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Summary. The topicality of providing reliable regular mode of organization functioning is
substantiated. It is proposed to consider the problem of providing regular mode of organizations functioning
from the position of systems analysis as a complex of two interrelated tasks — control of electricity quality at the
input of the electrical grid of the organization and control of the amount of topology load of the organization ’s
electricity consumers.

As a background of information support for the control of the organization’s regular operation mode, a
general and constructive model of the process of electricity supply (electrical voltage) at the input of the
company’s electrical grid a common vector model and a constructive discrete model with change points of the
process of electricity consumption of the organization were created. On the basis of the results of mathematical
modeling of power supply and electric consumption regular mode processes, the structure of the information
system of the control of the organization’s standard mode functioning is proposed and the problems it should
solve are justified.
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Setting the problem. Ensuring the reliable operation of institution’s electric supply is
a problem of high priority and importance. It is urgent both for organizations that belong to
manufacturing and services sector of the economy, and for residential-commercial market.

In science and technical works the study of the problem of electric supply quality and
analysis of electric consumption are viewed as two separate and independent areas.
Meanwhile, these sectors are interrelated and equally important for providing reliable
functioning of electric consumption of institutions.

If consider the system of electric power consumption of the organization from the
standpoint of the system approach (Fig. 1), the quality of electric power entering the input of
organization’s electric supply determines the reliability of the functioning of the system in
general, in fact, the topology (territorially distributed network) of electricity consumers of the
organization.

The input action is the process of electric power supply and the output is the process of
electric power consumption.
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Figure 1. Schematic representation of the institution’s electric power consumption
system in terms of the system approach
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To provide the reliable operation of various electric devices and equipment the notion
of standard operation conditions is introduced. In this case, the equipment operates in regular
mode, if the parameters of its operation (characteristics of power supply, climatic and
meteorological conditions) are within certain limits provided by the standards and the
manufacturer. Accordingly, if the parameters go beyond these limits, there is a non-regular
mode of operation.

Under conditions of non-regular mode, the probability of improper functioning of
equipment and even its failure is increasing, which, when aggregated into the whole
organization, can potentially cause non-regular situations of different scale, manufacturing
and technological disorder, production of defective products, over-consumption of energy and
materials, accidents, material and moral damages etc. The concept of regular and non-regular
modes can be generalized to the entire system of electrical consumption of the organization as
a set of electrical equipment used by the organization.

In view of this, the task of developing information (models, methods, algorithms,
software, databases) and hardware of modern control means of the organization’s regular
mode work remains relevant. Nowadays, the tasks of ensuring the process of electricity
consumption are solved by means of specialized information systems (hardware and software
complexes, power management and control systems (PMCYS)).

Analysis of previous research. Taking into account the importance of the electrical
equipment operation reliability, in present work, the tasks of providing regular mode of
operation of the organization are divided into two interrelated tasks:

- Control of electricity quality at the input of the electrical grid of the organization;

- Control of the amount of topology load of the organization’s electricity consumers.

Considerable part of studies in the area of energy deals with high-power energy
consumption [1, 2, 13]. At the same time, much less works tell about energy consumption of
individual organizations. Here are some of them. For instance, study [14] concerns about the
consumption process monitoring in the organization at regular mode and the ways of
revealing non-regular mode. As a main diagnostic characteristic of organization’s regular
mode energy consumption, the total (integral) amount of topology load of the organization’s
electricity consumers is proposed. The appropriate methods of revealing non-regular mode is
also proposed. It consists on working out confidence interval for the amount of integral power
consumption and the following control of this amount and revealing the moment it goes
beyond the limits of confidence intervals. It is proposed to monitor power consumption at
both long and short intervals of observation. There are also articles concentrated on providing
the quality of electrical energy, as for example [4, 11]. The background of the study is
relevant power quality standards [5, 6].

Aim of study. The study aims to create mathematic models of the processes of
organization’s power supply and power consumption and to determine their main
characteristics in order to provide the control of its regular mode functioning.

Study objectives. Creating mathematic models of power supply and power
consumption processes on the basis of experimental measurements data. Suggesting hardware
and software system structure of providing the tasks of regular mode of organization’s power
supply control on their background.

Plot of the research. According to setting the problem, in present work the models of
regular mode are presented which aim for solving interrelated task of input power quality
control of organization as well as control of total electric power consumption control by
means of the organization’s consumers topology.

Model of regular mode of institution electric power supply. Here we give the
definition of electric power quality according to normalization document.

