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Automated Monitoring of Time Synchronisation Devices
and Digital Processing of Vector Measurements
of Dynamic Characteristics of SMART Grid Power Systems

Abstract. Currently, customers of energy companies use devices to generate electricity (solar panels, windmills, etc.)
and return energy to the grid to save costs or generate income. Therefore, it is urgent to solve the problem of creating an
automated system for diagnosing the quality of electricity for consumers who use renewable sources of electricity. The
purpose of this study was to improve the efficiency of management in intelligent SMART Grid power systems. To fulfil the
said purpose, it was proposed to use an automated system for monitoring synchro signals of PMU microprocessor equipment
and software tools for digital processing and statistical analysis of the results of synchronised vector measurements
of dynamic characteristics of power grids. Software tools for digital processing and statistical analysis of the obtained
vector measurement data were developed. Linear regression, Random Forest Regression, and Ridge regression methods
were employed to analyse and predict electricity quality indicators. The results of a comparative analysis of the obtained
results of the predictive model were presented. To conduct experimental studies, a laboratory sample of a quality control
device for generating synchro signals was developed and manufactured, which directly affects the reliability of digital
data from distributed synchronised vector measurements in transient modes (in real time). The multichannel nature of
the device increases the performance and reliability of the automated monitoring system. The paper presents the results
of experimental studies of the device as a part of the developed laboratory stand, which is connected to the current local
IP network of the National University of Life and Environmental Sciences of Ukraine. The practical significance of the
conducted experimental studies lies in the establishment of the technical possibility of simultaneous monitoring of time
synchronisation signals generated by two GPS receivers. In this case, it is obvious to increase the performance of the
developed and manufactured device for monitoring the quality of clock signal generation, compared to a single-channel
one. This material can be useful for engineers who design electrical systems connected to renewable energy sources
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INTRODUCTION innovative development of the economy, and national secu-
At present, energy efficiency is one of the main technical rity. The need to adapt the Ukrainian economy, including
indicators that characterise the competitiveness of products, the agro-industrial complex, as one of the main subjects of
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the export-forming function, to market energy prices has
led to the need to solve the problems of highly efficient
use of energy resources. Apart from energy consumption
in the electric power industry, the problems of improving
the energy efficiency of electricity production and supply
are no less relevant. The joint solution of these issues in
electric power SMART and MicroGrid systems through the
introduction of digital intelligent control tools that operate
in real time ensures a positive effect [1-3]. These problems
are directly related to the level of automation of electric
SMART Grid power systems. In turn, the quality of operation
of automated control systems of electric power networks of
SMART technologies directly depends on the characteristics
of time synchronisation signals used for conducting syn-
chronised vector measurements, as well as on the effective-
ness of methods for digital processing and analysis of meas-
urement results data. To find the factual characteristics of
time synchronisation signals, it is necessary to have hard-
ware and software tools that ensure their continuous mon-
itoring and processing of the received digital data [1; 4; 5].
The use of distributed synchronised vector measurements in
transient modes (in real time) in SMART Grid power systems
necessitates the development of software tools for digital
processing and statistical analysis of measurement results
for the implementation of effective power supply manage-
ment in the field of intelligent energy [6; 7].

The construction of modern computerised power
supply management complexes and networks for the field of
intelligent energy based on monitoring the main characteris-
tics in transient modes (in real time) involves the use of syn-
chronised vector measurements [8-10]. The widespread use
of functionally oriented PMU microprocessor equipment in
the system of distributed synchronised vector measurements
provides synchronous measurements of the main character-
istics for various sections of the power network distributed in
space, values of phase angles of voltages and currents syn-
chronised with a single astronomical time [11; 12].

Thanks to the widespread use of GPS technology,
it has become possible to create and implement distributed
synchronised vector measurements (which ensure synchro-
nisation of measuring instruments with an accuracy of the
order of hundreds of nanoseconds). Information on the
instantaneous values of the amplitude and phase, respec-
tively, of voltage and current, registered in the same period
(or moment) of time for different sections of the power grid,
values of the speed of change of the phase angle of adjacent
nodes of the power grid, and a list of other characteristics
provides a modern level of knowledge about the properties
of power networks and the specific features of the course of
dynamic processes, as well as the possibility of direct obser-
vations of dynamic characteristics of power supply systems [7;
12; 13]. Notably, one can currently observe the increas-
ing use of distributed synchronised vector measurements,
an increase in the range of tasks for which they are used,
namely the development of power grids with adaptive relay
protection and automation, the detection of “hidden dam-
age” in power grids with adaptive relay protection, the pro-
duction of online control signals for automated prevention
of a decrease in the level of stability in power grids and the
elimination of asynchronous modes.

