivsk
region, were also used |7]. All statistic data are brought to a
power of 1 kW.

As a result of mathematical processing of statistical data of
the amount of electricity generated by PPS and the duration of
daylight, the dependences which are described by a harmonic
function were obtained. The amount of electricity generated
by the PPS on any day of the year is determined by formula

Wy =Weosin(s+¢)+ kW, + AW,

where W, is the maximum value of the amount of electricity
generated by the PPS per day according to statistics, kWh; 6 is
the coeflicient of generation time, which characterizes the de-
pendence of the increase in the duration of daylight on the
amount of generated electricity of PPS and varies from 0° to
180° during the year; o is the value that takes into account the
beginning of the reference (the day of increasing of the dura-

T.-T|

tion of daylight); &, = is the coefficient that character-

izes the level of cloudiness (a relative number of sunny hours)
of a given day and depends on meteorological data; 7; is the
number of absolutely clear hours of sunshine for the selected
day of the year, h; 7, is the average number of sunny hours of a
given day (month) according to statistical meteorological data,
h; W, is the average amount of electricity generated by PPS in
a given day (month) according to statistical data, kW - h; AWy,
is deviation of the amount of generated electricity when chang-
ing temperature values, kWh.

We illustrate the plot of average values of the amount of
generated electricity of PPS with a capacity of 1 kW and the
curve of the harmonic function, which is brought to this power.

The abscissa represents both the days of the year and the
coefficient of generation time 6 (Fig. 1). The maximum dura-
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Fig. 1. lllustration of the deviation of the average values of the
generated active electricity of PPS with a capacity of 1 kW
from the harmonic function

tion of daylight in the city of Ivano-Frankivsk is observed in
the period from 19 to 21 June (16 hours 12 minutes).

Relative to the point with coordinates [July 20; 6 = 90°] a
curve f(x) = W, sind is drawn. The minimum duration of day-
light 8 hours 14 minutes will be observed at the beginning and
end of the year, namely on December 18—23, the increase in
daylight begins again (Fig. 1).

The value of the amount of energy generated by the PPS
every i” day is described by equation in the period from Janu-
ary 1 to December 17,

WG, = WGmx Sin[yT%]o kW,

where y is the ordinal number of the day of the year, formula is
used for the values of y =1 — 352.

In the period from December 18 to December 31 we use
equation

WG, = WG,W sin (%352]0 W

accordingly we take (y = 353 — 365).

To verify the adequacy of the proposed mathematical
model for forecasting the amount of generated electricity of
PPS, meteorological data from the server Meteoblue [8] was
used. This server contains information about weather condi-
tions for the selected city for a period of 30 years, which allows
us to get average temperatures and clear hours, to perform a
comparative analysis of the accuracy of models on the follow-
ing parameters: ambient temperature, precipitation, cloudi-
ness, wind speed, and so on. Meteorological forecast statistics
are generated using the information website [9].

The accuracy of PPS electricity generation forecasting
models decreases with increasing of the time period for which
the weather is forecasted. For the “day ahead” forecast for
clear (cloudless) days, the accuracy of the model is 95 %, but
for cloudy days it can be reduced to 50 % and depends on how
accurately the information website [9] will indicate cloudiness
and other parameters of a given day.

Figs. 2—4 show graphs of the dependence of the generated
electricity of PPS W, kW during the day for April (Fig. 2),
May (Fig. 3) and June (Fig. 4) 2020, as well as projected data
according to the “day forward” forecast and according to the
available values of meteorological data.

In April 2020 (Fig. 2), the weather was abnormally clear
and warm, the average temperature increased by 2 °C, the
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Fig. 2. Graphs of generated active electricity of PPS:

1 — real generation data; 2 — forecast data “day ahead”; 3 — fore-
cast data based on the available values of meteorological data for

the day of April 2020
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Fig. 3. Graphs of PPS electricity generation and projected gen-
eration values during the day of May 2020
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Fig. 4. Graphs of PPS electricity generation and projected gen-

eration values during the day of June 2020
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amount of precipitation decreased by 2 times, the electricity
generation of PPS increased respectively by 27 %.

On the contrary, May and June 2020 were the coldest
months in Prykarpattia region, according to the observations
of weather forecasters for the last 16 years. Due to the increase
in the number of cloudy days and precipitation, the average
number of hours of sunshine decreased significantly, as did the
amount of electricity generated by PPS (decreased by 16 and
18 % relatively to the average values).

