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2 3 4 ... 58 59 60
[Y «BiHHuubkui ONLL MO3 Ykpainwu» 1316 93 209 8 0
TOB"[iarHocTuyHuit ueHTp"MEQINABC", M. BiHHuua 350 @ 1986 0 0
KHM "BiHHWUbKWA obnacHWid kniHiyHuiA UeHTp npodi... 9 4 2991 87 47
KHM "BiHHWubKa obnacHa kniHiyHa nikapHAa im.M.I... 0 0 591 188 @
KHM "BiHHMUbKMA 0bmacHUA KniHiyHuiA BMCOKOCneui... 0 0 298 26 0
KHN "OTU3IATPIA" 0 o 15 15 o
KHIT “KMOKN N 2" 0 0 36 26 0
TOB HoBa AiarHocTuka 0 0 140 0 0
KHM"KuniBcbknid Micbknit nonorosuit 6yanHok N6" 0 0 ] 0 0
TOB "Kninika Mapkosa" 22 0 0 0 0
lumns ]
t dMwdkl stelstso Odz' H Odzdz'
3 4 5 6 7

(4] 0.299295 0.162872 0.192771 0.302479 0.203390

1 0.079600 0.000000 0.000000 ©0.082101 ©0.000000

2 ©.021378 0.007005 0.000000 ©.021833 0.014124

3 0.000000 0.000000 0.000000 ©.000000 0.000000

4 0.000000 0.000000 0.000000 ©.000000 0.000000

455 0.000000 0.000000 0.000000 0©0.000000 0.000000

456 0.000000 0.000000 0.000000 0.000000 ©O.000000

457 ©.000000 0.000000 0.000000 0.000000 0.000000

458 ©.000000 0.000000 0.000000 0©0.000000 0.000000

459 ©.005003 0.000000 0.000000 0.005003 0.000000

[2300@ rows x 60 columns]
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[-0.55074841 ~0.30045617 ©.40008079 -8.62892543 -0.552295
1.79613424 0.20481614 0.3304295 ©.34907633 2.188642
©.78918423 -2.04289116 -0.04020203 1.40965998 -@.356157
2.17095693 ©.09459189 -0.18997519 ©.40140887 -0.989635
0.60683112 -0.07350352 0.07641064 ©.80437461 0.629701
1.10081371 ©.29816912 -1.18169771 -0.089301111 ©.628639
-9.15680307 ©.12327033 0.41433496 -0.28864685 2.244296.
-9.0559052 -0.26257586 ©0.68607464 1.86950358 1.208992
-1.9326388 -0.86330387 -0.64293224 0.09058302 0.405786!
0.16269968 -0.88488518 -0.61878525 -1.36440879 -0.888033
0.18901213 0.63968365 -0.97510193 ©.40153046 -0.511753
-0.86328308 -1.91894846 1.17076114 -0.19605497 ©.682347
-1.61067836 -1.5535064 -0.99265388 -1,52559155 2.404002
-0.54133163 0.06468708 -1.41063762 -1.02973355 -2.159183.
0.36913413 ©.12785528 -1.88545164 1.19693911 -0.17795L
0.44241701 0.82330423 0.45288699 -0.274779085 -0.585110'
9.889565  -0.65124859 -2.29598436 ©.60954192]
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.97716555e-01

.98472477e-01

.99236074e-01

.63135028e-01]

9 9 5
[3.76436408e-01 9.9999995%e-01 1.00000000e+00 9.99394698e-01]
[9.96782750e-01 9.98576014e-01 9.99305480e-01 5.23992579e-01]
[7.35402156e-01 9.99253078e-01 9.99923176e-01 4.53543932e-04]
[9.90967042e-01 9.98862561e-01 9.99263636e-01 6.99411258e-01]
[9.98845095e-01 9.97543204e-01 9.98503758e-01 4.25000149e-01]
[9.98957668e-01 9.97566808e-01 9.97340075e-01 6.88395617e-02]
[9.98258399e-01 9.99499650e-01 9.98970073e-01 2.61586687e-01]
[9.96889145e-01 9.98350235e-01 9.99298159e-01 5.33690463e-01]
[9.89137103e-01 9.98523057e-01 9.99627291e-01 5.30845169e-01]
[9.97380185e-01 9.97937991e-01 9.99061508e-01 6.14148761e-01]
[9.97114161e-01 9.98896633e-01 9.99384229e-01 5.19558518e-01]
[9.98387103e-01 9.98346917e-01 9.98770854e-01 4.45148473e-01]
[9.98105187e-01 9.98147540e-01 9.99183996e-01 5.54695172e-01]
[9.96732737e-01 9.99167121e-01 9.99427817e-01 5.90957768e-01]
[6.43734464e-06 9.99956512e-01 9.99993872e-01 9.99999990e-01]
[9.97445042e-01 9.96305550e-01 9.98784347e-01 7.83310043e-01]
[9.97657331e-01 9.96024236e-01 9.98655196e-01 7.95962663e-01]
[9.97116536e-01 9.96753021e-01 9.99208027e-01 7.97290689e-01]
[6.85970365e-01 9.98541120e-01 9.99993736e-01 9.95937710e-01]
[9.97971758e-01 9.97350963e-01 9.96068559%e-01 1.29123515e-01]
[9.96210194e-01 9.99525166e-01 9.99190385e-01 4.07816005e-01]
[9.98507134e-01 9.96863581e-01 9.99385814e-01 4.43537046e-03]
[9.98972151e-01 9.98021060e-01 9.95538686e-01 7.99327279e-01]
[9.97220304e-01 9.98454135e-01 9.99033283e-01 3.71124277e-01]
[9.93911573e-01 9.99979428e-01 9.99998961e-01 9.99998772e-01]
[9.98877240e-01 9.99994058e-01 9.99421883e-01 5.52667613e-02]
[9.98032586e-01 9.98421984e-01 9.99193511e-01 4.92604748e-01]
[9.9702152Ze-01 9.98903128e-01 9.99546831e-01 4.76057802e-01]
[9.99298878e-01 9.99143813e-01 9.98291324e-01 3.71522259e-01]
[9.99141860e-01 9.98290020e-01 9.91545705e-01 1.20325047e-01]
[9.93688151e-01 9.98810087e-01 9.99673666e-01 6.63315841e-01]]
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IDENTIFICATION OF AREAS OF CORONAVIRUS COVID -19 INCIDENCE
SPREADING BASED ONCLUSTER ANALYSIS METHOD

Subject: the use of the mathematical apparatus of neural networks for the scientific substantiaticemtiantic meases in order
to reduce the incidence of diseases when making effective management deRisipnse: to apply cluster analysis, based on a
neural network, to solve the problem of identifying areas of incidehasks: to analyze methods of data analysissblve the
clustering problem; to develop a neural network method for clustering the territOkraihe acording to the nature of the epidemic
process COVIBLY; on the basis of the developed method, to implement a data analysis software produtifytdhideareas of
incidence of the disease using the example of the coronavirus CO¥/Iethods: models andnethods of data analysis, models
and methods of systems theory (based on the information approach), machine learning methods, in particalatibd3adsting
method (based on the gradient descent method), methods for training neural neResthts:we used the data of the Center for
Public Health of the Ministry of Health of Ukraine distributed over the regions of Ukraine on the incid&O¥I&-19, the number
of laboratory examined persons, the number of laboratory tests performed®RiBnBELISAmethods, the number of laboratory tests
of IgA, IgM, IgG; the model used data from March 2020 to December 2020, the modeling did not takedntd data from the
temporarily occupied territories of Ukraine; for cluster analysis, a neunabriebf 60input neurons, 100 hidden neurons with an
activation Fermi function and 4 output neurons was built; for the software implementation of thetheg@ebgramming language
Python was usedConclusions: analysis of methods for constructing neungtworks; aalysis of training methods for neural
networks, including the use of the gradient descent method for the Adaptive Boosting method; all thiedoetieion described in
this work was used to implement a software product for processingatasiod COWD-19 in Ukraine; the division of the regions of
Ukraine into zones of infection with the COI® virus was carried out and a map of this divisias presented.

Keywords: cluster analysis; neural network; machine learning; epidemic proceS8PCT®.
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A. BAKUROVA, O. YUsKIVv, D. SHYROKORAD, A. RIABENKO, E. TERESCHENKO

NEURAL NETWORK FORECASTING OF ENERGY CONSUMPTION OF A
METALLURGICAL ENTERPRISE

Thesubject of the research is the methods of constructing andraimeural networks as a nonlinear modeling apparatus for solving
the problem of predicting the energy consumption of metitlal enterprises. Theurpose of this work is to develop a model for
forecasting the consumption of the power system of a megiali enterprise and its experimental testing on the data available for
research of PJSC "Dneprospetsstal”. The followtagks have been solved: analysis of the time series of power consumption;
building a model with the help of which data on electricionsumption for a historical period is processed; building the most
accurate forecast of the actual amount of electricitytfe day ahead; assessment of the forecast qudkthods used: time series
analysis, neural network modeling, shtatm forecatng of energy consumption in the metallurgical industry. The resbttsined:
to develop a model for predicting the enempnsumption of a metallurgical enterprise based on artificial neural networks, the
MATLAB complex with the Neural Network Toolbowas chosen. When conducting experiments, based on the available statistical
data of a metallurgical enterprise, a selectibarchitectures and algorithms for learning neural networks was carried out. The best
results were shown by the feedforward andkpespagation network, architecture with nonlinear autoregressive and learning
algorithms: Levenberylarquard nonlinear optimpation, Bayesian Regularization method and conjugate gradient method. Another
approach, deep learning, is also considered, narhelyetural network with long sheterm memory LSTM and the adam learning
algorithm. Such a deep neural network allows youptocess large amounts of input information in a short time and build
dependencies with uninformative input information. The LSTMwvoek turned out to be the most effective among the considered
neural networks, for which the indicator of the maximum mtéxh error had the minimum valu€onclusions analysis of
forecasting results using the developed models showed that the ch@seachpwith experimentally selected architectures and
learning algorithms meets the necessary requirements for forecasicgcatnen developing a forecasting model based on artificial
neural networks. The use of models will allow automating Hpigitisionoperational hourly forecasting of energy consumption in
market conditions.

Keywords: energy consumption; forecasting; adiél neural network; time series

Introduction maintenance of volge within set limits in electric
networks due to strict power quality requirements.
Black metallurgy is one of the most eneiigyensive The peculiarities of electricity consunmut by

industrial sectors. It is chacterized by a high level of ferrous metallurgy enterprises include: a large number of
electricity consumption that is significant component of electrical equipment that is used in the implementation of
energy use. Thus, the share of eleity in the cost of the tetinological process inach unit; great variety of
production of large enterprises in the industry varies froffypes and capacities of electricity receivers; relatively
11% to 16%, and in some cases its share increas¢gak links betwee the mutual influence of electricity
to 30% [1]. receivers in the implementation of the technological
The mostelectricity-intensive are steel productionprocess; a large number of electricaluigment that
(its share of consumption is 32.3%), production of hdarticipaes in ensuring the technological process in each
(219%) and colerolled products (12%), as well asunit and creates a conditionally constant load, also
agglomerative production (14.5%), bkistnace based depends on the intensity of the technological process;
steel production (6.9%) andkmproduction (5.2%) [R factors those randomly affect the modes and volume of
The maximum specific consumption of electricityelectricity consumptio; a large number of hos of use of
that is in electric steel production is 727 kWhoftsteel. maximum electric power; large electrical intensity of the
Under this condition the consumption of electricity per tofinal product types; the possiity of changing the modes
of steel depends on the power of transformers, the specifit operation and composition of equipment in the unit,
electric power of arcurnaces, the use of fuel and oxygerproduct range and other systematically actaofs [3].
burners, preheating of scrap and -offfurnace Therefore, the problem of forecasting electricity
processing. consumption in metallurgical production is one of the
The paver consumption forecast in metallurgy thaimportant scientific and practical tasks in the power
is necessary for optimal control of loading modes ofndustry today.
electric power plants, which indlies regulation of actie Planning is one of the main management functions.
and reactive loads of metallurgical enterpriselhe deviation of acid consumption from ta declared
minimization of losses from reactive power flows andiumbersby more than a certain percentage leads to the
maintenance of voltage within set limits in electrigourchase of electricity from the lamicing market at a
networks due to strict power quality requirements. higher price, deviation to a lesser value is also being
The power consumption forest in metallurgy that punished by payment for undelivered electricity, whigh i
is necessary for optimal control of loading modes ofetermined by the dérence between declared and actual
electric power plants, which includes regulatminactive ~consumption by the set fee rates.
and reactive loads of metallurgical enterprise, The complexity of the energy nsumption forecast
minimization oflosses from reactive power flows andaused by the need to consider many factors that affect
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electricity consumption (the environment temperature; ththe main idea that can be traced in it is that in the
level light; the daylength; day of the week; transitions metalurgical industy there are unique processes and
from winter to summer time and back; the presence abnditions those require a more individual approach. The
extraordinay events (disasters; mass actions); weathauthor gives an eXgnation that the general

forecasts the state of other factors that affect the changenethods of energy management in the very metallurgical
consumption in accordaado the data obtaineftom the industry, describes the advantages and reasoms fo
processing of consumption statistics). implementing a energy management program, as well as

Improving the accuracy of forecasting saves energgveal the basic indicators, tells us about data
reurces, determines the efficiency of power supplgnalysis, project dentification and  processes
management and, accordingly, increases the profits iofiprovement.
energy companies. The neéatr accurate forecasiinof In the article [6] a group of scientists presents a
electricity consumption is conditioned by technologicatystematic review of existing publid@hs on energy
and economic reasons. The total payment the management in industry, that identifies five main elements
consumed electricity for the enterprise as a markef energy management, based on the following topics
participant consists of the payment for the actuallgtrategy; planning, implementation; operation, control;
consumed volume oflectricity and the payent for the organization and culture. The authors have developed a
deviation of the actually consumed volume from theonceptual structe of energy maagement, which
declared (forecasted) one. The higlparssibility of the shows that a comprehensive approach is needed to
forecast error is, the greater is the deviation of the actueffectively use the existing potential of ergy
amount of electricity consumed from the declareéfficiency.

(forecast) the greatersithe additional costs of the The book [7] was written by the authors of the
enterprise to pay for electricity. Thus, reducing th&leural Network Toolbox for MATLAB and provides a
forecast error wil allow the enterprise to reduce thedetailed descripdn of the fundaental architectures of
additional fee for electricity consumption caused byeural networks, learning rules, and applications for
inaccurate forecasting. solving practical problems.

In large energyintensive industries, th share of In [8], the authors offer the use of a deep neural
electricity bills in the cost of production can reach tens afetwork (DNN) for shorterm electrical load prediction
percent (for example, in méhargical production, it is (STLF), which allowed to oercome the proldms of
11%- 30%) [4], and in a market economy, the prime costonlinearity and achieve higher prediction accuracy.
of production will determine its competitiverse§hus, in The manual [9] covers the latest trends and
the conditons of modern energy market for largetechrologies in energy engineering and related industries,
enterprises and mining industries it is important to createcantains the latest materials on energy planning and
system of hourly electricity consumption, whichpolicy.
minimizes the deviation of power consumption from the = The educationapublication [10] explores a number
declared. of sustainable energy sources and tools used to analyze

Based on the done ferast, the actual andptimal industry and future energy trendbBhe text contains an
modes of operation of power systems are calculated, aserview of energy economics with an integrated software
well as qualitative parameters (reliatyij quality of package for research on energy use dynamics and
electricity, etc.) are evaluated. Clear forecasting dbrecasting; climatc and environmental factors of using
electricity consumption provides optimal load distributiorenergy are taken into consideration.

within the production mrcess. The main disadvantage of the exigtimethods is the
need to build a load model and the constant refinement of
Analysis of recent research and publications the designed model. Another disadvantage of these

methals is the inacctate setup of the relationship

Currently, forecasting of electricity consumptian ~ between input and output variables, because the
most of industrial ent er pelatorseips betweenthem aenlinegn t he exper
evaluation method, which in most of cases is not able to Most of the existing power consumption forecasting
provide the neessary forecast accunp Electricity algorithms are developed in the energy sector function as
consumption forecasting gives us primary information foR combinabn of various tatistical methods. However,
planning normal operating med in energy management. due to the nonlinear relationship between the factors and

The accuracy of forecasting directly depends on tHbe load on which it epends, qualitative modeling is a
calculation methods. There are a large number of rsodatery complex process. The known methods of forecasting
and methods of sheterm forecasting of the load on theelectricity consumption do not work withistbrted or
power system of a metallurgical enterprise. incomplete data, so we need new methods, approaches of

The formation and del@pment of methods of forecasting electricity consumption, those could take into
mathematical modeling, forecasting and planning diccount different types of data.

electricity consumption, in particular in metallurgy, is In this paper, based on the analysis, the MATLAB
related with thework of scientists, an overview of thecomplex with the Neural Network Toolbox was
main ideas of those are given below. chasen to develop amodel for forecasting the energy

The monograph by Belt C.K. [5] ia fundamental consumption of a metallurgical enterprise on the basis of
work in energy management in the metallurgical industryANN.
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Highlight of the earlier unresolved parts of the general forms the forecast of ceomption for theplanned period
problem. Aim of the study is the trajectory of power consumption, placed in short

term consumption forecast. Therefopepviding the high
When we are building a model of forecastingaccuracy of shoiterm forecast of electricity demand and
electricity comsumption for a netallurgical enterprise, capacity in power systems is a priority task. The

several tasks are being set. They are: opeational forecaing of electricity and power
1.To construct a mathematical model by pisieg consumption is a component of shtatm forecasting.
the data on the load for the past period of time; The objective of this pa is to develop a model for

2. To obtain a forecast based on the obtained modeforecasting the power system consumption of a
The task of this studis to get as nmeh information metallurgical enterprise and its experimental testinghen
as possible from the available data to do and to build ti&ta of "Driprospetsstal” named after A. M. Kuzmin.
most accurate forecast possible.eTépecific actions are Solving the issue of improving the quality of
selected on the basis of available data and availability @perational consumth forecasting will be considered as
informational and technical systems. The sotwatif this a set of measures to improve the quality of stemn
problem requires preliminary research and descriptivi@recasting.

analysis.
To solve the problem of forecasting electricity Materials and methods
consumption, a number of smaller subtasks are set, those
at the final stage will achieve the goedb build a forecast The task of shortterm forecasting of electricity
with maximumaccuracy. consumption is a difficult task. The apparatus of artificial
The gaeral task is divided into a number ofneural networks(ANN) has the ability to generalize
subtasks, those include: information that describes nonlinear dependences in

- descriptive analysis of the time series,goaphical complex objects, processes and phenomena.
analysis. The graphic analysis gives us an ability to  The sharesof electricity consumption in the energy
identify obvious trends and patterns in the original data; consumption system of PrJSC "Dniprospetsstal
- time seies researchas well as identification of Electrometallurgical Plant® ra determined by the

regular and permanent components; production cycle, but in addition to the process of furnaces
- obtaining an accurate forecast of the tiswries, loading, they are affected by other needs thqgeea

taking into account fluctuations; during the working hours. Therefore, as an array of input
- evaluation of the quality of the constructeddata for forecasting, statistical information was taken on

forecast. the hourly consumption of electricity during the 24 hours

The study of forecasting apprdees shows thatiiere period for the autumn months. Units of measurement of
is no standard, single method for forecasting electricitywput information areMW / h.

consumption: any enterprise has its speciahrelogical Based on the training varieties and the formation of
cycles, those together form a process that is unique ttte forecast at the initial stage of the research, it is
every enterprise. necesary for the ANN to select the weight coefficients in

The electricity consumption processes haveuch a way that the standard deviation of the values of the
functional, cyclial and random tendencies. The cyclicoutputs will be mmimal. This requirement applies to the
dependencies (they are usually daily, weekly and annuatwork of direct data extension and reverse error
are the easiesp predict. The cyclical trends, according topropagation (Feetbrward backpropgation- further FfB)
preliminary estimates, are for about 7080% of all [13]. Such network architecture requires its training at the
changes in the process of efegity consumptn [11]. For expense of setting time targets, those shouldthee
example, the most significant cyclic factors in almost altandird in the formation of the forecast and the input data
industrial processes are the timey dd the week and the that must be processed.
length of daylight. In order to set the input and tatgealues of the

The second of the important factors those are studiéahction for the ANN model, it is necessary to use the
when solving the problem of foredawy are functioal architecture with nonlinear autoregression (NARX),
nature patterns (1015% of the total deviations) [12].This which is presentedn Figure 1. It is a recurring dynamic
group can include deviations, those are akmd by network with reversed connection that has several layers
known and predicted factors those are specific to ttend is based on treutoregressive model:
metallurgical enterprise they are: air temperature c-
coolant guse. Bia zfnalysis hyels us to identl?fy these YO =Tt Dyt ).yt m.x(t Dr..xt n).(1)

factors and calculate their weight share in the energy e predicted value oft) depends on the previous
consumption process. values of the outpuand on then previous values of the

The third component of the forecast is randomyne series. Fig. 1 shows the neural network scheme used
trends. Their percentage share in the overall process;iSnis research.

small, but the amplitude of deviatisoan be signiftant. The NARX netwak in figure 1 is a twdayer

Operational forecast of electricity and powereyersed expansion neural network. The sigmoidal
consumption is studied with the base on the currefinction acts as a transfer function in the hiddset, and

dynamics of power consumption at the last minute of eactq jinear function acts as a transfer function in the output
hour, but the main guideline for the technologist Wh?ayer.
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The given network model uses delay lines withs from the previous values of (t-1), x (t-2), y (t-1), and
to store the previous values x{t) andy(t). The original y(t-2). A closedloop circuit can be used to perform multi
value ofy(t) is given back to the input of the networkstep prediction. This is caused by the fact that the
(after thedelay), & y(t) is a function dependent on thepredicted values of(t) will be usedinsteadof the actual
previous valuesy (t-1),y (t-2), ...,y (t-d). future values of/(t).

There are two entrances imet network. One is Before you can start training a network that contains
external, and the other is connected to the output of tdelay lines with taps, yomust fill them with the initial
network, from that the input values are obtained.d#h values of input and output.
of the inputs there is a delay line with taps for storing the  The task is to predict the time series, so as
previous values. The number of neurons at the latent lethe input data will beused te numbers of time
will be established experimentally, and the number dfitervals in the prescribed manner, and as the
delays is 2. output 7 the value of the analyzed energy

A closed loop in nonlinear autoregression allowsonsumpion.
onestep preditions, that is, it predicts the value gft)

4\ NARX Neural Network - Closed Loop (view) ESEIT

Hidden

Fig. 1.Closed loop in a network of nonlinear autoregression

For effectve network training, all input data is Another approach to forecasting energy consumption
divided inb three subsets. The first will be needed fois deep learning [14]. A deep neural network agwu to
training of a network (correction of scales). 70% of th@rocess a large amount of input information in a short
data was used for thigst one. time, has the ability to build dependencies on -non

The second subset is necessary to avoid netwarformative input information, to detect hidden
overfitting. The contl of network learning is carried out dependencies between the inputs and outputs
by calculathg the error on the data from this subset. At Neural networks with long sheterm memory
the initial stage of learning the neural network, the errdt. STM) have been created as a modification of recurrent
should be reduced:he over fitting will be evidenced by neural networks (RNNs), those can be selected. Any
an increase in error. Therefore, a traisgdtem will have recurrent neural netwk has the form of a chain of
scales, at those the error on ttest subset would be repeating modules of the neural network.
minimal. The core omponents of the LSTM network are the

The third subset is a test. It is useful when comparirigput sequece layer and the LSTM layer. The LSTM
different models as an independentttes a trained layer studies longerm relationships between time steps of
network. Also, the test subset may indicate poggiven sequences.
separation of theoutput data, if the minimum errors The diagran in fig.2 illustrates the architecture of a
on the data rad the verifiable subset are achieved insimple LSTM network forforecasting. The network is
substantially distant ones from one iteration. For thstarted from the input layer of éhSequence Input
second and third subsets, 15%f the data were sequence, which provides the LSTM layer. To predict
allocated. class marks, it ends with a Fully Connected layer and

regression of the source layer.

Sequence Fully .
Input H LSTM Ht_‘.onnected }_.‘ Regression

Fig. 2. Simple LSTM network architecture
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To predict the meaning of future sequence time Study results and their discussion
steps, ifis possible to train the LSTM chain from sequence
to sequence, where the answers are training sequences |n the Neural Network Toolbox eirenment, it is
with valuesshifted ty one. Thus, at each time step of thgyossible to use the following algorithms for learning
input sequence, the LSTM network learns to predict theeural networks:  nonlinear  Levenbévtarquardt
value of the next time step. The trimig of such optimizaion, Bayesian Regularization methods and
a network is carried out using the method of adam conjugate gradient methods (Scaled Conjugate Gradient)

adaptive moment estimation, optimizationthose are detailed described iuse@s [7, 13].
algorithm[14]. For objectivity of comparison of indicators of quality
Forecast accuracy is estimated as the mean absolgte forecasting at application of various algoms of
error in percentages (MAPE): forecasting with use of the corresponding architecture of
L ‘y }‘ constrléctior;1 of ANN one was chosen exactlyhand onI the
1R YL same day that gawen opportunity to compare the results
MAPE_E%T 100, ) of received forecasts in the most accurate way.

When modeling the process ofelectricty
where y, i actual load values, forecast resyitjs the consumption in the power system at the initial stage, a

amount of data. network that has an architecture of direct data propagation
According to the analysis of publicatis [7, B, 15], and reverse emor  propagation  (Feefbrward
a forecast error of no more than 5% is acceptable. backpropagation, of FfB) and trained according to the

LevenbergMarquardt Algoritim was cheen.
The training results of the neural network in
MATLAB are presented in the following way (fig. 3).

4\ Neural Network Training (nntraintool) l — | (=] |_ﬂh]

Meural Network

S fonm W) cw T

10

Algorithms

Data Division: Random  (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance: Mean Squared Error  (mse]
Calculations:  MEX

Progress

Epoch: 0| 10 iterations | 1000
Time: | 0:00:01 |
Performance: 1.55e+07 | 2.9%e+04 | | 0.00
Gradient: 2.95e+07 | 1.04e+04 | | 1.00e-07
Mu: 0.00100 | L.00e +03 | 1.00e+10
Validation Checks: 0| f | 6

Fig. 3. The Neural netwdrtraining results performed by Levenbéviarquardt Algorithm on the architecture of the FfB model

In the following stages dhe training, the same type According to the obtained results, the comparison of
of architecture, FfB, was used, but the learning algoriththhe generated forecastofn the actual values using
changed: first, the Bayis regularizatioralgorithm, then different training algorithms on the FfB architecture are
the combined gradient method. presented in fig. 4.




sz yOmdzd 2 lsiOEA) dZOHFYSHAGREO 2 o

ISSN25229818(print)

f tots 24q MIKAS) t TESN 224-2296 (online)

42000

40000

39000

38000

Eenergy consumption, Mwh'h

37000

36000

35000 T T T T T T T T

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 1s 17 18 19 20 21 22 23 124

I Time (hours)

where 1- The actual glue of energy consumption;-Zorecast value of energy consumption according to Leverldarguardt
Algorithm; 3- forecastvalue of energy consumption accordindtyesian regularization algorithm;-4orecast value of energy

consumption by the metha combined gradients
Fig. 4. Results of energy consumption forecasting using ANN

In contrast to the above ANN, a separabétveare

network.

Forecast

The sequence of software implementation of dee L 210
training in tre MATLAB package is: 42

1) to import data from Excel;

2) to divide the data into a training sample and a tes 4t

3) to standardizéhe data to have a zero mean anc
modulardeviation;

4)to create an LSTM regression network. Set thig 3 2.
LSTM layer, which has 5 hidde modules. Further
increase in the number of LSTM modules or Iayer:‘-:I
doesnot i mprove the forec 35t
guantity of training data in our case.

5)to set training options. Specify the ‘adam'

ol -

Fact

+— Fogacast

algorithm and train LSTM with the given trang options 34"
using train Network for 250 epochs. To prevent the 0
gradients from exploding, set the gradient threshold to 1;

=
-

10 1

LA

20

6)to predict the value of several time sejp the Fig. 5. Display of actual and forecasted datdues with the

future, use the predict And Update State function;
7) to initiate a network stat first predict the training

LSTM network

The results of forecastingith the LSTM network
solution is required for forecasfi using the LSTM are shown in fig. 5.

gni fi

data XTrain. Then we make the first prediction using th The results of the obtained forecasts and calculations

last time step of the learning answélrain (end).

Table 1.Characteristics of ANN training

i forecasting accuracy according to rfarla (2) on
different training algorithmare summarized in table 1.

Parameters Levenbpﬁggolrich%rquardt Bayesian regularization algorithm | Combined gradients NLeSt\;gArk
Epoches number| 10 211 7 250

Training time 0:00:01 0:00:05 0:00:01 0:00:05
MAPE, % 2,87 3,07 3,27 2,59
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According to table 1, the best among the used ANkesuls obtained with the help of neural networks of
for this taning is the LSTM network, the maximum different architecture with the nelts obtained by other
prediction error is 2.59% modulus per operating 24 hoursethods is used.
period. In absolute termthis is 1,069.76 MW. In the monograph Belt C.K. [5] shows a tendency to

The use of artificial neural networks allows toincrease gas consumption in the winter months and
increase the consumption forecasting efficiency, as well amphasizes that reducing the aeused for the station
to consider the dynamic processes those are occurringlirating may be a viable project. Therefore, the following
the power system, which affect the natufeetectricity studies we provide the possibility of inthacing
consumption ad power, which increases the accuracy afneteorological factors into the model of electricity

forecasts. consumption forecasting to increase the efficiency of
To implement this task, the optimal software an@dNN.
hardware complex MATLAB wasefected, that has tools High accurag of shortterm hourly forecasting of

for building and realizing ANN. We had the wide range oélectricity consumption is a necessary ctindi for
possibilities andproposed readynade solutths so an normal operation in the wholesataarket of electricity
analysis of the choice of the ANN architecture and thend capacity (WMEC), otherwise such market entry does
algorithm of its training was carried out in this softwarenot make sense. In such conditions, the financial iposit
package of the WMEC participant depends on the accuracy of
Using MATLAB software package, experiments orforecasting, so there is problem of estimation the
the basis of statistical data of the metallurgealerprise economic  efficieny of electricity consumption
by the method fo artificial neural networks were forecasting, but this requires additional research.
conducted. It is revealed that the developed neural Management of a large electrometallurgical
networks may be used to make a forecast eftridity enterpise in terms of energy saving policy involves

consumption for t he 24 h oeffectved managareentp ef r énergy @oimgtiand bywi t h

maximum accuracy of 2.87% of thaectual volume of forecasting electricity consumph, that leads to new
electricity consumed. challenges and enhances the relevance of research in this
area.
Conclusion and perspectives of further development The forecasting results analysis done witb use of

the developed models showed that the chosen approach

Developed models for forecasting energyith experimentallyselected architectures and learning
consumption of "Electromaliurgical Plant algorithms meets the necessary requirements that were set
"Dniprospetsstal" named after A. M. Kuzmin powerat the initial stage of creating a dynamic model of
systems based drSTM ANN meet the requirements for forecasting based on ANNt ¢an be concluded that the
the qudity of shortterm forecasting of consumption in networks are built in the correct way, because theamo
power systems. But they fail to include all energjearning algorithms make the model eftiee.
consumption problems and factahat affect the energy The practical value of the modeling carried out in
system of the enterprise. Therefore, there are a nunibertlis work is confirmed by a number of experiments
ways for the further mode pesfagmed prpreabandvaablg for research data, those

An important aspect of ferrous metallurgydemonstrate the possibility of using the devetbpool to
enterprises is the risk of downtime for various reasons, telve forecasting problems.
prediction of those usingenral networks is considered in The scientific novelty of this work is the
the article [16]. This fact makes a challenge fiather formalization based on the neural network's theory of
research in this area regardingnteirupted power supply energy consumption forecasting modeiese include the
and the impact of risk factors on the random component 8gily volumes of electricity consumed.
the time series. The work was carried owts the part of the research

The issue is being analyzed hetrticles by Chinese work "Mathemattal modeling of soci@conomic
authors [17] relate to forecasting energy consumption processes and systems”, the registration number
non-ferrous metallurgy, those enterprises éakeir own DBO05038, at the Department of System Analysis and
characteristics. The method of hybrid regression d¢tomputational Mathematics of National University
reference vectors for research, that inspires to compare td@porizhzhya Polytechnic".
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V. BESKOROVAINYI, A. SUDIK

OPTIMIZATION OF TOPOLOGICAL STRUCTURES OF CEN TRALIZED
LOGISTICS NETWORKS IN THE PROCESS OF REENGINEERING

The subject of research in the article is the topological structures of closed logistics networksurpbee of the work is to create a
mathematical model and methods for solving problems ofmigation of topological structures of centeald logistics networks in
the process of reengineering, taking into account many topological and functional constraints. The article solves tigetdshswi
analysis of the current state of the problensystem optimization of logistics networks ametthods of its solution; formalization of
the problem of system optimization of logistics networks as territorially distributed objects; development of a matheoudxica
the problem of optimization of cemlized thredevel topological structures dbgistics networks at the stage of reengineering;
development of a method for solving the problem of optimization of centralized-léwedetopological structures of logistics
networks at the reengineeringagt; estimation of time complexity of the meth of optimization of centralized thréevel
topological structures of logistics networks. The followmgthodsare used: methods of systems theory, methods of utility theory,
optimization and operations reseh. The followingresults were obtained: amgsis of the current state of the problem of system
optimization of logistics networks and methods of its solution; the problem of system optimization of logistics networks as
territorially distributed objecthies been formalized; developed a mathematicaetel of the problem of reengineering thieeel
topological structures of logistics networks in terms of cost and efficiency for the case of combined production andgppodessi
methods of directed sedr of variants of construction of a logistietwork which use procedures of coordinate optimization and
modeling of evolution on the basis of genetic algorithm are developed; estimates of the accuracy and time complexizatibaptim
methods of centraled thredevel topological structures of lagics networks are obtaine@onclusions Based on the results of the
study of methods for solving the problem, an approximation of their accuracy and time complexity was performed. Intipisactice,
will allow you to choose a more efficient method folvsty largescale practical problems, based on the required accuracy, available
computing and time resources. The method based on the coordinate optimization procedure has a significantly highdsiadcuracy,
is more complex from a computational poifitview. The accuracy of the evolutionary method based on a genetic algorithm can be
increased by increasing the number of iterations. The practical use of the proposed mathematical model and method=iigeengin
the topological structures of centralizelosed logistics systems by jointly solving problems for direct and reverse flows will reduce
the cost of transport activities of companies.

Keywords: closed logistics; logistics network; optimization; reergring; structure; topology.