The widespread use of synchronised vector meas-
urement technology in SMART Grid electric power systems
can substantially reduce the uncertainty of primary informa-
tion and improve the quality of processes for assessing the
dynamics of electromechanical processes [7; 9]. Important
in these processes is the use of software tools for digital pro-
cessing and statistical analysis of the results of vector meas-
urements, which determine the need for their further
research, modernisation, and improvement for the imple-
mentation of effective power system management [10; 13].

It is problematic to use GPS signals as a reference
sync signal for vector measurements [1; 5; 14]. Synchro sig-
nals generated solely by GPS signals cannot provide “high
information survivability since they can be distorted, both
in normal operation and in emergencies” [15]. The lack of
sufficient reliability in providing SMART Grid time syn-
chronisation signals to power systems leads to a decrease
in the information reliability of the vector measurement
process itself. To detect changes in time synchronisation
signals, it is proposed to use computer-integrated systems
that provide automated monitoring of time synchronisa-
tion devices [15; 16]. This approach will reduce the prob-
ability of accidents in smart grid power systems and, as
a result, will help improve their energy efficiency. Model-
ling of dynamic energy consumption management scenarios
using the inductive biclusterisation algorithm in the man-
agement of renewable energy sources is described in [6].
The web interface for an information system for diagnos-
ing the quality of electricity consumers and monitoring syn-
chronised vector measurements using cloud technologies is
described in [17].

The purpose of this study was to develop and experimen-
tally test the automated monitoring tools for time synchroni-
sation devices and upgraded software tools for digital process-
ing and statistical analysis of data from vector measurements
of dynamic characteristics of SMART Grid power systems.

MATERIALS AND METHODS

To conduct experimental research in laboratory conditions
and on the active IP networks, a developed laboratory stand
with a quality control device for the formation of synchro-
nous signals, two GPS receivers, and a reference high-sta-
ble thermostated quartz oscillator MXOCS were used. The
study was performed in the problem-based research labora-
tory “Intelligent control systems in the agricultural indus-
try” of the Department of Automation and Robotic Systems
named after I. Martynenko (room 141, building 11, NULES
of Ukraine). Experimental studies were performed according
to the developed methods, structural and functional meas-
urement schemes.

Automated monitoring of time synchronisation devices
of distributed SMART Grid vector measurement tools of energy
systems. Time synchronisation devices (TSD) of SMART Grid
power systems are designed to generate sync signals
that have prominent frequency stability. However, during
their functioning, TSDs generate essentially quasi-periodic
signals, to assess the quality indicators of which it is neces-
sary to conduct measurements. Measurement of time char-
acteristics is based on measurements of the relationships
between the reference and controlled signal [18].
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The parameter determined during the measurement

process is a function called the time interval error function:

TIE (t)=TI,(t)-Tl(v), 1)

where the time interval function TI(z) is found according to
the equation TI (t)=T(t+1)-T(t).

Function TI(t) is a measure of the time interval t,
starting at the moment ¢, for the signal under study (pro-
vided that there is an ideal reference signal) [18]. Under such
conditions, the time interval error function will have the
following form:

TIE, (x)=TI (x)-. 2)

In this case, the time interval function TI (1) of
the reference signal TI .(t) should be determined from the
equation as follows:

TI . (O=TI . (t+7)-TIL . (D). 3)

Automated monitoring lies in performing contin-
uous (24/7) real-time measurements of the parameters of
the TSD output signals, transmission, digital processing
of measurement results and decision-making based on the
obtained data.

The automated monitoring system includes sensors
that provide the primary conversion of a physical quan-
tity into an electrical signal. As a result, the time interval

V. Koval et al.

is converted into electrical digital signals, which should be
represented as digital data of measurement results [5; 15; 16].

Further data processing provides calculation of indi-
cators for comparison with normalised values defined by
international recommendations, standards, and technical
specifications. For instance, the maximum time interval
deviation (TID) corresponding to one measurement period
is calculated according to the following formula [18]:

MTIE(n*1y) = max [

max | max 2 min x@] @

k<isk+n

where 1, - is the sampling period; t=nt, - is the observation
interval; n=1,2,...,N; {x=x(it), i=1,2,...N} ~is a sequence of
uniform discrete counts of the time error x(t).