The synthesis of statistical data for PPS with a capacity of
1 kW for daily generation of each month of the year in terms of
half-hour intervals is illustrated in Fig. 5.

The obtained array of statistical data in sections of day and
month is necessary for modeling and forecasting the genera-
tion of PPS during a given day and balancing the modes of
local electrical networks with storage and in Solar Storage sys-
tems [10, 11].

The search of instantaneous values of current and voltage,
and accordingly the power of PPS also depends on the ambi-
ent temperature 7}, the actual temperature on the sensor of the
photomodule Tpy, and the magnitude of solar insolation Ej

m0,200,25
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\ "0,10-0,15

0,050,10

FES 1 KW per hour, KWh

0,000,05

The amount of electricity generated by

23:00-23:30
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Fig. 5. Graph of the dependence of the amount of electricity
generated by PPS with a capacity of 1 kW on the month and
time of a day

and is calculated by direct use of information about weather or
is determined by formulas

Ppy=N-FF- Upylpy;

FF:UMPPIMPP. (1)
Uxlg ’
1

Ly =I—'3(1K +k(T, ~25));
K

1, :(E,T):g—B-IK +k, (T, -Tpy);
N
(T, - 20)}
800 /)’
where N is the number of photomodules; FF is the coefficient

(full factor); Uypp is voltage when searching for maximum
power (MPPT — Maximum power point tracker); /,,pp is cur-

Upy :UX—kU(Ti +E,

E
rent of MPPT; E—B is the ratio of the actual value of solar in-

solation to the nolrvmalized value of solar insolation; /; is cur-
rent at a given solar insolation, A; Tj is the temperature on the
sensor of the photomodule at an ambient temperature of
20 °C, solar insolation of 800 W/m? and wind speed of 1 m/s;
Tpy is the temperature on the surface of the photomodule, °C;
I is short circuit current; Uy is idle voltage; k; is the current-
temperature coefficient, A/°C; k is the voltage-temperature
coefficient V/°C.

The sign (-) in equation (1) is used provided that 7;< T,
the sign (+) for values 7; > T,

To build an autoregressive model, the graph of total aver-
age values of PPS electricity generation during the month in
the context of half-hour intervals, which reflects a non-sta-
tionary discrete random generation process, is converted into a
“stationary” one. For this purpose, the first difference of the
adjacent values of the lattice function is determined. It is as-
sumed that the generation process is constant and the daily
schedule of generated electricity of PPS is presented in the
form of a lattice function. The conversion of the graph for May
2020 is illustrated in Fig. 6.

ADF test (advanced Dickie Fuller test) is used to check the
stationarity of a series.

To illustrate the finding, the forecast model in the form of
autoregression Z, for May 2020 is presented with the identified
parameters

G, =02 =0.04 m=0.0016;
= _1-07IZf7 1= 0.326([)2Z,72 + éi'

The disadvantage of the ARIMA model is its complexity,
the need to bring the series to a stationary series, cumber-
some adequacy checks, so it is proposed to use a predictive
model using the harmonic function and coefficient of cloud-
iness.

To confirm the possibility of using a selected mathematical
model, the reliability of the model is determined by formula
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Fig. 6. Construction of autoregressive model
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where W), is the value obtained using the model; W5 is the real
value of the amount of generated electricity of PPS.
According to the obtained characteristics of PPS electricity
generation, it is possible to obtain the probability of compliance
of the consumer load schedule with the renewable energy sourc-
es (RES) generation schedule, as well as to prevent disconnec-
tion of PPS by voltage regulation in case of noncompliance with
normalized values of electricity quality and PPS inverter modes.
Since the inverter is disconnected if the voltage in the local
network does not match the specified range of it, applying the
technology of voltage adjustment using battery stations and
automatic voltage regulation of the transformer, we get higher
efficiency of the inverter and higher profitability of PPS. To
balance the load graph, it is necessary to use more accurate
data from local weather stations, but their efficiency due to the
high cost may be unreasonable for local power plants. More
promising is the use of “PPS-storage” models for load balanc-
ing. Using equipment and software is expediently used for a
large number of powerful photovoltaic stations (more than
1 MW), with the help of control centers it is possible to create
the correlation generating power received according to chang-
es. Commercial products offer forecast updates from 3 to
15 hours in 15 minutes. Forecasting errors can lead to loss of
profit, and the dynamic lag of changes in meteorological fac-

tors is more effective.
= M )

R=1-

=0.99,

Canco')
X
e R o)

Using forecast models for photovoltaic systems with bat-
tery or supercapacitor [12] with single-phase PPS to load bal-
ancing will reduce asymmetry in local networks, and shifting
the time of consumption of accumulated load will reduce its
peaks. The setting of the battery charging process and its time
should be related to the limitation of electricity generation
during peak hours, but it is necessary to take into account the
weather forecast, as it is not always possible to combine it in
high clouds.