Introduction topology, parameters, technology) and radical redesign

[5]. This requires solving a set of problems of

The processes of optimization of anthropogenitechnological,  structural, — paramiet topological
objects provide for the establishment of causdptimization, multifactorial evaluation and selectiof
relationships and laws characteristic of fi@cesses of System solutions taking into account their connections at
movement of heterogeneous flows in them. This is done @l stages of the network life cycle [6]. At the same time,
order to identify and implement effective organizationathe principles of building a network are radically revised,
forms and methods of object management. Thehich can lead to profound changes in the technology of
effectiveness of such processes is largely determined i functioning, stucture, parameters of elements, means
the quality of the relevantogistics [1]. One of the of transport, topology. Given that logistics networks use a
problems in managing the SCM supply chainsipiBy  relatively small variety of alternative technologies, node
Chain Management) is the design of SCND supplidéerminal) types and vehiltypes, the main problem from
networks (Supply Chain Network Design) [2]. Sucha computational point of view is the aptzation of their
networks are inherently faciliies with significantStructure and topologies.
territorial dispersal. The mtctural, cost and functional
characteristics of logistics networks aréargely _ Analysis of the problem and methods of its solution
determined by the topology (placement) of their elements
(manufacturers, terminals, consumers). The topology of Traditionally, logistics are macro and micro logical
network elements, in turn, determines the topology of thgystems [7]. The first speciesstgms operate within the
correponding flows. interaction of several property objects are related to

Logistics networks operate in constantly changintgerritorial distribution and are used by international
condtions. This is due to the emergence of newranscontinental companies or intermediary organizations.
consumers, changes in supply volumes, the introduction ©fie second species system solves the problems of
environmental restrictions {8] and the like. As a result, interaction of one or more enterprises with one economic
at some stage, existimetworks become inefficient or no interest or a separateterprise [8]. In this case, in the
longer meet new conditions. Attempitsupgrade them by transport micro logical of a large enterprise allocate
solving traditional optimization problems do not guarantegystems of global and local transportation. The task of
efficient options. For more effective adaptation of suchlobal transportation in the generalse is reduced to the
objects, a reengineering approach is increasinglgd, optimal placement of intermediate truck unitanimimize
which involves a fundamental analysis of existing optionsargo transportation costs [9].
for thar construction (modes of transport, structure, Increasingly, the tasks of environmental logistics are

E V. Beskorovainyi, A Sudik 2021
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increasingly relevant, which are aimed at reducing thie ceter of production to terminalstp, , processing in
Ievgl of risk of economic lossesud to deterlorat}on of the terminals of directs,, and reverses,, flows, the
environmental quality and enhancing ecologicald a ) . .
economic efficiency of enterprises [10]. delivery of a direct flow from terminals to consumers

The subject of reversal logistics is the ordering anffs s the delivery of a return flow from consumers to
systematization of reverse = commodihaterial, terminalstg, and the backflow delivery from termirsal
information, cash flows [}27]. Usudly, tasks of direct tg the center [18]:
and reversing logistics are considered as conditip
independent, which does not allow to receive effectiv =ty et tHgy FH, (2)

lobal solutions to the logistics problem as a whole. Their . .
jgoint solution generatesga plueality of new tasks that The mathemgncal model .Of .SUCh a task W'th the
require he development of new mathematical models angrget functhn @) In the saof comudencg of product.mn
effective research methsf8]. and processing points can be presented in this form:

One of the stages of synthesis of the system of glok n non_
transportation of products of one manufacturer i C=ag% +ta &x -mir, (3)
structural and topological optimization of the centralize: i=1 i F X
transport andvarehouse system [19]. It is considered a~
set: the location of the pply center, set of consumers

| ={i: i =1,n}, for each of which is determined by the
matrix of the distance location, supply volumes an
transport tariffs for the deliveryf@oods. It is necessary
to determine the optimal number ¢f and location of

terminals, as well as subsets of consumers serviced Wiere ¢, i the costs of the terminal are organized on the

each of the terminals; ={i}, j =1,! ° . In this case, in base (in the immediateicinity of) i -th consumer;n i

global transportation systems, it can be assumed thaymber of network elementsX =[x;] i Matrix of

terminals are located near consumers of praduct network elementsy; - Boolean variablex; = 1, if there
Target function of the task shows the cost of deliver

of products to consumers:

n

%1 {01} 0 sLmd % 2, |
X =[x;]

—— = by — o:
[
—~
~
N

&

i 1=

a ax =2(n-1)
j=1i #

?é a drect link betweeni -th and j -th elements of the
network; x; = 0 7 in other caseg; T shipping costs flow

| n |
o :Z (;+Z Pfn e v (1) from the network iteni to theitem.
j=1 i=1 j=1 rdy The system of restrictions in the probléB) - (4)
describes the entire set of permissible tHexel
where ¢; i the costsof creation and use of thg -th centralized structures with direct and reverse flows.
terminal (including delivery and swge costs); | i The basic task in the network of local transportation

¢is the problem of optimizing ring rees, which is reduced

to the classical sales goiem (SP) or its varieties. The

products;g; i volumeof cargo for thei -th consumer;ri most effective precise algorithms for solving the SP

i transpot tariff for the delivery of cargo to the -th without additional restrictions are based on the method of

- . branches and limits, and heuristic methods use different

consumer;d; i distance between the-th consumer and gercrgchemes in the vicinity of a basic solution {22].

the j-th terminal; v; i Booleanvariable: v; =1, if the The peculiarity of routing tasks in closed logistics

) i i ) i . systems is that the direct stream can be delivered to the

I -th consumer is serviced by the-th terminal, vj =0 T aruork points and the reversible stream may be collected

otherwise. from the network items by one artie same vehicle.
To solve the problem with the target function of théConsideration of this featurerequires changes to

type (1), approximat methods of directed interruption in mathematical models and methods for solving problems of

the direction of increasing the number of terminals of theptimization of networks of ring routes [18].

network are quite effectivgl9]. Their time complexity In modern conditions there are relatively rapid

has an orde©[n?] r, and the error of solutions for taskschanges in flows in all chains of lagcs networks. With

ith th ber of consuas n < 50 is less than 5% relatively minor changgs IﬂOW..S,_ adaptatllon of existing

with the num = ) 70 structures, which requires decisioraking in the context
The tasks of structural and topological optimizationy parttime data [224]. At the level of micro logistics,

of closed logistics rteorks differ consideration of s is reduced to the operational solution of the problem

reversible flows from consumers to centers of productiogy optimizing the network of ring routes at ammum of

or processing (gtilizat_ion)._ They predictetbptimization costs [25]. With significant changes in flows, there is a

of the network, in which, in the first level are centers ofeeq for reengineering macro logistic networks. One of

production and processing, on the secerermirals, on  the most important tasks in this case is the problem of

the third- end consumers. The cost of the network in th'éptimizing their topological tsuctures in terms of

case consist of the cost of delivery of a direct flow fro”éfficiency and expenseshik determines the relevance of

number of terminals;n T number of consumers o
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tasks of developing mathematical models and methods for According to the results of the analysis of the
solving problems of reengineering of topologicaburpose of creating a netvk s, the conditions for its

structures of logistics networks. functioning and desirable properti& that are evaluated

The purpose of this article is the deslopment of a lurality of local criterigk i—1m bset of
mathematical model and the methad solving the y a plurality of local criterid (s ), 1 =1,m , a subset o

problem of optimizing the topological structures ofelementsE’(P’), connections between elemerRS(F')

logistics networks at the stage of reengineering, takirand topologies on which it can theoretically be
into account the set of structural, topological anémplemented can be determined. Taking into account
functional constraints. To aehie the goal, the following economic, environmental, other restrictions are

tasks are solved: _ determined subsets of permissiblementsE C E'(P),
- formalization of the problem of systematic . . ) o
optimization of logistics networks; connectionsR C R (P ) and topologiesG'(P") that

- development of a mathematical model of therovide the possibility of obtaining necessary properties.
problem of optimizing centralized thréevel topological Further the most effective variant mus determined on
structures of logistics meorks at the stage of the permissibleset of network construction options
reengineering; S ={sk

- developrent of the method of solving the problem
of reengineering of topological structures of centralize $° = arg max P(s. 7)
threelevel logistics networks; scS

- evaluation of the time complexity of the method of
optimizing centralizedhreelevel topological structures of
logistics retworks.

Due to the incomplete certainty of the requirements
for the properties of the logistics network as an efficiency
assessment fanction of general utility)P(s) in (2), itis

Results of the study proposed to use the function of belonging to the fuzzy set
"Best Network Option" [26]:
Due to a significant territorial dispersion of element: «Best Network OQjon»= {< s,P(s)>, (8)

of logistics networks, they are included in the class oi

territoria”y distributed ObjeCtS [18] Each of these Objectwhere sc g i networkconstruction Option; P(S) i the
asa system formally be submitted in the formeatuple: value of the function of the total utility of the optios,

s=< E,R,G>, (5) which assesses the degree of its belonging to a fuzzy set

. . (8).
where E is a set of network element® = [r;] i the set For quantitative evaluation of the efficiency of the
of bonds between elements, which traditionally set tMariants of network construction, we use the mossatie

matrix of adjacency:r; =1, if there is a direct connectionadditivemultiplicative - model, built using Polynoma

. . ) Kolmogorov Gabor:
between the -th and j -th network elements, otherwise;

T =0 1 otherwise;G T a set ofplaces wherg¢he network P(s)= g | idfx) g+ma,_ . I(s)@ Xs) ..(9)
elements are located. i=1 i %j i:” ! ,

Based on a set of admissible locations of terminals ui
a system G, each of the variants of the networkWhere m i is a number of local criteria characterizing

structure< E,R> may have different topologie C G . network propeies; | j, ‘j T weight coefficiats of local

Each of the network <E,R,G> topologies criteria and their yieldsl j 20, ijl 0, x(s) T local

G =<Gg ,Gr,Gy> (where G i topology of elements; criterion utility functionk; (x), | =i, j .

Ggr T topology of connections between elemer® 1 To assess the usefulness of individual partial criteria

topology of movement of flows) will correspond to its sewalues, it isproposed to use the gluing function, which has

of functional and consumables: advantages in terms of accuracy and number of computer
B G’ operations for its calculation compared to the Gauss,

P=¢(E,R,G, (6) Harrington and logistics functions [27]:

wherey T a certain reflection.

?— " a a /5 k(s Q(.;{; WSt K -
2@ 1)213?- éagq L 596;0 (s§ k¢

x(s)=1 ¢ . . . L
T =\ e a a a  Kk(s) k 00- -
fa+(l-a) (B 1yel @y keh —7+> 90 k k(s) <
i 2 E T Lk X

(10)

whereka,a i normalized values of the coordinates of th@luing point of the components of the function,
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0Cka ¢1, 0<a<1; b,,b, i parameters, nonlinearity - more than one consumer must be directly

of the initial and final components of thenction. connectedo each terminadlj 5 + n-a-_§ 3, for all i, for
The task of reengineering the topological structure of =1 ! i1

a centralized threkevel closed logistics network with the .
united items of production and processing is considered Ych si =1,i=1.n

such a statement. Are specified: I each consumer i connects to terminal j by
- set of elements of the existing wetk minimum of resulted expenses:
- an existing version of the topological structure of iej

the network s'c¢ S given by places of consumers, T each of the terminals of the m@rk j has a direct

terminals (coincide with places of location of elementskonnection with the centes; =1 - §; ;

center (coincides with the place of locatiof the element

i =1), as well as connections between elements, terminals .

rangel<} s <n/2
i=1

T the number of terminals in the network is in the

ard the center[si'i ], 1,j= 1,n (Siij =1 if there are direct

. . . T the total number of direct links in the thrksel
connections between elemernitsand | , and S = 0 non n

network structure isequal @ s, =n + & -
i=li F i =
Formally set of permissible wiants of network
constructing can be shown in this form:

otherwise);
- costs of creation (modernization), operation of

terminals[ci ], i=1,n , implementation of transportation

i=1,n [Cij] , cost of resources that can be reused ( A-é[sij]’ 5 i {0,1}, i,j =Ln, 5, %
realized) after dismantling afquipment of terminals or : n _
vehicles. iiéj § 2L oAm
It is necessary to determine the best of the set : non n
functionatcost indicators option of the topological S={s} 3 _:a_li_a § * igﬁ ; (20)
structure of the logistics netwo s° € s (7). %J _ j . =
Basic restrictions that are taken into accowhien 15 = T-g 71 1 Bm
optimizing topological structures of thréevel centralized }s” =1 zﬁ = argi¢r111ig f i 1m

networks:
- each consumer of the networki=1,n must be

Target Function for reengineering of logistics
g n network in the above designations may be shown in the
connected to one of the terrals: g s; + q§ 2 forall  ¢5m,:
j=1 j %
i for which s =0,i=1,n  or directly to the

manufacturer (centers)lj =1, i:1,_n ;

q(,)=AC=)" [§0-§ )§ +fiks re (rsi)s -0 (-5 )s |

n n _ (12)
to 2 lejd-g ) v Fis e GpspSi-o [-g Ys b min
F1i=] =<
where ¢; T costs for creating théth terminal in a new It is considered that the cost of modernization,

dismantling and the cost of reused resources do not exceed
the expenses of new terminals antiet sale of
adjacency donnetions) between elements in existingransportation betweehe eements of the network:

network xi:ngi and network after reengineering

structure, i=1,_n ; S{i, S1'j i elements of matrices of

€<G, d<¢, g <¢, i=1n;

x=g% ; dj T the cost of upgrading thieth terminal; 6 <G, q<¢, g <, i n.
Given the desire to minimize the maximum

e of delivery of goods to consumers, the

implemented) after dismantling of equipmenitth criterion of maximizing speed can be submitted in the
terminal; Gj i the given cost of transportation betweenform of:

the elementsiandj, j=1,n . ky(s)=U0( s pr&) Y ( 3+ ¥)-s g', (13)

12)

g 1 costs of dismantling theth terminal of the existing
network; g; T cost of resources, which can be reused (ﬁr[n
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where U ( )i maximum time of transportation of goods ~ The solution of the problem by the method of
from the center of production to terminalscomplete search of all possible options for building a
(()x i maximum goods handling time in terminaish®Work for the number of consumersi>50 is
- . . . . impractical die to the high time complexity of such a
Ws( ) T maxmum time for delivery of goods from -y -4
termirals b consumerss <. To simplify the procedure for finding a global
Determination of weight coefficients of model (9) isoptimal solution of the problem (16)11) we use the idea
proposed using technology of comparator identification ¢ff a method of directed variance proposed for
advantages of decisianaking person [26]. reengineering of territorially distributed objects ihet
In practice,for some types of cargo, the change invork [28.]. Its essence lies in the previous definitdlﬁnhg
delivery time (13) U ( is uncritical when changing the Poundaries of the number of network terminals
options for building a logistics network. Based on this, thémiﬁ <<l max- which - guaranteed correspon(-js. to the
two-criterion task (10) (11), (13) is reduced to single optimal solution of the problem. As the lower limit of the
criterion (10)- (11) with an additional restriction on the number of terminals, @ choosd ;, =1, that corresponds

maximum ddivery time of the cargo: to the hypothetical situation when
. ) 14 the only terminal is located on the territory of the
2”22’; W (s), (14) manufacturer. To determine the upper limit, it is necessary

B to determine the minimum of maximunadditional
where | ( T time of delivery goods to thieth consumer; costs (11):

Ui permissible time of goodiglivery. ACax(S,1)— min. (16)

Analysis of the reported expenditure (11pvyides s
the following conclusions.

If reengineering results in a topological structure th:s'[&
does not contain terminals and connections of a previougfih oyt taking into account existing terminals. Search for
existing network, it requires maximum additional 10S i) task solution is @dred to be carried out on a
AC. Such a topological steture can be obtained by gegmenn << __ . by changig thenumber of network
solving a traditional network design problem. In this Casiérminals by ruld =1 4

the cost function of the number of terminals in th
network AC(l) is unimodal [2829]. Thus, to solve the problem by the proposed method,

) ) it is necessary to find solutions of two auxiliary
In the gneral case of reengineering, the coShgys g find a minimum of maximum expenses and search
function of thenumker of nodes AC(l) can be multi 5 5 minimum additional i of reengineering. Each of
extreme. Analysis of the components of the function (1the tasks has approximately the same computing
showed that the most significant are the costs of deliverimgmplexity as a classical problem of propyling the
goods between elements betnetwork. At the same time, topological structure.  In view of this, the timing
in the process of reenggerng, situations are possible of the proposed method has an ord®[t(n)] (where
when different parts of the existing topological structure n) is the timing of the method of solving the
are used with a change in the number of terminalé . ,
1<1<n/2 at each step, which leads tiwe appearance classical problem of structural and topological

f local ext in the function deterntioa interval CPtmiZation).
(()11)0%‘ extremes in the function determmoa interva The accuracy of the proposed method is determined

) i - ) . by the accuracy of methods for solving problems
The delivery time of the goodsJ (, which is  atermining the number of temals and places of their
determined by the ratio (13), increases with the number pfacement.

terminals 1<I<n/2. To solve the problem of In order to implement a directional selection of
reengineering the topological structure, iniscessary to  options for optimizing the placement of terminals, we use
use methods that allow you to obtain effective solutior coordinatewise optimization methd@€OM) and an

taking into account the monotonicity of the functith( ~ evolutionary method built on the basis of a genetic

(13) and the mukextremity of the cost funan (11) algorithm(EM-GA).

depending on the number of terminals in the neltwor Coordinatewise optimization method (COM)[28,

< ) : i
1<l=n/2. _ ) . 29]. The essence of the method is to improve the initial
Total number of topological network reengineering,ariant of the network by alternating optimization of

With this aim, itis necessary to solve the problem of
nthesis of optimal topology of the network (10f11)

options for number of terminalk<l<n/2 is: places ofpossible location of one terminal in fixed placed.
N N This procedure is cyclicallyrepaated until the local
N(n)= }Zdh — _12 n! =2 /2, (15) extrema of the target function is reached (11).
215 215 N(n=1)! Algorithm

_ _ _ 1. Incoming data settings: a set of places for possible
where n T number of possible locations of terminalgerminal locations; number derminals | :=1: index of

(sysemelements). the current terminal j:=1; current iteration value




ISSN2522-9818(print)
ISSN 2524296 (online) Innovaive technébgies andscientific solutions for industrie2021. No.1 (15)

i :=0; the value of the full pass count for all networkthe procedures of inheritance, mutation, selection,
elementsu; an initial value ér the best arrangement ofcrossingover [280]. Eat chromosome of the genetic
the terminals W°: best current dterion value @lgorithm displays a plurality of termina; locations on
AC(W') = 0. the iterationi. The terminal index code is used as the

2.To form an initial version of placement of 9ENe, and the function is used as the adaptability function

terminals w;', distribute consumers between terminals fo$

Algorithm
the minimum transportation costs 1. Incoming data settings: a set of possible locations
i,j =arg iqr:ninm Cji "i,j #%,n and calculate the value of of terminals; chromosome populati size; probability of
] mutation p; number of iterations (populations)=0; the
thecriterion AC(w') (12). quantities of iteratins i ; the best current criterion value

3.Increase the value of the meter of iterations -
o ali At . . AC(w ) :=oo0.
'_ =4 f9r aterminalj at w' to change its location at 2. Transition to next iteration :=i 4. Population
fixed terminall - 1 placement. formation.

4. Calculate the value of the criteriahC(w') (11). 3. Calculate the value of the adaptability function

o (11) for all chromosomes ofi¢ pgulation and choose the
If AC(W) <AC(W)), to save AC(W)=AC(W), best chromosome by the minimum value of the

w? = w' and go to step 5. adaptability functionAC(w ); wW° == w .
5. Increase the index of the current terminal 4.1f AC(W_;) > AC(W) thenw® — W
. 1 , =W .

j==j 4.If j<I, goto step 3, otherwise go to step 6. o,
_ 1. _ - 5.1f i>i ,then goto step 9, otherwise go to step 6.
6. 1f u=0, to savew™ =W\, u:=u 4, j=1 6. Chromosome selection.
and go to step 3, otherwiséo step?. 7.Perform crossing operatiorand (with a given
7. If AC(W)<ACW ), to save w'™:=w", probability) mutation.

u=u 4, j:=1 and go to step 3, otherwis¢o step 8. 8. Form a new population and go to step 3.
. . - 9. End of algorithm operation: the decision to locate
8. End of the algorithm operation: a decision was

. 0 . . terminals with minmum ®©< consideredw® with the
made to place terminalsv® with the minimum of the minimum of the considered cost val (W)
considered cost valuesC(w’). UBS: '

The results of the experimental study of accuracy
and time of solving problems of optimization
of topological structures of logistics networks
with the number of element®i=15 -40 are given in

Evolutionary method based on genetic algorithm
(EM-GA). This method iteratively implements

table 1.
Table 1.Results of experimental research of methods
Dimension of the task,N Relative error of the decision,éc(n) , % Time to solve the problem,t(n) , W

COM EN-GA COM EN-GA

15 0.17 1.86 0.52 0.22

20 0.32 2.54 3.03 0.71

25 0.56 3.12 5.24 1.86

30 0.72 3.61 11.86 391

35 0.88 4.81 21.35 8.13

40 0.99 6.84 35.26 14.01

Average value 0.61 3.86 12.88 4.81

In order to predict the assessments of gheposed i EN-GA:  dC(n)=0.006a7 -0.178& +3.241;

methods in solving largsize tasks, approximation of data R? = 0 9827
in table 1 is carried out. h f“' . i lexity for th d
Functions of errors for the proposed modifications of T e furctions of time complexity for the propose
the method of directional selection of options aremodlflcatlons of the method of directed variants are
approximated by polynomials with reliabilitR? : approxmated by polynomials with reliability* :

. . _ 2 -
i COM: dC(n) = 0.033% +0.326;, R? — 0,989%; i COM:  1(n)=0.06157 -2.0388 7.9
R® = 0.9969;
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T EN-GA: dC(n) =0.028¢ -0.008% 49.299; In the first stage usg a methodology for the

synthesis of territorially distributed objects and the
A s btained di ble 1 d doption of multicriteria decisions, formalization of the
pproximations obtained according to table 1 data ﬁroblem was performed. On this basis, a statement is

allow to choosg a more effective modlflcat|on of t.heformulated and a mathematical model of the problem of
method for solving practical problems of large d'mens'or}eengineeﬂg threelevel topological ~structures  of

based on the necessary accuracy, available congpanid |, qisics networks according to cost and efficiency

time _rrehsourceih d based dinat timizati indicators for the case of combined productiand

€ metho ased on coordinate optimiza IOBrocessing points. Due to the combinatorial nature of the
procedure COM has substanhally imyfaqcuracy, .b'“'t itis problem to reduce the time for its solution to thepmsed
more complex from a computing point of view. Themethod of directed selection of options for building
accuracy of the evolutmnary method baged on the 9enefis network. In the modifications of the method for
EN'%A a][gorlthm can be wreased by increasing thegqying the problem ofplacement of terminals, it is
nhumber of iterations. proposed to use procedures for the coordinate
optimization and modeling of evolution usiray genetic
algorithm.

R? =0.9966.

Conclusions

The method based on the procedure for
As a result of the study, the statetbé problem of coordinatewise optimization has substantially higher
optimization of global and local transportation routes iccuracy, but it is nte complex from a computing point
macro and micro logistics in systems of ecological angk view. The accuracy of the evolutionary method based
reversinglogistics is analyzed. It is established that thgn the genetic algorithm can liecreased by increasing
tasks of direct and reversing logistics are considered @& number of evolutions.
conditiondly independent, which does not allow to According to the results of research, the

receive effective global solutions as a whole. In additioyyproximation of indicators of their acewy and time
because of the emergence of new camens, the change complexity is performed, which in practice will allow a

restrictions there is a need to-emgine thelogistics nractical problems of large dimension, based on the
networks, which provides for their radical redevelopmenhecessary accuracy, available computing and time
As a result of decomposition, problems are allocated taskssoyrces.

that requie the development of new mathematical models

and effective methods for solving their solutions.
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Tree Diagram for 25 Cases
Ward s method
Euclidean distances
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Tree Diagram for 24 Cases
Ward s method
Euclidean distances
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Ward's method
Euclidean distances
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SYSTEMS ANALYSIS AND MODELLING OF THE EDUCATIONAL SERVICES
MARKET

The subject of the research is a set of models of systems analysis of the educational services maieal hthe work is to
develop a set of models of systems analysis of the educational services market in Ukraind|omhtohagasess the state of regional
market segments; to highlight the segments which are the most sensitive to the reduction of the edinsiticitans network; to
assess the competitiveness of educational services in the foreign market; to detesnmiost attractive segments of the fgne
market. The paper solves the followitasks models of classification of regions according to kxeel of development of the
education system are developed; models for a comprehensive assessment of tHedxagbpment of the education system are
proposed, which allow assessing the position of Ukraine in comparison with European countries;fonatassifying external
market segments by the level of attractiveness for promoting educational serviceminiiddkuniversities in the context of an
exportoriented development model are developed. The followieghods are used: systems analy$ido describe the object of
research, conceptual approach and a set of tasks to be solved; cluster af@alyzigding classification models; taxonomy theds,
development level method to build a rating assessment of Ukraine's position in the educatiendces market. The following
results have been obtained: a grouping of the regions of Ukraine by the ledglvefopment of the education system baen
developed, the "pivotal" regions for the formation of a network of educational institutiondbéernddentified; a system of rating
assessment of countries in the educational services market institutiongdragproposed; the most attractive extemnarket
segments for the promotion of educational services of universities in Ukraine institutimndéden identifiedConclusions the
implementation of the models made it possible to conclude thataimposition of the "pivotal" regions for the fortizen of a
network of educational institutions includes such regions as Kyiv, Kharkiv, Odesa, Zapiarjzhzv, Dnipro regions. Educational
services of universities in these regions are in the highestndierbat these regions are also the most vulnerabtbe phase of
market decline. The analysis of the "substitute" effect made it possible to coticitidékraine is characterized by a high rating of
the level of development of the education system impayison with European countries. In the contexthe expororiented
development model, external market segments that are attractive for Ukraireekav@ghlighted.

Keywords: education; educational services; educational services market; systemsisanalgdelling; cluster analysis;
taxonomic indictor.
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S. DANSHYNA

GENERAL APPROACH TO PROJECT MATERIAL RESOURCES MANAGEMENT

The subject matter of the article is the processes of managingntiterial reources of the project. Thymal of the work is to form a
generalized approach to the management of mahtesources project by determining and formalizing the management processes of
them. The followingtasks were solved in the article: theqresses omanaging material resources project, which based on the
process approach, are formed; place of theseeggses in the PMBOK structure is defined, these processes are integrated with other
project management processes; a formalized presentatitre progct management processes of the project is given; tools and
methods of managing material resources efftoject are identified. The followingethodsused aréd methods of system analysis,
decisionmaking theory, and inventory management tiedihe following results were obtained with target to make informed
management decisions, it was proposed tacaliba separate area of knowledge, within which the processes of the management of
material resources of the project are formed, their plessdnnecion with the groups of PMBOK processes is shown. Based on the
process approach, presentations of thegeses were formalized. They are elements of managing material resources of projects. They
define inputs and outputs, show interrelations witier proesses of a specific area of knowledge, provide basic recommended tools
and methodsConclusions the pr@esses management resource described in the PMBOK methodology are analyzed. This made it
possible to form possible directions for improvimg fprojecs resource support. It is noted that the solution to this problem depends
on the management of the mééresources of the project. A separate area of knowledge has been highlighted, within the framework
of the processes of management of niateresoures projecti the processes of evaluating material resources, procurement
management and supply, distriilmn of material resources, managing material resources. They define inputs and outputs, show
interrelations with other processes of a spedirea ofknowledge, provide basic recommended tools and methods. The results
obtained can be useful when managingjects at any stage of the life cycle.

Keywords: project management; nageproducible project resources; project processes; process atifamrfiow model.

Introduction recommendations, allows to pla project from start to

finish and execute it according to this plan. In PMBoOK,
Project management as a scientific direction is iproject resource managent is a field of knowledge that
constant development to increasthe efficiency of combinesthe processes of identification, acquisition and
managerial decisions. Analysis of abobtndreds of management in order to timely provide the necessary
sciencedirect.com databasegesoures in the right place [4, 6]. In this case, regardless
(httpsi/www.sciencedirect.con confirmed that among Of the definition in the third edition of the P\, two
the key factors that require close attention in draftihg, Sseparate  branches of knowledge dat to
issues of improving the processes of material resourcegject resources were distinguishechuman resources
management are the mostigedate. Even articles dealing management and  supply ~management [6], in
with the problem of improving real planning processes the sixth edition other industries were formed
consider the tasks related to their resource provision (fe#source management and procurement management [4]
example, in works [12], where one of the reasons for(tablel).
exceeding the duration dhe project is called resource In the early version of the PMBoK stamdathere
shortage). This confirms the statement that ".are two types of project resourcesonreproducible and
managementfaproject resources is exactly the curse thageproducible [6].
does not give a recreation to scientists" [3]. Non-reproducible (stad or accumulating resources)
The resoure is all that the project has, and therefore resources that, in the course of the project work, seek to
the timing, budet, quality of the project implementationspend complely, preventing their reuse; however, ifst
and its product depend significantly on effectivenot possible to use a resource of this type at a certain point
management by ensuring the optimal use of resourcesifiotime, then it is accumulated for consption in the
achieve the project results with the specifiedi¢ators [3, future.
4]. Note that resources are a multifaceted cept that Resources of the second type during the project
includes material resources, project team, financé#nplementation retain their shapedaat the end of the
information, knowledge and tenology. But existing Work can be used for lsér works. A striking example of
project methodologies do not contain unambiguou&is type of resources is human resources [3].
approaches to resource managemenew project In the future, the materialesources of the project
management methods create new problems inr th&ill be understood as resources of the first, -non
management, increase the risk of over expenditure afgproducible type.
reduce the likelihood of its succefds- 5]. This is what As we carsee in the early version of PMBoK (Table
requires new approaches to project resource managemeh}, management processes for different types of resources
differ significantly. For the management of material
Analysis of the problemand existing methods resources of noneproducible type, the processes of

procurement and supply management that occur during

We focus on the PMBokmethodology from the the creation of the material flow of the oject are
Project management institute (PMI), as one that has goé@fined [4].

E S.Danshyna2021


https://www.sciencedirect.com/

ISSN2522-9818 (print)
ISSN 2524296 pnline) Innovative techniogies and scientific dations for industries2021. No. 1 (15)

Table 1.Comparison of groups of project resource management processes

PMBoOK version Field of Project resource management processes
knowledge
Human Planning Process Group Human resource planning
A Guide to the sesources ¢ Execution Process Group Project team set
Project anagemen Project team development
Management Monitoring and Control Processes Group | Project team managenmie
Body of Supply Planning Process Group Purchasing and procurement planning
Knowledge Management Contract planning
(Guide PMBoK), Execution Process Group Request information frorsellers
3rd ed., USA: Selection of sellers
PMI, 2004. Monitoring and Control Processes Group | Contract administration
Final Process Group Closing contracts
Resource Plannng Process Group Resource managent planning
A Guide to the Management . Estimation of operations resources
Project Execution Process Group Supply of resources
Management Project eam development
Body of Project team management
Knowledge Monitoring and Control Processes Group | Resource control
étr?eL(j:i i UdSZ P | Purchasing Planning Process Group Procurement management planning
. : Managenent .
PMI, 2017. Execution Process Group Procurement
Monitoring and Control Processes Gpo Procurement control
But in the latest project management guides there is - formalize the processes of material resources
no fundamental difference between theot types of management of the project;
resources. The field of knowledge of resource - to identify key tools and methods for managing

management from the same positions considers the isspesject material resources.
of project team managemteand management of materials

and components. This is not always appropriatestmh Materials and Methods
reasons:
1.Invalid resources ra the resources of type The requirement for matiet resources forms the

"Energy", reproductive resources resources of type "material supply chain" of the project. In the context of
"Strength”, which is manifested by the difference in thenanagement, the main goal of this chain is to combine
appoach to management: if in the first case, an importaativities that have fallen out of the field of view of
management indicator is eéhpresence, in the secoiid projects, but a directly related to material resources
respondility, talentance, trigger performance, etc. [7].  (logistics, inventory management), with  project

2.The attempt to combine resources of differenthanagement activities (project scheduling, resource
types in one field of knowledge leatts the fact that the planning, resource allocation) in such a was
tools and methods proposed for the implementation @ ensure the success of the project by saving
processe in this field are generalized, he@tic time and finance, ducing waiting times, improving
procedures (expert assessments, assessments by ana@@tomer satfaction, reducing storage space, etc. [7, 8].
meetings, communication methods) prevail over accurag®r example, the results of research on construction
calculations. projects (P. F. TunjiOlayeni and etc.[8]) indicate

3. The key concepts of resource management atRat logistics management is a more important
formed as "solving the tasks of acqui, management, element of onstruction project management. According
motivation and mollization of project team members”to experts (architects, builders, project managers),
[4, p. 309], which makes secondary tasks of logistics ¢fie main problems that arise and lead
the project. to negative consequences in the projects are

The aim of the work is to form ageneralized related to transportation, improper storage, delays in the
approach to the management of material resources of tgply of materia, etc. [8]. This has made it
project by defiiing and formalizing the processeftheir possible to separate processes directly related to

management. logistics in the management of project resources, in
Thetask of the study: particular [9]:
- based on the process approach, to form processes - material resource assessmprocesses processes
for managing the material resources of pheject; related to resource management planning in order

- to identify the location of the profile material to form approaches to assessing the typa qumantity of
resource management pesses in the PMBOK structure materials, equipment and consumables, their supply and
and ntegrate them with other project managemenise in the performance of project work;
processes;
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- procurement and supply majement processes Project management is an integrative action that
processes that provide the project with the resourcesquires all of its processes to be structured and linked to
necessary for its implementation; other processes to facilitate their coordination for project

- materialresource allocation processeprocesses success [4, 6]. Todo this, the PMBoK divides all
related to resource allocation in the project supply chaprocessesinto five groups - initialization, planning,
and their delivery to the applicatisite; monitoring, and closing process groups [4]. The

- Inventory management processggocesses aimed relationship between process groups and ptajeaterial
at managing inventy levels and monitoring project management processes is shown in table 2[9].
resourcananagement performance.

Table 2. Relationship of project material resource managenpeocesses with groups of project management processes

Processes related to the Project process groups accordingo PMBoK _
logistics of the project | Initiation Planning Implementation Mon(lztgrrlltr:gland Closing
Evaluation of material Project material Estimation of material
resources resource management | resources of project
planning operations
Management of Procurement and suppl] Organize the supply and | Control of
procurement and supply @ management planning | purchase of material procurement and
material resources resources supply of material
resources
Allocation of material Planning the Organize the delivery of | Control of the
resources of the project management of the material resourcet® the | distribution of
distribution of material | place of application material resources
resources in the
logistics chain of the
project
Inventory management of] Projed¢ material Regulation of the level of| Monitoring the
project materiatesources inventory management| stocks of material effectiveness of
planning resources of the project | inventory
management

The process approach assumes that any processmanagement of material resources; project management
considered, focusing on its inputs aowtputs [4, 5], the plan (z,), in particular, issues related to schedule, cost,
principles of conceptual modeling allow considering it ir}isks, supply, etc.;
relation to a separate field of knowgl (or a separate G i update function, the implementation of which is
functional unit). Thus, the processesmaterial resource agsociated withhe clarification (correction) of input data
management of the project can be represented as a mqgebccordance with the requirements of the documents
of information flows of the process [10] governirg the proces of managing the material resources

| _Pr=¥.Z;j ,A0O,y), (1) of the project;
A={a, a, &, a} T set of operations related to the
where V ={v, v,, } is the set of iput data, which |ogistics of the projec(according to table 2);

includes: v, 1 assets of the organizational process project y i output function, as a result of which the initial
containing standard processes, life cley project, data of the process of nestal resouces management of

instructions, template, storage rules, retrospectitR€ Project are formed. . .
information on resources types, ete,; i environmenth Supporting the idea of graphical representation of

factors, which include information on the economlg?rie(lf?é VS present the obtained model (Lpiaphical

conditions of the project, the availability of resourdasjr The internal content of information flows in the

location, when these resources may be available, term:bl%fcess of managing the materiasources fothe project

supply, etc.,v; T list of suppliers; is regulated by a number of documents, which prescribe
O0={qg, 0,0, 0, @ i the set of source data thatthe requirements for their design and composition. These

contains o, i resource needsp, i bills to pay; o, i documents fon a single internal standard for the

. . preparation and maintenance of projects through data

consolidated  resource management plam, | modules in a sigle softwae and communication

consolidated resource leadar (updates);o;, 7 project environment the database (library) of the project, which

logistics chain structure (updates); receive when implementing the update function [10]:
Z={z, z} T a set of documents that regulate the j V3 Z -V, )

process and ensure its proper flow: the project charter

(z), which contains a higtevel description of the that is, the content of the elements of the set V varies

depending on the scopend complexy of the project,

project, requirements, list of stakeholders, aggregat‘updated and adjusted within the overall process of change

events, financial esources that may affect the
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management during the receipt of new information on the After clarifying the input data by penfiming the
project. function f for the implementation of material resource
Execution of update function (2) clarifies the conteninanagement processes of theject, certain functiom
of the elements of the set V. Fexample, the assets ofth (operations) are provided, which form a reflection [10]:
roject organizational process that come to the input ~f
broJ 9 P P y A3V - O, 3)

processes related to material management, wh
which unambiguously determines what will betla¢ exit

i mpl ementing t hng intdé accourt ithe 1
requirements of the project management plan, aufthe development project process depending on the inputs
and certain operations.

transformed into the itial requirement of "deveping a
type ana
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hierarchical resource structure,” the form,
content of which are standardized.