The operator solves the tasks of managing the work
of SMART Grid energy systems based on the received data of
the results of the measurements of the indicators of the time
synchronisation signals and comparison with the normalised
values. It is possible to increase the performance of the auto-
mated monitoring system by increasing the number of chan-
nels. Structurally, this possibility is implemented using the
developed quality control device for synchronous signals for-
mation (QCDSSF), the scheme of which is presented in Figure 1.
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Figure 1. Block diagram of the quality control device for generating synchro signals
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The device was built using a multichannel digital
discriminator (MDD), the software and hardware imple-
mentation of which was performed using the Cyclone IV
EP4CE10E22C8N programmable logic circuit. MDD performs
the functions of a primary sensor, which provides the primary
conversion of the error of the time interval (controlled indica-
tor) into a digital signal in text format. Therewith, in the peri-
odicity control unit (PCU) of the device (Fig. 1) the presence
of pulse fronts on the clock interval of the controlled signal is
checked. The results of these processes, which are presented
in digital format, are processed by a microcontroller and pre-
pared for transmission via RS-232 and Ethernet interfaces.

MDD is implemented using an adaptive digital phase
discriminator (ADPD), which is protected by a Ukrainian pat-
ent for an invention [19]. The ADPD asynchronously, i.e., at
any given time, without synchronising the measurement and
reading processes, forms a code combination that determines
the time ratio between the reference and controlled signal.

The developed QCDSSF device provides in an auto-
mated mode continuous monitoring of time synchroni-
sation signals by performing simultaneous multichan-
nel measurements of the instantaneous value of the
deviation of the time interval relative to the reference
synchronisation signal, which is formed by a voltage-con-
trolled generator. The results of measurements of several
time synchronisation signals (up to two simultaneously)
are transmitted in text format via the IP network to a com-
puter, where they are processed using software and pre-
sented to the SMART Grid operator of power systems for
decision-making.

To conduct experimental studies of the automated
monitoring system, a laboratory stand was developed with
a quality control device for the formation of synchronous
signals, two GPS receivers, and a MXOCS reference high-sta-
ble thermostated quartz generator were used. A photo of the
laboratory stand is shown in Figure 2.

Figure 2. The appearance of a laboratory stand with a quality control device for the synchronous signals formation

The task of experimental studies was to check the
technical specifications of the developed device for con-
trolling the quality of clock signal generation. During the
study, the accuracy of measurements of the deviation of
the time interval of two time synchronisation signals of
type 1-PPS (one pulse per second) relative to the refer-
ence sync signal, which is connected to the REF input, was
checked (Fig. 1). Controlled time synchronisation signals
of the 1-PPS type, formed by two GPS receivers, were con-
nected to the corresponding inputs Input 1 and Input 2 of
the device. Interaction of the developed laboratory stand

with the computer was performed using the current local
IP network of the NULES of Ukraine.

Digital processing of the obtained results of vector meas-
urements of dynamic characteristics of SMART Grid power sys-
tems. The input information was an array of measured values
of the vector format of electrical parameters [20] obtained
from the ENIP-2 type PMU vector measurement device.
This data was collected primarily for scientific purposes.

For further statistical processing and forecasting,
a dataset containing 100 rows and 5 columns was created
(Table 1). Digitised graphs are presented in Figure 3.

Table 1. Fragment of the generated data set

No. f, Hz LA UV 12, A
1 49.9803 2.0511 230.705 33.374
2 49.9669 2.0512 230.694 33.375
3 49.9942 0.0513 230.661 33.371
4 49.9982 2.0507 230.629 33.374
5 50.0154 2.0506 230.596 33.375
6 49.961 2.0508 230.552 33.373
7 50.0107 2.051 230.535 33.375
8 49.9887 2.0509 230.508 33.3735
9 49.9905 2.0512 230.469 33.3745
10 49.9715 2.0514 230.442 33.3735
11 49.9701 2.0512 230.42 33.369
12 49.9611 2.0514 230.409 33.375
13 49.9822 2.0513 230.381 33.372
14 49.9847 2.0513 230.359 33.3745
15 49.9821 2.0511 230.337 33.379
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Figure 3. The appearance of a laboratory stand with a quality control device for the synchronous signals formation

Eventually, the training set was divided into a training
sample and a validation sample to evaluate the accuracy and
quality of the models. The calculated statistical indicators
for frequency, voltage, and current are presented in Table 2.