Using the Matlab Simulink environment and the model of
the local network with PPS using the forecast model (Fig. 7),
the voltage levels at the output of the inverters and in the net-
work were obtained. It should be noted that intelligent voltage
regulation in local networks is a promising area of develop-
ment of electric power industry.

The model has practical value because it takes into ac-
count a number of historical meteorological data, cloudiness,
and duration of daylight and, therefore, is suitable for practical
engineering applications. In addition to the intensity of solar
insolation and temperature, other factors related to changes in
network parameters are estimated, but they are excluded from
the model in order to simplify and reduce the number of cal-
culations and increase efficiency.

Since the quality of electricity [ 12] affects the performance
of electrical equipment and electromagnetic compatibility, the
detection of network modes with unacceptable parameters and
indicators of electricity quality will lead to more efficient op-
eration and increased productivity. The use of the program-
ming environment of virtual devices LabView [13] allows us to
combine experimentally obtained parameters in real time of
the model with a predictive model.

Conclusions. With the help of the developed mathemati-
cal model for forecasting the process of electricity generation
by photovoltaic stations, the dependences of the generated
electricity on the duration of daylight and meteorological
factors were determined by the calculation-experimental
method.

It is established that the accuracy of the mathematical
model of forecasting the process of generating electricity of
PPS increases with an increasing number of sunny hours dur-
ing the day and the accuracy of weather forecasts.

The obtained results can be used for software applications
for forecasting the amount of generated electricity of PPS.
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MaremMaTiu4Ha MoJiejib MPOTHO3YBAHHSA
MPOoIECY reHePYBAHHS €JIEKTPOeHepril
(hoToenekTpuuHUMH CTAHIISIMA
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Mera. IligBuilleHHSI €KOHOMIYHOCTI pobOoTu oTtoe-
JIEKTPUYHUX CTAHIil B €HEPreTUYHUX CHUCTeMaX LIUISIXOM
CTBOPEHHSI MOJIEJIi TPOrHO3YBAaHHS KiJIbBKOCTI BUPOOJIEHOL
eJIEKTPOECHEePrii y BUTJISIAI TapMOHiIUHOT (PYHKIIii Ta BU3HA-
YEHHS MepCHeKTUB 1010 BUKOPUCTAHHS 0OpaHOro MaTe-
MaTUYHOTO 3a0e3nevyeHHs 1JIsl pO3pOoOKU MTPOTpaMHUX A0~
NaTKiB.

Mertoauka. [l BUBHAYEHHSI KiJILKOCTI 3reHepoBaHOI
eJIeKTpOeHeprii GOTOETEKTPUUHUMHU CTAHLISIMU 32 00y
Ta piKk BUKOPUCTAHO CTATMCTUYHI METOIM i3 3aCTOCYBaH-
HSIM TapMOHIYHO1 (YHKIii 3MiHHOI yacy, 11O O3BOJISIE
BpaxyBaTU OCHOBHiI METEOPOJIOTiUHI YUHHUKU 3MiHU MO-
TYXXHOCTiI (poTOMOAYJiB. 3aponoHOBaHA METOAMKA Bpa-
XYBaHHS$I BIJIMBY FreHEpYBaHHS e€JIeKTpoeHeprii (hoToeek-
TPUYHUMU CTAHILiISIMU Ha TTapaMeTPU eJIeKTPUIHOI MepeKi
MnpuaaTHa JJIsk BiACTeXXEHHSsI 3MiHU PiBHIB HAMpyT y By3Jiax
TIpUETHAHHS.

PesyabraTun. [1oOynoBaHi MmaTeMaTHUHi MoaeNi MPOrHO-
3yBaHHSI BUPOOITKY eJeKTpoeHeprii (HOTOEeNEeKTPUYHUMU
CTAHLISIMM JUISI Pi3HMX YacOBUX Aiana3oHiB. dociimkeHo
BIUTMB TTOTOMHUX YMHHUKIB, TPUBAIOCTi CBITJIOBOTO THS Ta
CTPYKTYPU CUCTEMMU JIOKAJIbHOI TeHepallii Ha KiJIbKiCTb 3re-
HEpOBaHOI eJIeKTpoeHepril (hOTOENEKTPUUHUMHU CTAHLIISIMU.
OOyMoBJIeHa HEOOXiAHICTh BUKOPUCTAHHSI TapMOHIUHOI
(yHKLIT 1151 TPOTHO3YyBaHHS KiILKOCTI BUPOOJIEHOI ejleK-
TPOEHEePrii, 110 IMOoKpallye e(peKTUBHICTb PO3paxyHKiB ISt
HOBUX i BXX€ iICHYIOUMX €JIEKTPOCTAHIIIN.