Project management plan Project charter

Resource demands

Organizational project assets

Summary project resource calendar (updates)

Environmental factors Manage project material

resources

Accountto pay resources

Project resource management summary plan

List of suppliers

Structure of the project logistics chain (updates)

AD

Fig. 1. Graphical repesentation of the model of information flows of material resources management processes of the project
Analyzing the table 2, let's formset A. It consists Therefore, according to expression (3), the function
of elements:a, T to estimate the material resources of thg converts the set of input data={v, v, i} into the set
project; a, T to manage the procurement and supply off output data O={o, 0, 0, 0, @} , passing through
material resources of the projeet; i to allocaé material operations A={a, a, &, a}, taking into account the
resources of the projecta, 1 to manage stocks requirements of the normating documents of the set

of  material resouree  of the  projet. Z={z 2z} .Ingraphical form, the functiop is shown in
fig. 2.
,_,LJProjectmanagementplan
- I ¢ Project charter Inventory norms Resource
Environmental demands
factors -
Estimate the] >
- " roiect Project supply management plan Accountto pay
Organizational projet resources
o 1 t: matorisl Effectiveness indicators ;
PrOJECtassels | rogqyrces » 1l Supply chain management |  project resource
resource flows plan (updates) S
Supply contracts summary plan
& M h "Produce or Buy' Summary .
Hierarchical anage:lhe Solutions project Summary
resource structure procurement & resource project
supply of the Project logistics calendar resource
project chain elements calendar
T Structure of the (updates)
: . Resourceordars; || Poouto e proeet logistics —
Listof suppliers | —— project chain Manage | structure of
o Resources storage | Mmaterial stocks tOf ﬂ;e psr?ied
A conditions resources | posource rgg:{aerical °3r'18]'r‘:s
| storage (updates)
Al decisions resources | \PCEES)
A2 Supply
Availahle resources data volume
— - - ) Inventory
Dewatlong from delivery A3 AT
requirements ¥
Frequency of purchases || N Ad

Fig. 2. Graphic view of the functiog modelof information flows of material resource management processes of the project
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Complex information links between operations (fig. A, ={ay, ayd T the set of operations of the

2) and the hierarchical nature associated with the . . i

distribution between groups of PME  project subprocess, which according to table 2 defing,

management processes (tab|e @)ad to the need for planning of management of material resources of the

further transformation of project material resourcroject and a,, estimation of material resoces of

management processes into a set of hierarchicalbperations of the project.

organized subprocesses. _ In model (4), the output function performs a
The information flow model of the A1 subprocess isnapping YaiA3VY, -0, the graphical

according to gpression (1), a set of objects . L L
g fo®p @) ) representation of which is shown in fig. 3.

| _A=NaZyJ oA 04 ), (4) The main purpose of Asubprocess is to determine
the integral amount of resouserequirel to p
where V, ={\*, W} is the set of inputdata, which erform the project, to form a hierarchical

according to fig. 2 consists of the assets of tﬁtructure of resources, to find the function

o . Of resource neals and to determine the norms
organizational processv{) and environmental facter of stocks

(V) The main recommended tools and methods of
erealization of the subprocess of assessment of material

z, ={z", is a set of documents that regulat )
s 23 9 resource of the project are [4, 10]:

the subprocess, whidh accordance with fig. 2 contains - expert assessments;

the project management pla@) and the project charter - methods of displaying data, in particular in the

(22); formats of hierarchical schemes, matrices or text;
- analysis of alternatives;

O, ={a* o d} i the set of source data, which - open estimates:

according to fig. 2 consists of a hierarchical stme of - software for managing the project;

work (o), resource requirementsof) and stock - evaluatons "botton up”.

standards ¢.* );

Project management Project charter
plan

Hierarchical resource structure

Environmental
factors

Plan project resource
management

Resource demands

Estimate project -
activities resources

Inventory norms

Al1

v

Organizational project assets

A12

Fig. 3. Graphic view of the functioy subprocess of evaluation of material resources opithject

But for the adaptation and development of project 0= In
management, the theory of inventory management can be T
used [11], for example, inedermining inventory norms. a4 the avageresource level is equal to:
Based on the hierarchical structure of resources, the
need [) in a certain type of marial resource is Q. = LLl
evaluated. ® 2

Assume that during the projechplementation the In thi h ¢ ‘ iated with
need for material resourcésmay arise n times at regular n this case, the occurrence o C,,OS.S associate ,,W'
ocks will coincide with ne of the "points of need".

i Is. Then the size of th i | pj% . .
gtﬁrviaes [12]en the size of the aggregate order is a multi eir value is calculated by the formula:
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_ AZ . AZ . . .
L=s I_n 1 DE 5) of purchases \(*), size of stocks \{*), deviations in
2 n deliveries (°) ;

whereST costsof storing a unit of resources, the value of  Z, ={Z* Z% i a set of documenthat regulée

which detemines the assets of the organizationgle g hprocess, which in accordance with fig. 2 contains

process of the project; K the cost of ader formation, . .
the level of which depends on environmental facto@,e project management plag{) and the project chast

h i the total frequency of resource demaddring the (Zz*);

project implementation. O, ={o® d..,dt} i the set of source data
Therefore, analyzing exprésa (5), we note: ok Per o . ’
- if the quantity [n] = 1 (where [n] is an integer), Which according to fig 2 consits of "produce or

then the spply of material resources shouldpurchase” ¢*) decisions, project supply management

be organized in such a way as to directly satisfy t'}ﬂan (o), project bgistics chain elements of: ),
needL;

_ condition [n]> 1 meas that conditions should be €Source conservation conditions,{), supply contracts

provided for storage of matial resources; (of), resource orders of*), resource promotion
- inequality nK- SL @ is a necessary and
sufficient condition for norcreation of a stock.
The obtained results are the input data of theésources @), data on availableresources (0" ),

following subproess A,, the model of itsinformation  deviations in deliveriesd? );
flows according to expression (1) has the form: A, ={ay, 8y, 3,3 T the set of operationsf the

performance indicatorsof® ), invoices for payment of

I _A =Ny Zy S a A On V), (6) subprocess, which according to table 2 determing
plannirg of procurement ah supply nanagement,a,,,

organization of supply and procurement of material
according to fig. 2 consists of norms of stockg®}, resources;a,,, control of procurement and supply of
resource requirement§v,®), hierarchical structure of material resources.

In the model (6) the output function hasetform
Ya A2V, - 0O,, the graphical representation is

whereV, ={\* \,...,\{*} T the set of input data, which

resources ;* ), asets of organizational procesgX), list

. A . A
of suppliers {;*), volumes 6 deliveries (+*), frequency shown in fig. 4.

Project chaner\ | —__Projectmanagement plan

; ; " "Produce or Buy' Solutions
List of suppliers 7 >
> Project supply management plan
ReagirER damands Project logistics chain elements
Organizational project e S
? assets P ¥ y ¥ Resources storage conditions
Inventory norms Plan procurement Supply contracts
» & supply BireRaS A RERE. Resource orders
Supply volume management -
> e ) e
Hierarchical resource L Effectiveness indicators
i resource flows
structure % Procurement Organize & Order 2
s strategy procurement parameters >
Deviations from = supply of S Accountto pay resources
delivery o A2 resources Control &
; : rocurement & ;
LIt B information |P Available resources data
! about order | supply of
- fulfillment resources w
Frequency of
purchases i~

‘[ — A22
Inventory volume - A23

Delivery deviations

Fig. 4. Graphical presentation of the functigrsubprocess of procurement amghgly management of material resources

Unlike others, subproces#\, may be relatedo when developing its feislity study, then at the planning

existing legal obligations and penalties. This subprocesiage, when the need for material resources is specified,
can be started at the initial phase of the projectcligle, the possibilies of prwiding them are assessed [13].
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Personnel in charge of procurement and supply of materighnagement planzf* ) and resource efficiency dicators
resources may nodlways be a member of the prdije

team [4]. (Z%);
The most common tools and methods for 0, ={d® d...d"} i the set of source data
implementing this subprocess are [4, 6, 13]: o .
- expert asessments formed by the struare of the logistics chain
- data collection and analysis; of the project ¢*), the decision to save resources®(),
- inspections and audits. ; 2
The model of information flows of the subprgseof the projectsupply management plan (update)’(, the
distribution of material @sources of the project has theconsolidated calendar of resources*(, deviations from
form:

the supply requirementsf* );
| _A=(MVp Za s a Ay 00 Va ) ) A, ={8uy 8y, 8} 1 the set of subprocess
opemtions, which in accordance with table 2 determine
a,; as a planning the managementegourceallocation
consists of assets of the organizational procegs)( in the logistics chain of the projecta,,, i the

conditions for saving resourcesVf*), supply contracts organization of resource delivery to the place of
appication; a,,, 1 controlling the distribution of material

resources.
data on available resources@(), orders forresources In model (7) the ouiut fundion is given by the

mapping: Ya AV, - O Its graphical

whereV, ={V* v*,...,\*} is aset of imput data, which

(v4*), elements of the logistics chain of the jpat (v, ),

(v{*), decisions to "produce or purchase’Y);

Z, ={Z* 2%} i a set of documestthatregulate representatio is shown in fig. 5.

the subprocess, which is determined by the project supply

Project supply Effectiveness indicators resource flows
management plan
Organizational 3
project assets
—_—
Resources Structure of the project logistics chain o
storage
conditions Plan the
management y
Supply f 1
SRk of resource Resource storage decisions
allocation in b
Available the logistics
resources data chain of the
——* " iect | Delivery schedules 4 4 Supply chain management
Project logistics proj »| Organize the plan (updates)
chain elements delivery of Transport schedules "
resources to P ol Summary project
A3 the Sg:em of Control the resource calendar
Resource * allocation of i
orders N Resource completeness project
data resources
"Produce or Buy' Solutions A32

Deviations from
delivery requirements

A33 ] "

Fig. 5. Graphic view of théunctiony subprocess of allocation of material resources of the project

Implementation of subprocessh, is aimed at - substatiation of decisions on storage of resources
solving a number of problems, among which we highligh’i‘”d their completeness gnd organization of storage.
9, 13]: Therefore, e main tools and methodsof the

- creation of delivery schedules; subprocess of allocation of material resources of the

- development oflecisions regarding the structure ofPfoJ€ct are:
the logistics chain of the development project, which is - €Xpert assessments;
created duringhe movenent of materiakresources from - dqta display methods;
supplier to consumer; - grid methods;

- organization of transport flows on the basis of - Project management software;
transport work schedules; - methods of logistics.
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Project inventory management refersrmnitoring  subprocess, which consists of stock standagfis)(and an

and making deasions to save time and money by dated ly management plazi();
minimizing the retention costs required to impIemenl,JIO ated supply management plag)*();

the project effectively. The goabf the inventory O, ={ao® .., d i a set of input data

management system is to ensure the continuoU§ngisting of an updated resource summary calendar
execution of the project by supplying resowcat the (of*), supply quantities € ), invenory quantity (2 )
scheduled quality date with minimal maintenance ’ ’ 3 N
costs [9, 14, 15]. purchasing frequencyof* ), project resource summary
The model of information flows of thé, subgocess g (©*), updated supply chain structureo’(),

has the form: inventory dynamics datao{* );

F_A=WVpZy o/ a A Oy V), (8) A, ={auy 8y, 3,3 T the set of operations of the
subprocess, which according to table 2 defipg project
resource inventory management planning,,, 1
regulation of the lIeel of resarrce stocks; a,,; T

monitoring  inventory  management  performance
(v}*), resource conservation decisions//*(), prdect indicators.

In model (8), the output function hasethform:
Ya A3V, - 0O, its graphical representation is

whereV, ={v* V..., '} is the set of input datformed

by: consolidated mource calendar \{*), hierarchical
structure of resourcesvf ), data @ available resources

logistics chain structure v{*), resource conservation
conditions /*);

. . shown in fig. 6.
Z, ={z" 2} T aset of documents regulating the

Inventory norms Supply chain management plan (updates)
s Summary project resource
Summary project 7 calendar (updates)
resource -
—_calendar
Hierarchical  |Plan inventory Ve Shnphistlime
resource structure | mManagement -
| ofproject | Resource demand
resources forecast Inventory volume
Hierarchical Regulate the
Ad1| resource structure stock level of Frequency of purchases
; updates i bt
Available resources data {pdeiey] project ]
.| resources
Resource storage decisions Project resource
— management summary
- = Control the plan
Structure of the project logistics chain —] A2 Volumes of effectiveness
insurance stocks | indicators of project >
inventory Structure of the project
management logistics chain (updates)
Resources storage conditions Fa:
Inventory dynamics data Ad3 _]

Fig. 6. Graphical viewof thefunctiony subprocess of inventory management of material resources of the project

It is easy to notice that the main tasks of the-sub Conclusions and prospects for further development
process of inventory managemt of the project are
atypical for project management. This determines that the An analysis of the project resource management
tools and nethads used to implement this spbocess are processes desced in the project management
more applicable in logistics [11, 12, 15]. Among them wenethodologies, in particular in PMBoK, showed that

note: human and material resource magemenissies are not
- methods of selective managent; separated, and among other project resource issues, only
- methods of lineaand dynamic programming; procurement management issues are considered. This can
- forecasting methods; lead to ngative consequensein management and, for
- methods of inventory managemenediny; some projects, become a prerequisite for the deterioration
- methods of logistics. of the inancialstability of the project, slow down the pace

of business activity, and increase the risks of exceeding
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the project budget and deadlinds.is noted that he knowledge are shown, the main recommended tools and
solution to this problem depends on the management mithods are shown.
material resources of the projéctproceses hat have a Thus, theprinciples are gesralized and an approach
significant impact on the cost of the project, its schedules applied that is applicable in the field of project
risks, quality. management, hich fomalizes and structures the
In order to adopt more thorough managemergrocesses of material resources management of
dedsions, it is propsed to allocate a separate field othe project so that they can be used in many projects. This
knowledge, in which the processes of management appioach, based on presses, is integrated into
mateial reources are formed, their possible connectioproject management, contains a description of the
with PMBoK processes is shown. Formal representatioksowledge requed for the organization and
of processes that make up managementniterial implementation of activities to provide material resources
resource of the project are formed based on a process$ the project.
approach. The inputs and exits are identifiettie The results obtained can be useful in jgco
relationships with other processes of the defined field ahanagement at any stage of the life cycle.
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D. ZOLOTARIOV

THE MECHANISM FOR CREATION OF EVENT -DRIVEN APPLICATIONS BASED
ON WOLFRAM MATHEMATICA AND APACHE KAFKA

The article is devoted to thresearch and dexagiment of the mechanism of interaction between Wolfram Mathematica programs and
Apache Kafka queue to provide the ability to build evdnmien applications based on it. Thebject of the research is the practical
principles of buildinga mechanism for beraction between Wolfram Mathematica and Apache Kafkapliheose of the article is to
develop and substantiate practical recommendations regarding the formation of a mechanism for publishing messagesh® the Apac
Kafka queue and readj messages front for programs of the mathematical processor Wolfram Mathematica, which will make it
possible to build everdriven applicationsTasks to determine the mechanism of such interaction, prove the choice of tools for its
implementation, crate and test thebtained results. The research used the follovitals: Apache Kafka, Kafkacat, the method of
developing the Wolfram Mathematica package. Tasults of the research: the mechanism of interaction between Wolfram
Mathematica and Apache Ha was determinednd the corresponding toolkit was created on its basis in the form of two
Mathematica packages, which are built on using Apache Kafka as a queue client apdrthikhfkacat software, respectively. It is
shown that the first option igss reliable andonsumes much more computer resources during operation. It has been demonstrated
that the Mathematica processor is currently not suitable in its pure form feimmeatiata analysis. Recommendations are given
regarding the use of builh compilation funtions to increase the speed of such proces§lngclusions Practical recommendations
have been developed and substantiated regarding the formation of the mechanism of interaction between the Wolfram Mathematice
mathematical processor drthe Apache Kafkajueue manager for the possibility of working in two directions with the queue:
publishing messages and reading them. A toolkit for such interaction in the form of Mathematica packages has beerereated, th
capabilities have been demtmaged, as well asomparison with each other. The economic benefit of using the described tools is
shown. Future ways of its improvement are given.

Keywords: eventdriven applications; queue manager; mathematical processor; saving resources and fukds; Kaf
Mathematica.

Introduction The benefits of everdriented architecture are

increasingly being appcated beyond the development of
Recent years have been marked by the rap@@mmercial products. One of the promising areas is the
development of micro service architecture and therocessing of such a message flow by mathematical
distributed processing of information in real or nezal processors, which allesvyou to use their full range of
time. This is primarily due to the development andools for analysis. For example, the implementation of the
improvement of data delivery mechanissush as queue Stwly of data obtained from Kafka in the mathematical
managers. package MathWorks MATLAB is already underway [8]
Based on them, such evairiven products are built and has a fairly rich functionality.
as: loT [%2], which work with the flow of messages from The Wolfram Mathematic@rocessor is one of the
"smart" things; web platfons [3] that display the results world leaders in the field of symbolic and numerical data
of receiving or processing events to the end user; ddocessing/d is used in almost every field of knowledge
procesig pipelines [47], responding to events of and science, which is clearly seen, for example, in
different nature, and others. The peculiarity of suchublications [912], where this matpacket is used to solve
systems is that they focus not so much on reducing tHéferent areas of applied technology. Therefore, the
procesig time of each individual event and bringing itconstruction of evendriven products basednat is an
closer to real time, but on the guaranteed afear urgenttask.
sequence of interconnected events and guarantees the But there is still no effective and reliable mechanism
processing of each of them. The latter comes to the fdi@r connecting this math processor and Kafka to receive or
because event generators and consumers ofien publish data. There i single undocumented MQTTLink
completely  technologically and  algorithmically package [13] for the MQTT protocol (mosquitto), which,
independent, and can also be located imcepat a through hird-party software, allows you to connect to a
considerable distance from each other. In additioffafka cluster. But it does not guarantee correct operation
consumers queue data pointscan appear in the system[14].
as needed, change at any time, and beudrd from it Therefore, thepurpose of this article is to desiop
when they are no longer needed. The consequence of @il substantiate practical recommendations for the
feature is that the numbef queue clients is limited only formation of the mechanism of interamti between the
by the capacity of the queue managers' servers. mathematical processor Wolfram Mathematica and the
One of the most popular, fastlerant and powerful queue manager Apache Kafka to work in two directions:
queue managers at the maormes Apache Kafka. It allows publishing messages in the queue and worisg
you to build a distributed system of brokers (managers) ofessages from iti which will build evenidriven
the queue, which is able not only to dynamically adapt t@pplications in Mathematica. Thask of the article is to
the load from the queue customers of both typdgentify the necessary elements of such a mechanism and
(generators and consumers), but also easily scale biigtify the choice of tools for their construction.
vertically and horizontally.

E D. Zolotariov, 2021
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Using Apache Kafka the Kafka installation directory are used for publishing,
reading mesggs, and other operations in turn. For
The Mathematia mat package itself, as mentionedertainty, we will consider only Windows as a client, for
above, does not have buiilt interoperability with Kafka. Linux the difference will be only in the extension of
And the easiest way to organize this interaction is ®gcripts ".sh".
locally install Apache Kafka software on the client ~ The publishing operation is a otiene execution of
computer as a queue client and interact with the queti®e instant  termination  script "kafi@nsole
through it. The diagram of the system constructed on suphoducer.bat”, which is performed each time to send a
approach is given in fig. 1. It shisibe noted that Kafka separate message to the queue, which is read from the
also requires the installation of a Java code executistandard input stream (stdin). Reaperation- onetime
platform. It should also be borne in mind that currentlgxecution of the script "kafkeonsoleconsumer.bat"
Kafka developers do notugrantee the correct operationwithout completion, which is ra endless process of
of all components of their platform on Windows [15]. ~ reading messages from the queue and output them to the
P standard output stream (stdout). The main parameters of
all scripts are: -*bootstrapserver"- a commaseparated
list of boostrap servers to connect to the Kafka cluster, and

= "--topic" - the name of a specific queue. Hereinafter, these
Apache general parameters in the code are replaced by three dots
Java VM ;
Katka for brevity.

Therefore, theconstruction of the mechanism of
. cluster interaction of Mathematica with the Kafka cluster should
Mathematica Apache P 2 be based on the use bfiilt-in functions of executing
bmd  Kafka z external applications and reading streaming data that work

with standard input and output streams.

— To run extemal applications from a Mathematica

document, use the Run function, the only parameter of

which is the command teexecute. The function of

publishing in turn built on its basis looks as follows.
Scripts from the "/ bin /" subdirectory for Linux

systems and "/ binwindows /" for Windows systems in

Fig. 1. Connecting to a Kafka cluster via a local Apache Kafka
installation as a client

Run["echo\""<> key <>":"<>value<>"\" | kafka-consolepr oducer . bat &
<>" --property \"parse.key=true\" --property \"key.separator=:\"" ];

The publication is made in therm of "key: value”, environment command, which provides data for
which is indicated by two arguments of the script with thpublication to the Kia script input.
prefix "--property". Moreover, the "value" should not have Creating and deleting queues is done in a similar
time transfers. The function is a call to the echavay, for examplegreating:

Run['’kafka-t o pi ¢ s-:cleael’]; €

To read from a data stream in Mathematica, use thieread opened by the OpenRead function, which takes in
Read function, the parameters of which are the file nantiee file name with all the comments above. The
and read modestring, write, word, and dters. But if you mechanism of operation of the Read function is such that
put an exclamation point at the beginning of the file namé, does not end until the data flow reaches the value of
it will be treated as a command to execute and the ReRddOfFile, i.e. des not end. The reading gfieue data
function will return its output to the standard stream. Alsdyased on it is given below.
instead of the file name, you cgass the handle of the

stream= OpenRead!'kafka -consolec 0 n s u me r--frdmabeginging"];
While[True,{

Check[str=ReadjtreamString], Break[];];

If[str===EndOfFile || callback[str]===False, Break[];]

1
Close[strean;

The above construction opens a data stream initiatéml "Record" and set in the RecordSeparators option of the
by the script "kafkeconsoleconsumer.bat" and reads inRead funtion a valid character for dividgthe flow into
an infinite loop. Each message is processed by a useessages. The use of the intermediate function OpenRead
function in the callback variable. In thiase, the simplest is intended to obtain a flow descriptor for its correct
way to break mesages is used as a text string by closure by the function Close, however, as mentioned
hyphenation of the line\'h". But if the messages containabove, you can pass the command direbtlythe first
such characters, it is possible to switch the reading modegument to the funidn Read. In the latter case, the
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thread will be closed only when the current Mathematica  The argument-P" includes publishing mode;K" -

kernel is closed. sets the colon as a separator between the key and the value
For ease of distribution and use, the developeaf the messagethe last *b" and *“t" - are completely

functions based on the above are designed in the formsimilar to --bootstrapserver"andd8t opi ¢ 0.

Mathemaica package "KafkalLocalLink", whi is built in The reading command from the queue will look like

a standard way and has the following structure of files arbis:

directories, shown in fig.2.

KafkaLocallink lkafkacat -CiJ-uiq-b & &

Consume Where the argumentC" includes read mode;J" -

= Consume.m receive a message in fub@N-format, -u" - switches to
Kernel unbuffered otput mode, *q" - excludes the output of
= initm service information.

Produce As mentioned above, using thel™ parameter for

dl picducem Kafkacat returns a string that is a JSON object with

complete information about the message fromgheue:
publication time, key, values, headeoffsets, and more.
Fig. 2. The structure of the directories of the Mathematica But Mathematica does not have a biuilt convenient
package of interaction with Kafka mechanism for working with the JSON format, so to
s process this string and get from it the fields "key"
(message key) and "payload" (messagxt) you need to
e the following appraa:

= Kafkalocallinkm

Each of the Consume.rand Produce.m files ha
descriptims of the function of obtaining a list of queue
names and their specialized ones. The first is readinlbs,
:the second is deleting, creating a queue, and publishing to json = ImportString[str.JSON" 1;

The advantages of separating the develggedram key ="key" /. json;

code into a package include the pbgiy of its dynamic

loading in Mathematica. Similar constructs are used to retrieve other fields

from the object, such as "headers", "offset" or "ts"..
Using Kafkacat

Work demonstration and comparison

An alternative approach to publishing to the Kafka
gueue might be to install Kafkacat [16] on the client,
third-party software for connecting tokafka cluster that
does not require the Japlatform but requires Windows

To implement the experiment, two Mathematica
Qocunents were created on the client computer: a
generator and a reader. Each of them has its own core of

version 10 with Windows Subsystem for installed aane mathematical processor, which is allocated its own

configured. Linux (WSL) [17] based on Ubuntu. TheS0r€ of the CPU fOF guarantet_ad parallel and indegent
diagram of the system built on the use of Kafkacat gocument processing. The first developaatiaage was
shown in fig. 3. used to connect to the Apache Kafka cluster. After

receiving the results, the queue was deleted and the
second Kafkacabased package was used.
As a platform for the deployment of the queue, cloud

RC technologies DigitalOcean were chosen, whiclong of
WSL Apache the world leaders, where servers based on Ubuntu 20.04
Kafka LTS x64 OS were located, which proved to be a reliable

and fast platform in previous developments [20].

To demonstrate the operation of the depelb tools
for building evertdriven programs inMathematica, the
generation of an arbitrary number in the rang®50] is
selected, repeated 100 times with a delay of one second. A
small number of iterations are chosen for the convenience

Fig. 3. Connecting to a cluster via a local Kafit installation of plotting.
In terms of builin features, this application is not The content of the experiment is as follows: be t

inferior to the original Apache Kafka software, but muctpublication side, an arbitrary number is generated and
more convenient to use. added to the end of the points array, which has a dynamic

A similar package for Mathematica is based on jupdate (via the Dynamic function) in_the doqument, and is
Which dffers only in the following remarks. The Sent to the queue. At the same tintke clientreader

cluster

Mathematica
H

A A A 4

publishing team in the queue will look much shorter: receives a message withdmumber, adds it to its array,
which automatically leads to the restructuring of the graph
"6 | kdR-Kakc a&d é" based on it, which also has a dynamic output. The graph is

constructed by the ListPlot function for the entire
definition area [1,100] and with the option
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"InterpolationOrder-> 2", which at the boundary points publication of messages, which first creates a queue,
leads to the output values from the original range dbllowed by a reader document. The result obtained at the
values {50.50] and serves as an additional load osame time for both documents for the package with
message processing. Kafkacat is kown in fig. 4.

Since the client can onlgonnect to a queue that
already exists, the first to ruwas a document with the

NN = 100;

points = {};

Dynamic [Text [points]]

(-42, -19, 2, 37, -23, 23, 32, 36, -29, -23, 16, 26, -2, 14, -19, -19, 37, 28, -14, -42, -3, 20, 48,
-42, 46, 41, 29, -16, =38, 50, 2, 36, -32, 50, 43, 49, -15, =40, -47, =42, -36, 49, -22, -11, 4

44, -40,42, -49, 8, 34, 19, =38, -17, 49, 36, -43, -10, 21, 6, -7, =22, 44, 25, -48, -6, -40

Ll

20 40 80 100
KafkaClearTopic[kafkaTopic];
Do|
int = ToString[RandomInteger[{-50, 50}]]:
AppendTo[points, int];

KafkaPublish([kafkaTopic, ToString[i], int];

-25

-50F

P i) KafkaRead [
ause (1] ;
(1, M) kafkaCallback ,
AR ' kafkaTopic
KafkaPublishFinish(];

| {3
Fig. 4. Simultaneous publishing (righand reading from the same queue (left) using the Kafdzased package

The figure above shows that the clieeder does analysis tasks, it is recommended to use in Mathematica
not lag behindhe clientgenerator. But in real time it is compilation ¢ functions in WVM bytecode or even C,
clear that such a lag is still there, although insignificantvhich in practice [21] can increase its execution speed
The maindelay that has been shown in the simulation isom 2 to 10 times or more depending on th@uin
the updating of dynamic objects in the document: for thieinction being compiled.
text field when publishing imperceptible, for graphics The comparison of the speed of the developed
about 0.2s, which is visible to the eye. With morg@ackages is as follows. For publicatiomnly the
complex processing operations, the dslayll be even publication of data in the queue is selected as the most
greater. resourcentensive process. The experiment described
This in turn indicates that the Mathematica packagabove was repeated lifnes for each developed package
is not yet designed for retime data analysis and cannotto exclude measurement error. The measurement results
handle critical operations. For complex data streanwere averaged. They are givin table 1.

Table 1.Consumption of computer resources by clients of the Kafka queue

Name Using OM (MB) CPU time usage (%)
Package based on Apache Kafka 132 79,3
Package based on Kafkacat 5 0,5

This clearly shows that Kafkacat is much faster tbheaders" from a JSON object describing the message in
peform and more economical to operate, because Kiafkacat.
requires almost an order of magnitude less computer Disadvantages of this tool include the installation
resources. and configuration of multie components on the Kafka
cluster client compute In addition, a direct connection to

Prospects for further development of the system the Kafka cluster is associated with the following

complications each client needs to know the IP addresses

Prospects for further development of the develope®f bootstrap servers, have authorization data on
tools are the following improvements. all seners in the cluster and know all the necessary
Due to the fact that the queue never ends argetings to work with them. Therefore, it seems
becauseof this, the program will never receive anpromising to transfer this component of the mechanism of

EndOfFile signal during normal operation, it seemiﬂteraCtiOH. from cluster _clients o a separate
promising to develop an additional mechanism fogerver, which will act as an intermediary, hiding al th
forcibly exiting queue messages by the cherdder on a settings of interaction with the cluster and

signd from the clientgenerator or in any other wags authentication.
well as to include in the package processing service fields
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Conclusions It has been demonstrated that the Mathematica

processor is not currently suitable inptere form for real

The paper develops and substantiates practiddne queuedata analysis. Recommendations for using
recommendations for the formation of the mechanism ®uilt-in  compilation features to increase message
interaction of the mathematical processor Wolfranprocessing speed are given.
Mathematica and the queuranager Apache Kafka for The economic benefit of using the described tools is
the possibility of working in two directions: publishing achieved due to the possibility of developing powerful
messages in the queue and consuming messages from iflata analyzers from the Katkqueue with a relatively

Appropriate tools have been created in the form ¢fasyto-learn Mathematica processor instead  of
two Mathematica packages, built on the use of Apact#eveloping narrowly specialized tools. And also due to

Kafka as a queuelient and thirdparty Kafkaat software, fast and flexible updating of such program in a matpacket
respectively. which can be changed at any moment amndest at once

It is shown that the first option is less reliable an@n execution.
requires much more machine resources during operation.
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O. MALYEYEVA, V. YESIPOV, R. ARTIUKH, V. KOSENKO

IMPLEMENTATION OF A HYBRID METHOD OF SEARCHING FOR CLOSE
OBJECTS, TAKING INTO ACCOUNT THE GENERAL AND ACOUSTIC
CHARACTERISTICS

The subject of research in the article is the methods ofifig close objects and technologies of forming recommendationsaifthe
of the article is to develop a recommendation systaseth on a hybrid method of searching for objects, taking into account both user
preferences and audio characteristics of objetie following tasks are solved: analysis of methods and algorithms used in
recommendation systems; development of a hybrichaaebf forming recommendations on the principle of double organization;
determination of the main functions and architecturenefsystem of formation of musical recommendations; testing of calculation
algorithms and search methods in the system for aisaty similarity of musical recommendations. The following researethods
are used: methods of correlation analysis, methddsnailarity theory, algorithms of collaborative filtering and content analysis,
hybrid methods, methods of analysis of audiaracteristics, programming technologies. The followiegults were obtained: A
study of collaborative filtering, conteiasedfiltering and hybrid methods. Algorithms and calculation formulas of the considered
methods are given. The main audio charésties of musical compositions are considered. The method of formation of
recommendations on the principle of double organizasodeveloped. The main functions of the system of formation of musical
recommendations are listed and the diagram of compsrisnformed. An example of calculating the characteristics of user
preferences and similarity of musical compositions by audégacteristics is givenConclusions According to the results of testing
the system by three methods, we can conclude thaprhosed hybrid method was the most effective among the studied
recommendation methods with the lowest standard error rateddiion, the hybrid method on the principle of double organization
solves such problems of existing recommendation methodscassive similarity of recommendations, potentially small number or
no proposals at all by compensating data from one blocktafrdan another.

Keywords: audio characteristics; recommendation system; collaborative filtering; content oriented.method

Introduction collaborative filtering, are considered. The methods of

collecting data about users fromeb resources, necessary

With the receipt of a huge amount of information, ifor the formation of recommendations, are considered.
became possible to create models of behavior of certd#gthods of constructing classifiers for content filtering
groups of Internet users, as well aseir interests. are investigated. There are also ways to calculate the
Recommendation systems facilitate the social process similarity of users or objects in collaborative filtering.
information exchange and help users to find the most The aticle [8] proposes an onigical model of an
valuable information for them among the large amount dftelligent search and recommendation system focused on
available information (books, articles, webgpes music, functioning in the open environment of the Web, social
etc.) [1]. Recomendation systems have also become ke&f/eb and Semantic Web. The directions of gaining
applications in e&ommerce, providing suggestions forknowledge about users are considered, the expgdin
users to receive the products that best suit their intereqd§rsonal testing forreating groups of users with common
needs and preferences. The recommendation syst#iierests is analyzed, which provides an opportunity for
generates and provideadividualized proposals, saits collaborative forecasting of search results evaluations.
its own settings of many interesting or useful objects froMethods of replenishment of this model with new

a huge number of possible. knowledge by inductive geneizhtion of experience of
interaction of the user with the system providing -self
Analysis of existing publications and problem training of search and recommendation system directed on
statement improvement of its work are developed.