Data structure. The data set is the characteristics of
electricity (frequency, voltage, current). The dataset com-
prises a training dataset used to train and tune the model
designed to predict values on the test data.

Table 2. Statistical characteristics of the measured parameters

Statistical characteristics Frequency Voltage Current
Average values: 49.992 33.378 228.884
Median: 49.992 33.377 229.318
Maximum value: 50.024 33.386 230.705

The Predict matrix for data processing is presented
in Table 3.

For columns (1) and (2), the value of column (3) was
predicted using two methods: KNN and Ridge regression.

Table 3. Matrix for data processing

f, Hz U, v

50.0228 228.569
49.9793 228.492
50.0041 228.404
50.0248 228.332
50.0233 228.272
49.9803 228.195
49.9734 228.113
49.9666 228.041
50.0249 227.926

Features of software implementation.
Features of the software implementation include:
— data reading and primary processing using the Pandas
library;
- plotting graphs using the Matplotlib and Plotly express
libraries;
- building a correlation table using the Seaborn library;

- data standardisation, splitting the training set into
a training sample and validation sample, implementing
classification models using the Scikit-Learn library.
Initially, the data was normalised for the highest
accuracy of the calculation. An example of calculation based
on normalised data is presented in Figure 4, without nor-
malisation for Ridge regression — in Figure 5.
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In [288]: |from sklearn.linear_model import Ridge
model = Ridge()
model.fit(X_train_norm, Y_train)
model.score(X_train_norm,Y_train)

Out[288]: ©.4774677178673772

Figure 4. Code snippet of the programme and calculation based on normalised data

In [2092]: model.fit(X_train, Y_train)
model.score(X_train,Y_train)
Out[28%9]: @.45478562883711784

Figure 5. Code snippet of the programme and calculation based on data without normalisation

According to the normalised data, the accuracy of
the model is higher. Columns (1), (2) are frequency and volt-
age, respectively. Predicted column (3) — current. The results

In [2066]:

Out[2@6]:

of forecasting using the k-nearest neighbours algorithm
(KNN) and the calculation accuracy of the method are pre-
sented in Figure 6, the predicted model is presented in Figure 7.

model.score(X_train_norm, Y_train)

0.6012372304007943

Figure 6. Code snippet of the programme and prediction results using the KNN method

In [267]: model.predict(X_prednorm)

Out[207]:
33.3798, 33.3815])

array([33.3764, 33.3723, 33.3761, 33.3794, 33.383 , 33.38 ,

33.3798,

Figure 7. Predictive model based on the KNN method

The Ridge regression method and the calculation
accuracy of the method are presented in Figure 8. The pre-
dicted model is presented in Figure 9. The digital monitoring

data obtained during experimental studies was stored in the
computer’s memory.

In [2068]: from sklearn.linear_model import Ridge
model = Ridge()
model.fit(X_train_norm, Y_train)
model.score(X_train_norm,Y_train)

Out[288]: ©.4774677178673772

Figure 8. Code snippet of the Ridge regression method and method calculation accuracy

In [21@]: model.predict(pred)

Out[218]: array([33.38373138, 33.38484514, 33.38446656, 33.38488939, 33.38508343,

33.3853977 , 33.38576735, 33.386087@6, 33.38666132)])

Figure 9. Predictive model using the Ridge regression method

RESULTS AND DISCUSSION

Figure 10 presents digital monitoring data for time syn-
chronisation signals of two GPS receivers, which were pro-
cessed using Excel software. Based on the results of exper-
imental studies, graphs of the dependence of time interval

deviations (TID) of controlled time synchronisation sig-
nals generated by two GPS receivers were constructed. The
upper graph presented in Figure 10 displays the results
of monitoring the signal generated by the first GPS receiver,
and lower graph — the second GPS receiver.
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Figure 10. The results of experimental studies of the time synchronisation signals of two GPS receivers using
a laboratory sample of the device for quality control of the formation of synchronous signals

Analysis of the results obtained confirms the tech-
nical capability of the device to perform simultaneous pri-
mary conversion of the deviation of the time interval of
two controlled signals into a digital code with a quanti-
sation step of less than 1 nanosecond. This result is suffi-
cient for the practical implementation of the tasks of mon-
itoring SMART Grid time synchronisation signals of power
systems, which, according to the international standards

IEEE C37.118.1-2011, IEEE C37.118.2-2011, must pro-
vide an accuracy of £1 microsecond for synchronised vec-
tor measurements using synchrophasors [5].