Definition 1. Electric power quality is the degree of compatibility between electric
power characteristics at a given point of the electric system and a set of normalized electric
power quality indices.
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Standards [5, 6 et al.] determine the set of electric power quality indices, methods of
their measuring and limits of their numeric values. Basically, all quality indices are brought to
distortion of such characteristics of voltage sinusoid as amplitude and frequency. The main
effects of electric power quality depravation of: malfunctioning and shortening the life of
electrical equipment and chips, overheating and power failure, data loss, lighting flicker,
increase in electricity consumption and losses etc.

In the known mathematic formula of voltage

U(t)=U,cos(2nft+6,),teT,0, 6[0,27'[), (1)

where U  — amplitude; f, — frequency; 6, — initial phase, voltage distortion characteristics,

such as amplitude and frequency, are not represented so, in fact it is an idealized model.
Basing on the theory of stochastic processes, the following mathematic model of
power supply (voltage) process at the input of organization is proposed:

U(w,t) =U (e, t)cos ¥ (@, ,t),teT,m €Y, @, €€2,, )

o=(0,0,) 0cQ Q=(Q,Q,), @)
where U(e,t) — random process of voltage, U (w,,t) — random process of the amplitude
voltage values, ¥(w,,t) — random process of general phase and voltage frequency

correspondingly.
Present expression is a general model of random harmonic voltage with the
simultaneous amplitude and angular modulation by random and predominantly independent

processesU (@,,t) Ta ¥ (w,,t).
More constitutive is the model as a particular case of the model (2) in the form:

u(o,t) =U (1+ Zn:E_,li (oo, 1)1 (t,ATi)}-cos{Znt( f, +Zm:§2j(w2,t)l (t,ATj)H,

i=1 j=1

(3)

ATLAT, T, teT, 0 e (0, ®,), ®, €Q,

where {gli (o,,t),i :1—_n} — sequence of random processes that describe random distortion of

the amplitude in the interval of observation time T, the distortion effect for each process

takes place in a time interval AT,, determined by indicator function
LteAT, . — -

I(t’AT‘):{o,tgATi’lan; {E,zj(mz,t), j =1—m} — sequence of random processes that

describe random distortion of the frequency in the interval of observation time T, the
distortion effect for each process takes place in a time interval AT,, determined by indicator

1,teATJ. e
, J=14m.
0,tgAT,

Model (3) enables analyzing all possible amplitude and frequency distortions of the
voltage taking into account all practical cases. Model (3) completely implements the physical
model of both regular and non-regular modes of supplying electric power to the input of the
grid of the institution. Another advantage of the model (3) is that it allows to simulate
different variants of voltage sinusoid distortion, even low-probability ones, by selecting

different random processes in its characteristics {Em (0, 1), i =1—_n} Ta {E,zj(mz,t), j =1—m}.

function 1(t,AT,) :{
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In work [3] certain results of model application are presented (3), in particular,
methods of modeling the examples of voltage sinusoid and the structure of databases for their
storage. An example of MATLAB simulated signal with amplitudes variation is shown in
Fig. 2.
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Figure 2. Graph of simulated signal of electric voltage with changes of amplitude

Now we present the results of creating institution’s regular mode model of electric
power consumption.

Model of the regular mode of electric power consumption process. When creating the
model, we will apply an approach that consists in analyzing measurement data using modern
decomposition methods and further constructing a vector model based on the results obtained
[11]. The object of the study will be the implementation of the process of electricity
consumption of the organization on the annual interval of observation (Fig. 3).
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Figure 3. Diagram of implementation of electricity consumption process in one of Ternopil city
organizations during one year observation. Sample rate 1 hour

The general vector model of the process of organization’s electric power consumption is
presented in the form [6]

E(w,t) = (A(t), B(t),E(o, 1)), 0 Q,te[0,T], (4)

where components of the model have clear physical justification, namely: A(t) — the main
component, called the trend, which reflects the general nature of the process development due
to the main factors of the process formation (topology of consumers, operating modes of the
equipment of the organization, climatic and meteorological conditions); B(t) — the sum of
harmonic determined components with different but constant fluctuation period for each of
them, which represents different periods of human activity (daily, weekly, etc.), that is

p
B(t) = Zbi (t); &(w,t) — component of stochastic nature, caused by the effect of significant

i=1
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number of random process formation factors (chaotic switching of many devices, usually low
power, for example, lighting devices).