During the existence of information technology,

Recommendation systems are designed to forfiany methods have been proposedthe formation of
recommendations to consumers refjag the choice of Propos#, including  conterbriented ~ methods,
goods andservices in the presence of a significant numbéiellaborative methods, knowledgesed methods and
of alternatives [2, 3]. Such systems use ratings &ROre.
information about the preferences of other users as input, 1he most wekknown, popular, accurate and
With the use of machine learning, relationships are form&ifective methods of forming proposals are such methods
betweerthe properties of objects drithe characteristics of 8S:

consumers [4, 5]. - collaborat_ive filtrz_itior);
The scope of such systems is mainly related to the - contentoriented filterirg;
use of ecommerce [6]. Such systems simplify the choice - demographic filtering;
of users who do not have enough knowledge about the - Utilitarian filtration;
characteristics of the aits of interest to them (gals - filtering based on knowledge base. .
and services) with a wide choice. A Bayesian preference model is used, which

In [7] the main types of recommendation systems opfatistically combines several types of information useful
the Internet, based on the methods of content af@f Making proposals, such as upesferences and expert
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assesments. They use the methods of the Markov chawhere w,, i a measure of similarity between the two
and Monte Carlo to conclude on the basis of a sample o . — . . .
parameters from the full conditional distribution ofUSersi.]i objectsu,vi users,r, T medium user rating,
parameters. These models achieved higher performarr,; 1 ratingof useru for the objeci.

than pure collabative filtering. To calculate the similarity, you can use a limited

A promisirg area is the development of hybridpearson correlation, Spearman's rank correlation, Kendall
referral systems that combine the advantages of existipgyre|ation.

methods of finding similar objects. Therefore, the aim of  gimjlarity based on the cosine vector. If we have a

the article is to develop a recommendation system basgftrix of features of object® of dimensionm T n, then
on a hybrid method ofearching for objects, takg into  the sinilarity between the two elemeritandj is defined
account both user preferences and audio characteristic8fthe cosine of-dimensional vectors corresponding to

objects. _ thei-th andj-th columns of the matrix R:
The following tasks are solved:

1.Analysis of methods and algorithms used in I e )
recommendation systems. W ; =cos( ,j) -'—”r”*HAH
2.Development of a hybrid method of forming J

reconmendations on therinciple of double organization. Obtaini dicti dati is th
3. Definition of the main functions and architecture taining predictions or recommendations is the

of the system of formation of musical recommendations most impor.tant pin coIIab_orative fiIFgring. The fgrecast
4.Testing of calculation algorithms and searcﬁ)f user rating a for a particular objects the weighted

methods in the system for analysis of similagfymusical medium of all ratings for that object:

recommadations. ] 0
P =T _,_Sul U (ru,i ru)Wa,u
ai —'a
Materials and methods Suu |Wa,u|

Contentbased recommendation systems makwhere r, and r, T medium user ratinga and u for all
suggestions by analyzing the content of information arother rated itemsw,, i the weight of the difference
finding patterns in it [9, 10]. Contefiased recommender
uses heuristic methods or classification algpons to
make suggstions. .

Collaborative Filtering (CF) methods use a userratGd ObJeCt_' . . .
preference database for items to predict additional topic For obj_egibased_forecastmg, the We'ght.md.'uns
or products that a new user might like [11, 12]. The sour& the prediction estimates;,; useru for objecti are

information is a list ofn users{u, U,, ..., 4,} arda list of ~Uused.

between usea and useun.
The summation occurs for all useus U who have

n elements{i, i, ...in} . Each u; user has a list of Sii NTu Wi n

Rii=

elements that he has evaluated or that have been inferred

from their behavior. Ratings can be rated both on a

quantitative scale and on a qualitative ommal scale.  wherew , i the weight of the difference between objcts
Memory-based CF algorithms use user and objes o . )

databases to generate predictions. Each user is part 1AM fun T USEr rating dor object .

group of people with similar interests. By identifying the ~ The summation occurs for all other estimated objects

so-called neighbors of a new user (or active user), theyl N by userm.

Sii N|Wi,n|

can make predictionsf benefits br new objects. The algorithms of tofN recommendations allow to
The following steps are performed in the CFRdeterminek most similar objects for each of the other
algorithm: objects as follows [13]:
- calculation of similarity or weightw ; which 1) the set ofcandidates (C)dr the recommended

reflects the correlation between two users or two objectsO bjects is det_e rmined; . . )
2) combines k most similar objects;

andj; . .
- making predictions for the aué user on the 3) objects are sellected from the set U, which the user
has already evaluated;

weighted medium values of all user or .ObJeCF ratings. 4) the similarity between each object from set C and
To make the top N recommendations, it is hecessar

. : X &t U is calculated:
to identify N nearest neighbors [13]. . . . .
Let's look at methods for calculating similarities 5) the resiting set of Cobjects, sorted in descending

between users or objects [14]: order of similarity, will be the recommended list of ihp

O L objects.
1. Similarity based on Pearses correlation: Consider a method based on tfectorization of
S (r; 7). =) rating matrices The essence of this method is to break the
= i tul ulRvi v trix of ratings into the prodtf two matrics - a
Wov = ) ma . . 9 P . . .
' \/5, (r,; )2\/ % r,: r—_)2 matrix of hidden user preferences and a matrix of implicit
i1 Vui u i vi Ty

characteristics of the object. For each object, the degree to
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which it has a particular characteristic can be eithawhere x, and vy, i i-th characterigts of objectsc andy.
positive or negative, as well as for the user, the degfree If the attributes are nominal, the function can be
his interesin the object can be positive if he is interestedy5cylated to quantify the distance, assuming a value of 0

or negative if not interested. The rating is represented a§,Aen both elements are equal or 1 otherwise:
scalar product of two vectors: a vector of hidden user

preferences and a vector of implicit characteristics of the _ . n
object, whch shows the gemal interest of the user in the d(x y) = Wii‘l dx%.y),
characteristics of the object.
Each user u, according to this model, muswherew and d i nominal characteristics.
correspond to avectorafid , 't he ¢ omponen systens that hplénrerdt a recommendation approach
show the extent to which the object has each of theised on content, analyze a set of objects that have
factors. Similarly, eaclobject i correponds to a similar previously been evaluated by the user, and build a profile
vectorii , the components of ofvisérdnteressdaseavont the echamateristias tof objects
which the user is close (interesting) objects that have easbduated by the same user. A profile is a structured
of the factors. The evaluation of the object by user u iepresentation of users' interests adopted to recommend
thus represented as a scalar product. Thea idf the new objects. The recommendation process is mainly to
methodis to find the values of vectors and, using knowmatch the attributes of the user profile with theilaites
estimates, and then use the found values of these veciofthe content object.
to calculate the predictions of unknown estimates. The Audio analwis techniques are used to compare audio
main task in building a recommendation system based €ifes. Audio analysis, an area that includes automatic
the modeling of laterfactors is tdind the components of speech recognition (ASR), digital signal processing, and
vectors and. music classification, tagging, and generation, is a
In the search for such a breakdown of the ratindevelogd subdomain of deep learning applicatiohise
matrix, the regularized quadratic error is minimized. Theroducts must be described by automatic methods. In the
minimization is performed either by the stochastienusic industry, automatic methods are implemented by
gradient descent method or by the alternatast squares algorithms that analyze the parameters
method. In the method of least squares there is a cyclic 1) low level:
recalculation of vectors of users and objects, i.e. when - mel frequency,

fixing vectors of objects, regularization is carried out only - sampling frequency dghe audio file,
on the vectors of users, divided into smaller squares. In - spectral width,

the sane way regularizi#on of vectors of users on vectors - spectral cerr of the sound frame,
of objects is carried out. - color of audio, etc.;

Machine learning methods, data mining algorithms  2) intermediate level:
can recognize complex models based on training data, and - key,
then make intelligent predictions for common CF - rhythm,
problems for test datar real data [%]. CF algorithms - harmony,
based on Bayesian models, clustering models, and - intensity,
dependency networks can be used as CF models if user - structure;
estimates are reliable, and regression models and singular 3) high level: for example, analysis of similar guitar
decomposition methods can be used for quantitatigwlos.
estimates Some of the most conon machine learning
The Bayesian Igorithm assumes that the systems, such as Alexa, Sind Google Home, are based
characteristics are independent, the probability of a certaim models that extract information from audio signals.
class of all characteristics can be calculated [16]. FQound waves are digitized by sampling from discrete
incomplete data, probability calculations and classificatioimtervals known as sampling rates. Typically, this is 44.1

are made from observations: kHz for CD-quality audio, i.e. 44,100 samples per second.
R Eachsample represents the amplitude of the wave in
class= argmaxp(clas®) P{X= ok clas, a certain time interval, where the depth in bits determines
jl classSet o]

the degree of its detail (fig. 1).

where clas$ is a set of classex, 1 characteristics. In signal processing, sampling is the conversion of a
o continuoussignal into a series of discrete values. The

Contentbasedfiltering depends on the content ofgq g is presented in the form of an audio signal with

objects represented by certain characteristics [17]. TQch parameters as frequency, bandwidth, decibels, etc. A
calculate the similarity between the two promicthe nical audio signal can be expressed as a function of
objective distance between the elements is considere mplitude and time, as in fig. 2.

When objects are described by numerical attributes, @ * | aqdiion to these characteristics, a spectrogram is
metric such as Euclidean distance is used: used for comparison a visual way to represent the signal

; level in time at different frequencies present in the form of
d(x ) =,/a (x -y)*, awave. y o
i=1 From the specified characteristics it is necessary to

choose signs which willdused for comparison.
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Spectral (frequency) feaws are obtained by

converting a time signal into a frequency domain using a

Fourier transform. These include:
- fundamental frequency,
- frequency components,

- spectral centroid,

- spectral flux,

- spectal density,

- spectral decline, etc.

oOrRrNWLBEOO

Sound wave

[4,0,4,7,6,3,0,-1,1,34,3,
-1,-5,-8,-7,-4,-1,0, -2, -4, -5, -4]

Array

Fig. 1. Example of digital signal processing of samples

time

/ frequency

Fig. 2. Representation of sound in the form of an audio signal as a function of amplitude and time

1. The spectral centroid indicates at what frequency 4. Zero crossection speed a method of measuring

the energy of the spectrum is concentrated:
¢ =SSR (K
°SeS(R

whereS(K) is a spectral value of thegaration elemerk,
f(k) T frequency of the elemeht

2. Spectral width the width of the band of light at ggchal t i t u d e

half the maximum point (fig. 3).

Half Height

Intensity

Fig. 3. Graphic representation of spectral width3. $géc
decline is a measure of the waveform expressetdéfréquency
at which high frequencies fall to zero.

the smoothness of the signal, which is expressed by the
number of zero crossections within th signal segment.

5. Melfrequency spectral coefficienfMFSC) are a
set of features that describe the common form of the
spectral envelope.

6. Chromaticity- is represented by a vector of signs
of 12 elements, which indicates the amount of energy of
class {C, CcC #,

The quality of the recommendations can be assessed
by the following criteria:

- accuracy,

- resistance to attacks,

- dependence on cold start,

- reliability and others.

To measure the accuracy of gigting results, you
can use indicators such as:

- medium absolute error (MAE),

- medium standard error (MSE),

- medium error (ME),

- standard deviation (SD).

Medium standard error is calculated by the following
formula:

a (pm - I’ui)z
MSE = (uiN T
T
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whereu i user,i i product or objectr i evaluationp i There are also mixed hybrid recommenders,
projected estimatd, i the total number of test estimates. cascading hybrid recommenders, mieteel
recommendators and others.

Method of forming recommendations on the The combination of several methods of forgin
principle of double organization. proposalsn hybrid methods is as follows:

In order to avoid the limitations of any system and - monolithic organization, when one of the methods
increase thepeed of sulmission of proposals, combinedis chosen as the main one, and the others strengthen and
(hybrid) methods of proposal formation are usdglbrid support its work;
recommendation systemsombine CF with other - parallel organization, in which each of the methods
recommendation methods. Hybrid methods are created works separately, and then thesults of their work are
adding characteristics for CF models, adding Ccombined according to certain principles;
characteriscs to cotentoriented models, or combining - pipeline organization, when all methods work
different CF algorithms. sequentially, with the input data for each subsequent

The CF algorithm, supported by the content, uses timethod is the output of the previous.

Bayesian classifier, and then fills the missing values of the In order for the results of the methods to bertiost
rating matrix with forecasts from the content predictioleffective, the principle of double organization is applied
system to fam a matrixof pseuderatings. Based on the and an algorithm is developed that combines the methods
obtained pseudoating matrix, forecasting is performedof parallel and pipeline organization as follows (fig. 4):

using a weighted algorithm and Pearson correlation. - filtering takes place in two independent working
The weighted hybrid recommender combineunits;
different methods of supply based on the weight - in one of the lcks the method of collaborative

calculated by th results & other methods. A linear filtering will work first, and at the end of its work the
function with normalized weights can be used as cobtained results are processed by the cortganted
integration. As a result, you can choose a weightemethod;

majority or a weighted average. - in another block, on the contrary, first the content
The switching hybrid recommender switchesoriented filtering works, and thercollaboraive filtering;
between recommendation methods using anlms of - after receiving the results from the two blocks, a
criteria. Here there is a problem of complexity ocommon list of objects will be displayed as suggestions.
parameterization for switching criteria. Each of the individual units supports the principle of
conveyor organization in its work.
Y
Content-oriented
method
v
Collaborative Z
filtration method
- _
Input data D?Ia. List of )
combination recommendations
)
Collaborative
filtration method ;
)
Content-oriented
method
- J

Fig. 4. Hybrid method of forming prapsals based on double organization

The developed hybrid method combines thé¢he chain is responsible for creating rough estimates for
approaches of parallel and pipeline organizatiortandidate products, as well as for eliminating products
Conveyor cascade organization of recommendatiomithout grades. The second method adjtisésresults of
methods in eaclof the individual units allows to obtain the evaluations of the first method and organizesnt
more accurate proposalsthe output. The first method in creating a final list of proposals. Each of the blocks is
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given a weighting factor, which is calculated and changditening history, that is, a list of names of music tracks
during the analysis of the results of previous proposaland their artists thatdve been registered as listened to.
Initially, the coefficients of both blocks are 0.5. If aftefThe user can integrate with other slixig music resources
receiving the ders the user gave a rating that is differenby downloading a listening history and adding this
from the forecast, then when recommending this object tioformation to their profile. This information then
other users, the weight will increase, which will allow yolbecomes available to anyone and can be obtained via http
to refine the rating. requests through a special APl. In this way you
can get a more completpicture of the various user
The main functions and architecture of the preferences.
system of formation of mustal recommendations Two lists of personal preferences are created for each
The music recommendation system is a standalomser: favorite music tracks and those you don't like
web application that allows users to receive suggestiofi$avorites” and "blacklist"). Sugestions will be

for favorite items based on their music profile. generated primarily for songs that have been addeckto th
The mainfunctionsof the system: favorites list, and will be ignored primarily similar to
- formation of a musical profile; those included in the "black” list.
- creating liss of personal musical preferences; In the component diagram shown in fig. 5, you can
- integration with music resources (Last.fm, Spotify)see the central position of the welrvas, which makes
- generating a list of music offers; requests via the http protocol to open APIs of remote
- the ability to listen to and purchase recommendegsurces, such as iTunes, Last.fm, Spotify, SoundCloud,
sorys; YouTube. The user will use the web interface in the
- search for information about songs and theibrowser to provide commands in the form of requests to
performers. the web server, whit in turn will execute them

Creating amusic user profile is one of the mainand return the result to the browser, whiaiti show it to
functions of a web application. A music profile is a userthe user.

Web Services

=] = |

Last.f
Client Application astim

Spotify

‘ SoundCloud

A =

DataBase YouTube

Fig. 5. Component diagram

In order for the collaboration filtering method to givefor the correct operation of the system. This phenomenon
a correct redy it is necessary to have a large amount dk called a cold start or a problem of a new user eva
data on the preferences of the user of the recommendatabject [18]. The required coverage can be defined as the
system, as well as all usavho have common advantagespercentage of products that the algorithm can offer. The
with the data. But at the beginning of the system it takgsoblen of reduced coverage occurs when the number of
some time for the database to acquire size necessary user ratings is very small compared to the large number of
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objects in the system,nd the referral system cannot
generate offers for them. Another problem is the
phenomenon of neighboring transitivity in dadses with

a small amount of information, in which users cannot be
identified as "similar to each other" if they do not have a
scoke for the same objects.

Thus, to ensure the operation of corteriented
methods, you must first have a database with eriigion  Table 1. Userratings of different genres
of the products, information about which will be used tg
provide proposals. It is advisable not to collect produgtp;
descrptions yourself, but to use a reathade complete Chp

! e anson
data set. The most complete description of thEcountry
characteristics of world micssongs is contained in the [ Opera
database of the Spotify service, while also having freerock
access via the Spotify Web API. Jazz

It should be bted that different methods of | Folk
generating proposals have different means of using inpuHip-Hop
data then generating output. For exden collaborative | Symphonic
filtering techniques will generate user ratings and tastes,
interests, and preferences when listening to musgienw When comparing the ratings of users 1 and 2, the
generating suggestions, while conteriented methods Pearsoncorrelation coefficient 0.8005 was obtained. On
will form a set of datdike songs. the Chaddock scale, this is a strong connection. A

comparison of 1 and 3 user ratings showed a score of

Analysis of user preferencesand similarity of 0.1318, which is a weak linkComparison between users 2
musical compositions by audio characteristics. System and 3 gives a moderate factd.4278.
testing. Thus,if user 1 needs recommendations, he needs to

Here's an example of measuring the similarity ofonsder the preferences of user 2. User 2 must listen first
three different users' queries for different genres of musio user 1 and secondly to user 3.
using Pearson's correlation. An example of calculations of audio cheteristics

We received user ratings for nineusic genres. of three compositions is given. The Euclidean distance is
Each user rated the genres on a scale of 1 to 5, where ¢htculted on the basis of the spectral centroid. Ekath
most favorite genres have a rating of 5 and the lesggt for an individual composition will consist of 12
attradive - 1, respectively. elements, the value of which is measured in the range

Having three users, the system is three pairs tetween O and 1gHe 2). The closer to 1, the higher the
calculate the Pearson correlation coefficientsa@ations frequency of concentration of engran the spectrum. For
between traits can be strong (close) and weak, they @ample, the closer theti@is to 1, the more likely it is
assessed on the Chaddock scale, where: that the audio contains a large number of loud vocalist

0.1 <r,, <0.3i weak connection; sounds or musical instruments. Each eddnof the array
is the average value of the spectral centroids for a duarati
of 1520 seconds.

0.5 <r,, <0.7i noticeable connection;
0.7 <ry, <0.97 strong connection.
0.9 <ry, <17 very strong connection.

Below is table 1 with ratings of genres by three
users.

Genres User 1 User 2 User 3
5

NOW OO IN|~
RPIOWW(F|OIW|Ww
RO R[N INW WOl

0.3 <r,, <0.51 moderate connection;

Table 2. The value of thewadio characteristics of the compositions

No. "Highway to Hell" "Back in Black" "Billie Jean"
1 0.854411946129 0.842525219898 0.30%17027413
2 0.604124786151 0.561826888508 0.257490051780
3 0.593634078776 0.508715259692 0.384942835571
4 0.495885413963 0.443531142139 0.393766280475
5 0.266307830936 0.296733836002 0.340499471454
6 0.261472105188 0.250213568176 0.284685235124
7 0.506387076327 0.488540873206 0.490791264466
8 0.464453565511 0.360508747659 0.513048089201
9 0.665798573683 0.575435243185 0.569896183990
10 0.542968988766 0.361005878554 0.508417866340
11 0.580444285770 0.678378718617 0.519187529821
12 0.445219373624 0.409036786173 0.490379584500
The following valuesof Euclidean distance are - between "Backn Black" and "Billie Jean" 0.688.
obtained: The greater the Euclidean distance characteristics
- between the songs "Highway to Hedihd "Back in  between the two tracks, the less similar they are. That is, if
Black" 0.2761; the algrithm will determine the most similar song to the
- between "Highway to Hell* and "Billie Jean" track "Back in Black", then in the first place the priority
0.7041; of recommendatioswill be "Highway to Hell".
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For verification, spectrograms of compositions werbetween "Highway to Hell* and "Billie Jean", which
constructed, on which you can visually she tlifference confirms the results of calculations (fig. 6, fig. 7).

Fig. 6."Highway to Hell" Spectrogram
8192
4096
2048

1024

Hz

512

256

128

64

Fig. 7."Billie Jean" Spectrogram

The system was tested based on the Spotify databased calculation formula®f the specified methods are
where, according to the statistical website Ergad resulted. Te main audio characteristics of musical
Ramblings, as of 2020, about 100 million users have beeampositions are considered.
registered and about 30 nlh music tracks have been The method of forméin of recommendations on the
added. As the results of the analysis showed, when usipignciple of double organization is developed.

10% or 1% of the data, the results diot khange, so all The main functions of the system of formation of
experiments were condiedd on 1%, i.e. on 100 thousandmusical recommendations atetermined and the diagram
users, 30 thousand tracks and 2 million ratings. of components is formed.

Using tes data, the process of forming proposals for ~ An example of calculating the characteristics séru
test users was carried out by two methods sequentialpreferences and similarity of musical compositions by
The method of collaboriae filtering by calculating the audio characteristics is given.
root mea square error using test data, received an According to the results of testinthe system by
accuracy estimate of 1.48 and worked for ab@B8t three methodswe can conclude that the proposed hybrid
minutes. The conteritased method received an accuracynethod is worse than others in speed by about one and a
estimate of 1.39 when working for 10 minutes. The hybritlalf times. However, this method proved to be the most
method onthe principle of double organization eeed effective among the studied recommendation methods
an estimate of accuracy of 1.37 with a duration of 2®@ith the lowest valuef the root mean square errotn
minutes. addition, the hybrid method on the principle of dual

organization solves such problems of exigti
Conclusions recommendation methods as excessive similarity of
recommendations, potentially small number or no

The aticle investigated collaborative filtering, proposals at all by conemsating data from one block
contentbased filtering and hybrid methods. Algorithmsdata from another.
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AGUNG CHANDRA, CHRISTINE NATALIA

PERFORMANCE ANALYSIS OF OPTIMIZATION METHODS FOR SOLVING
TRAVELING SALESMAN PROBLEM

The subject of this research is distance and time of several city tour probidnich known as traveling salesman problem)(t$pe
goalis to find out the gaps of distance and time between two types of optimization methods in traveling salesman probéerd: exac
approximate. Exact method yields optimal solution but spends morenirae the number of cities is increasing apgraximate
method yields near optimal solution even optimal but spends less time than exact methaoalsk iFhthis study is to idesfy and
formulate each algorithm for each method, then to run each algorvitth the same input and to get the researdiput: total
distance, and the last to compare both methods: advantage and limikaéthrads used are Brute Force (BF) and Brametd Bound
(B&B) algorithms which are categorized as exact methods are cethpath Artificial Bee Colony (ABC), Tabu Sedr (TS) and
Simulated Annealing (SA) algorithms which are categorized as approximate methods or known as a heuristics methoeeThese th
approximate methods are chosen because they are effective algoritaysto eemplement and provide good solutions for
combinatorial optimization problems. Exact and approximate algorithms are tested in several sizes of city tour probléfnst, 9,
17, 25, 42, and 58 cities. 17, 42 and 58 cities are derived from tsfilibay of sample instances for tsp; and otere taken from
big cities in Java (West, Central, East) island. All of the algorithms are run by MATLAB programeduits show hat exact
method is better in time performance for problem size less thaities and both exact and approximate methgdkl optimal
solution. For problem sizes that have more than 25 cities, approximate niefkrtificial Bee Colony (ABC) yields betr time
which is approximately 37% less than exact and deviates 0.0197disfance from exact method. Thenclusionis to apply exact
method for problem size that is less than 25 cities and approximate method for problem size that is more thanT2& gépsof
time will be increasing between two methods when sample sieries larger.

Keywords: traveling salesman ploéem; optimization method; exact method; approximate methods; gaps.

Introduction in a reasonable time but no guarantee optimal solution.
Brute force, Branch and Bound, Dynamic Programming
Traveling salesman problem, called TSP is &re examles ofexact methods or limited search metsod
description of a large class of problems known &d3] where Artificial Bee Colony, Tabu Search and
combinatorial optimization probtes and literally also Simulated Annealing are examples of approximate
known as a Chinese posamproblem or single vehicle methods. Although approximate method does not produce
routing problem (VRP). Many reavorld problems can be optimal solution but it has some advantages such as shor
modeled as variants of TSP as a+watld problems are searting time of solution compared to exatithods,
often more complicated than TSP. Since there are mafgar optimal solution even optimal, and simplicity of
powerful tranfomation technique to convert the variantsimplementation.
to TSP, any outcome for TSP can be used for a wide Brute Force algorithm searches all solution space,
variety of realworld of problems [1,2]. TSP is one of theexhaustive search for combinatorial problem, generates a
most important transportation problems in operationdist of all potentialsolutions to the problem in a systematic
logistics. Transporation is needed to guarantee tfieanne and evaluates potential solutions one by one,
mobility of people and goods and as parthafeéconomic disqualifies infeasible ones and keeps track of the best one
system, transportation has an important function ifpund for an optimization problem [14].
national development [3]. The concept of TSP is described Branch and Bound (B&B) algorithm is a
as follows: a salesman or a vehicle has a number of citiégidamental and widelysed mehodology for producing
to visit with a distance ofirhe betveen two cities and exact solutionsto NP-hard optimization problems. This
each city is visitd only once (Hamiltonian cycle) and method is proposed by Land & Doig. B&B algorithm
returns to the starting city then the total distancereates and prunes the nodes and this happens in a
or time is minimized [4, 5, 6]. Distance is a key factor ifecursive way. This strategy has three main components:
transportation. According to [7, 8] the distanceédranching, bonding, and the selection of the next node.
controls br trarsportation cost, and for health centerlmportant decisions have to be made that influence the
distance plays a crucial role in health servic@erformance of the algorithm [15] this solves a discrete
accessibility [9], for food distribution, distance should b@ptimization problem by breaking up its feasible set into
considered when assessing the environmental impact ssaller subsets, calculating bounds on thigiectve
transporting food [10]. Transportation costaboutone function value over each subset arghg them to discard
third or two third of total logists cost [11]. The facts tell certain subsets from further consideration. The bounds are
us about the need to search the shortest route dhtained by replacing the problem over a given subset
order to minimize cost, minimize risk and minimizewith an easier problem, such that the solution value
damage. of the latter boundthat ofthe former. The procedure ends
There are two types of optimization methods: one when eah subset has either produced a feasible
exact method anché othe one is approximate method solution or contains no better solution than the one
[12]. Exact methods produce optimal solutions ancdlready in hand. The best solution found is a global
approximate (heuristics) methods produce high solutio@timum [16].

E Agung Chandra, Christindatalia 2021
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Artificial Bee Colony (ABC) algorithm is a heigtic %Output: Indices index1 and index2 of the closet
method and optimization algorithm that oroes pair of points
under Swarm Intelligence and inspired by social behavior Dmina b
of natural bees. This method introduced by Dervis foria 1toni 1do
Karaboga in 2005. The term swarm is used in forja i+ 1tondo
a general manner to refer to any restrained x i S i
collecion of interacting agents or individuals. THEBC da sat ((X )?) * (2 Y) ) sar is
algorithm has been compared with that of differentidhe squre root function
evolution (DE), particle swarm optimization (PSO) and  if d <dmin
evolutionary algorithm (EA), and the result shows the dmina d;indexla i;index2a j
ABC perform better than DE, PSO and EA [1Hee return index1, index2
colony optimization has beeen succedgfuhpplied to
various hard combinatorial optimization problems, 2. Branch and Bound (B&B) algorithm
mostly in transportation, location and scheduling ~The branch and bound (B&B) algorithm implicitly
fields [18]. enumerates all possible solutions to the problem
Tabu Search (TS) algorithm is a powerful algorithn¥inder —consideration, by storing partial ~solutions
approach that has beemmp|emened with great which called subproblems in the struet of tree.
success to any difficult conmmtorial problems and Unexplored nodes generate children by partitioning the
generally provide good solutions very early insolution space into smaller regions that can be solved
the search. TS was proposed by Fred Glover in 198gcursively (branching) and rules are usedptane off
which allow Local Search (LS) to overcome locaregions of the search space that provably suboptimal
Optima_ The basic princip]e of & is to pursue (bounding). When all tes has been explored, the best
LS when finds a local optimum by alling non solution found in the search and is returned [23]. The
improving movement and back to previous visited i§seudocode is:
prevented by the use of memories which called tabu

lists [19]. SetL = {X} and initialize £
Simulated Annealing (SA) algorithm is a heuristic whileL | @
algorithm for obtaining goodsolutiors and has several Select a subproblem S from L to explore
interesting features such &asy to implement, can be S . =
generally used to a wide range problems and can provide If a solution X1 { x| q (3 <f(35) can

high quality solutions to many problems [20]. SA isbe found Set £= x'l

regarded as one of most commons heuristics |If Scan not be pruned:

technique [21]. PartitionSinto S, S,, ..., S,
Based o the paer published above, both exact and | .

. . nsertS, S,, .., S intoL
approxima¢ methods have outstanding performance
where exact method yields optimal solution but time  RemoveSfromL
consuming, and on the other hand, approximate yields Returnx
near optimal solution but faster than exact method. From
this poirt of view, performance analysis needs to be 3. Artificial Bee Colony (ABC) algorithm
conducted to get the percentage of difference both ABC algorithm is simple, easyery fast and it can
solution and processing time, so the goal in thige effectively applied to combinatorial optimization
paper is to find how large the differences are for solutioproblem, in this algathm, the bees are divided in three
and time between exact and approximate hod$ groups: employed bees, onlooker bees and scout bees.
based on case study of goods distribution toiecar Each food source position represents a candidate solution
number of destinations in cities small and medium o©f optimizaton problem. The number of employed bees or
size. the onlooker bees is equal to the number of solutions

the population.
M aterials and methods This below equation represents an initial solution
which random route between 1 and 25 generated by this
1. Brute Force (BF) algorithm is a straightforward equation. At the same time, a stdee searches the new

approach and usually based on problem statemdRPdS when a source is abandoned [24, 25]:

and definitionsof conepts involved. This solution to — ymin ax  gnin

combinatorial problems, this suggests generating % =™ #rand0. (¢ . @)

each and every combinatorial object such &

permutations, combinations or subsets a

a set of the problem, selecting those of them ththe number of optimization parameters .

satisfying all the constrais, andthen finding a desired This following equation represents the employed bee

object [22]. phase that performs random modifications on adjacent to a
solution.

where abandoned source ¥s and ji {1,2,.D }; D is

%lnput: alistPofn(n® 2) mMm e X, s.,

Pn = (Xn, Yn) Vi =% (06 - %) 2)
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where: ki {1,2,...,SN}ane[ 1,2,.D are randomly their "attributes”) are not currently in the tabu [istor
satisfy the aspiration criterion;

chosen indexes, but k has to be different fionf; ; is a S=%: /1 replace the curre
random number betweerl and 1;x; is a comparison insert thesolution s (or its "attribute") into the tabu

S . list T;
ggu:\évgs food positions; SN isthe numberof food if f(s) <f(s*) thens* : = s; // save the best so far

. solution //
The number of food sources is equal to the number update the tabu it

of employed bees until termination criterion is satisfied;
Then, the lasequation, onlooker bee choose a food '

: - : . returns*
source with probability proportional to the quality of food end
source
61 i f20 0 5. Simulated Annealing (SA) algorithm
fitness =| 1+ , ‘ L 3) Is very usefullin finding global optima in the
Ti+abg( f) if f 20 y’l presence of local optima large numbers. The simulated
annealing algorithm starts from a higher temperature
where f, is the fithess value of the solution i which is called the initial temperature. When the

In this study, number of cities & 9, 10, 16, 17, 25, temperature  decreases graduall)_/, the  solution
42, 58 and the manipulating operators are swap, insertidfldS to be stablebut the solution may be a
and reversion. local optimal  solution. Pseudocode is as
A short algorithm is shown below [26]: follows [28]:

Initialize population. o o
Input: initial temperaturd0, minimum temperature

Repeat Tmin, maximum number of iteratiokmax, probablity of

Place the employed bees on their food sources afffnPeature dropr;
determine their nectar amounts
Calculde the probability value of the sources with Output: the optimasolution Xpesi

which they are preferred by the onlooker bees Generating an initial solutioXo;
Place the onlooker bees on the food sources Xoestd Xo;
depending on their nectamaunts Computing the value of objective functid{Xo) and
Stop the exploitation process of the sourceb(Xoes);
exhausted by the bees Tia To
Send the scouts tdé search area for discovering While T; > Tmin dO
new food sources randomly pfa f Xnew) T T (Xoes);
Memorize the best food source found so far | ff<@thenXpestd Xnew;
Until requirements are met Endif

4. Tabu Search (TS) algorithm , of

Themain idea of this algorithm is allowing climbing I ffOp 0 t<hen
moves when there is no improving neighbouring lfcarandom f DenXedsd Xob
solution exists such as a move is allowed even if a NeW  ElseXpest & Xpesi
solution s6 from neighbour hggg of the current solutior
worse than the current one. In nature, metuto End if
the locally optimal solutions previously visited ia i+1LTa rxT;
is not allowed in order to avoid cyeotj of the search. TS
is based on a methodology of prohibitions: some
moves are frozen (tabu) from time to time. The
pseudocode for the standard (pure) tabu $eaas
follows [27]:

end while
Return Xbest;

Research Methodology

Doing this research, there aseme steps that must
be followed, starting from goal setting, analysing
and drawing the conclusion which can be seen
in fig. 1.