Analysing the resulting forecast graph (Fig. 11),
according to the normalised data, the accuracy of the Ridge
regression model is 10-15% higher than the KNN method.

A diagram of the calculated predicted voltage values
compared to the factual values is presented in Figure 12.
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Figure 11. Graphical representation of output and projected data using KNN and Ridge regression methods
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Figure 12. Graphical representation of output and projected data using KNN and Ridge regression methods
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Analysing the resulting forecast graph (Fig. 12),
according to the normalised data, the accuracy of the Ran-
dom Forest Regression model is 5-10% higher than linear
regression.

This study combined two tasks of diagnosing the
quality of electricity vector measurements of SMART Grid
power systems:

- conducting experiments on time synchronisation of
two GPS receivers based on a previously developed labo-
ratory stand;

- generating a dataset based on the results obtained and
digitally processing the dynamic characteristics of electric-
ity quality indicators.

In contrast to the publications [1; 17; 19] that were
reviewed, this study presents the created software and hard-
ware for automated diagnostics of digital signal synchroni-
sation devices, which is an advanced system developed in
Ukraine and tested in the current network of the National
University of Life and Environmental Sciences of Ukraine.
With the obtained real data, statistical processing was per-
formed using various methods — KNN and Ridge regres-
sion, Random Forest Regression and linear regression, from
which the best ones were selected — Ridge regression and
Random Forest regression.

CONCLUSIONS

Based on the results obtained the following conclusions can
be drawn:

1. Software tools were developed for digital process-
ing and statistical analysis of a training data set in vector
format of electrical parameters of SMART Grid energy sys-
tems, which provide the construction of a predictive model

of electricity parameters, which is necessary for further
decision-making.

2. The analysis of the obtained forecast graphs was per-
formed, and it was concluded that according to the nor-
malised data, the accuracy of the Random Forest Regres-
sion model is higher by 5-10%, while the accuracy of the
Ridge regression model is higher by 10-15%.

3. As a result of experimental studies of the developed
and manufactured device for quality control of the forma-
tion of synchronising signals as part of a laboratory stand,
which is connected to the active local IP network of the
NULES of Ukraine, the technical possibility of simultane-
ous monitoring of time synchronisation signals generated
by two GPS receivers has been established. In this case, it is
obvious to increase the performance of the developed mon-
itoring device, compared to a single-channel one.

4. A comparative analysis of the obtained values of the
deviation of the time interval with a quantisation step of 1
nanosecond and the norm of +1 microsecond, which is set
to the accuracy of the synchronising signals of vector meas-
urements, indicates the practical possibility of solving the
problems of monitoring time synchronisation signals with
the manufactured device.

In the future, it is planned to develop the project,
namely:

— within the framework of the research project, to pur-
chase and connect several types of devices for vector meas-
urements of PMU (synchrophasors) and integration into the
information collection system at various facilities;

- to apply optimisation and decision-making methods
for quality management at points where renewable gener-
ation sources are connected.
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ABTOMaTU30BaHMI MOHITOPUHI MPUCTPOIB CUHXPOHI3aLii Yacy
Ta undppoBa 06po6Ka BEKTOPHMX BUMIpPIOBaHb
AVHaMIYHUX XxapaKTepucTtnk SMART Grid eHeprocucrem