In order to monitor the regular mode of the organization’s functioning, taking into
account the topology of electricity consumers, a constructive model is justified. It is formed
by the additive mixture of general model components (4), namely

Z(o,t) = A(t) +B(t) +&(o,1), e Q,t€[0,T]. (5)

Taking into account the use of computer facilities in information monitoring systems,
we will present the model (5) in a discrete form:

Z(ot;) = Alt,) +B(t,) +&(o.t,), 0 € Q, j=1n,t, €[0,T], (6)

where sequence {(tj), i =1,_n} is a discrete grating on the time interval of the survey [0,T];

n — number of points. Sampling interval At=t, —t,, depends on technical capabilities of

certain measuring devices, such as electrical meters.

It is known that monitoring of the process of electricity consumption of the
organization is carried out on the current (day, week) and long-term (month, quarter, year)
time intervals of observation. The intensity of the process-forming factors (for example, air
temperature) varies in time. This is especially noticeable at long intervals of observation. So,
the graph on Fig. 3 clearly demonstrates a change in the intensity of electricity consumption
during the year.

To identify the moments of time in which there is a change in the nature (statistical
properties) of the process under the influence of external factors, methods of the theory of
change points detection are used. Mathematically, the combination of several parts of the
implementation of a random process with different values of statistical characteristics in one
model is described by means of indicator functions. After introducing the indicator function
for the model (7), we obtain:

Z(o,1,) = (At,) + B(t) +&(o,1,))- 1(t;,AT,), 0 € Q, j=1n,t, €[0,T], )
where the indicator function is defined as:

1,tj e AT, _

I(tj,ATk)={0t _ap o k=tm )
1 K

Indicator function breaks the observation interval into subintervals which do not

intersect i.e. [T,,T,)+ [T, T,)+..+ [T, .. T, ] =JAT, =T ,and AT, NAT, =@ at i = j.
k=1

m-17

Working outing fixed change points T, T,, ..., T, is a separate problem (the problem of
change points detection), one of the possible solutions to which can be found in [10].

In model (7), the indicator function divides the realizations of all components of the
model into fragments. This is explained by the fact that the aggregate of factors of the process
of organization’s electric power consumption formation simultaneously affects all consumers
of topology electricity.

In accordance with the model (4), a number of methods are used to identify the
components of both the implementation of the process of electricity consumption and the
implementation of processes similar in nature. So, in practice the most reasonable is using the
«Track-SSA» method. The results of the corresponding studies are presented in publications
[7, 8,9, 12]. Here are some graphs obtained from the study (Fig. 4).
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Figure 4. Graphs of implementation of organization’s electric power consumption process components:
a) —trend A(t) ; b) — sum of oscillating components B(t) ; ¢) — component with one week period of oscillation;

d) — component with one day period of oscillation; ) — stochastic component &(, t)
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Basing on the literature analysis [1, 4, 11, 13, 14] and the analysis of the known PMCS
samples we are going to propose the structure of the information system (IS) of providing the
regular mode of organization’s functioning.

IS support for the regular organization operation mode. It is supposed to use the
proposed models as the basis for information support of IS with functions of electric power
quality control at the input of the power grid of the organization and control the amount of
total electricity consumption by the topology of the consumers in the organization in order to
ensure the regular mode of its work. The IS has to contain both hardware (primary measuring
convertors including electricity meters, data transmission channels, computers for processing
and storage of data) and information (models, algorithms, software, databases) support. In
Fig. 5, the structural scheme of the proposed IS is represented.
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Figure 5. The structural diagram of the IS control of the of the organization’s regular-mode electric power
consumption

The increase of the corresponding dispatching service operation efficiency of the
organization owing to the introduction of the proposed IS it is expected. First and foremost,
the IS must function in the interests of the organization. If necessary, it can be used as a part
of PMCS of a higher level (city, district).

The proposed models are supposed to be used as the basis for data processing
algorithms on a computer-server. Data should be transmitted using common communication
protocols HTTP, USB, RS-232, etc. As a database, we suggest using a modern relational
database, such as MySQL.

Conclusions. In present work it is proposed to consider the problem of providing
regular mode of organization’s functioning as a complex of two interrelated tasks — control of
electricity quality at the input of the electrical grid of the organization and control of the
amount of topology load of the organization’s electricity consumers.

To solve these tasks it is suggested:

- The general vector model and constructive discrete model with change points of the
process of the organization’s electric power consumption layout;

- General and constructive models of electric voltage at the input of the electrical grid
of the organization.