Function tabu_search(s);

/I input: sT the initial solution; outputs* - the best
solution found //

sti=5;

initialize the tabu lisT;

repeat // continue the main cycle of TS //

given neighbourhood functiory, tabu list T, and By using MATLAB program based PC, the results

aspiration criterion, : o ;
find the best possible solution b for every algrithm indicated in table 1.

i ¢'(s)1 g(s), where ¢'(s) consists of solutions that (or

Results and Discussions

1. Results
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Start

Goal of Research:
To find the differences of total distance and
process time between exact and approximate
method

Input for research:

1. Coordinates of 25 citiesin Javaisland from
googlemaps

2. Euclidean distance between two destinations
3. Distance data from tsplib: dantzig42 and gr17

v v

Approximate Methods:

1. Artificial Bee Colony agorithm
2. Tabu Search algorithm

3. Simulated Annealing agorithm

Exact Methods:
1. Brute Force algorithm
2. Branch and Bound algorithm

Comparing the total distances and process
time by using software Matlab

v

Analysis the differences (gap) between
exact and approximate methods

v

Conclusion and further development

Start
Fig. 1. Research Methodology
Tabel 1.Comparison of distance and time
. . - - Grl7 -, Dantzig42 . .
6 cities 9 cities 10 cities 16 cities (tsplib) 25 cities (tsplib) Brazil58 (tsplib)

Algo | Dist | Time | Dist | Time | Dist | Time | Dist | Time | Dist | Time | Dist | Time | Dist | Time | Dist Time

BF* 587 2 608 18 861 | 111

B&B | 587 | 0.14 | 608 | 0.06 | 861 | 0.31 | 1,465| 4.69 | 2,085| 3.87 | 2,251 | 12,750| 699 | 187 | 25,395| >82,800

BKS 2,085 2,251 699 25,395

ABC | 587 5 608 5 861 6 1,465 7 2,085 6 2,251 6 699 | 117 | 25,400| 740

TS 587 5 608 6 861 7 1,636 11 | 2,085] 12 2,556 22 856 51

SA 587 34 608 23 861 26 | 1,465 33 | 2,085 30 2,274 29 774 29

*the time cost is too expensive; Dist means distance; BKS = Best Known Solution

In this study, the first thingot see is the results of method becaue it has less time than exasthod and the
distance for each algorithm. In the case of 6 cities to T@sult is also optimal. ABC algorithm is more powerful
cities, all algorithms vyield # same distances andthan others and from time aspect, ABC has less
competitive process time. Starting from study of 16 citiesime about 37.43% than B®& algorithm for case
TS does not vyield optimal solution where SADantzigd2 shown in fig. 2. ABC algorithm also
starts from thecase of 25 cities. BF algorithm is lesstested for tsplib brazil58 shown in figure 8Be distance
efficient tool when the cities grow to more than 10 citiegjeviates only 0.0197% but amount of time is increasing
because it wilgrow like n!, so if there is 11 cities, thencompared to Dantzigd2. For case of cities is less
time needed will be 11 times as long as the timihan or the same as tflies, both exact and approximate
for 10 cities. When the number of cities ixlieasing to methods show the same distance, the gap is only
more than twenty cities, one can benefit from approximate time.
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Fig. 3. ABC algorithm tested on brazil58 tsplib

2. Discussions countries in order to increase conviction for users both for
There are numerous algorithms and cases tiosy, distance and time. According [29], B&B algorithm is
each algorithm in thismanuscript must be tested on largesuitable for solving less than 60 locations, then one should
size, validated and compared with other algorithmsonsider to apply approximate method.

especially approximate methods and cases from other
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Conclusions and Further Development about n! when the number of cities is more than 10, and

Branch and Bound algithm is less efficient initne when
Transportation distance can be minimized bj,he number of cities is more than 25 cities than

choosing the shortest route. There are two dptitton approximate method Artificial Bee Colony algorithm.
methods, one is exaand the other is approximate. ExactExact method is fit to problems less than 25 cities and
methodsi Brute Force and Branch and Bound algorithmépproximate method is fit to problems larger than 25
provides optimal solution but Brute Force algorithm yield§ities.
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O. KONONENKO

THEORETICAL ASPECTS OF THE ORGANIZATION BRAND MANAGEMENT

The subject matter of research in the article is the development of the conceptrasfd”, as well as modern apprbes to the
process of brand formation of the organization. Recent decades the concept of "brand" has become widespread. It ishapplied to
individual, to the enterprise, and also to government initiatives. However, iitefature there is no single jmb of view on the
definition of this concept. Thgoal of the article is to analyze the existing definitions of the concept of "brand" and modern
approaches to the process of brand formation of the organization. To attlisegeal, it is necessary tolge the following tasks: to
collect the definitions of the concept of a brand, given by organizations, scientists, specialists, to analyze theses defahitheir
dynamics, to analyze the main features of strategiodbmzemnagement. The system analysethod was applied to achieve the goal
of the work.Results The most weltknown definitions of the concept of "brand" are given. It is shown that it can be considered from
the standpoint of a company that creates goodwarides services under its ovinand, or from the standpoint of a buyer who
perceives this brand. The way this concept evolves over time is analyzed. It is shown that the brands are a combirgikitnaoida
intangible elements that can be combinetb ithe following groups: visualesign elements, distinctive product features (quality,
individuality, sounds, aroma, taste, etc.), intangible aspects of customer interaction with the product or companyf. ausitityer
service, etc.). Based on theadysis of existing concepts, tlsvn definition of the concept of "brand" is proposed, which meets the
requirements of modernity. The definition of "branding" is considered. It is shown that brand management uses a vatketyngf ma
tools and techniques increase the value of brandgdods in the eyes of buyers and that a large proportion of buyers are willing to
pay more for the product of your favorite brand. The main stages of strategic brand management include: determinimgnthacdosit
value ofthe brand, planning and implemation of the brand marketing program, measuring brand effectiveness, increasing and
maintaining brand value. The concept of "brand book" and the advantages of its use are considered. The structure bbtileibrand
descibed. It is shown that it is ingutant for the development of companies to create a marketing strategy for rebranding. In the
process of rebranding, there are usually four main stages, namely: marketing audit, brand repositioning, restylingualf its vis
attributes and changing the piiples of communicationConclusions: the definition of "brand" and the use of strategic brand
management and rebranding will form the brand of the organization, which will be better perceived by consumers andawill have
positive image in society.

Keywords: brand; definition; branding; brand book; rebranding; stages.

Introduction J.  Wiechmann, AW. Bulanov, E.A. Rudaya,
D.A. Shevchenko and others. These definitions, on the
In the modern world, it is difficult to find a personone hand, differ significantly from each other, on the other
who would never use the word "brand" or did not haveand, undergo changes over timBefinitions of this
even theslightest idea about its content, because at theoncept are closely related to theogesses of forming a
stage of huran development, this term permeates almo§ompetitive brand of the organization.
all aspects of society. Today, the term "brand" can be just

as easily applied to a utility, charity, football team, Purpose of the work

badminton team, celebrity, or inmeral- to a government

initiative, as previously applied exdively to wrap in The aim of the article is to analyze the existing
branded material packaging [1]. definitions of the concept of "brand" and modern

In general, the word "brand" comes from the Olapproaches tohe process of brand formation of the
Norse "brand", which translates as "smoke, fire", and treganization. To achve this goal it is necessary to
origins of its history can be found ithe days when perform the following tasks: to collect definitions of the
pastoralists burned certain characteristic lsgls on the concept of brand, which are given by organizations,
skin of cattle in order to then be able to distinguisiscientists, specialists, to analyze these definiterstheir
animals that belonged to different owners [2]. Thus, evaltynamics, to analyze the main features of sgiaterand
in ancient times, the "brand" was perceived as management.
distinctive featuraghat helped to distinguish the product or
property of a particlar owner from hundreds of other, Research results
outwardly very similar products.

However, still, despite the limitless scope of the  The essence of the brand and its main components.
concept of "brand" and its rich history, even in the = The American Marketing Association defines
specialized literaturen branding it is impossible to find a "brand" as "a name, term, mark, symbol, design, or

single definition of his term. combinationthereof, intended to identify the goods or
_ o services of oneseller or group of sellers, and to
Analysis of recent research and publications distinguish a product or service from goods or services of

competitors" [3].
The definition of "brand" in recent years has been ISO 10668: 2010 [4] defines a "brand" as an
devoted to the works of such authors as S. Ahmaihtangible asset related to marketinggluding, but not
L. De Chernatony, R. Clifton, D. Blessandro, limited to, names, terms, signs, symbolsgos and
F.-R. Esch, JGregory, K. Keller, Ph. Kotler, MOwens, designs, or a combination thereof, designed to identify

E O.Kononenkg2021
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goods, services or organizations, or a combination ofeates goods or provislservices under its own brand, or
them, which creates different images and associationsfiem the standpoint of a buyer who perceives this brand.
the minds of stakediders, thereby generating economicThe desired image of the brand that the organization
benefits/values. would like to get and its perception bystomers in reality
Many scholars and practitioners in the field ofdoes not always coincide. Thus, the choice ofedéifit
branding, studying the question of how to correctlyaspects and points of view provides a multifaceted
interpret such a fundamental concept as "brand", tried itaterpretation of the concept of "brand". Secondly, it is
provide their own options for itslefinition. The most necessary to distinguish between specific and abstract
well-known of them are listed below in table 1. definitions of tke brand, because much depends on the
Which of the proposed brand definitions is the modevel of specification and theontext of application of this
complete and meaningful? Which researcher's approacbncept. Third, the very concept of "brand" is constantly
allows to identify the fundamental features of the conceptvolving under the influence of changes in the external
of "brand" at a deep Wel? The answer to these questionsnarketing environment and, as a consequeredilled
is very difficult to provide, bease the difficulty of with new meaning [13]. This is to meet the demands of
unambiguous interpretation of the brand is due to @nsumers, which are changing, including as a result of
number of reasons. First, the brand, like any othemaining experience related to the product or service, as
complex phenomenon in marketing, is multifaceted. Well as to constantly maintain and increase
can beviewed from the standpoint of a company thatompetitiveness [14, 15].

Table 1. Approaches to defining the concept of "brand" of different rebeasc

Definition Researcher
A brand is not a thing, a product, a company or an organization. | James R. Gregory, from thedlo"Leveraging the
Brands do not exist in the real worlthey aremental constructions. A Corporate Brand" [5]
brand is best described as the sum of a person's entire experience
perception of a thg, product, company or organization. Brands ex
in the form of consciousness or specific people or society.
We define a brand as a trademark that in the eyes of the consume| Charles Brymer, General Manager "Interbrand
absorbsa clear and meaningful set of values and attrib(ies. Schecter" [6]
products are made in the factory. But a product becomes a brand
when it acquire many tangible, intangible and psychological factor:
The main thing to remember is that brands are not cregtédtb
manufacturerThey exist only in the minds of consumers.
A brand is more thajust advertising or even marketing. This is all | David F. D'Alessandro, General Manager "John
that comes to a person's mind about a product when they kit | Hancock”, from the book "Brand Warfare: 10 Rules f
hear the name. Building theKiller Brand" [7]
A brand is a set of perceptions in the consumer's imagination. Paul Feldwick, Executive Director of &tegic
Planning, BMP DDB, International Director of
Branding Planning, DDB [6]
A brand is an identified product, service, personlace created in Leslie De Chernatony, Professor of Brand Marketing
such a way that the consumer or buyer perceives the unique addg and Director of the Center for Research in Brand

value that best meets his needs. Marketing at Birmingham University BusireSchool,
author of several books on branding [8]

Brands are figurative representations stored in the memory of FranzRudolf Esch, Professor of Marketing, Universit]

stakehol@rs, which perform the functions of identification and of Giessen, Germany, Director of the Institute for Brg

differentiation and determine the behavior of consumersinchoosiiand Communi cati on Res-ea

products ad services. und Kommunikationsforschung") [9]

Brand is a name that influences the behavianafket consumers/ | JeanNoel Kapferer, Professor of the School of

buyers. Management HEC (France), recognized specialist i

branding [6]

A brand is a commercially valuable sign or sum of signs that is kn¢ A.V. Bulanov, from the book "Brand 2.6rom
to a certain group of people, evokes in theinmogy similar philosophy to practice" [10]

information and a similar attitude to real or imaginary objects
(interpretation). The brand is able to infhwe the behavior of this
group of people in the interests of its owner, which creates its
commercial value. The commercial value dfrand is also determine
by how easily it can be detached from one object and transferred {
another object or group of @ets while maintaining its interpretation
Brand is a signsymbol, word or combination thereof that helps D.A. Shevchenko, from the book "Advertising.
consumers distinguishing the goods or services of one company f| Marketing. PR" [11]

anothe. The brand is perceived as a wiatlown brand or company
that occupies a special place in the minds and psychology of cons
segmats from the masses of their own kind.
A brand is a req&tive sign of an organization and its products,by | Chovanov §, H. H. , Kor s hu
which the consumer can distinguish the organization and its prody [12]
from others.
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Leading brand management specialist Leslie devised his own daition of the brand several times,
Cernaton in his book "From brand vision to brandonstantly expanding its value. Thus, first, the founder of
evaluation. Strategic process of brand growth anshodern marketing management theory defined a brand as
strengthening” identified and summarized the maia name, term, trademark, symbol, image, or a combimati
approaches that interpret the brand [16]. We havihereof, designed to identify the goods and ises/of one
displayed his achievements in the form of a diagraseller or sellers and differentiate them from the goods and
(fig. 1). services of competitors. However, a little later F. Kotler

Obviously, a concept "brand" evolves together witltlarified his previous definition: "A brand is any name,
development of world economy, for this reasalready a title, trademark,etc., which have a certain meaning and
long ago from a simple method for digjuishing of association" [18]. Finally, Kotler's interpretation of the
commodities of different producers a brand grew into thigrand was transformed into: "Brand is a complex concept
difficult, complex phenomenon that includes for itselthat can express six meanings: 1) attributes; 2) benefits; 3)
quite a bit constituents and carries in itself deepalue; 4) culture; 5) individuality;)auser." [19].
maintenance. It is worth tiag that even Philip Kotler has

Bastc approaches that interpret the brand

From the company's position: From the consumer's point of view:

* identification system » image in the perception of consumers
* risk reduction tool » aftitude, relations

* brand contract

*added value

Fig. 1. Varieties of brand interptations

The above definitions of the brand, proposed bkrand to continue to succeed, companies must constantly
Philip Kotler, actually lead us to the conclusion of whamake concerted efforts to ensure its dpita
elements make up the brandit contains all possible branding.
characteristics that distinguish goods and services from In 2001, Molly Hislop defined branding as the
one seller to another: nanmdgsign, style, symbols, points process of establishing a connection between a company's
interactions with customers, etc., and in general giiroduct and its emotional pefution by customers in
elements of the brand work as a psychological trigger order to differentiate itself from competitors and build
stimudus that evokes an association with all other thoughtsyal relationships with atomers [21]. In 2004 and 2008,
about the brand. Thus, brands are a combination Khapferer and Keller, respectively, published their vision
tangible and intangible elements that can be combinedf branding, in their view: "Branding is meeting

into such groups: customers' expectations and constantly meeting their
1) Visual design elements: name, logo, corporateeeds” [22].
colors and fonts, slogan, gaging, graphics, shape, etc. According to [23], brand management is the process

2) Distinctive features of the product: quality,of maintaining and improving a brand so that its name is
individuality, sounds (uniquenelody or set of notes can associated with positive results. A brand is what
become a characteristic feature of the brand), aroma, tastestomers think of when they see or hadrand name, ie
etc. a brand is the image and individuality of a product or

3) Intangible aspects of customer interaction with theervice offered by a company. Bthmanagement, in
product or company: reputation, quality of custometurn, uses a variety of marketing tools and techniques to
service, etc. [20]. increase the value of branded goods in the eyes of

Thus, the brand can be defined akddistic image, customers. Based on thgoals set by the marketing
which gradually develops in the minds of the targedtrategy, brand management allows product prices to grow
audience, based on all the information received, whicdnd create loyal custwers through positive associations
relates to all aspectd the brand owner. and images, or good awareness of potential consumers

about the brand. For example, Scott Davis published a

Modern approaches to the process of forming astudy n his book, which indicates that 72% of buyers are
competitive brand of the organization. willing to pay a price for a favorite brand that is 20%

Creating a brand, despite the objective complexity dfigher than the price of the nearest competing brand; 50%
this task, is only the beginning of another infinitelyof buyers are ready for a similar excess of the price by a
long process called brand management,abse for a quarter, and 40% are even willin to overpay
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a third of the price in order to buy a product of a certain  The final stage in the process of brand management
brand [24]. after evaluating the effectiveness is to work on improving

Thus, proper brand amgement can increase loyaltythe brand image to ensure the growth and maintenance of
to it, which in turn forces customers to return, which ibrard value. Brand value is a measure of the quality it
turn directly affects the company's benefits. Simply said, affers [28].
successful brand allows its rights holders to raise product In general, according to a study by Lucidpress,
prices and increase their own profits. In faafthout consistent and continuous bdimg can increase the
smart brand management, most global companies wowddmpany's average annual profits by about 23%, but
not have achieved such success. despite these statistics, only a quarbérorganizations

The authors of [25] conducted a survey of consumelsgve their own official brand book (or brand style guide)
ard concluded that brand knowledge has a great influenednose recommendations they really follow. In fact, about
on consumer behavior, and this result is statisgical 60% of conpanies admit that the product they create does
significant. Brand knowledge includes brand awarenes®t always meet the principles of their brand [29].
and brand image. People are switching from local tAlthough it is consistent adherence to the developed
branded products. They like to use brasidproducts to principles that helps companies achieve the coherence
show their status, power and wealth. needed to form a recognizable brand, positive @atons

In [26], based on a survey of 200 graduates arahd, as a result, gain customer loyalty.
working young people, it was concluded that there is a A brand book or brand style guide is an official
strong statistically significant positive correlation betweedocument thasets out specific guidelines for maintaining
advertising and brand preferences, a®llwas the brand identity in all external and internal communications.
relationship between customer income and brarBrand books often contain clear reaoendations on the
preference. correct use of the logo, corporate colors, acceptable

The process of strategic brand mamag® is manipulation of images and photos, infaton about the
necessary to create and maintain brand value. Developwgjce/tone of the brand ("Tone of voice"), etc.

a strategy that successfully maintains or improves brand The most obvious advantage of having, and most
awareness, strengthens comer associations with it, importantly - the constant usef a brand book, is that it
emphasizes the quality and usefulness of the brand, is @ovides an organization that works under its own brand,
important task of brathmanagement. In general, in theconsistency and unity, whidielp to form the identity of
process of strategic brand management, research#re brand image. All this over a longer period contributes
identify the following main stages: to the emergence of trust and loyalty from the target

1. Determining the positionral value of the brand.  audience.

The first step in the strategic brand management A brand book is usually created according to a
process begins with a clear defioit of what a brand certain structure and consists of three main sections:
should be in terms of value to consumers, and how 'Bbout the brand", "Recommendations for visual
should be positioned in a competitive market. Philigontent”, "Principles of communication”.

Kotler notes that brangositioning is a set of actions of The section "About the brand" prescribes the
the company to form its offer and build an image so thatission, walues and target audience of the brand.
the brand ocaquies a special and significant place in thddentifying these points at the outset is a key to further

minds of the target consumer. creating a logal and holistic image.
2. Planning and implementation of a brand marketing  In the section "Recommendations for visual filling"
program. you need to provide all the necessary information about

Brand buildirg is the next step in managing anthe following elements:
organization's brand. This stage of forming a holistic 1) Logo: its location, variations for different
brand involves planing such components as pricing,platforms and channels, colors, sizes and propasii
packaging, customer service and more. In addition, during 2) Corporate colors: color palette and texture,
this stage, techniques are developed to build recessarily their monochrome version;
recognizdle brand and further support consumer 3) Fonts: corporate typography, which is used in the
awareness of it, i.e. at this stage; strategies for marketinigles and main texts of official documents;

brandng and advertising are agreed. 4) Photos: their style and basic principles,
3. Measuring brand effectiveness. accompanied by speaifexamples;
It is important not only to create a brand, but also to  5) Other: brand names, patterns, graphics, icons,
constantly measure and nitor its effectiveness against The final section "Principles of communication”

competitors and other market dynamics. There are sevedalscribes in detail the princgd of communication
different theoriesas to which parameters best reflect thébetween the brand and its target audience, they include:
effectiveness of a brand. Let's focus on the list proposed 1) Language: officiabusiness, infomal;

by D. Aaker, which includes such indicators asarul 2) Tone: authoritative, caring, conservative, friendly,
awareness, perceived quality / brand leadership, braptbvocative, humorous, etc.;
loyalty, brand associations and indicators ofrket 3) Style:  formatting, use of terminology,
behavior (e.g., market share) [27]. admissibiity of slang and its limits, branded "emoji";

4. Increasing and maintaining brand value. 4) Presence in social networks: types of publications,

time of pubications, different styles of social media;
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5) E-mails: structure, signature and tone; Changingthe principles of communication involves

6) Readability and grammar: types of sentences atite use of a new style of communication with the audience
their length, capital letters, numbers, abbreviationgchanging théone of messages, communication channels,
abbreviations [30]. etc.) to convey information about the updated

Thus, it can be argued that the brand isharacteristics of the brand [33].
a well-thoughtout system of associations that
identify it in the eyes of consumers, and the brand Conclusions
book helps the company to adhere to the seho
concept and consolidate the image of the brand in the The paper shows that the existing definitions of
market. However, sometimes companies no longer wamrand" differ significantly from each other. The reasons
or can maintain a stable image, and they neefér the differences are that this concept can be considered
to make changes to brand positioning, separagth from the standpoint of the company and from the
from the negative nuances of previous brandingaticast standpoint of the buyer, the level of esjfication or
a new philosophy of the organization, expand or changgstraction may also differ. In recent years, there have
their target audience, or transfer the companyiigher been transformations of this concept frorame, term,
level. To solve such problems, there is a marketingademark, symbol, image or their combination to a
strategy of rebranding, which creates a new name, logssmplex concept that reflects the elements of visual
slogan, design, concept oorabination for the existing design, product featuresand intangible aspects of
brand in order to form a new, differentiated identity in theustomer interaction with the product or company. Based
minds of consumers, ins@rs, competitors and other on the analysis of existing cogyts, the own definition of
stakehol dersdé parties [ 3. .concépt bfs"brand is€efoposed) Wiich \neeis the a d i ¢
changes in brand image, marketing strategy andquirements of modernity.
advertisingtopics. The definition of "branding" is gen. It is shown

In the process of rebranding, there are usually fowhat brand management uses a variety of marketing tools
main stages, namely: marketing audit, brand réjpmsng, and techniques to increase the value @intbed goods in
restyling of its visual attributes and changing thehe eyes of buyers and that a large proportion of buyers
principles of communication. Let's consider in morere willing to pay more for the product of your favorite
detail what measures each dhe specified stages brand. The rain stages of strategic brand management
provides. include: determining the position and value of the brand,

Marketing audit. The main goal is to assess branslanning and imfementation of the brand marketing
awareness and loyalty to consers) study the images and program, measuring brand effectiveness, increasing and
associations it evokes in the target audience, amgaintaining brand value.
identify the strengths and weaknesses of the brand, its The concept of "brand boblkand the advantages of
competitve advantages, and the presence afs use are considered. The structure of the brand book is
barriers to its positive perception. Based on thgescribed. It is substantiatechyvit is important for the
results of the marketing udit, a decision is made development of companies to create a marketing strategy
as to whether there is a need to repositiofor rebranding. There are four main stages of the
the brand. rebrandng process, namely: marketing audit, brand

The main task of brand repositioning is a significantepositioning, restyling of its visual attributes and
changein the perception of the target market of its keyhanging the pririples of communication. It is
advantages and features against the background of otBRéwn that the above definition of "brand" and the use of
proposts in a competitive market [32]. strategic brand management and rebranding will fisren

Restyling is a change in the design and visuarand of the organization, which will be better perceived
attributes of a brand (logo, corporate identity, colors, etcly consumers and will have a positive image
i.e. it is a cosmetic change in its appearance. The taski®fsocigy.
transforming the ideology or positioning of the hitas The results of the work will be used in conducting a
not related to restyling, but the design change is imarketing audit of the existing brand of the organization
accordance with the previously developed newroviding educational seices, and, if necessary, in
characteristics of the brand. developing proposals for its rebranding.
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T. MomOT, YE. MURAEV

MODEL OF ORGANIZATIONAL AND INFORMATION SUPPORT OF SMART CITY
STRATEGY DEVELOPMENT IN THE CONDITIONS OF DIGITAL ECONOMY

Thearticle is devoted to the study of the theoretical and methodologicaldtionsl of the development of a model of organizational
and information support for the development of smart city strategy in a digital economypulijeet of the study is a set of
theoretical, methodological and practical aspects to ensure the formisianaulel of organizational and information support for the
development of a strategy for smart cities in a digital economy. pitlvpose of the article is to develop theoretical and
methodological provisions and substantiate practical recommendatiohg formation of a model of organizational and information
support for the development of a strategy for smart cities on a balanced scorecard in a digital economy.: to analgte the mo
progressive cities in the world to create and implement a strategyaof sities in terms of leading international rankings of smart
cities; to study and systematize methodical approaches to the assessment of smart cities &igjaictings to intemational
rankings in the digital economy; summarize the advantages andvaiigages of ranking smart cities; to offer a model of
organizational and information support for the development of a strategy for smart cities on a balanced system of iimdicators
digital economy. In the course of the research the followieghodswere used: abstradbgical analysis, theoretical generalization
and systematization, system analysis. The paper analyzes the most progressive cities in the world in termsinfelesdiogal
rankings of smart cities in the digital economy. Methodolalgapproaches to the assessment of smart cities according to international
rankings in the digital economy are summarized; their advantages and disadvantages are identifiededt ihgi today there is no
single methodological approach to assessimgréting of a smart city. A model of organizational and information support for the
development of a strategy for smart cities on a balanced scorecard in a digital economy hdsvbleged.Conclusions. A
comparative analysis of the Top 10 smartest <itre the world in terms of leading international rankings; on the basis of the
conducted analysis the components of the assessment of smart cities are systematized within tloek figitbe studied
methodological approaches to the assessment of smiad aitcording to international rankings. a model of organizational and
information support for the development of a smart cities strategy on a balanced system of indicators lopaddevieich is
considered as an integrated assessment system; the indorarad analytical tools for assessing the level of balanced development of
smart cities, is an informative basis for positioning the city on the selected components of a betaecaddisare proposed.

Keywords: "smart cities"; digital economy; ratingd emart cities; balanced scorecard; strategy of smart cities; model of
organizational and information support; information and analytical tools.

Introduction L. Costa, L. Leidesdorf, J.Lazara, R. McQuaid,

M. Marshall, J. Muske, C. Oberg, D. O'Brien, S. Osborne,

The concept of "smart cities" is becoming mord/. Roscia, T. Savaris, A. Seravalli, K. Strokosh,
widespread in the world. According to the new Nawt B. Hutchinson, P. Hennelly and many others [2, 3, 4, 5].
Research Global Market Report, there arere than 250 A. A. Andrienko, A. S.Korepanov's studies are
smart city projects in the world from 178 cities, and moglevoted to  substantiay the theoretical and
of them focus on five key areas, namely, smart energyethodological foundations of managing the development
smart water, smart transport, smart buildings and sma&f "smart” large cities in Ukraine in the context of the
management [1]. In suchonditions, the relevance of widespread introduction  of information  and
developing sound ganizational and information supportcommunication technologies [8].
for developing a smart cities strategy for the digital  Highly appreciating the fundamental achiments

economy is increasing. and quite high interest in the development of the concept
of smart cities, it should be noted that the problem of
Analysis of recent research and publications studying the organizational and information support for

the development of smart citiesrategy in the digital
The growing level of urbanization in the world€conomy t.aking into accmt the influence of the fac.tors
makes it advisable to transform municipal goweent on ©f the digital economy remains beyond the attention of
the principles of the Smart Cities concept by integratingcientists, which determines the relevance and timeliness
systems and data, modernizing urban infrastructurgf this study.
introducing effective municipal management, increasing o
the development of innovation andrhan capital. Purposes and objectives of the study
The importance of the introductioof balanced
urban development management in the context of The purpse of the article is to develop theoretical
comprehensive digitalization, the problems of it&nd methodological provisions and substantiate practical
implementation led to the study of these issues by a widecommendations on the formation of a model of
range of scientists, especially foreigones. Thus, organizational and information support for the
theoretical and methodological appches to the development of a strategy for smart cities on a balanced
introduction of the "Smart Cities" concept areSygem of indicators in the digital economy. Thigiective
comprehensively covered in the works of such f()reigﬂf the work is to analyze the most progressive cities in the
scientists as L. Buys, D. Genari, J. Graham, |. Zubizarretorld to create and implement a strategy of smart cities in
T. Ygitkanlar, P. Evans, G. Ezkowj M. Kamruzzaman, terms of leading international rankings of smart cities; to

E T. Momot, Ye.Muraey, 2021
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study and systematt methodological approaches to the&smart City Index, Kearney (GCI) (GCO); Methodical
assessmenbf smart cities according to internationalapproaches toassessing intelligent cities according to
rankings in the digital economy; summarize théntemational ratings. In the course of the study, such
advantages and disadvantages of smart city rating; to offeethods were used: abstrdmgical analysis, theoretical

a model of organizational and information support for thgeneralization and systematization, system analysis.
development of smart cities strategy for a beéh

scorecard in the digital economy. Research results and their discussion

Materials and methods of research The assssment of the current situation and the

systematization of the experience of the world's leading
The theoretical and methodical basis of the studgymart cities are important for the construction of the
was the scientific works of leading domestic scientists arsrategy and its further implementation. So, at the first
foreign scientist&cononists, international ratings of stage, representative cities were selectedichvare the
smart cities, nmely: IESE Cities in Motion Index, IMD  most progressive in the wdrlto create and implement a

SUTD (SCI), Smart City Index, Smart City Strategysmart city strategy in the context of the leading
Rating, (SCSI), PwC Cities of Opportunity 7, EasyParinternational smart city ratings (table 1).
Table 1.Comparable analysis of the Top 10 smartest cities in the world in terimzwfaional ratings
IESE Cities IMD 7 PWC EasyPark Kearney
City in Motion SUTD (SCI) | Smart City Strategy Cities of Smart City (GCI)
Index, 2020 | Smart City Rating, (SCSI) Opportunity 7 Index (GCO)
(CIMI) Index 2020 2019 2020
London 1(0) 15 (+5) Advanced (3) 1 50 2(0)
(Great Britain)
New York (USA) 2 (0) 10 (+28) None 6 23 1(0)
Paris (France) 3 (1) 61 (-10) Implementation 4 38 3(0)
Follower (10)
Tokyo (Japan) 4 (-2) 79 ((17) None 15 54 4 (0)
Reykjavik (Iceland) 5 (0) - None - -
Copenhagen (Denmark] 6 (-2) 6 (-1) None - 4 20 (-3)
Berlin (Germany) 7(-2) 38 (+1) None 12 15 (1)
Amsterdam 8(+5) 9 (+2) None 5 3 23 (3)
(Netherlands)
Singapore (Singapore) | 9 (-2) 1(0) Advanced (2) 2 9 9 (-3)
Hong Kong (China) 10 (1) 32 (+5) None 9 87 6 (-1)
Zurich (Switzerland) 11 (4) 3(1 None - 11 22 (7)
Oslo (Norway) 12 (0) 5(-2) None - 1 -
Chicago (USA) 13 (4) 44 (+12) Well progressing (5) | 13 8 (0)
Stockholm (Sweden) 14 (+1) 16 (+9) None 7 5 8 (2)
Vienna (Austria) 18(+8) 25(-8) Advanced (1) - 7 22 (+3)
Helsinki (Finland) 22 (0) 2 (+6) None - 19
Taipei (Taiwan) 27 (3) 8 (1) None - 25 26 (1)
GenevaSwitzerland) 34 (+2) 7(-3) None - 33 16 (4)
Auckland 35 (0) 4 (+2) None - 58 -
(New Zealand)
Beijing (China) 84 (+1) 82 (-22) None 19 99 5 (+4)
Toronto (Canada) 30 (+12) 30 (-15) None 3 19 (2)
San Francisco (USA) | 20 (1) 27 (15) None 8 13 (+9)
Sydney (Australia) 17 (2) 18 (4) None 10 12 (+1)
Kyiv (Ukraine) 115 (+4) 98 (-6) None - - -

Note: Compiled by the authors according to [8, 9, 10,12, 13, 14]. The parentheses show the changes in the rating compared to
20109.

The obtained data indicate that as a result &014, annually compiles the IESE Cities in Motion Index
applying various methodological approachesassessing (CIMI), calculated to help the public and governments
the rating of smart cities, different cities entered the togetermine the effectiveness of the city. TH&EMI
ten "smartcities" in the same year according to differenindicator system is a research platform based on an
leading compilers. Moreover, according to differenintegrated approach that combines an innovative approach
ratings, cities occupy different positions. Only cities sucto city management and a twesftgst centiry city model
as LondonSingapore and Paris are represented in eachlmdsed on four factors: a sustainable ecosystem, innovation,
the ratings under consideration. equal opportunities forcitizens and weltonnected

The Center for Globalization and Strategy of theterritories based on nine basic aspects, including human
IESE Business School of the University of Navarre, sinceapital, social cohesion, economy, governance,
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environment, mobility andransport, urban development,improved compared to 151 positions in 2019, has rbt y
international importance and technology. The analyticédleen achieved by New Yorkers.
platform isbased on a series of-@tepth interviews with Amsterdam is one of the most progressive cities in
city authorities, entrepreneurs, scientists and expefrope thanksot the symbiosis of financial technologies,
whose activities are related to the development of smamergy efficiency and culture. A web site with open data
cities. So, according to the 2020 report (sixth editionjalled Amsterdam Smart City was created for residents of
experts surveyed the degree of develeptrin 174 cities the city. The number of bicycles (881 thousand) here
(including 79 capitals) from 80 countries. The conceptuaxceeds the number of inhabitants (850 thod)an
model of the CIMI index is based on the implementatiobecause it is convenient to use them thanks to a developed
of urban ranking, which igonsidered as a set of stepsystem of automated services. Amsterdam plans to
covering the research of the situation, the construction obacome the first European city with zero esioss.
stratey and its further implementation [2]. It is importantTherefore, the city authorities plan to ban cars with
to note that the CIMI indicator system includes not sgasoline and diesel engines until 2025
much SMART and ICT indicators, but rather theui¢s of Paris, like London, is one of the most important
their application. According to the IESE Cities in Motionfinancial centers in Europe. Its strongest points in the
Index (CIMI) 2020 rating, Europé the most effective IESE Cities in Motion Index (SIMI) 2020 are intetional
geographical region with 14 cities, which are among theelations (2 position), transport and mobility (2 position),
25 best smart cities (table 2). human capital (6 position),riban planning (12 position),

According to the IESE rating, for six consége economy 13 position) [2]. In addition, Paris is actively
years London has never fallen below the second positiamsing open innovation, the Internet of Things (to optimize
and since 2019 it ranks first, incling in terms of human the flow of transport and pedestrians) and an automated
capital (thanks to a large number of business schools ameétro system. To improve air quality in the city, the
universities) and conditions for international cooperatiorauthorities are promoting the use of bicycles and electric
Since 2017, it mmains in the top ten in terms of thecars.
development of management, mobility and transport, As for the environment, for the second year in a row,
technologyand urban planning. In addition, more startupthe best city is Reykjavik (5th overaliting), followed by
and programmers are concentrated in the British capit@bpenhagen (6th). More than 99% of the city's
than in any other city in the world. So, the open datelectricity is generated thasko geothermal sources; the
platform "London Datastore” uses more than 50,008uthorities have completely abandoned combustible
people, companies, developers and researcherghiip minerals. Iceland's capital also approved a program that
which makes it possible to achieve significant success jplans to become a zeoarbon city by 2040. However,
solving transport issues, in particular through the use tfe level of urban planning remains low
Heathrow shuttles that connect ndon with Heathrow (125 position).
Airport. The weakest link in the British capital is still Accordingto the rating of the "smartest" cities in the
social cohesion withgsition 64. However, in this position world IMD - SUTD (SCI) Smart City Index 2020,
there is a deterioration compared to the 45th position aompiled by the Smart City Observatory of the World
2019 and an improvement compared to the 68th positi@ompetitivenesenter of the Institute for Management
in 2018and the 105th in 2017. In order to manage the lifBevelopment (IMD) in collaboration with Singapore
support of the city, the Smart London systethowas city University of Technology and Design (SUTD), Singapore
authorities to model situations in each area of the city a8 one of the Top 10 smartest cities in the world
the basis of 60 criteria, including demographic, geologicéSingapore), followed by Helsinki (Finland), Zurich
and historical data. Therare more than 300 outdoor (Switzerland), Auckland (New Zealand), Oslo (Norway),
surveillance cameras per 1 km2 of London. Copenhagen (Denmark), Geneva (Switzerland), Taipei

Singapore is an island cistae, confidently located (Taiwan), Amsterdam (Netherlands) and New York
in the top rankings of smart cities in the world. ThUSA). The rating has been compiled since 2019 by
successful implementation of the Smart Nation programterviewing residents about the technological capabilities
has already allowed Singareans to get highpeed of their city in five key sectors: health and safety,
Internet access in every home. And for each resident wibility, activities, opportunities and managent [4]. In
Singapore therera three smartphones. Along with the2020, 109 cities of the world were interviewed. The
development of highech industries in Singapore ICT isassessment is based on how people perceive the scale and
widely used in the social sphere. impact of efforts to make their citiésmart,” combining

In the IESE ranking, New Yorkanks second in the "economic and technological aspects" with "humane
world thanks to the best economic indicators (1st place @imensions." The study alsassessed the availability of
the world in the st& of the urban economy), high humarntechnology for urban residents. In 2020, Kiev took 98th
capital, progressive urban planning and good conditiopgace in the ranking of the smartest cities in the world
for establishing international ties. New York City hadMD - SUTD (SCI)Smart City Index 2020, having lost 6
nearly 7000 hightech companies and ranks 8th inpositions in a year. According to the results of the syrve
technicality, providing many integrated technologKiev residents identified corruption, road quality,
services, such as free ki LinkNYC. Like the residents affordable housing, safety and air pollution as key issues
of London, social cohesion (137 positions), which hathat need to be addressed in the city (talple 2
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Table 2. Systematization of methodical approaches to the assessment of smart cities gedoardernational rankings

Ranking

Year

Developer

Components of smart city assessment

IMD i SUTD (SCI) Smart City
Index

2019

Swiss Business School IMD
together with the Singapore
University of Technology and
Design

The rating assesses 109 cities b
surveying 120 residents of each

city

Rated by five key spheres:

1. health and safety,

2. mobility,

3. activities,

4. opportunities,

5. management.