HaykoBa HoBM3HA. YpaxoBaHi (hakTOpu BIUIMBY TpUBa-
JIOCTi CBITJIOBOTO JIHSI ¥ piBHSI XMapHOCTI Ha piBeHb T€HEPY-
BaHHSI €JeKTPOeHeprii (POTOENEKTPUUYHUMM CTAHLISIMU, a
TaKOX METeOpOJIOTiUHi 1aHi, 10 Aal0Th 3MOTY CIIPOTHO3YBa-
TH 3HAUEHHSI KiJIbKOCTI 3reHepOBaHOI eJIeKTpOeHepril uist
BU3HAUYEHOTO MPOMiXKY 4yacy. OTprMaHi 3aJIeKHOCTI Kilb-
KOCTi 3reHepOBaHOI eJeKTpoeHepTii (HOTOEIEKTPUUHUMU
CTaHIIiSIMM Y BUTJISAII TapMOHIYHOI (DYHKIIIi 3 ypaxyBaHHSIM
KoedillieHTa, 1110 BPaXOBY€E PiBEHb XMAPHOCTI /1151 TPOTHO3Y-
BaHHSI 0OCSTIB reHepyBaHHSI.

IIpakTuyna 3HayumicTs. CTBOpEHI MaTeMaTW4Hi MoJei
MPOTHO3YBaHHS 3a JOTIOMOTOI0 TApMOHIYHOI (DYHKIIii Ta aHa-
JIi3y 3MiHM HampyT y By3/1ax JIOKAJTbHUX MEPEX 03BOJISIOTh
MIBUIIMTH  €(EKTUBHICTh (DOTOCNEKTPUYHUX CTaHIIii,
CIIPOUIYIOTh PO3PaXyHOK 3MiHM PiBHiB Hampyr y Mepexi Ta
MPOTHO30BaHMX 3HAUY€Hb 3reHEPOBAHOI €JIEKTPOEHEPTii 3a
CUCTEMOIO «100a Harepe1» Ha OCHOBI TPUBAJIOCTi CBITJIOBOTO
JIHSI, MET€OPOJIOTIYHUX JAHUX Ta IHIIMX 30BHILIHIX YMHHUKIB
MpY BBeICHHI (DOTOEIEKTPUUHUX CTAHLIii B eKCILTyaTallilo Ta
MpH iX poOOTi B EHEPTOCUCTEMI.

KimouoBi cioBa: ¢gomoesexmpuuna cmanyis, eapmoniuHa
¢yukuyis, ARIMA moodens, enepeoepexmuenicms, 10KanbHa ee-
Hepayis
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enb. IToBbiieHUe 3G EHEKTUBHOCTA padOThl (HOTOI-
JIGKTPUUECKMX CTAHIMI B 9HEPTETUUECKUX CUCTEMAX ITyTeM
CO3IaHusl MOJeJM MPOTHO3MPOBAaHUS KOJUYECTBA MPOU3-
BEICHHOM 3JICKTPOSHEPTUH B BUAEC TAPMOHUYHOM (DYHKIINT
U ompenesieHre MePCIeKTUB MO MCMOJIb30BaHUIO M30paH-
HOTO MaTeMaTU4YeCKOro obecreyeHUsT IJig pa3paboTKu
MPUIOXKEHUNA.

Metoauka. /st ompenejeHUsT KOJIUYECTBA CTEHEPUPO-
BaHHOI 2JIEKTPOIHEPTUU (HOTOINEKTPUUECKMMU CTAHIIUSIMU
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B CYTKM M TOI WCIIOJB3YIOTCSI CTAaTUCTUYECKHME METOIbI C
NPUMEHEHUEM TapMOHUYHON (DYHKIIUM, KOTOPast IIO3BOJISIET
YUYECTh OCHOBHBIE METEOpOJIOTHIeCKUEe (haKTOPhI U3MEHEHUST
MoIIHOCTH oTomonyneit. IlpemnoxeHHass MeToaMKa s
yuyeTa YpOBHsI TeHepUPOBaHUST (hOTORIEKTPUISCKUMHM CTaH-
LUSIMU TIPUTOIHA [IJIS1 OTCIEKUBAHUS U3MEHEHUSI YPOBHEM
HATPSDKEHWI B y3J1aX TIPUCOSTMHEHUST.