On the basis of the obtained mathematical modeling results, the structure of the IS is
proposed to provide the regular mode of operation of the organization and the problems for it
to solve are justified.
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The validated models of power supply and power consumption processes make it

possible to create the necessary algorithm-software for the effective use of the organization’s
operating mode control system.
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VJIK 519.218

MATEMATHUYHE MOJEJIOBAHHS TPOLIECIB IITATHOI'O
PEXKUMY EJIEKTPOIIOCTAYAHHS 1 EJIEKTPOCHHOKUBAHHSA
OPTAHI3AILII

Boaogumup Iotosnu®; Oser Hazapesuu®; Jleonin Illepoak?®

Tepnoninbcokuii nayionanvruii mexuiunuii ynisepcumem imeni lsana Ilynios,
Tepnonins, Ykpaina
2Kuiscokutl miscnapoonuii yuieepcumem, Kuis, Yxpaina

Pestome.  Obrpynmosano  akmyanvbHicmvs — HAOIIHO20 — 3A0E3NEYEHHS  WMAMHO20 — PENCUMY
@yHKyioHnysanHa opeauizayii. 3anponoHo8aHo po3enA0Amu 3a80AHHS 300€3NeUEeHHS WMAMHO20 PeNCUMY
@DYHKYIOHYBAHHS OpeaHi3ayii 3 No3uyiil CUCMEeMHO20 AHANI3Y K CYKVAHICMb 080X 63AEMONO0G S3AHUX 3A0ay:
3a0a4y KOHMPONO SKOCMI XAPAKmMepucmuk ejiekmpoenepeii Ha 6xo0i enekmpomepedci opeanizayii i 3adauy
KOHMPOIO SENUNUHU HABAHMAIICEHHST MONON02II cnodcueayie enekmpoenepeii opeawizayii. B sxocmi ochoeu
iHhopmayitino2o 3a6e3neueHHsi KOHMPOMO WIMAMHO20 PeNCUMY (QYHKYIOHYSAHHSA Opeanizayii Ha OCHOSL
3ACMOCYBAHHs Meopii BUNAOKOBUX NPOYECI8 CMBOPEHO 3A2aibHY MA KOHCMPYKMUGHY Moodeni npoyecy
eeKMPONOCMAaiaHts (el1eKmpudHoi Hanpyau) Ha 6xo0i eneKmpomepedxci opeamizayii i 3aeanvHy 6eKmopH)y
MOOenb ma KOHCMPYKMUBHY OUCKDEMHY MOOelb 3 PO3NAOHAHHAM Npoyecy eleKmpOoCHONCUBAHHS Op2aHi3ayil.
Ilpu yvomy KOHCMPYKMUBHA MOOelb Npoyecy eneKmponoCmAayanHsa MICmums NOCAIO08HOCMI BUNAOKOBUX
npoyecie, AKi ONUCYIOMb BUNAOKOBI CHOMBOPEHHS amMnAimyou U 3a2anvHol asu Hanpyeu, a KOHCHPYKMUSHA
OUCKpemHa MoOelb Npoyecy eieKmpoCnoNCUBAHH NPEOCMABIAE NPoYec AK CYMY KOMNOHEHM, KONCHA 3 AKUX
mae yimke @izuune o0Ipynmyeanus. Ilpedcmasneno pezyrbmamu O00OCHIONCEHb, OMPUMAHI 13 3ACMOCYBAHHAM
CMBOpPEeHUX KOHCMPYKMuUSHUX Mmooenet, a came: 3mooenvosany 6 MATLAB peanizayiio npoyecy
eeKMPONOCMAayanHts i3 nepenaoamu amniimyou ma KOMNOHEHMU Npoyecy eleKmpOoCnONCUBAHHS OOHIEL i3
opeanizayiti Tepnonons Ha piuHOMY [HMEPBANI CHOCMEPENCEHHS, OMPUMANI 13 3ACMOCYBAHHAM Memooy
«I'ycenuys — SSA». Ha ocrogi pezynbmamie mamemamuinoco MOOENO8AHHSA NPOYECI8 WMAMHO20 DedNCUMy
e1eKMPONOCMAyaHHs 1l e1eKMPOCNONCUBAHHS 3ANPONOHOBAHO CIMPYKMYPY IHDOpMayiliHoi cucmemu KOHMPOIo
WMAMHO20 PedcuMy QYHKYIOHYBAHHS Op2anizayii ma oOIpYHMOBAHO 3a60AHHsL, 5SIKi 6OHA NOGUHHA GUPIULYEAMU.

Knrwouogi cnoea: erexmponocmauanus, eneKmpoCHONCUBAHHA, AKICMb eleKmpoeHepeii, wmamHuil
PedcUM, MOOEb ULMAMHO20 PENCUMY, PO3NAOHAHHS.
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