Cities are distributed into four groups based
the Human Development Index (HDI).

EasyPark
Smart City Index

2018

Swedish developer of electronic
solutions for city parking
EasyPark estimates 500 cities

1. smart parking,

2. urban planning,

3. carsharing services,

4. education,

5. urban traffic,

6. business ecosystem,

7. public transport,

8. 4G LTE,

9. clean energy,

. Internet speed,

. smart construction,

. WiFi access points

. MSW handling,

. the prevalence sartphones,

. protection of the environment,

. standard of living,

. involvement of residents,

. digitalization of the government,
19. metivds of transition to a "smart city".

Smart City Strategy Index
(scsi

2017

Developer: Ronald Berger. The
2019 rating scores 153 cities witl
an officially developed Smart
City Strategy

The rating includes 3 smart city dimensions,
components and 31 inzhitors.

Action Fields:

1. houses,

2. energy and environment,

3. mobility,

4. education,

5. health,

6. management,

Activators. Planning:

7. budget,

8. plan,

9. coordination,

10. stakeholders,

Activators. Infrastructure and politics.
11. political and ledebase

12. infrastructure.

Cities of Opportunity

2014

Pricewaterhouse Coopers (PW(C
The rating assess the readiness
of the 30 largest cities in the
world to introduce future
technologies

Appreciated by 67 indicators grouped by ten
components:

. intellectual capital and innovation,
. technological readiness,

. openness of the city,

. transport anchirastructure,

. health and safety,

. resistance and environment,

. demography and suitability for life,
. economy,

. simplicity of doing business,

10. cost.

OCO~NOUIAWNPE

IESE Cities in Motion Index
(& wf w

2014

IESE University of Navarre
Business School

Therating estimates 174 cities
from 80 countries, of which 79
are capitals

101 Indicator is grouped according to 9
components:

1. human capital (development, attraction an
education of talents),
2. social cohesion (consensus between socia
groups),

3. econorts,

4. environment,




ISSN25229818(print)
dlzyOmdadd2 difddz C s d 7 OH tsdESdESY 2 do st s did MIKS)e ts i SN 252-229& (online)
The endTable 2

IESE Cities in Motion Index 2014 IESE University of Navarre 5. management,
(¢ wh w Business School 6. urban planning,
The rating estimates 174 cities | 7.international relations,
from 80 countries, of which 79 | 8. technology,
are capits 9. mobhility (ease of movement)
Global Cities Index, Global 2011 Kearney scores Global Cities GClI
Cities Outlook (GCO) Index (GCI) and Global Cities 1. busness activity,
Kearney Outlook (GCO). 2. human capital,
In 2020rating evaluates 151 3. exchange of information,
cities. 4. cultural experience,
5. political activity,
GCO
1. personal welbeing,
2. economy,
3. innovation,
4. management.

Note: Compiled by the authors accord to[8, 9, 10, 11, 12, 13, 14].

Singapore has spent the most on smart city initiativegcount the social, economic and cultural magnetism of
in the world, well ahead of New York, London andthe city at the international level. London remains in the
Tokyo, investing $ 1.1 billion. first position in this group of indicators. Paris moved from

R. Berger's report Smart City Strategy Rating (SCSIjth position in 2014 to 2nd in 2020. Among the leaders in
states that 153 cities arouncttivorld including large and this group of indicators are Beijing, Dubai, Hong Kong,
small, have published an official Smart City strategy. 150kyo, Singapore, and Amsterdam [6].
of them have strategic plans that demonstrate a The Swedish developer of electronic solutions for
comprehensive strategic approach. Moreover, only 8 afanaging urban parking EasyPark has developed the
them are at an advanced stage of implementation. 8mart Cities Indx, corsisting of 19 components. As part
addition, the eport rotes that there are about 500 citie®f an integrated approach to the calculation of the index,
worldwide with a population of more than one millionboth criteria directly related to the use of ICT and general
(according to UN estimates), with only 49 of them havingriteria reflecting the level of development of the urban
a formal Smart City strategy (table 2). According to theconomy and the quality of life indhcity as a whole are
results of 2019, the group of leading citiexluded: proposed. [7].

Vienna (selected flagship projects: -Emedicine, open Leading international management consulting
public data, virtual office), London (selected flagshigompany Kearney evaluates the ratings of the world's
projects: open city data ecosystem, sensory infrastructuteading cities according to the Global Cities Index (GCI)
and Singapore (selected flagship projects: digital an@dssesses global urban activity) and Global Cities Outlook
touch platforms, nanal dgital identity) [5]. (GCO) (asseses the ability of the city to attract talented
Summarizing the experience of the world's leading citieBuman. According to the GCI rating for the fourth year in
R. Berger proves the need for a participatory approach @ row, New York leads the ranking of world cities,

developing a smart city strategy. followed by London, Paris and Tokyo Best cities rated by
According to the Cities of Opportunity 7 GCO-London, New York, Paris.
PricewaterhouseCoopers LLP ratiniyefcities are among Sumning up,it is worth noting that as a result of the

the top ten in terms of indicators estimated: London, Neuse of various evaluation criteria and the construction of a
York, Tokyo, Amsterdam and Paris. London maintains gating in the same year, different cities entered the top ten
rating of No. 1 among 30 cities assessed by three groujgsnart cities" of the world according to different
of indicators, namely, intellectual capital and innovationcompilers. Thus, in the positis of he first ten "smart”
technobgical readiness; global openness. Intellectuatities in the world, 22 cities occupy according to various
capital and innovations generated by a highly certifiedhtings. Three of them (London, Paris and Singapore) are
society are the sewers of the development of the modegapresented in all the ratings under consideration.

urban ecosystem. Within this group of indicators, the Thus, the study allows us to conclude that today
leaders are London, San Francisco, Patisisterdam, there is nosingle methodological approach to assessing
Toronto, New York, Los Angeles, Tokyo, Sydneythe rating of a smart city. All considered methodological
Stockholm and Chicago. The process readines@proaches are based on the calculation of an integrated
assessment takes into account such components as qualiierion that characterizes not only the use of smart
(or reliability of connections), speed technologies and ICT, but also the reswf thdr
(unloading/downloading), value (cost) and digital safetyapplication, which affects the state and level of
The t ten in this component include Singapore, Londordevelopment of the city. The aggregation of indicators that
Amsterdam, New York, Stockholm, Hong Kong, Sartharacterize smart cities into one integrated indicator
Francisco, Tokyo, Paris and Toronto. The indicators of tigrovides compactness and clarity of the obtained ratings.
third group assess the global connections ard this direction, rahg isused as a sound tool to present
attractiveness of the city outside its localrdersand the results of the survey of smart cities in the dynamics
measure the global attractiveness of the city, taking inemd is an informative basis for positioning the city on
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selected components to identify competitive advantages In addition, a necessary step to develop a strategy for
for developing strategies for smart city devetmmt inthe smart ciies in Ukraine is to summarize existing officially
digital economy. adopted strategies for the development of smart cities

Along with the advantages of rating smart cities, themong the world's smartest cities represented in
disadvantages should also be noted. First, it is problemaititernational rankings. It is worth noting that among the
to collect statistical information to compile a ranking offop 10 cities, London, Singapore and Vianrare
smart cities. Second, there is a correlation betwéen advanced in developing a smart city strategy. Paris is a
indicators that characterize the various components of tf@lower of smart city strategy and Chicago is a well
rating. Third, the considered methodological approach@sogressed smart city strategy development city (table 1).
do not substantiate the choice of values of weights for the Thus, based on the results of the study of the process
construction of a smart city rating. Fourth, the level obf developing and impleenting the strategy of the
influence of the sbjectve factor remains high when world's leading smart cities, it was established that the
conducting expert surveys. Fifth, the use of not onlgevelopment of the smart city strategy should be carried
statistical indicators in the ranking raises the problem @iut through the use of sound organizational and
ambiguous interpretation of the obtained results. Themeformation support with the calculation of an integrated
may even be a politicized nature of the interpretabf indicata for the priority areas of smart city development.
the results obtained and the interests of individual parties. For this purpose, a model of organizational and
In addition, the ratings state the facts of past achievemeimiformation support for the development of a smart cities
of cities in the areas analyzed and do not take into accowtitategy on a balanced system of indicators is proposed,
the prospects of strategic development. which is considered as a complex, opentegrd,

However, despite thesasddvanages, the rating of integrated system in external processes, which should be
cities is a fairly reasonable tool for making strategiorganically combined with the overall city development
decisions and determining promising directions for thstrategy and ensure the balance of lemgn goals of
development of smart cities in the digital economy. sustainable city development (fig. 1).

Digital
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STRATEGY i understanding

Digital H
readiness PRINCIPLES
vision
smartcity plan

organization of work
initiatives

= openness of data

= standards
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cybersecurity Algorithmic Public
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Fig. 1. Conceptual model of organizatial and information support for the development of smart cities strategy on a balanced system
of indicators in the digital economy

The proposed model, unlike the existing ones, iwhich allows you to identify priorities and activities for
based onthe use of indicator analysis with thedeveloping a development strategy. The proposed
implementation of an integted assessment ofinformation and analytical tool for assessing the level of
interdependent indicators of balanced development ofbalanced development of smart cities is based on the
smart city. For this purpose, based on the results afsessment of an integratedastitity indicator according
systematization of methodological approaches to the the following priority areas of smacity development
assessménof smart cities according to international(or projections of a balanced indicator system): smart
ratings, information ad the analytical tool have beenpeople, smart governance, information and
formed to assess the level of balanced development @immunication technologies, technology and
smart cities according to a balanced system of smart cityfrastructure, smart economguality of life and comfort
indicators (Smart City Balanced ScorecardCBSC), in the city [15].
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Conclusions A model of orgardational and information support

for the development of a smart city strategy based on a
The gmeralization of foreign experience indicatedalanced scorecard is proposed, which, in contrast to the
the need to introduce the ranking of cities of Ukrainéxisting ones, is based on an integrat@graach that
using modern information and analytical tools to asse§®mbines an innovative approach to smart city
the level of balanced developmeoit smart cities using managemet and the Smart City Balanced Scorecard

methodological approaches of leading ratings the (SCBSC), which allows to identify priorities and measures
world. to develop a strategy for the development of a smart city

According to the results of the study, it was foundn a digital economy.
that organizational and information support for the  An informaion and analytical tool for assessing the
development of a smart city strategy according to lgvel of balanced devepment of smart cities is proposed,
balanced system dhdicators is defined as a complex,which is an informative base for positioning the city
open, integral, integrated s$gm in external processes,according to the selected components of the balanced
which should be organically combined withindicator system, which ensures the compactresd
the general strategy for the development ofisibility of the ratings and sukatings obtained for and is
the city and ensure a balance of ld¢egn goals for the a reasonable tool for presenting the results of the survey of
sustainable devepment of the smart city in the digital Smart cities in dynamics with determining competitive
economy. advantages for working out a strategy for the development

of a smart cityin a digital economy
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N. NAZAROV

SOCIAL AND LABOR CONFLICT MANAGEMENT: UKRAINIAN AND FOREIGN
EXPERIENCE

The subject of study in the article is the processsofticeconomic conflict management. Thaerpose of the work is to substantiate
the theoretical provisions and methodological approaches in the management of labor conflicts as a form of sdmalratadibns
based on Ukrainian and foreign experieridee followingtasksare solved in the article: to investigate the essence and place of social
and labor conflict in the system of social contradictions; provide a classification of conflictssaciakand labor sphere; to study
the forms and methods odsolving social and labor conflicts: to analyze the success of conflict prevention in Ukrainian and foreign
practice. The followingmethods are used: method of analysis and synthesis, clasgineatialytical method, abstrakigical
method, historicatetrospective analysis and generalization. The followesgplts were obtained: the concept of soeiconomic
conflict is clarified. The classification of conflicts is carried out, which gives alenstanding of the nature and essence of conflict
relatiors on the following grounds: the method of conflict resolution (antagonistic and compromise conflicts); spheres of conflict
(political, social, economic, organizational conflicts); direction of imp@ertical and horizontal conflicts); degree of conflict
confrontation (hidden and open conflicts); the number of participants in conflict interaction (intrapersonal, interpetsaralip);
needs (cognitive and interest conflicts). Structural aretpersonal methods for resolving conflict situations afendd. An analysis
of the current state of resolution and prevention of labor conflicts in 2020 was conducted according to the NationdbiService
Mediation and Reconciliation. Foreign experieimteesolving labor disputes has proved the feasibilitgefeloping the following
ways to resolve labor disputes in Ukraine: with the help of special courts on labor and social security (sectorahpastgte)ivil
proceedings in general courts; thgh conciliation and arbitration procedur€nclusions The analysis allowed to determine the
essence of social and labor conflict as a form of social and labor relations at the micro, meso, and macro levels anffestésl in
the opposition of theubjects of the socieconomic sphere. Applying the gainedrld experience it is possible to reduce social
tensions and to strengthen social and economic safety of the state.

Keywords: brand; definition; branding; brand book; rebranding; stages.

Introduc tion G.V. Zhavoronkova, O.M. Skibitsky, A.V. Kazanovsky,
Y.l. Palekha, M.l. Prystupa, .@. Kudin and other

Modern theory of labor economics is forced tdscientists.
reconsider the nature and role of conflict in the Social and labor relations are a leading component of
functioning of socieeconomic systems iconnection with  the whole system of relations of society, which deteemin
the permanent conflict situation in society, which is ndhe way of life of people, the structure of related processes
only a source of contradictions butala driving force of and relations. The level of development of so@ad
civilization. The inevitability of contradictions is a labor relations characterizes the degree of democratization
manifestation of the law of unity and the struggle off society, the social orientation of its economic system,
opposites, oa of the classical laws of dialectics.the perfection ofacial relations in general. In this regard,
According to this law, any phenomenon or situation i€ importance of studying such a form of social and labor
considered as a ugiibf opposing parties that are mutuallyrelationsas labor conflicts and scientific substantiation of
exclusive. The joint activity of people is accompanied bynethodological and scientific and practical tools for
a clash of different views on events takiniqge at the preventing and resolving contradiat®in social and labor
micro, meso and macro levels of the seetmnomic relations is growing. It should be noted that the reasons for
environment. the emergence of conflictingpcial and labor relations are

Significant contribution to the fornian of conflict not isolated, they are interconnected, and their relationship
theory was made by such foreign authors as: Deming With social and labor relations is both complerda
Siegert V., Simmel G., Lang D., Mall E., Levin K., problematic.

Kozer.J.I., Albert M., Deutsch M., Mescon M., The purpose of this article is to substantiate the
DarendorfR., Parsons T., however, it should be noted th#eoretical provisions and methodological aggzhes in
sociological and behavioralapproaches to conflict the management of labor conflicts as a form of social and
management dominate in their works. labor relations based on Ukrainian and foresgperience.

It is important to note that the subject of social Realization of the set purpose assumes the decision
conflict has a long tradition,seablished in the works of of the following tasks: to investigate essence and a place
Aristotle, M. Weber, T. Hobbes, G. Simmel,of social and labr conflict in system of social
N. Machiavelli, K. Marx and other classicé the science contradictions; provide a classification of conflicts
of man and society. Modern problems of conflicin the social and labor sphere; to stuie forms and
management, strategies of behavior during conflicts, waygethods of resolving social and labor conflicts: to analyze
of their constructive solution were investigated by the success of conflict prevention in Ukrainian arreifgn
N.Vyshnyakova, S. Emelyanov, H. Corneliuspractice.

U. Mastenbrook, E. Melibruda, M. MescoB. Withers,

S.Feir , V. Sheinov; Ways of realization of conceptual __Analysis of the problem and existing methods
provisions of management of social and labor conflicts

were considered byO.A. Grishnova, V.A. Dyatlov, The concept of conflict originates from the Latin

E N. Nazaroy 2021
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word "conflictis" T collision. In textbooks on of the individual. A. Kovalev defines conflict as a
conflictology by L. Yemelyanenko, V. Petyukha,phenomenon of interpersdnand group relations, as a
L. Torgova, A. Hrynenko [1], Dutkevych T. [2], manifestation of confrontation, an active clash of
Vorozheykina 1., Kibanova A., Zakharova D. [3] areassessments, principles, opinions, characteaadatds of
provided various, but similar to the content definitions dfehavior.

conflict. For examle, A. Ershov defined the conflict as Almost all scholars emphasize that the conflict is
the action of opposite, incompatible in this situatiobased on contradictions that take the form of difference
motives, interests, types of bel@v N. Hryshyna Conflicts can be hidden or overt, but they are based on a
interprets the conflict as a conscious obstacle to achievitagk of agreement. Therefore, we define a conflict as a
the goals of joint activities, as a reaction basedthe lack of ageement between two or more parties
incompatibility of characters, cultural foundations andndividuals or groups. In the table 1 other definitions of
needs. According to D. Kaidalov and E. Sulimenkathe conflict by different auttrs are given.

conflict is aclash of interests, views, attitudes, aspirations

Table 1.Scholars' views on the concept of “"conflict"

Author Definition

Krysa O. [4] Conflict is a lack of agreeent between two or more parties (individuals or
groups); clash of opposing viewsgsitions, and interests.

Kuzmin O. [5] Conflict situation is the presence of reasons that create the preconditions fg
conflict. Conflict situation that requires resolutiprovides the existence of
several mandatory elements: the parties to the cardligect of conflict; the
driving force is an incident.

Balabanova L. [6] Conflict is a special type of interaction, which is based on opposite and
incompatible goals, intests, types of behavior of people and social groups,
which areaccompanied by negative psychological manifestations.

Zinchenko S. [7] Conflict is a collision of opposite, incompatible tendencies, a single episode
the mind, in interpersonal interact®or interpersonal relationships of
individuals or groups of pgbe, associated with negative emotional experienc

The object of the conflict and its participants Analyzing the approaches to the essence of the
together form the subject of the conflict, ie they ar@henomenon of social and labor conflicts, we can identify
considered as necessgmgrequidies for the emergence of the main systerforming components of the concept of
a conflict situation. The incident leads to the beginning dtonflict":
the conflict, plays the role of a catalyst. Conflict situation - the presencef interaction between different social
is determined by objective circumstances, and the incidesttors;
occurs by accident, when the necesgamgconditons are - the interaction is in the nature of a contradiction
created [8]. perceived by the subjects or groups of subjects;

Traditionally, there are three fundamentally different - contradiction is manifested in the oppositiminthe
ways of resolving labor disputes. subjects, aimed at protecting their itsts by imiting the

First, a compromise based on reconciling thactivity of opponents.
interests of the conflicting parties (e.g., administration and  Different approaches to the disclosure of
workers); at the same timeach of he parties makes the concept of "conflict" due to the fact that
concessions. the study of conflict problems concerns different sciences:

Second, unilateral suppression of one party to thesychology, sociology and economics. Therefore,
other (for example, the organization of strikebreaking, th@e will consder an interdisciplinary approach
introduction of troops, forced labor). to conflicts.

Third, integrative, in which new ways and models of
behavior of tle conflicing parties in the area that caused Problem solving.
the conflict are developed and implemented (for example,
privatization of the enterprise if the administration and To select an adequate method of influence and
employees cannot reach an agreement) [9]. management of the relevant conflict, it is advisable to

In most cases, it is the integrative way of resa@vinclassify depending on the main features: the method of
the confict that is optimal, because compromise and-ongesolution; spheres of manifestan; direction of
sided ways only slow down their development, withouhfluence; degree of expressiveness; number of
completely eliminating "tensions”, without achieving aarticipants; impaired needs (table 2).
full settlement of the conflict. Resolving confliataused Based on the classification, we define the types of
by objective contradictionsnvolves tteir timely and conflicts, ie the variant of conflict interaction,
accurate diagnosis, joint search for wayswercome. distinguished by a certain feature.
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Table 2.Conflict classification

A feature of classification Types of conflicts
1. Method of solving: violent;
nonviolent
2. Sphere of manifestation: political;
social;
economic;
organizational
3. Focus ornnfluence: vertical;
horizontal
4. Degree of expressiveness: open;
hidden
5. Number of participants: intrapersonal;
interpersonal;
intergroup
6. Needs: cognitive;
conflicts of interest

The above classification gives an understanding of  In vertical conflicts, theamount of power decreases
t he natur e and essence ovérticallyofrorn Itdp ctd bottora, | vehich detersnines she
consider it in more etail. different starting conditions for the parties te ttonflict:

1. The method of resolving conflicts involves theirchief - subordinate, higher organization enterprise,
division into antagonistic (violent) conflicts andfounder- enterprise [9, 10]. In horizontal conflicts theése
compromise (notwviolent) ones. an interaction of equal in volume of available power or

Violent (antagonistic) conflicts are ways of resolvinchierarchical level of subjects: managers of one level,
conflicts by destroying the structures of all parties to thexperts- amongthemselves, suppliekxonsumers.
conflict or refusing all but one party to participate in the  4.The degree of severity of conflict confrontation
conflict [10]. Compromise conflicts allow several optiongnvolves the allocation of hidden angert conflicts [12].
for their reslution due to mutual change of goals of the Open conflicts are characterized by a pronounced
parties to the conflict, terms, conditions of interaction.  clash of opponents: quarrels, disputes, clashes. Interactio

2. Areas of conflit are diverse: politics, economics,is governed by norms that correspond to the situation and
social relations, views and beliefs of people. There astatus of the parties to the conflict. In the case of a hidden

political, social, economic, organizatial conflicts. corflict, there are no external aggressive actions between
Political conflicts are a clash over the distribution ofhe parties, but indirect methods of influence are used.
power, a form of struggle for power. 5. The number oparticipants in conflict interaction

Social confli¢ is a contradiction in the system ofallows to divide them into intrapersonal, interpersonal,
relations of people (groups), characterized by thiatergroup [1, 3].
strengthening of opposing interestsends of social Intrapersonal conflicts are a clash within the
communities and individuals. Varieties of social conflictsndividual equal in strength, but oppositely directed
are labor or socitabor, ie in the field of labor. Tl is a motives, needs, interests. The peculiadfythis type of
large group of conflicts that have recently arisen in owonflict is the choice between desire and ability, between
country very often in the form of strikes, pickets, speechése need to perform and compliance with the neogss
by large groups of employees of organizations [1]. norms.

Economic conflicts are a wide range of conflicts, Intergroup conflictsi conflicts between different
which are based on the caamdictions between the groups, units, which affect the interests of people united
economic interests of individuals and groups. It is during tke conflict into a single cohesive community. It
struggle for certain resources, benefits, spheods should be noted that this cohesion may disappear
economic influence, distribution of property, and so orimmediately after the end difie conflict, but at the time of
These types of conflicts are common at different levels adefending the common interest, the unity of the group can
governmenfl1]. be quite significant.

Organizational conflicts are the result of hierarchical Interpersonal cdiicts are clashes of individuals with
relations, regulation of personal activities, and the use afgroup, among themselves, the struggle for the interests
distributive relations in the organization: the use of jolof each party. This is one ¢lie most common types of
descriptions, the functional assignment of the employee&snflict.
rights and respwsibilities; introduction of formal 6. Cognitive conflicts and conflicts of interest are
management structures; availability of provisions odistinguished depending on the brokendseR2, 13].
remuneration and evaluation of worlhonuses for Cognitive conflict is a conflict of views, points of
employees. view, knowledge. In such a conflict, the goal of each

3. According to the direction of influence, there aresubject is to convince the opponent, to prove the
vertical and horizontal conflicts. A characteristeafure correctness of his point of view, his position. Conflicts of
of them is the distribution of power, which is in theinterest can be represedteas a counterbalance to
opponents at the time of the conflict. cognitive conflict, which means confrontation based on
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the conflict of interests of different opporsn(groups, Existing methods of resolving conflict situations are

individuals, organizations). divided into two groups: structuraand interpersonal
(table 3).

Table 3.Methods of resolving conflict situations

Structural methods
Delegation to individuals or structural units of clearly defined powers to perform the
assiged functions and acquaintance with the responsibility for their implementation,
prompt proof of the maximum available useful information on this issue);
The principle of using the hierarch Hierarchydetermines the order of interaction and subordination, regutdtemation
(appeal to the head) in resolving flows and indicates which person is responsible for making a particular managemen

Clarification of the requirements fq
the content of the work

conflict situations decision;
Subordination of the purposes o] The overall goal of the organization, to which the other goalkeofihits are subordinate
divisions to the general forces all units, formal and informal groups and individuals to contribute to its
organizational purposes. achievement;

A fair reward has positive effect on people's behavior and avoids destructiveicsnit
is important that the reward system does not encourage negative behavior by indivig
or groups of individuals.

Interpersonal methods

Influence on behavior through th
reward system

1. Evasion A person (group of people, entége, part of society), anticipating the aggravation of t
situaion seeks to avoid actions that provoke the incident [22;§153
2. Smoothing There are no signs of a future conflict, there is an active prevention of its manifestati

the contradictins of the parties are eliminated or veiled. The destide is used in the
following typical situations:

- if necessary, maintain good relations with opponents;

- the importance of the result for opponents.

3. Coercion Control over the situation anmdgulation of its development. In the undesirable diact
of the conflict, the person who is endowed with power and authority intervenes and
force to influence the situation, directs the desired direction to the conflict.

4. Compromise Temporary o neutral solution to the problem, which conditionallsisfees all parties
involved in the conflict.

Rivals (opponents) make mutual concessions partially accept the point of view of the
party or postpone the solution of the issue for the futua®jig it open. Compromise is
sometimes the last chancentake a rational decision.

5. Conflict resolution The most desirable and radical way to develop the situation. The parties get acquai
detail with the arguments both for and against, makeahgbncessions, and resolve ke
issues by collective deton-making. This style is especially effective when the parties
have different hidden needs and cannot identify the reasons why these needs remai
unmet.

A special type of conflict is a labor @ociatlabor The largest number of labor conflicts was registered,
conflict. According to Art. 2 of the Law of Ukraine "On in particular, at enterprises, institutions, orgations of
the Procedure for Resolving Collective Labor Disputekviv (93), Zakarpattya (56), Mykolaiv (24) and Volyn
(Conflicts)", a collective labor dispute (conflict) is a(24) regions; among the types of economic activitgt
disagreement that has arisen between the parties to soeiatierprises, institutions, organizations of the budget
and labor relatins regarding: sphere (117), transport (37), public administration (34,

a) the establishment of new or changes in existinghich is 36% more thami2019), mechgical engineering
sociceconomic conditions of work and industrial life; (27), mining and quarrying (21, which is almost 2 times

b) concluding or amending a collective agreement; more than in 2019).

c) implementation of a collective agreement, contract In total, in 377 disputes, employees made 767

or some of theiprovisions; claims, which is 6.7% more than in the previous year, of
d) noncompliance with the requirements of labomwhich: 455 (59%)71 for noncompliance with lhor
legislation [14]. legislatin; 151 (20%)i on the implementation of the

To regulate the interaction of the parties to the labaollective agreement, agreement or some of their
conflict on the basis of consensus and constructiygovisions; 142 (18%) on the establishment of new or
resolution of problems in Ukraine, the National Mediatiorthanges in existing soeeconomic conditions of work
and Recontiation Servie (NMRS) has been establishedand industrial life; 19 (3%)i on the caoclusion or
which is an independent mediator in resolving andmendment of a collective agreement, agreement [15].
preventing labor conflicts. As a result of the measures taken by the NMRS to

Thus, in 2020, the NMRS took part in the resolutiorfacilitate the resolution of conflicts and prevent their
of 377 collective labor disputes (conflicts) ¢(3at the occurrence, wage arrears in the amount of UAH 690.8
national, 3- at the setoral, 6- at the territorial, 365 at million or 57% of the total debUAH 1 billion 203.5
the industrial level), which directly involved more thanmillion) were repaid, which was the main reason disputes
1.4 million employees 6778 of economic subjects [15]. and conflict situations, and UAH 134.5 million was
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deregistered due to the termination of employmerts a nationalevel trade union), which inurn forms a

between the parties, including the dismissal of more thaonciliation commission of employers' and trade unions'
two-thirds of empbyees who denmaled the repayment of representatives. If the conciliation commission does not

arrears of wages. reach an agreement, the labor dispute is referred to a state
Foreign experience in resolving labor disputesnediator, who can personally take up the case or appoint a
suggests three ways of possible dispute resolution: local medator. [16, 17.
1) with the help of special courts on labor and social In Hungary, there is a Service for Mediation and
security (sectoral justice); Arbitration of Social and Labor Relations. Mediators who
2) through civil poceedings in gneral courts; are members of this service are appointed by the Minister

3) through conciliation and arbitration procedures. of Labor in agreement with the social partners. The

In European countries, the United States and Japaervice is financed fra the state higet. The Service is
great importance is paid to the gr&al procedure for obliged to report annually on its work to the tripartite
resolving labor disputes and conflicts. National Council for Reconciliation of Interests.

In the United States in 194under the Miistry of In Poland, the Law on the Procedure for Resolving
Labor was established Federal Service for Mediation ar@@bllective Labor Disputes provides for the involvement of
Reconciliation (FSMR), which 30 years later received tha medator in orderto reach an agreement between the
status of an independent organization. The FSMR hagparties. A characteristic feature of the Polish system is that
list of 1,700 qualified independent arbitrators whose tagke parties usually invite weknown, respected people to
is to consider the idpute impartially and render its become mediators deputies and senators, ministers,
verdict. In the United States, in addition to the FSMRprominent religious figures. Ithe parties taa collective
there are other organizationghe American Association conflict have not agreed on the candidacy of a mediator,
of Arbitrators, the National Academy of Arbitrators,he may be appointed by the Ministry of Labor from a list
which also mediate at the invitation oktparties. Irtotal, of mediators on the proposal of one of the paftied3,
the United States has 5,000 arbitrators who hear more thigj.

100,000 cases each year. Labor relations in the public In Romania, in the event of a conflict, trade union
sector are regulated by the Federal Board of Laboepresentati®s inform the Ministry of Labor, which is
Relations [12, 16]. obliged to appoint a mediator within 24 hours, who is

In Japan, the Labor Relations Law provides foe¢h instructed to carry out the conciliation procedure. The
ways of resolving labor disputes out of court: conciliation,parties are not obliged to agree to the mediator's
mediation, and arbitration. All these methods fall withirproposals. In case of disagreement, toaflict may be
the competence of the Labor Relations Commission. réferred to an arbitration commission.
includes representatives of trade unions and employers, as In Croatia, mediation is mandatory in resolving
well as members of & public. Recnociliation of the conflicts related to the signing, amendment or
parties is carried out with the help of a mediator appointgaolongation of a collective agreement. Other industrial
by the commission. The mediator has the right, havirdjsputes may also be subject to a mandatory atiedi
studied the situation, to propose his own project to resolpeocedue if the parties have not agreed on alternative
the conflict. Mediation negotiations are carriedt by a methods of resolving such conflicts. In the event of a
medation committee set up by the Labor Relationsonflict, a "council of mediators" is created with three
Commission on a tripartite basis from representatives ofembers: one employee, one employer and one
the trade union, the employer and the public. The parti&mediator”, who is appointed from atidrawn up bythe
retain the right to accept or reject proposals made by tkeonomic and social council. Mediation must be
committee [13]. Arbitation is cared out through a completed within five days [2, 6].
special arbitration committee, which includes authoritative ~ World experience convincingly shows that the
members of the Commission on Labor Relations. Tharoblems of the economy and social life, including in the
decisions of the arbitration panel shall be binding on bofield of hired labor, are best solved if the focasnbt on
parties to the conflict. confrontation, but on achieving social harmony,

Conciliation and arbitrationrpcedures arghe first coordination of interests of different social groups. Each
stage of labor dispute settlement in the UK, France amduntry has its own characteristics of conflict resolution.
Italy. In Spain, according to Royal Decree No. 5 oHowever, there is a single general rule: collective
January 26, 1979, no labor court is allowed to acceptegonomic disputes are uslyal considered in the
claim for consideration unless there has been an attempttnciliation procedure; as such disputes are usually
reconcike the parties. associated with the creation of new legal norms [16]. For

The mediation method is widely used in theexample, in the United States, the conciliation method is
Scandinavian countries. Labor conflicts that are natsed to resolve collective economic conflicts, and for
resolved with the help of intermediaries are considered lopllective legal conflics, judicial and administrative
national parliaments, which adopt special resolutions. proceedings are used; in the United Kingdom, the
Lithuania, according to theurrent legifation, the conflict conciliation and arbitration method is used for all types of
is regulated by the reconciliation committee, whichabor disputes; in France, collective economic and legal
compiles. conflicts are resolved through the concibat method,

In Estonia, a trade union has the right to seek help &nd legal intervention is provided for the resolution of
resolving a conflict from a highdevel organization (such legal conflicts.
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The conclusion of collective agreements in Austria isonstructive and destructive. It can be argued that to some
a prerequisite for all areas of activity and applies to adixtent social and labor conflicts are bedog an integal
employees. Instead, they are valid only within oneart of public life, because social and economic
enteprise and appl only to it. The basis of social inequality, stratification of society, nesompliance with
partnership is the principle of cooperation betweelabor legislation; wage arrears, social and environmental
employers and employees, which is implemented in thteecurity create permanent contradictions, the solution of
form of negotiations, collective agreements and collectivehich requiresthe interverion of both government
agreements, coordination of draft regulaipn agencies and civil society. The given classification of
consultatims in decisiormaking by social partners at all conflicts in the social and labor sphere allows to develop
levels. preventive measures in the prevention of conflicts,
applying certain forms and methods of the decisiébn o
Conclusions social and dbor conflicts. Analysis of conflict prevention
tools in Ukrainian and foreign practice has shown that a
The analysis allowed to determine the essence @pmmon feature is the mandatory use of procedures aimed
social and labor conflict as a form of social and laboft achieving social consensus, coordination of the interests
relations at the micro, meso, and macro levels, which @ various social grups throughtte mediation of state and
manifestedn the oppogion of the subjects of the soeio nonstate institutions. Applying the gained world
economic sphere. Social contradictions lead to a confligkperience it is possible to reduce social tensions and to
situation, the development of which can be botstrengthen social and economic safety of the state.
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G. NAZAROVA, K. DEMCHENKO

THEORETICAL PRINCIPLES OF ASSESSING THE SOCIAL SECURITY OF THE
REGION

Thesubject of research in tharticle is the theoretical foundations of the formation and development of the category of social security
in the region. Th@urpose of the work is to analyze the preconditions for the formation of social security, to reveatdhelaby of
the formatim of the concept of social security from the standpoint of international experience and to conduct an etymological,
morphological analysis of the concept of social security. artiele solves the following tasks: to investigate theoretical aspects
of the formation of the concept of social security, to determine the features and main directions of its development;tiatsubstan
expediency the approaches to social security; to conduct an etymological analysis of the afosmeipt security. Théollowing
methodsare used: method of analysis and synthesis, classifieatialytical method, abstraldgical method, historicaletrospective
analysis and generalization. The followingsults were obtained: the definitions ofrkign and Ukrainian sentists were
systematized, morphological analysis was implemented, which made it possible to determine theoretical and methodadogical sign
this concept. The components of social security were justified: the macro level, thevarsand the micro lel€The key ideas of
the concept of social security, which are embedded in international and state normative legal acts, are identifieenlphaste
that the reflection of the provisions of the concept of social security ternational documents banfluenced the practical
implementation of developments in social policy around the world. The study of social security levels made it possibiguistdis
the micro level, or personal level of human security. Based on themooifcsocial securitytrends and results of social and economic
processes are determined, while combining a system of goals, objectives, destabilizing and stabilizing factors of thendxterna
internal environmentConclusions The analysis of sociaksurity has proved theeed to focus the attention of the State on issues of
social protection, namely interests, freedoms, preservation and development of human potential, ensuring a decenaaddrtigh st
of living, regardless of age, gender, incomeeleof the population. @ assess the level and state of social security, it is proposed to
use instrumental, situational, static, process, systemic and functional approaches. The concept of social security ésiteahiplem
modern studies of human capjtabman development, anelgional economy.