AHoTAaUiq. B TenepiliHiit yac KIi€HTU eHeproKOMITaHiii BUKOPUCTOBYIOTh MIPUCTPOI /i1 BUPOOIEHHS eIeKTPOeHePTii
(coHsuHi MaHesi, BITpsAKY Ta iH.) i 7151 eKOHOMIT BUTpAT ab0 [1s1 OTPMMaHHSI JOXOAY ITOBEPTal0Th €HepTilo B Mepesky. Tomy
aKTyaJbHUM € BUPIillleHHS 3ajaui CTBOPEHHS] aBTOMaTM30BaHOI CMCTeMM [1ialrHOCTYBaHHS SIKOCTi e/IeKTPOeHeprii CIIoK1BaviB,
SIKi BUKOPMCTOBYIOTD BiTHOBJIIOBAJIbHI JIKepesia efleKTpoeHeprii. MeTa qociyKeHHs — MiABUIIeHHS e(eKTUBHOCTI KepyBaHHSI
B iHTenektyanbHux SMART Grid eHeprocucremax. Iy ii peasnisalii 3ampornoHOBaHO BUKOPUCTAHHS aBTOMATMU30BaHO1
CHCTeMY MOHITOPMHTY CMHXPOCUTHAJIIB MiKpoIpoIiecopHoro obnagHanHs PMU ta mporpamMHmx 3aco6iB 1mbpoBoi 06po6ku i
CTaTUCTUYHOTO aHaJli3y Pe3y/bTaTiB CMHXPOHI30BaHMX BEKTOPHMX BUMipIOBaHb IMHAMIYHMX XapaKTepUCTUK eHeproMepesk.
Po3po6ieHo rporpamMHi 3aco6u 11bpoBoi 06poOKYM Ta CTATUCTUYHOTO aHaTi3y OTPUMaHMX JAaHMX BEKTOPHUX BUMipIOBaHb.
JI71s1 aHaTi3y Ta MTPOTHO3YBaHHSI MTOKA3HMKIB SIKOCTi elIeKTpOeHepTii BUKOPMUCTOBYIOThCSI METOIM JiHiliHOI perpecii, Random
Forest Regression Ta Ridge regression. HaBeeHO pe3y/bTaTy MOPiBHSUIBHOTO aHAi3y OTPUMAHMUX Pe3y/lbTaTiB MPOrHO3HOI
Mopenti. [l mpoBeeHHs eKCIIepUMeHTATbHUX JOCTiIsKeHb PO3P06/IeHO Ta BUTOTOBIEHO 1a60paTOPHMIL 3pa30K MIPUCTPOIO
KOHTPOJTIO SIKOCTi (DOPMYBaHHSI CUHXPOCUTHAIB, BiJl SKMX 6e3MocepelHbO 3aIeKUTh JOCTOBIPHICTb MPPOBUX JAHUX
PO3MOAIEHUX CUHXPOHI30BaHMX BEKTOPHUX BUMIipIOBaHb y MepexigHuX pexkuMax (B peaqbHOMY uaci). BaraTokaHalibHICTb
MIPUCTPOIO 3a6e3Meuye MigBUIIeHHS MPOSYKTUBHOCTI Ta HAiHOCTI CMCTeMM aBTOMAaTU30BaHOTO MOHITOpUHTY. HaBeneHo
pe3y/IbTaTy eKCIepruMeHTATbHUX AOCTiIKeHb MTPUCTPOIO Y CKIali pO3p06IeHOTr0 Ta60paTOPHOTO CTEHY, SIKUI MiAK/IIOUeHO
Ilo nitovoi nokanbHoi IP-mepexi HYBIIl Ykpainu. [IpakTuuHa 3HauyLiCTh MPOBEEHNX eKCIIepMMeHTaAbHUX JOCTi/IKeHb
TIOJISITAa€ y BCTAHOBJIEHI TEXHIYHOT MOSKJIMBOCTI OHOUYACHOTO MOHITOPMHIY CUTHAJTIB CMHXPOHi3allii yacy, o GopMyoThCs
nBoma npuiitmauamu GPS. YV 11boMy pasi oueBUIHUM € 36iTbIIeHHs MPOLYKTUBHOCTI pO3PO6IE€HOTO Ta BUTOTOBIEHOTO
TIPUCTPOIO KOHTPOJIIO SIKOCTi (DOPMYBAHHS CMHXPOCUTHATIB, B MOPiBHSIHHI 3 OMHOKaHAIBHMM. Martepian Moske 6yTy KOPUCHUM
iHXkKeHepaM, SIKi TPOEKTYIOTb eJIEKTPUYHI CUCTeMU 3 MiIK/II0YEHHSIM BiTHOBIIOBAJIbHUX I)KepeJl eHepreTUKM

KrnouoBi cnoBa: BiIHOB/IOBaJIbHI [IKEpesia eIeKTPOeHePrii, CMHXPOHi30BaHi BEKTOPHI BUMipH, 6araToKaHaIbHUI IIPUCTPIit,
KOHTPOJb SIKOCTi (hOpMYBaHHSI CMHXPOCUTHAJIIB, MOHITOPMHI CMHXPOCUTHAIB, Mozesb Ridge regression, mporHo3yBaHHS
TIOKa3HUKIB eJleKTpoeHeprii
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