Pesyabrartel. [TocTpoeHbl MaTeMaTUUeCK1e MOIEU TIPO-
THO3WPOBAHUS BBHIPAOOTKU JIEKTPOIHEPTUU (HDOTODIEKTPU-
YECKUMM CTAaHLIMSIMM JIJIS1 pa3IMUYHBIX BPEMEHHbBIX IHana3o-
HOB. McciienoBaHo BIMSTHUE TTOTOMHBIX (DAaKTOPOB, TTPOIOT-
JKUTEJIbHOCTU CBETOBOTO THSI M CTPYKTYPhI CUCTEMBI JIOKAJIb-
HOIi TeHepaluy Ha KOJIMYECTBO CTeHEPUPOBAHHOM 2JIEKTPO-
3Hepruu (HOTORIEKTPUIYSCKUMU cTaHLMii. O0ycioBJIeHA He-
00XOIMMOCTb MCITOJIb30BaHUS TAPMOHUYHOM (DYHKLIMU JIJIst
MPOrHO3UPOBAHUSI KOJMUYECTBA MPOU3BENCHHON 3JEKTPO3-
HEpPTUH, 4TO yaydiaeT 3¢ PeKTUBHOCTb PACUYETOB TSI HOBBIX
M yKe CYILECTBYIOIIMX 3JIEKTPOCTAHIIUIA.

Hayunas HoBu3HA. YuTeHBbI ()aKTOPBI BIUSHUS MPOIOJ-
JKUTEJbHOCTU CBETOBOTO THSI M YPOBHS 00J1aUHOCTU Ha YpO-
BEHb F€HEPUPOBAHUS DJICKTPOIHEPTUH (POTORTCKTPUICCKI -
MM CTaHLIMSIMM, & TAKXKE METEOPOJIOTMYECKHe TaHHbIE, KOTO-
pbie TIO3BOJIIOT CIIPOTHO3MPOBATh 3HAUYEHUE KOJIMYECTBa

CreHEPUPOBAHHOM 3JCKTPOIHEPTUU ISl  OTPEAeIeHHOTO
MpoMexXyTka BpeMeHHU. [lojydeHbl 3aBUCMMOCTU KOJIMYe-
CTBa CTEHEPMPOBAHHON 3JIEKTPOIHEPTUU (HOTORJIEKTpUIE-
CKMMM CTAaHUMSIMU B BUJIE TADMOHUYHON (DYHKLIMU C YUETOM
Ko3(buMeHTa, KOTOPHIil YUUTHIBACT YPOBEHb 00JIaYHOCTH
JUTS TPOTHO3UPOBAHUSI 0O BEMOB I'eHEPaLINH.

IIpakTyeckas 3HaumMocTh. Co3maHHBIE MaTeMaTHye-
CKHME MOJIEJIM MMPOTHO3MPOBAHUSI C MIOMOILBIO TAPMOHUYHOM
byHKIIMY ¥ aHaTM3a U3MEHEHMsI HAIPSIKEHUI B y3/1aX JIo-
KaJIbHBIX CETei MO3BOJISIOT MOBBICUTH 3(HEKTUBHOCTD (o-
TO3JICKTPUYECKUX CTAHIIMIA, YIIPOLIAIOT pacyeT U3MEHEHUs!
YPOBHEN HaNPSDKEHWIl B CETU, TTPOTHO3UPYEMbIX 3HAYeHUI
CreHEePUPOBAHHOM 3JIEKTPOIHEPTUU TIO0 CUCTEME «HA CYTKH
BIlEpe/l» Ha OCHOBE MPOJOJIKUTEIbHOCTA CBETOBOTO [THSI,
METEOPOJIOTMYECKUX JTAHHBIX U APYTUX BHEHIHUX (DAKTOPOB
TPY BBeIEHUU (OTOIEKTPUISCKUX CTAHIUI B IKCIUTyaTa-
LIMIO U paboTe B SHEPrOCUCTEME.

KaroueBbie cnoBa: gpomosanexmpuueckas cmanyus, apmo-
Huueckas @yuxyus, ARIMA modens, snepeosgpexmusrocme,
NOKANbHAS 2eHepayus
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