Keywords: social security concept; scientific approaches; levels of social security; morphological and etymological analysis.

Introduction change of priorities. It is not a personfor the sake of
achieving economic goals, but an econorigr the sake
The processes of soe@onomic transformations of of human development. Not a peni for the protection
social development wmessitate the search for, of the state, itsterritorial integrity, independence,
development and improvement of nepproaches to the sovereignty and inviolability of borders, but a statéor
essence, analysis, evaluation and regulation of socite protection of human interests, the creation and use of
economic processes in order to achieve sustainable sodi@ benefits of development that are achieved through
development and social progress. The results of the stugiydal solidarity.
of paterns of socieeconomic development prove the
crucial role ofhumanistic factors in the development of  Analysis of recent researb and publications
the national economy, improving the economic efficiency
of production and social justice distribution of material The theoretical basis of security issues in the
and spiritual goods, as well as in erisgrsocial security.  paradigm of social development of society was laid by
It is the process of transition from thledustrial scientists Mahbub uHak and A. Sen and further
economy to the poshdustrial one that is accompanied bydeveloped in the works of foreign sciergisf\. Atkinson,
an increase in the share of the intangible market produdt. Bergman, N. Vaughawilliams, J. Dixon, J. Dreze,
At the same time, the intellectual component of a persdn Kotlikova, A. Leveld, K. Peoples, A. Sen, A. Sinfield
plays anincreasingly important role in an intangibleand domestic scientists I. Belous, O. Belyaev, M. Dyba,
product, which m turn is determined by the level ofA. Kolot, N. Kolenda, N. Kraus, V. Lugova, O. Lyndyuk,
development of human capital. Thus, it is a person, his Lyashenko, P. Naarkin, O. Novikova, E. Podolska,
intellectual and creative abilities, knowledge, skills an®/. Skurabvsky, O. Sydorchuk, O. Sychenko and others.
skills that are the main components tha able to create Recognizing the high degree of scientific and theoretical
cost, effectively realize potential, and @umuent, raw development of security issues, the practical significance
materials, energy is only an inert potential, which, bpf its provision in modern conditions of society
nature, does not create anything further. According to tltevelopment, a certain range of issues relate the
study, the growth of human capital by 1% leads to amodern interpretation of the concept of "security," taking
increase in labr productivity by 3.81% and aninto account the influence of new challenges and the
acceleration in GDP growth pecapita by 13% aggravation of existing destructive so@&oonomic
(Belousovl. 1., 2019). processes, requires further researchctoedance with the
The new socieconomic paradigm of the objective needs of pracal and research activities.
development of society: the transition from the traditional
model of economic development to innovation causes new The aim of the study. To analyze the preconditions
problems, the approach to solving which, from the poirfor the formation of social security, to reveal the
of view of the development of society, provides for &hronology of the formation of the concept of social
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security from the standpd of international experience national legislation. Thus, in 1938, the term social security
and to condct an etymological, morphological analysis ofwas used in a New Zealand law.

the concept of social security. In the futire, the frequency and scope of this concept
has expanded significantly. Thus, in 1948, United Nations
Problem solving experts used the concept of "social security" in the

Universal Declaration of Human Rights (Article 22); from

The socieeconomic concept of "social security" isthat moment on, social security was offlgigoroclaimed
one of the key theoretical and applied concepts of modelfte right of every person.
econonics, but in conditions of increased institpi and In 1952, the International Labor Organization (ILO)
uncertainty of social, economic, environmental and oth@resented the final definition of social security in
processes affecting the development of society, teonvention 102. Thus, today, social security is
concept of "social security" requires a study of its essenfge basis of welbeing in almost all countries of the
and features of application in asdance with modern world.
realities of the devefament of society. The development of social security as a concept in

It should be noted that the coverage of securifipreign countries is seen as a system of measures
issues in the national scientific literature reflects, in oumplemented mainly by public authorities and local
opinion, the Ukrainian specifics of the development ofovernments and designed to minimize the negative
society. The traditional undestimation of man, human consequeres of social risks and threats (from loss o
life, and human gtential has determined the need tovages due to unemployment, childbirth, diseases, etc.) to
violate the security problem, primarily from the point ofan individual or social group. The main forms of social
view of national (state) security. security are social assistance, social insurance, social

At the same time, the phenomenon of "socidransfers to certain categories of thepplation and health
security" does not always "find a pl4da the complex of care. The study of s@d security in foreign countries is
national security prokims. And some scientists andreduced to the analysis of the implementation of these
specialists reduce the role of social security to ensuriigrms and their impact on soeeronomic processes and
economic security. Such an approach is a logic&glations in society.
reflection of the model of development of society, in As a result of studying the world literaturan
which a person is onlg means of economic growth, andetymological analysis of the concept 'social security”
not its gal. was conducted. It is revealed that the studied concept has

This approach to the essence of the concept @fnumber of "shades" of meaning. Thus, in the English
"security" in foreign scientific literature is called literature there are several variants of translation of this
“traditional” (or political). In accordance with thisconcept: "social smirity”, “"social safety”, "social
approach, the basis is "a vision of state securitythed Welfare", "social protection” (Cambridge Dictionary,
main threat is military in nature,” @h is, the nature of 2020).
security is "purely military and increasing the level of  Despite the variety of translations of the concept, we
security means increasing the military capacity of thehould pay attention to the results of P.A. Lyashenko's
state" (Peoples C., Vaughanlliams N. 2010). But the research. The scientist notes that the conceptaofidl
vast majority of governmrgs around the world, primarily security” is equivalent in Englistotthe translation of
Europe, hag moved away from the provisions of the'social security" (public security), but not the translation
traditional approach, since the conditions of the modegf "social security”, which is proposed by "Google
development of society require a rethinking of the essenti@nslator, and which would be logical to translate this
of the concept from "state security” to "human secutity Wway" (Lyashenko, 2018).

The above is a kind of theoretical falation of the Instead, the results of content analysisy b
modern concept of social security. The study found th&A.Lyashenko confirm the widespread prevalence
the concept of "social security" is multifaceted an@f the very concept of "social security”. Thus, "the request
interpreted in the scientific literature in different ways, séor social security in English around the world has
for a comprehensive study this concept summarizes thea stable popularity in the range of 65%/5% over the
existing defiitions of social security proposed bypast5 years". A comparative analysfsthe popularity of
domestic and foreign scientists and highlights the mathe equivalent concepts of social security in English:
approaches to its interpretation. "social security" and “"social security" gave

A review of the existing definitions of the essence ofhe following result: worldwide in the last year, the
social security allowed us tidentify such approaches to concept of "social security” is ¥6-80% more popular
the study of the concept as: (1) instrumental, (2)(by number of requests) fothe concept of "social
situational, (3) static, (4) process, (5) systemic, (6jecurity”.
functional, which is shown in fig. 1. The results of the study and the conclusions of

The term "social security" was first used in 1935 in &£.A.Lyashenko are debatable, because the scientist did
US legal act, namely the &al Security Act, which not take into account other options for the translation of
initiated the deelopment of a number of programs to helggocial searity. It should be added that in authoritativ
the disabled and temporarily unemployed. From thig@cademic foreign dictionaries: there is no version of the
document, other countries also begin to use this conceptiainslation of the phrase "social security” at all.
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Table 1.Comparative analysis of translation options for the concept of "social security"

No. Options f°'f. traqslatlng t-he.. Translation of definitions from various sources Source
concept of "social security

1 2 3 4

1. | Social Security System of social benefits provided by the government in case ¢ Cambridge
loss of breadwinner or payment of edde pension, an case of dictionary
disability
The system of relations between the state, legal entities and Oxford
individuals regarding the formation of financial resources for th¢ Dictionary
redistribution to the payment of social assistance: in case of
disability, paynent ofold-age pension, etc.

2. | Societal security There is no interpretation of this concept in foreign academic | 7
dictionaries

3. | Social Safety The state of protection from threats or harm Oxford

Dictionary

4. | Social Welfare Servicegrovided by the government or private organizations tg Cambridge
help the poor, the sick or the elderly dictionary
Practical or financial assistance provided mainly by the Oxford
government to those in need Dictionary

5. | Social Protection Insurance agast socially dangerous cases Oxford

Dictionary

The above studies allow us to conclude that thiaterests (Belous Il, Kolanda N.V., Sichenko O.O., 2013);
concept of "social security" has different versions othe state of life of man and society. As the analysis of
translation precisely because dhe existence of literary soures showed, in a broad understanding, the
contradictions in its use; inconsistency betweenonat state of social security should be constant and aimed at
and global approaches to its interpretation. preserving and developing human potential, simple or

The results in the world practice of defining sociabxpanded reproduction of the popidat as well as
security have mainly applied instrumental significanceachievements in the society of social harmony and
According to the definitiom of foreign scholars integrity (Kolanda N.V., 2013).

A. Atkinson and L. Kotlikof, social security sehld be The concept of "social security" in the Guidelines for
understood as a set of payments in cash and in kiraglculating the level of economic security of Ukraine,
including services provided to certain categories dapproved by the Order of the Ministry of Ecoriom
persons. Among domestic scientists, supporters of tHevelopment and Trade of Ukraine is considered in terms
approach are EA Riolskaya and PO Nazarkin (2015).  of processapproach, namely as the development of the

The results of the study of the defion of "social state, which can ensure a high standard of living as the
security” confirmed the existence of an instrumentahost important component of the country's economic
approach to defining the concept of a conglomerate pbtential”. In addition, a commonedture of the vast
mechanisms that can guarantee such security. Therefargjority of interpretations of the concept of "®dc
accordng to this approach, social security is identifiedsecurity" is the attempt of scientists to define it as a
with social protetion, social guarantees that areconcept that reflects the trends and results of social and
implemented in society through social policy. economic processes, combining a system of goals,

It should be noted that today the most commoanbjectives, and dgructive factors of external and internal
approach to the interpretation of social security is tenvironment.
define the concept proposed by the International Labor In turn, V.M. Lugova and T.V. Golubeva consider
Organization, whictconsiders social security as a set ofocial security as a set of elements that make
measures to protect against the dangers arising from tye the system of mutually beneficial partnerships.
risks associated with the development of society. Forei@ctientists claim that social security is "a systefn o
scientists who have studied sdcigecurity, namely mutually beneficial partnership between staff and
A. Sinfield, A. Sen and J. Bergman, follow thisnro management of thenterprise, which is provided by the
instrumental approach. Thus, A. Sinfield describes socialaterial and intangible needs of employees and the
security situationally, i.e. as a state of protection againistterests of the enterprise” (Lugova VM, Golubeva TV,
loss of resources. Then J. Bergman considers soci011).
security as &ituation of complete protection of the person As part of the analysis of existingpgroaches, a
from the task of anyharm to it. Among domestic functional approach should be identified. Proponents of
scientists, supporters of the situational approach includdis approach view social security as the state of the most
I.I. Belous, I.F. Hnybidenko, A.M. Kolot, O.F. Novikova, effective government regulation to prevent threats and
N.M. Kraus, P.A. Lyashenko, 0O.0. Sychenkognsure the stable functioning of social policy. Thus,
V.A. Skuratovsky and O.A. Lyndyuk. T.A. Shakhmatova raphasizes that social security is

As a result of the study, the majy of scientists "provided by the state in the prasof performing its
who explore social security issues are considered moanagement functions soeé@onomic and socipolitical
consider this concept as a certain state of protectistate, which ensures a normal standard of living".
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Approaches to the definition of "social security”

Tools for assessing the degree of implementation of social policy goals

Instrumental . Sy .
Sl (A. Atkinson, L. Kotlikoff, E.A. Podolska and P.A. Nazarkin, etc.)

— A set of measures aimed at providing protection against the dangers

Situational arising from the risks and threats associated with the development of

society (ILO experts, A. Sinfield, A. Sen, J. Bergman, LI. Belous,
LF. Hnybidenko, A.M. Kolot, O.F. Novikova and others)

The state of protecting interests, life and society's life

> DIl (N. V. Kolanda O. G. Sidorchuk and others)

The state of dynamic equilibrium, which ensures a high standard of living

Process (dynamic) (M.A. Leskov, G. Dolmatova, L. Omelyanovich and others)

\ 4

A set of elements that make up the system of mutually beneficial

Systemic :
partnerships
(V.M. Lugova and T.V. Golubeva and others)
. The result of the effective performance of functions by the State
Functional

(T. A. Shakhmachova, J Dixon and others)

Fig. 1. Generalization of approaches to the definition of "social security”

Generalization of the main approaches to thmeeting physiological needs. The need to meet the need
interpretation of the essence of social security: statifpr social security accompanies man throughout the
procedural, systemic, functionahstrumental, situational development of civilizaon and is inextricably linked with
allowed to obtain a more comprehensive and clear ideatbke formation of the state and society (2018), tinlsng
social security. The existence of a significant number abcial security with the development of law and legal
separate approaches to ttedinition of the concept should relations.
be associated not only with the inconsistency between In sociology, social security is defined through the
national and global approaches to its interpretation, bptism of social development and socialat®ns, which
also between different areas of practical application. Thu®rms an individual with a certain social status and a
a number of definitions of social security are daeghe separate role inogiety. When considering social security
fact that in the field of theoretical research, social securigs a concept of sociology, one should take into account the
is analyzed in he works of scientists in philosophy,important role of the family as a social institution in the
sociology, economics, law and more. formation, security, formation and development of the

Thus, the genesis of the generic concept of "securityfidividual. At the family level, cultural spiritual and
follows from the biological nature ofman: since the moral and ethical values, norms and rules are formed,
primary basis of man is the instinct of spteservation, violation of which can affect the safety of others.
the need for ecurity becomes one of the main, after
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In psychology, social security is considered t b e i aCombinations of morphological features form a
state of psychological protection of social groups andumber of variants of theharacteristic of the concept of
society as a whole fromhé¢ influence of adverse both "social security”, with which it is possible to determine
internal and external factors. Under such conditions, tlmnsiderations about the essence of this concept of each of
state of consciousness of man and society is able the studied scieific sources. Thus, the author highlights
perceive the environment argkvelopment as adequatethe most typical features of the concept ofbclal
processes, which creates conditions and expanskscurity”, which are listed below.
opportunities @ meet needs, including social today and  Among the set of definitions, the key characteristic is
gives confidence in the future. the vision of social security as a state of protection of a

Therefore, it is obvious that the phenomenon gberson or aperson, and as a state of protection of his
social security is comprehensive and has a dexnp social interests (Novikova O.F., Podolskaya.A.,
interdisciplinary dimension, resulting in the concepSychenko O.0. 1997, 2015,2012). Determining the
of "social security" constalyt acquires new feasibility of including such a key feature in the definition
characteristics. proposed by the dissertation requires attentionth®

Thus, modern realities of the development of societyoncept of "social interest".
and a modern international society deny a traditional and There are different interpretations of this concept.
unilateral health undai@nding. The need to concentrateThe meaning of the concept of "interest" is considered by
the state's attention on social security issues, namelgientists as "a set of important incentives, the orientation
interests, freedoms, preservation and development a@ff an individual or social group, and as a certaiement
human potential, ensuring a decent and high standard adf motivation". The Sociological Dictionary offers the
living, regardless of age, gender, level of incomépllowing definition of social interest: "expression of
suppoting the effective stimulation of society's activitiessocial needs of the subject (individual, group, population)
leads to rapid development andsskmination of social through its place (status) in the system of social relations
security concept. It is worth noting that this concept iand interactia about the conditions and means of meeting
enriched with modern socieconomic concepts of humanthese needs". Thus, social interest is aaatbroad
capital, human development, the ncept of the concept that comes from the needs of a person or a social
knowledge economy, regional economy, etc. group.

This necessitates further resdain the direction of Among other key characteristics of social security,
forming a scientifically sound definition of the concept ofcientists identify it as a component mdtional security
social security, which would most fully characterize it@and as a result of effective social policy.
essence in modern condition$ society. To do this, the It should be noted that ¢hfunctioning of the state
dissertation formed a set of definitions of "social securityand its institutions is carried out in the historically
and applied the method of morphological analysis, thdetermined social space, and the very existence of the
feature of which is to solve the problem by identifying andtate is possible only withinthe socially established
combining the main structural components, whichum, conditional threshold limits of this space. Going abroad
allows to summarize and systematize various options atttteaens the existence of the state, the loss of national
justify the most approprie. integrity, so in this regard; it is proposed to consider social

The study of the definitions of foreign and domesticecurity as the main characteristic of the natisuwial
modern scientists on the understanding of the term "socsdace, which allows to implement the strategy of national
security" allowed to identify, identify, systermei and security.
structure the main elements of the system of the studied Analyzing tre formation of definitions of social
concept - morphological features. Depending on thesecurity of scientists over time, it should be noted that key
approach to the analysis of one or another feature of tbkaracteristics are changing. Thus, P.A. Lyashenko offers
studied concept, the grouping of features into certas slightlydifferent interpretation of security as "a form of
blocks is carried out, namel key characteristics metastable state of its soeagonom¢ system". A
of the concept, objects, level, and components of socialetastable state, or a state of conditional stability,
securiyy, purpose and factors influencing socialmust be achieved as a result of fluctuations in the
security. parameters of this system. That is, ensuringpiliy

The next stage in the implementation ofin the transition from one state to another under the
morphological analysis is the formation of a matrix ofnfluence of destructive &ors. This interpretation of the
morphological featwes, a list of scientists who haveconcept under study reflects the dynamism and is
studied this concept, and literature sources. Theonsidered through the prism of the development of
idertification of the morphological feature is associety.
follows: if in the studied definition of "social security" In the interpretation fo the concept of "social
there is a significant feature, it is assigned 1 poingecurity" an important place is occupied by the object of
otherwise the points are not assigned. Basesdocial security, i.e. the one (who is affected), which is
on the calculation of the sum of the scores qfrotected from external and internal threats. In the
a certain morphological feature from the set of definitionglefinitions of scientists can be identified a number of
the most typical features are identified, ie those that aobjecs: man, person, citizen, individual social groups,
most often used to define the concept of "docisgociety as a whole, the state.
security".
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The defnition of an object in the definitions of With regard to the components of social security,
scientists is associated with the allocation of levels afiost often, scientists do not define them by revealing
social security. the meaning and essence of this concept, Ity t

According to the identified objects of social saty, can ke considered to be extremely important. Thus,
we consider it appropriate to identify levels of influencé/. Skuratovsky and O. Lyndyukidentify economic,
on them, ensuring thesocial interests, protection from political, social and spiritual components.
the negative impact of destructive factors: macro level The main goal of social security, scientists believe
(social security of the state and society), meso levihe preservation, effective implementation and
(social security of He region) and micro level or the developnent of human potential; ensuring a decent and
level of social security of the employee). Undoubtedlyquality standard of living; achievingosial harmony and
social security is systemic, which is why theintegrity; prevention of social explosions, minimization of
levels of social security are interconnected anthe impact of risks and threats; sustainable social
interdependent. system; realization of social interestpreservion

Social security at the state level is a component of the gene pool, favorable demographic situation;
national securityl a national strategy and direction inproviding the popwtion with support in the face of
international politics, which aim® achieve a sustainable threats and risks; satisfaction of tangible and intangible
state of social protection, sustainable human developmergeds.
and stable growth of quality of life. The key ideas of the ~ Among the main factors of influencing social
concept of social sedty are laid down in international security, scientists disiguish Iess or reduction of income
and state regulations. as a result of social risks; decline to minimalalkipy

As a result of the spread of sakkecurity, first of standards, or exit per threshold standard; threats to
all, at the international level the reflection of the national security.
provisions of the concept in international documents, Summarizing the above, it can be concluded that a
began the continuation of reselarn the concept of social person is in a state of social securitpyided ttat there is
security and practical implementation of developments imo or minimized influence of social risks and threats, in
socialpolicy around the world. the eent of these destructive factors, it is the mechanism

Taking into account the uneven level of sociabf public administration in the social sphere that is
security in the regions is an objective necessity and oneddsigned to prevent, counteract and minimize the
the fundamental indicators tife formation of the national influence ofsuch factes both at the regional and state
strategy, a tool for developing a mechanism of nation&vels.
goverrance in the social sphere. Differentiation of regions  Thus, the concept of "social seityt is
by level of social security is due to the existence of eharacterized by scientists both as a state in a certain
number  of  factors: historical, demographicperiod of time and as a result of state policy in the social
environmetal, economic, political and others. Thesphere, which is measured both quantitayiveind
existence of uneven distribution of regions byelewof qualtatively. It should be added that the presence of
social security increases the feasibility of allocating socialentified and analyzed onphological signs of social
security in the region, the purpose of which is to setecurity is evidence of the comprehensive nature of the
priorities, form and implement state regd social policy concept under study. Summarization and systematization
taking into account the peculiarities of regionabf existing definitions and eobinationof morphological
development. features on the studied problem, as well as analysis on the

The stug of levels of social security has possibility and advisability of including certain features in
identified a micrelevel, or personal level of human order to form the most complete disclosure of the content
security. It is at the personal level that it is expedient tand essence of the concept "social security"walldhe
spread socialsecuity in the fields of human science dissertation to define it as a state of protection and balance
as an individual: psychology, biology, pedagogyof social interets of a person, social groups and society,
sodology. from the negative influence of destabilizing factors for

The enterprise plays an important role in thevhich the preservation, effective realization and
formation of social security at the micro level. Enterprisedevelopment of humma potenti§ a decent and high
whose policies are focused on staff, socialusec and quality standard of living, as well as the achievenant
development are flexible and competitive. Thereforesocial cohesion and continuity of the social system are
ensuring social security, ac#iv cooperation between ensured
management and staff should be a strategic direction of

any enterprise, and should include safe working Conclusions
conditions, the possibility of eduitanal and professional
development of the employee and so@ndoubtedly, the According to the results of the study we conclude

introduction of elements of the concept of socialthat the current reality emphasizes theed toexpand
security in the enterprise has a slightly differengecurity and focus on the study of social security in the
character than at the macro and meso level, it {ggion, asvell as focus on the formation and development

necessary to take imtaccoun the peculiarities of the of theoretical aspects of social security and its practical
enterprise, its size, financial resources, opportunities afifiplementation.
S0 on.
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The concept of social security reflects thentt®e and security made it possibleo tidentify static, process,
results of social and economic processes, combining sgstemic, functional, instrumental, situational approaches
system of goals, objests, destructive factors of the The existence of a number of selected approaches is
external and internal environment. The generalization associated with various areas of practical application of
the main approaches to defining the essence of sodihis concept.
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|. BONDARENKO, O. AVRUNIN

ON THE EXCITATION OF LOCAL ELECTRIC CURRENT IN THE BIOLOGICAL
ENVIRONMENT

The subject of the study in the article is to study the method of excitation of human body tissues using an electric current. The
purpose of the workis to develop a method for exciting local current in a human body affecting the microcirculation of blood and
excitablity of local areas of muscle tissue during the treatment process. The article solves the fadsksntpe creation of a model
patternof fabric, the rationale for the generation of electric current inside the sample, the development of the designroérit
generation system and measuring the electrical response of the model sample of the tissue on the occurrence of electric curre
determining the size and spatial current distribution in the model sample of the fabric, comparison The obtaimedaties with
known and admissible in medical practice its values, determination of the advantages of the proposed method obéxcitetitn
compared to the traditional used in medicine. The followirghodswere used: analysis of scientific pigaitions for the subject of
the study, the calculation of the expected current parameters in the model sample, the method of desiguieg tfiehe current
generation and measurement system of the electrical response, the experimental methodaf ekéitatcurrent and measuring the
sample response to it. The followingsults were obtained: a new acoustimgnetic method of excitirelectric current in local areas
of muscle tissue is justified, which allows determining for them the optimal vafude therapeutic current and the value of its
threshold value. model samples of muscle tissue are created, a magnetohydrodynamiofrgetiereting electric current inside the
patient's body is justified, design of a system for generating current @eslirmg the electrical response of a model fabric sample to
the occurrence of electric current in it; determining the magnitude andlspstiibution of the current in the model fabric sample;
comparison of obtained current values with known and psibhésvalues in medical practice and proved their safety for a person.
Calculated ratios are obtained, which connect value of excited ¢tareent with parameters of ultrasonic radiation, external
permanent magnetic field and biological medium. The madsehave been found that the current density excited in the local area of
the biological medium is independent of the ultrasound frequamtys determined mainly by the intensity of the ultrasound and the
constant magnetic field. The advantages of theeatl excitation method according to the present invention over the conventional
galvanic method of passing current through the patiski's are the ability to generate current in any desired local area of the
patient's tissue and its complete safé@pnclusions The scientific foundations of the new method of excitation of local current
inside the human body have been developed and ime#rlly tested on model samples. Using this method can significantly
increase the effectiveness of the treatmentgss based on the effect of current on blood microcirculation in predetermined areas of
muscle tissue and for the first time will allowstiiguishing and determining with high accuracy thresholds of their excitability by
electric current.

Keywords: blood microcirculation, threshold of muscle tissue excitability; tissue model; magnetic hydrodynamics of
conducting solution; ultrasound; loaglkctric current.

Introduction influence of ultrasonic radiation (USR) has begun in BE.
In particular, for the first time, the vaduof the electric
Physical and chemical phenomena caused by tfield strength arising in the model electro conductive
magnetohydrodynamic effect and electric current througigmple BE under the joint action ofiltrasound
a conductive bi ol ogwidelgusede and CMF[A] wasnmeasyregly Also, dof tee first time, an
in modern medicine for diagnosis and therapy [1, 2, 3, acoustiemagnetic method (AMM) of acting on a model
5 6]. These phenomena, in particulanclude: BE sample containing magneti nanoparticles
electrophoresis of the ions of drugs of drugs through@s proposed and investigated in order to determine the
human skin in a constant magnetic field (CMF)possibility of highprecision measement of their
measurement of the flow rate of btbin the magnitude of concentration in the pathological focus of BE
the electric field generated by it in the PMP during thwith the target delivery of therapeutic preparations
pulse filling of the blood vesel; braking of blood current to it [9].
in vessels under the action of a large PMP; therapeutic One of thetopical problems of medicine is to study
galvanization of muscle tissue by passing a constafite excitability of human body tissues, which is associated
electrcal current of low density through the patient's skitvith changes in He membrane cell potential
from the external higholtage (80 V) voltage source; and the condition of blood microcirculation and lymph in
strengthening the microcirculation of blood and thdissues. One of the ways of influencing the excitgbdf
definition of the first threshold of the validity of the muscle tissue and human organs is transmitting an
current in the muscular tissue by pagsian alternating alternating electric current through it. In this
electric current through the skin of the patient. All thesease, an important measurable indicator of tissue
phenomena occur either due teetnatural movement of excitability is the first threshold for the sensibility of the
blood ions and plasma under the action of the ambietignsmitted current. The traditionahd common method
heat or the activity of the heart, or when the transpo@f transmitting current through the muscle tissue is the use
current is spplied to the BE from the external voltageof an electrical circuit from an adjizble voltage
source. generator, the input wire connecting one of the terminals
Recently, the study of the movement of electric andf the generator with the skin of the patient through the
magretic particles in the magnetic field under theclampingelectrode at a particular point of the body and

E I. Bondarenko, OAvrunin, 2021
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the output wire connecting the other point ftc -
the other point on thpatient's skin with the second output - us

of the generator [6]. The gap of one of the wires include . .

an ammeter, according to which the magdiée - N —
of the first threshold current is measured when the patie ; - _ i ' /

is sensitive to the patient's appearance of the lesISThis H,, _ U | ,
method of determining the threshold current an| —— - =;>] L .
therapeutic current corresponding to the optimal level ¢ - | '

blood circulation hasan important disadvantage that L
affects the informativeness of their measurement. This § ; / /r
7 B C

caused by the fact that thercent through the muscles

with this method is not spatially homogeneous. Its densi

is maximum in the area of the supply electrodes ar A

decreases when removing them. In addition, when passi

in the field of internal organs, this inhomogeneity

increasesas they have different electrical resistance. As Fig. 1. Circuit diagram of blocks (A, B, Gjystems for excitation
result, the amount of therapeutic current and the measuf local current in a model sample of a biological environment.

| Block A includes a model sangli which an external constant
thrleshold Cgrrgnt ar? av thrgutghotl;t .thei mlljscullar magnetic field (B) and ultrasound radiation (US) and which
volume an 0 Nnot correspon 0, eir local va uegenerates an alternating voltage (U). BlockeBves to measure
for one or another organ or a partmularea of even he yoltage U, and the block C is a voltage registrar U.

homogeneous muscle tissue. Therefore, the development
of a new norintegrated method is required to 4ﬂ
establish the amouwtf therapeutic current and measuring

its threshold value. The new method should

allow to establish the optimal locavalues of the g
therapeutic current for various sections of the human bod

and measure the values of the threshold currer - F AT
in them. 1 - 5
The purpose of this work is to substantiate the _ Z /] /

possibility of creating a new local excitation method /
using AMM in a givenBE section of an alternating oy $9 f/
electric current, eliminating the need for its contact 2 X - Y \\ 6
(galvanic) transmission through the skin of the \
patient and does not have drawbacks of this traditiona .. = —=| \
flow of current formation through the patient's B 3
body. B B |2/

Model sysem for generating an electric field in BE = v / = 0

with AMM
IITI

For the existence of an electric current in any d
environment, it is necessary to havedectric field in it.
Figure 1 shows a schematic diagram of a system t
allows exciting using AMM.an_d measure Wariable W!th model sample in the form of a solution of NaCl, Zessel with a
a frequency of USR electric f'e_ld of the E’E model n th'solution, 2i Helmholtz coils to create a magnetic field with
form of a solution placed in a cylindrical vesselinduction B = na H, 37 round flat radiatoultrasound, 4

A low-conductie NaCl solution in water, having a yitrasound generator, 5distribution of velocityV, movement
density, viscosity and electrical conductivity, close ir;

; into the solution under the action of sound (dash liné), 6
magnitude to the BE paramees [6, 10]. current distributiofGnl) in solu
With the effect of USR with frequency f on the upper
part of the solution along its height (in the direction  With the simultaneous action of the USR and a
of the Z axisin fig. 2), a wave of compressonconstant magnetic field 1Y
and expansion propagates. The counter wave reflecte@rpendicular to the directioof propagation of the USR
from the bottom of the veskinterferes with the incident along the Y axis, an alternating electfield with an
wave If the distance from the bottom of the vessél Nt ensi ty [ X appears in it |[
to the emitter USR (h) is equal to an integey ¢f the relation known from magnetohydrodynamics:
l engths (&) Ffnagaguntdh ealedte " _\ 3 ; ; :
standing wave [11] is installed in the vessel. The \igjoc E=Ve By Ensingp T Vpesinzpt B, (1)

w;g;b;tlggs\ﬁwﬂ i:]hg QSOIUUOn particles in the standing, e g Enx: Vmz, 1T the amplitude of the electric field

strengh and the velocity of the solution. In this case, the

rFig. 2.Functional scheme of the systear the implementation
of acoustiemagnetic excitation of electric current in the BE
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EX direction is perpendicular to both the direction different polarity almg the direction of the propagation of
induction of the field B, and to the directionv,. To the sound in it (fig. 3).

measure the distribution of the EX value #dtedent points
of the vessel, which means that in different sections of the
standing wave in the solution, two (or more) metal
measuring probes are placedth a distance (basel

.

bet ween them. The value of [)4
derivative  of the lectric potential U in \O b
the directiornx: 3 -1~

Ex :d_U O(UZ - Ul) , (2) 4\2_

dx L -
Z _ ]

where U, i U,) i The potetial difference at two pats B | i B
(1, 2) of the solution located at a distaricalong theX — 1
axis. The potential difference (voltage) on probes can be =
measured by a voltmeter of alternating voltage. L
Calculations [7] show that the value of the maximum 1 é — 1

voltageU,, on probes is described by the formula:

2P .
Uy =Eny 3L [:_]OYSBy L, )
Cry

ed

Fig. 3. Functional diagram oht system for excitation with

AMM
where [E]

of the

fichaino
05 _ - - - . . ; - e .
=V, @ndt , ¢, ry is the intensity (power) a solution (1) simulating a biological environment, Belmgkz

1 coils, 3i cylindrical vessel with a solution with an inner

of USR, speed of sound in solution, densitysalution.

diameter d, 4 flat round USR emitir with a diameter d, 6

by

sections

Fig. 2 shows a detailed functional diagram of USR generator, 6 distribution of the solution velocity under the

model system for studying the electrical properties of traction O_f USR, 7 distribution of the magnitude of the excited
BE sample in magnetic and acoudfields, as well as the currentin local areas of the solution.

The periodic change in the electric field intensity in

spatial distributions of the velocity, of the solution

displacement under the action of USR along the directi@pa@ results in a periodic change in the potential
and a

This figure also shows the sourcenstant magnetic field corresponding periodic change in the current value

Z of USR propagation and the excited electric current dlifference along the height of the vessel

with induction 1Y in

vessel with a model solution (1), USR emitter (30hm law inversely proportional to the electrical resistance
generating sound along the Z axis of the vessel. Tié the solution (or biological real medium). Materials A
different polarites of the maxima E along the height ofsufficiently large distancedtween current maxima, equal
the vessel correspond to the places of maximuho half the wavelength of the low frequency USR, allows
compression and estision of the solution under theto create ondas in figure 2) or several (as in Figure 3)

action of the USR

take place if h e USR ibeamo

the same way from the skin on the opposite side of the

standing wave. Note thaturrent zones spaced in space along the axis of the vessel,
a similar picture of the appearance of a standing wave cahich in the real BE will act on its different sewmis with

i s diffprent exaitadility. tFor exaropte hat a USR frequency of
the human body, since an incident sound wave on the si&@ kHz, the length of the souma@lf wave is about 30 mm

on one side ofthe body wil be reflected in inwater (and in a neatensity BE).

As can be seen in fig. 2, localization in a solution
body. with an electric current, having a lehgalong the z axis

To obtain the maximum voltage value on probes, it isqual to one halperiod of the standing wave, can be

necesary to arrange the probes in the maximuy

region. As is known [11], thkength of a standing wave is
equal to the length | of the wave of sound in the studied
medium and is given by the expression:

organized by the spatiabdalization of the CMF action

per solution (or to the patient's body site). To do this, it is
necessary to use the source of the local magnetic field as a
permanent magnet or coils with a current having
dimensions that do not exceed half the length of the

c standing wave in the vessel. Only in this part of the vessel

/== (4)

f (or patient) will there be an electric current as a result of
the use of AMM. The weakening obsence of a magnetic

wherec is the sound speed in solution.

field in the rest of the vessel leads to the practical absence

Thus, changing the frequency of USR, it is possiblef an electridield in it in accordance with formula (1) due
to change the distribution of th&, in the vessel and to the absence of the cause (magnetic field) of the

have two or more maxima of the electric field strength djceurrence of the electric current. At the same time, the

t

h

of

t h e flawing ia vargotis zonas bfthe ¢lestro conductivie okitiod o r m
two Helmholtz coils (2), SR generator (4), cylindrical located along the length of the vessel and agegrb the
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permissible distance from the local CMF source to thigody section in the actual situation of the use of ANM
current generation in the real situation,. iwhen the medical practice. It uses one of the advantages of USR
current is excited in the patient's body, it should ndcompared with the electromagnetic field of high
significantly exceed the size (aperture) of the field sourcérequency), which practically does not fade at distance
This is due to an increasa the inhomogeneity of the characteristic of the sizes of the human body. Therefore,
magnetic field of scattering of the local source as iwvhen using AMM restrictions on ¢h location of the
removes from it ad with a decrease in its value, andorocessed current of the BE region does not exist. With an
hence, with a decrease in the generated current. It followgrease in frequency only decreases the length of the
from this that the maximum depth of the location in thareas with an excited currenttheir "chain" located along
patient's body of a single area with a current having abotite USR "beam".

30mm (at a frequency of USR about 20 kHanhde no

more than 5a.00mm. Calculation of an electric current excited inBE model
To create a patient in a patient several sections with AMM

("chains") with a current along the USR "beam"

(as in fig. 3, at a frequencpf USR 4 times higher The calculation of an AMMexcited current in BE

compared to fig. 3), the formation of a homogeneougas carried out on the basis of experimentally obtained

CMF on the entire length of these sections potential difference values on two capp probes

is necessary. introduced into the NaCl model solution [7, 12].
This can be done using a Helmholtz coil with arhe diagram of the measuring =t is shown

diameter somewhat large than the height of the modelfig.4.

vessel and, accordingliarge than the size of the patient's

7 8
—_—
6 -
s T
4 A - H NT A
e _ a
Fomem l : — - -1 \L //—
N 5 . __ 1| N §
| R
1 AA section 3

-

Fig. 4. Measuring system diagrami Icopper cup, 2 plates for fixing electrical probes,i3NaCl solution, 4 permanent magnets,
51 electrical probes, 6 sonic condit of the USR source, 7 USR generator, B wires from probes to voltmeter,i9elective
microvoltmeter.

The probes with a length of 1 cm and a distancEMF, created by two permanent magnets with a diameter
between thenh = 1 cm were located approximately in theof 45 mm, in the area of the probes was equal to 0.4 T.
region ofthe maximumdistribution of the electric field The amplitude of the voltage Um across the probes was
strength at a power of USR 0.01 W /Zat a frequency of 5x10° V. The region of the main part of the current
22 kHz ( = 6.8 cm). One standing wave period waglowing between the probesae be appramately
located at the distance between the USR source and thpresented as a cube with sides equal to 1 cm, since equal
bottom of the vessel with the solution. Thdueaof the to the diameter (d) of the USR "beam", and its average
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length (I /4) along the Z axis are also about 1 cm. For thieiological environment with a USReam diameter of
BE averaged resistivity alcm, awurent withuae maximens dersityuod labout o ) 2
140 Ohm cm [6, D], assuming that the resistance isL0-4 A/cn¥ can be excited. The regulation of the current
mainly active, it can be calculated using Ohm's law tha@ensity in the local sections of BE can occur over a wide
amplitude of the current Im through the BE specifiedange by changing the power USR or the value of the
region: CMF

The main advanges of generating alternating

| :U_m _ Un VmzByd Vi, Byd ( current through BE using AMM over the traditional
m R ryd (4 7/) (4ryf) galvanic method of passing current through the patient's
(/ 14)d skin are:

. . " 1) the possibility of exciting electric current in local,
where R i current flow area resistance. Substituting “}?redetermined areas of the biological environment:

valuefor the velocityVy,, into formula (5), we obtain: a) in the form of a single region with a characteristic
op/ 105 size of about 30 mm and with a maximum alternating
| Cfl] B, d current density in it up to 10A/cm? (which is five times
Im = T less than the permissible and dangerous value for humans)

at a frequency of about 20 kHwith a CMF source
For the maximum current density jm, from (5) andpPerture no more half wavelength USR (about 30 mm);

(6) we obtain: b) in the form of several amplitugmodulated
current regions with the size of each of them equal
| NI a7 b =¥ to half the length of the USR standing wave
im = ] n_=1 = 1 . (7) in the patient's body and located in afanih magnetic
(//pd cd ra field:

2) the safety of the proposed equipment for creating

It follows from (7) that the desity of the excited |ocal areas with current due to the absence of sources of
local current does not depend on the USR frequengyicreased electrical voltage in it.

After substituting the numerical values of the parameters
into formula (6), we obtair,, =0,5 @0°® A. In this case, Conclusions
the maximum current density jm in such a local BE nhode
A new, more informative and safe method of

i jm=0,5 00° Alcm2 A i ical : : .
region Was Jm fem®. According to medica creating an electric currentnithe human body for

standards [6], the maximum permissible harmless currelogicinal purposes has been proposed and substantiated.
density passed for therapeutic purposes through biologiegle method is based on the excitation of an electric
tissues and h””ﬁ” organs Sho‘zjld not exceed 0.5 MA/Cirent in a local area of the body using the aceusto
= 0.5 x 10° Alem? =5 x 10* Alem? .. o magnetic method (AMM). To substantiate this method,

If it is necessary to generate current densities grea{g§mputational and @eimental studies were performed
than j,,=0,5 ©0° A/cm? using AMM, the value of the on model samples of a biological environment. A

electric field EX excited in BE should be increased. calculated relationship is obtained that connects the
According to formula (7), this can be achievednagnitude of the excited current with the parameters of
primarily by increasing the USR intensity and CMF valudhe ultrasonic and magnetic fields, as well as with
within acceptable limits. From the point of view ofthe paramets of the model sample. The calculated ratios
medical safety (to exclude BE cavitation), the USR powete verified by comparison with experimental results.
should not exceed 1W/é11]. A constant magnetic The local density of the excited current in the
field, provided the patient is in a static positionthis €Xxperimental model sample was calculated and the
field, can be very large (7 or more Tesla) [13, 14, 15possibility of reaching a current density at the level
With the indicated values of the permissible {owOf 10“A/c?, which is close to the maximum permissible
frequency USR intensity and with a CMF equal to 7T, ialue for the human body, 5x1@/cm?) was shown.
follows from formula (7) that in a local area of the
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O. YEROSHENKQ |. PrRASOL, O. DATSOK

SIMULATION OF AN ELECTROMYOG RAPHIC SIGNAL CONVERTER FOR
ADAPTIVE ELECTRICAL STIMULATION TASKS

The subject matter of the article is an electromyographic signal transducer, which are an integral part of devices for adaptive
electrical stimulation of muscle structures based on revégstanyogragic communication. Thegoal of thework is to study the
features, obtaining the corresponding theoretical relationships and computer modeling of a differential biopotentiat, converte
providing amplification of the useful component and supmpoes d harmiul interference, the spectra of whiintersect. The
following tasks were solved in the article: determining the effect of electrode width and electrode spacing on crosstalk; formation of
the electrodeskin model and the input circuit of theabsdweer, oltaining theoretical relations foafculating the rejection coefficient,
construction of the transducer circuit and its computer simulation. The follaw&gtgods were used methods of mathematical
modeling of processes and technical deviogsthals of analysis, structural and parametsignthesis of nonlinear electronic circuits;
methods of machine design. The followirgsults were obtained a biopotential amplifier circuit with tracking feedback on power
supply is proposed; modeling ofmgmicprocesss by means of the Multisim programas carried out; on the basis of the constructed
model of the electrodskin input circuit and the obtained analytical relationships, the rejection coefficient of the input circuit of the
equivalent circuitis cakulated the requirements for the signagistration module are formulate@onclusions: The considered
version of the electromyographic signal converter circuit based on tracking communication on power supply, effectigebp fdect
common modoise.On thebasis of the constructed equivalemodel of the input circuit of the amplifier, the theoretical relation for
calculating the rejection coefficient of such amplifiers. The circuit is simulated in the Multisim program, the resuitsecotié
correctness of its functioning. The requirertgefor the interelectrode distance and the thickness of the electrodes themselves are also
formulated. The results obtained can be used to design complexes for adaptive electrical stimulation.

Keywords: biopaentid amplifier; useful signal; interferenceuscle; electrode system; simulation; Multisim.

Introduction "NeuronSpectrum5" the voltage measurement range is 5

¢ V50 mV, witha relative error of voltage measurement
Currently, the measurement of electromyographi the range from0.1to 50 mMvi t hi n N 5% [ 8]

(EMG) signals is widely used in clinical practice for the ~ When the signal is diverted from any muscle group,
diagnosis of various diseases. Alsoe theasirement of there may be crogaterference from neighboring muscle
human biopotentials is activelyused in prosthetic groups. Thusit is necessary to minimize the mutual
technology. The main task is to measure the degree iBfluence of electrical activity of neighboring muscles.
tension of an individual muscle. There are varioudhis is achieved by optimal selection of the shape of the
methods for determining the degree of muscle contracti®@ectrodes, the interelectrode distance, the choice of points
[1-2]. But to amplify very weak signals, special Of application of the electrodes.

biopotential amplifiers @ needed. The effectiveness of the rehabilitation processgs
electrical stimulation in various skeletal muscle lesions is
Analysis of the problem and existing methods determined by the adequacy of stimulating effects. This

applies to both the shape of the effects and the parameters,
When developing devices for receiving EMGSUCh as gmplitude, frequenoy_othe_rs. These parameters
signals, it is necessary to take into account a number &€ individual noonly for the individual patient and the
specific features of these devices. condition of the muscles, but a_lso_ de_pend on the specific
The main diffcuty in developing EMG signal tYPe of muscle: Therefore,_ it is important to haye
amplifiers is thathese signals have a low amplitude (fronfleéctromyographic feedback in the process of electrical
20 eV to 2 mV at maxi mu mStiRyadon. Toereforg,hn sysiegs of @gpptiveceiga | | e
the useful signal can be superimposed noise, the amplitiRinulation it is necessary to provide means of measuring
of which can significantly exceed the EMgnal. It & the elr-_zctrlcal activity of m_uscles. _he electromyogram
necessary to take into account the fact thatamplitude Signal is lowfrequency and iphase interference, which
characteristics of EMG signals for different muscles magte located in the spectrum oietuseful signal, so special
differ significantly, they may have different values in@mplifiers are usd to neutralize such interference.
different people [37]. Amplifiers must prow_de active neutra!lgatlon due to the
The problem is the effect of 50 Hz guidance on thteedback signal supplied to the neutralizing electrode.
useful sgnal. The situation is complicated by the fHwit ) ) ) )
the frequency of 50 Hz is in the spectrum of the useful The aim of this article is to study and computer
signal, which has a range of-800 Hz. To attenuate this Mmodel the dferential biopotential amplifier.
interference, signal filtering alone is not enough [3].
The next problem includes myographvhich have a Featuresof electrodes
different range of voltage mearement, which makes it
difficult to register the full range of changes in the  The correct positioning of the electrodes on the skin
amplitude of the useful signal. For example, in théurface is important. To obtain the maximum signal
multifunctional complex for neurophysiological studiesamplitude, the electrodes are superimposed on the so
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called moving points [9]. interelectrode distance, while the bandwidth will decrease
To obtain astable electrodskin contact and to with increasing distance [12].
reduce he impedance of the skin, the skin must be Fig. 2 presents the dependences of ¢vell of cross
properly prepared before applying the electrodeslfI)  interference on the interelectrode distance tredwidth
Fig. 1 clearly shows the dependence of the amplitudd the electrodes. These dependences are obtained by
of the signal on the location of the electrodesr thearea using electrodes with a width of 7.5 and 1 mm and
of the studied muscle. With the corrgudsitioning of the changing the distance between them.
electrodes increases the amplitude of the useful sign~'

increases the sign#d-noise ratio, reduces the effect of gn
crossinterference from neighboring muscles. *E' 30 Electrode
, U / width
ul B 2
% . il ’ 475 mm
7 10 E— » 1mm
)
o
- “‘ T T T
02 @) s

N N
10 20 30

Interelectrode distance, mm

Fig. 2. Dependence of the level of cresariers from the
interelectrode distance and width of the etedes [3]
a3 The conductivity of muscle tissues is due to complex
Pt repbnany dvtrmad biochemical and biophysical processes. The linearity of
the obtained dependence of the amplitude of the EMG
signal from the distarecbetween the ettrodes allows us
to assume that in the inted range, muscle fiber can be
considered a homogeneous conductor [13].
One of the physiological properties of skeletal
It is necessary to use electrodes made of materigifuscles is conductivity, that is, the ability to carry out an
that would ensure stable skatectrode contact for a long excitation vave. At the hearof the excitation rate is the
time, and were not prone to polarization effects. In thigste of biocheical reactions occurring on cell
case, it isadvisable to uselectrodes made of silver, silver membranes. Electric irritation of the muscle fiber leads to
chloride ekctrodes, or gold or platinum [3]. They do nota change in the ion conductivity of the membrane due to
oxidize, are weakly polarized, but are expensive. passage through sodium, calcium and potassibannels
Promising use of capacitive electrodes in which thef currents of the corresponding ions [15].
conductive layer is covered with a dielectric
With regard to the shape of the electrodes The structure and features of the electrodeskin
themselves, it sbuld be noted that the geometry of the contact
electrodes affects the amplitude of the signal being takén,
as well as the level of crosstalk. The main parameters are  Ope of the requirements when using surface
the interelectrode distance and theea of the susiCe glectrodes is to reduce the transition resistance of the

occupied by the electrode. Thus, the ampi of the electrodeskin. The structure of the erdtrodeskin cortact
removed signal will be directly proportional to thejs shown in fig. 3.

/ % / Subcutaneous
9% Y o v tissue
// // // //
& s o s
7/ 7 &

o4

Fig. 1. Thedependence of éhsignal on the place of application
of the ekctrodes [3]

| __— Derma

—1

Electrolyte

Electrode

Fig. 3. Electrodeskin contact structure
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An equivalent electrodskin contact scheme can be B DR,
represented as follows (fig. 4). us=f -¢ UeSZRcmi((& TR ZR)(R 2+FQ)' @

Ces

where 7, T node 1,7, i node 2,U_,; T saurce of power,

cmi

R,; T input circuit of the differential amplifier,
DR,, i the difference in the transient resistances of the
electrodeskin, R, 1 transient resistance electrede

with Rcmi (since Rcmi éRes) ,

] skin.Negleting the values Res arldRes in comparison
Riv

u © Ucmi DReS . (2)
2Rmi
This difference is a differential signal, i.e.
U(t) T source of biopotersi; Znki resistance of subcutaneous Unar = %U 3)

cmi?
tissuesCes, Ze$ capacitance anasistance of electroekin 2R i
contact;Zei eledrode resistanc&ivi input resistance of the

biopotential amplifier. and the cophasaignal transfer factor to the output

in theform of a differential:

U' dif
— _in. _D&S (4)

Differential biopotential amplifier © Um 2Ry,

Fig. 4. Equivalent electrodekin circuit

Taking into account thdormula for finding the

Different transition supports of the electresldn . oficient of rejection:

throuch different channels leads to the fact that th
phase interference, which is present on the human bo _K,
acts as a useful differential signal, and then sigaifily H K ®)
amplified. Therefore, it is necessary to reduce the transie
resistance to equalize thelifference between the at K, =1 we finally find:
interelectrode poterdls.

Construct an equivalent circuit that includes Y= 2R,

transient resistance electroedkin (Res) and the input 2DR_’ ()
circuit of the differential amplifier (Rd, Rcmi) (fig. 5). °
The voltage source Ucmi simulates the pree of in Thus, the diference in the transition resistances of

phase interference on the human yacthe difference in the electrodeskin limits the rejectioncoefficient of the
the transition supports of the electreslén is taken into input circuit. Therefore, in order to reduce the transient

account by the presence of thereationDRes. resistance, it is necessary to carefully apply spec
pastes.
2Res @
Biopotential amplifier modeling and signal registration
J_ module requirements
2Remi It is advisable to use AD620 chipsrom

AnalogDevices as an instrumental amplifier, which

I:] Rd requires only one external resistor to set the gain
| l from 1 to 10000. AD620has low voltage input

noise and low currentinput noise, which makes

2Rcmi it a good choice for pramplification [16]. The
3 charateristics of AD620 are given in table 1. Feur
Res+ARes & T channel operational amplifier AD704 from

AnalogDevices on  bipolar transistors,  wihic
has a small input bias current, typicalashplifiers based
Fig. 5. Equivalent scheme for calculating the resection on BIiFET technology (a combination of bipolar
coefficient and fieldeffect transistors), but has a much lower

Sinceinpactice the relati offmpaegues dii R&Bs [li7]ls The vehayasteristics
fulfilled, then for the potentials of nodes 1 and 2 th@f AD704 are given in table 2. Fig. 6 showselactrical
following difference is applied to the input of theSchematic diagram of the biopotiet
amplifier: amplifier.

V
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Fig. 6. Schematielectrical circuit of the biopotential amplifier

Table 1.Characteristics of the chip AD620

Name Value
Supply voltage 4.6¢é6 36 V
Current of own consumption 900 €A
Progranmable gain none
The maximum growth rate ofétoutput signal 1.2 V/es
Operating temperature range 40é685Au
Technical feature of OP Low Power
Freqguency of single gain 1 MHz
Noise level 9 nV/Hz

Table 2. Characteristics of the chip AD704
Name Value

Shear voltage 150 ¢V
Shear voltage drift 1.5 AW
Input biascurrent 270 pA

Fig. 7 presents the result of modeling the The quality of registration of biosignals is influenced
circuit of the electrical principle of the biopotentialby many factors, among which the properties of the
amplifier in the graphic editor of the Multisim electrodes play an important role. Elimation of ifluence
program. of antiphase physical obstacles and lesdseached by

The simulationreaults confirm the efficiency of the reduction of the area of the closed contour formed by
circuit andallow to obtain the necessary characteristics. wires of assignments, application of shielding methods.
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Oscilloscope-XSC1 X

LA LA R
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Time Channel A Channel_B

6.007s  -431.240mV  -872.954mV Reverse
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Fig 7. The result okimulation in Multisim program

Conclusions and the received analytical relations the coefficient of
resection of the input circuit of the equivalent circuit is

As a result of te research, the scheme of thecalculated. The requirementto the signal registration
biopotential amlifier in the Multisim program was module are offer® and the necsary element base is
proposed and tested. The operation of the electré¢lected. Such amplifiersan be used, in particular, to
schematic diagram of the notch filter for attenuation cimplify weak electromyographic signals in diagnostic
netwok interference is simulated, and also on thsi®of devices or monitor the effectiveness of therapeutic
the corstructed model of the input circuit electreskin ~ procedures fothe human musculoskeletal system.
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I. NEVLIUDOV, E. RAZUMOV-FRYZYUK, D. NIKITIN, D. BLIZNYUK , R. STRELETS

TECHNOLOGY FOR CREATING THE TOPOLOGY OF PRINTED CIRCUIT
BOARDS USING POLYMER 3D MASKS

The subject of research is the influence of factors of exposure ofdimmensional images on the topology of conductors in the
manufacture of printed circuit boards by the method a&fe¢bdimensional polymer photomasks. Tinerposeof the work is ensuring
the accuracy and preservation of the geometric dimensions of the conductors of printed circuit boards during LCD exrpaskse of
on the work piece. To achieve this goal, it is neagssasolve the followingasks to analyzephotolithography technology and types
of polymer 3D printing; to develop a technological process for exposing photopolymer masks to a printed circuit boasinglank u
3D printing technologies; to conduct expegimial studies to determine the optimal expegaameters; on the basis of the empirical
results obtained, to calculate the correlation coefficients of the factors for recall; to construct a linear regressiaf thedel
dependence of the deviations bétgeometric dimensions of the printed cartdts o the parameters of solutions for etching and
exposure condition®kesults The constructed regression models will become the basis for creating a software database that optimizes
the initial images of théopology of printed conductors in the autated poduction of printed circuit boards. This will simplify the
process of developing the topology of printed circuit boards, taking into account the real influence of the parameters of the
technological operains of etching and exposure on the thiclenektre tracks of the conductors of the printed circuit boards, which
will reduce the proportion of rejects in the manufacture of sirghel doublesided printed circuit board€onclusions an LCD
exposure tdtology and a method for studying the effeof exposure factors on the quality of printed circuit board topology are
proposed, which provide sufficient empirical data to create regression models for calculating the influence of tectfaotoggoath
the final dimensions of conductive pathslie fprodiction of printed circuit boards. Further development of the proposed technology
will make it possible to manufacture rigid and flexible printed circuit boards completely, with conductive paths, acdibeleetr
electronic elements that can bedige vaious devices.

Keywords: printed circuit boards; exposure; polymer photomasks; etching solution; LCD printing; regression analysis;
topology; conductor image adaptation.

Introduction Problem staementand research purpose

Modern development of technologies in the field of The main task of the study is to develop a tedbgy
instrument miing isaimed primarily at miniaturization of for creating a conductive topology of printed circuit
devices and integration in onevice of a large number of boards using SLA and DLP 3D printing technologies. To
modules, which in turn leads to the need to miniaturizeolve this problem, it is necessary to perform the
both products as a whole and their individual component®llowing:
components and printed modules [1]inMturization of - to asses the capabilities of traditional technologies
the device involves both reducing the size of electronior the production of pinted circuit boards;
elements and the dimensions of printed circuit boards - to analyze modern methods of 3D printing with
(PCBs) [2]. The process of manufacturing boards usinghotopolymer resins this will serve as a justification for
photolithography technology is time consuming andhe new method proposed in this article;
requires additional cés of nmaterials and equipment to - to develop on the basis of the analysis of 3D
create stencils, the use of which in turnedonot printing technology and the prindg of operation of the
allow you to quickly adjust production to create newdevice for LCD exposure;
products. Modern automated production is characterized - to conduct a series of experiments and identify the
by the lack of such flexibility, which is their significant dependence of the accuracy of the geometric dimensions
disadvantge. One of the ways to solve these problemsf the PCB topology oithe teehnological parameters of
can be the development afethods for adaptation and exposure;
optimization of technological parameters of exposure of - to compare the quality of PCB mductors made
the topology of the PCB, using additive 3D printingwith 3D masks and conductors made with a film
technology, in the manufacture of singlieed and photoresistor.
doublesided PCB, made on the basis of foil fiberglass and  The end result is to obtain empirical data on the basis
getinax blaks without the use of photoresist films. Thuspf which a correlatiofregression model of theafluence
this approach can provide not only a solution to thef technological parameters of printing on the preservation
problem, but also provide the necessary parameters of tifethe hitial geometric dimensions of the topology of

product, such as: printed conductors is built.
- presenation of geometric dimensions of the PCB

topology; Research and analysis of the obtained results
- accuracy of posibning of conductors;
- ensuring the electrical reliability of PCBs; At the initial stage of the photolithography process,
- preservation of mechanical stability of conductors; the trezed surface is covered with a photoresist, which is
- avoidance of defects in the PCB topology. applied with anaerosol, or by gluing a photosensitive

polymer film. Then through the photomask, with the set

E 1. Nevliudov, E.RazumovFryzyuk, D.Nikitin, D. Bliznyuk, R.Strelets 2021
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topology of the board, the photoresist is illuminatedspraying or others. After one of these processes, the
Next, the exposed areas are omed inthe developer. The remnants of the photoresist in the development are also
obtained pattern on the photoresist is used fiother remova (fig. 1).

technological stages: etching, electrodeposition, vacuum

T

rretereent EE——
Thin film B ... oot

Spin-coating

Substrate Soft backing ' Substrate Exposure Substrate

Development - - Etching - - Resist removal

- 3 B a3 I o

Hard backing Substrate Substrate

Substrate

Fig. 1.Simplified photolithography scheme for printed circuit boards

Exposure can be performed both with the use of @aitomation is required, which ensures control and
photo template and without it (nenask lithography). In  synchronous operation of all main and auxiliary
the latter case, the image on the photoresist is formeduipment.
directly by the movement 6 the laser spot, or by an In addition, at the stage of etching, geometric
electron beam or a group of them focused on the surfadeviations of the obtained image from the origiR&B
of the photoresist. When using photo templates, projectidopology arepossible, for example, etching of conductor
exposure methods are more often used, when the imagscks.
from the photo template is transferred te fphotoesist, The advent of additive manufacturing technologies
usng a system of optical lenses. (3D printing) allows a new look at the solution to this

Thus, the process of photolithography consists gfroblem. Photopolymer printing technologies can be used
successive stages: the application of a photoresist on tbenask certain areas tfe fdl dielectic and subsequent
product and the subsequent exposure of the photomasketching of the conductor system. This equipment allows
the treated surface, followed by etchinBach shge quick readjustment for the production of new products,
requires highly specialized equipment and consumableshile ensuring high manufacturing accuracy [2].
Expensive, difficult to maintain, dimensional machines One of the most popular printing technologies for
(such as installations for direct exposure) cannot be usprecision pototyping is prirting technology with
in the production process of small businesses. photopolymer resins and powder materials, which in

In mass production, each stagakesa signifcant comparison with  other additive  manufacturing
amount of time, for example, when applying a photoresigtchnologies allow to produce parts for various purposes
by aerosol requires time to dry the products. Also, aswith high accuracy and detail.
result of an operator error or technical failure of the  There are several technologies fbuminating the
equipment, defects in the product may occur at each stapelymer in photopolymer printers. From them it is
To minimize these negéve factors, a higher level of possible to define the three basics (fig. 2) [3]:

SLA DLP LSD

Digital Light Processing Liquid Crystal Display

Fig. 2. Types of photopolymer 3D printing technologies
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1) SLA technology (Selective Laser Sintering). Theovered with a thin layer of 20 microns to 150 microns, on
method of additive production(3D-printing) called which the lasebegins to form a layer of detail .
"stereolithography” is the sequential polymerization of = The model is cut into thin layers equal to the
thin layers of liquid photosensitive polymer byl@awv- resolution of the printer along the viedl axs. After
power ultraviolet laser beam. In the working capacity aofreating one layer, the printer immerses the platform in
the 3D printer there is a platform immersed in liquid resit. he t hi ckness of the nemw | ayer
Initially, the platform is near the surface of the polymet o 150 em) and creates the nex

build platform

cured resin

resin tank
UV curable I |

resin

laser beam

mirror for XY
coordination [

lens laser

Fig. 3. Scheme of SLA printer operation

Under the influence of a lase¢he power of which is mirror); the need for precise mechanics (accuracy of the
relatively small, which makes the ptém cheaper than location of the bath at the level of one layer from the
devices working with powder materials SLS, SLM, etcsurface to the platform); theead for frequent printer
the polymer hardens, forming the walls of the futurenaintenance;
product. Thus, the model is created entirely layer by layer. 2) DLP technology (DigitaLight Processing). The
If it has hinged elements, then supports are built for theprinciple of operation of 3D printers using 3D printing
from the sae polymer, which are then mechanicallytechnology DLP is similar to the operation of the projector
removed. Support in the model is provided and created [B-6]. The polymer turns into a solid form under #wion
CAD-programs at the design stage of the model. of light of the visible spectrum and the whole layer is

The advantage of this technology: the abilityotold  illuminated at once. The light flux is modulated by
large models; high accuracy; the ability to build moaéls micromechanical mirrors, each of which is controlled
any shape and design; low percentage of materis¢parately. Depending on the position of the mirror, the
consumption; low operating noise [3]. light either passes to a givepoint of the layer or not.

Disadvantages: the use of photopolymer, which iShus, the machine has a fixed lagficextension- the
more expensive than other materials; high cost of threumber of points in the XY coordinates. Their physical
printer; the need to ensure a high class of accuracy wheime depends on the distance from the radiation source in
building a printer (ensuring the correct angle of théhe system of micro mirrors is the model (fig. 4).

Stage

Photopolymer

Built vat

A NSIET A

Projector

Fig. 4. Scheme of DLP printer operation
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The disadvantage of this technology is the  The advantages are: low cost compared to SLA
dependence on the working area of the projector and tteehnology; the need fdessaccurate manufacturing of
accuracy of the XY axis. Such projectors have a higtomponents; high print speed due to high projector lamp
price, which is also a disadvantage. Use only with power [7].
peronal computer or microcomputer that controls the 3) LCD technology. The printer with illumination of
projector and control board. It can be large with a smadl photopolymer by a lighgmitting diode UV matrix with
work area to provide the required distance from these of the LCD display as a mask (fig. 5).
projector lens to the bath.

Build plate platform

Cured Resin
Supports

Resin

LCD panel VAT (tank/reservoir)

Image projection window

Digital Micro-mirror

Fig. 5. Scheme of LCD printer operation

The photopolymer is illuminated by an LED matrix,microns, which with mmor mechanical damage can pass
the image is formed due to the LCD display, whiclphotopolymer resin, which will gebn the screen and
displays the cross section of the moldeatt frame by electronics and lead to possible fire or damage to the
frame. If the differences between classic SLAtedlogy printer [8].
and DLP and LCD are obvious, then DLP and LCD The advantages of this technology are low cost, ease
lighting technology are often confused, which is incorrecgf maintenance and extensive upgrade options. Cmedpa
because each of these technologies has its ownDLP technology, the advantage is the absence of image
characteristics that affect éhcapabilities of the printer, distortion on the work area.
print quality. As a result of comparison it is possible to draw a

The disadvantage fo this technology is the conclusion that these three kinds of technology today have
dependence of the work area on the screen size, accuraayide field of use, each of which occupies the nicha in
depends on the screen and its size, today there are no nideeand production. But LCD technology today has the
than 10 inch screens on the market, and with sugtreen greatest development, thanks to which it has great
even with 8K resoluti omrisl scerifict ihtexaest i Oresearclc ramdn isnprovenient eof s i
impossible. Also a relative disadvantage is finding thtechnology and its use. In the table 1 SLA, DLP and LCD
screen directly under the bath. The bath consists of &chnologies are compared§T.
aluminum body and a film with a thickness of-580

Table 1.Comparison of SLA, DLP and LCD technologiesl[§

Technology Features

1. XY print area size

SLA Not limited, the higher the print area, the lower the speed (the beam must have time to "run aroundteala
DLP Unlimited, the higher the print area, the lower the print speed and the lower the printer resolution

LCD The print area is tightly tied to the size of the LCD display

2. Print speed

SLA The slowest of the three technologies. This is dukda@onsistent illumination and low power of the laser
DLP The fastest is due to the high power of the projector

LCD "Average" print speed. Print speed is related to the power of UV matrices. The power of the matrix can n

increasedndefinitely, because powerful matrices require powerful cooling and begin to "punch" the "sten
from the LCD display
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3. Parasitic illumination along the Z axis

SLA Minimal

DLP Maximum. High illumination is associated with bdkie high power of the projector lamps and the greater s
of long-wave actinic radiation in the spectrum

LCD Average

4. Parasiticllumination along the XY axis

SLA Minimal

DLP Properly focused, it is minimal, but higher than SLA

LCD Maximum. Strong parasitic illumination is associated with the illumination of neighboring pixels due to th

imperfection of the focus of the UV mitisystem (more precisely, with its complete absence of light on the
mask falls at different angles). This shortcogis likely to be corrected in the future.
5. Factors affecting the resolution (in addition to the properties of the polymer and kineskiof the layer)

SLA 1) Laser spot diameter and spot positioning accuracy. Typical values from 100 mic260smécrons (for a
laser spot), from 40 microns to 20 microns (positioning accuracy)
2) on 3D printers with SLA technology you can print, émample, objects with very thirvertical walls with a
thickness of only 100 microns, a horizontal layabout30-50 microns

DLP/LCD 1) Pixel size and focus accuracy. Typical resoluti®®820x1080, respectively, the pixel size depends on the
print aea on XY
2) Lower resolution compared to SLA printers, because the image in them is formed through a pixel mat|
(from 33em to 47em), which does not allow to achieve smoother contours of the part compared to SLA
technology

6. Price

SLA In the range of $2568300, "professional- from $5300 and above

DLP $ 4,000 and up

LCD $ 4006700

The use of these 3D printing teciogies will create examples are microcontroller boards lthse Arduino
a camouflage layer on the foil dielectric for furtherand Raspberry. Such limitations are due to the very
etching. Photopolymer resins, which are chemically inephysics of the processes used in 3D printingrietdgy.
to most herbalists, are used mssking material. Thus, For the practical implementation of the considered
due to the technologies of photopolymer 3D printing, it isechnologies it is necessary to develop software that
possibleto create a fully finished mask of the requirechllows to control the expase process, to adapt the
thickness and configuration. topological pattern of the PCB taking into account the
The use of 3Bprinting will allow to produce PCBs technological parameters and po$si manufacturing
that meet therequirements of accuracy classes DSTUefects.
534292009 (table 2) from the first to the seventh,onthe Let 6 s consi der the process
indicator "Width d conductors”, and from the first to the DLP technology and the proposed design of the "mask"
fifth class on the indicator "Distance between conductorspyinter (fig. 6).

Table 2. Accuracy class of printed circuit boards according to DSTU 53239

Name of the parameter The smallest nominal size values for the accuracy class

1 2 3 4 5 6 7
Conductor width 0,75 0,45 0,25 0,15 0,10 0,075 0,050
The distance between the conductors 0,75 0,45 0,25 0,15 0,10 0,075 0,050
Warranty belt contact pad 0,30 0,20 0,10 0,05 0,025 0,020 0,015

The presence of a metal coating

The maximum dimensional deviation produces the figures foadberacy class

1 2 3 4 5 6 7
Without coverage NO, 1 No, 1| No,o No,o No,o No,o No,oO
Coated +0,250,15 | +0,150,10| NoO, 1 NO, O +0,03 No, o No, o

Type of printed circuit board

Position tolerance of

the location of the printed conduct

or foatkaracy class

1 2 3 4 5 6 7
UPCB, BPCB, MPCB (outer layer) 0,20 0,10 0,05 0,03 0,02 0,01 0,005
MPCB (inner layer) 0,30 0,15 0,10 0,08 0,05 0,02 0,01
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Fig. 6. The design scheme of the "mask" printer based on DLP technoleggrtical axis carriage;2carriage of the horizontal axis;
3 - stepper motor of the horizontal axis; the engine of the rotary mechanismthe basis of the mechanism for captgrfboards; 6

- gripping mechanism; 7blank; 8- photopolymer resin;9bath for photopolymer; 10box for polymerized blanks; I-lball-screw
transmission (KGP); 12stepper motors of vertical axes; 18ansparent film of the bottom of the bath;-lgptical system of
mirrors; 15- DLP projector.

The horizontal carriage (2), on which the gripping4) tilts the work piece several times smootldya small
mechanism (6) is mounted, captures the foil getinax angle, so that the excess uncured resin flows into the bath.
fiberglass blank (7), moves along the horizontal axis byhe finished work piece is moved to a container (10) with
means of KGP (11) and stepper motor (3). isopropy! alcohol for purification from liquid polymer

Reahing the desired horizontal position andesidues. At the next technological stage, the blanks of the
descending by means of KGP (11) and stepper motorslwdards areetched, after which the photopolymer masks
the vertical axis (12), the carriage transfers the work pieege removed from the blanks.

(7) to the bath (9) with photopolymer resin (8), lowers the  The use of these 3D printing technologies will create
work piece to a dhegpgransparemtf a madkingdayer oh the fail dielectric for further etching.
bottom baths (13). Then the DLP projector with UVWPhotopolymer resins, which are chemically inert to most
radiation (15) is turned on, through the optical system dferbalists,are used as masking material. Thus, due to
mirrors (14) the image is fed to the transparent bottom photopolymer 3D printing technologies, it is possible to
the bath (13). As a result of resin polymerization, undereate a fully finished mask of the required thickness and
the action of radiation, the illuminated areas of theconfiguration.

topology harden and stick to the work piece, thus creating When using photopolymer 3printing technologies,

a stencil of the future board. The carriage with théd is possible to simultaneouspeform the stage of mask
polymerized work piece rises up. The rotary mechanisapplication and exposure (fig. 7).

Classic stages of photolithography

Z-App“cation of 3. Exposure 4. Etching S. Cleaning
1. Blank the photoresistor
Foll blank Photoresistor « ’ Mask . ' . [ . . . . ) '

- N RITRY

Exposure with SLA, DLP, LCD technology

Photopolymer L, Screen . . . . . .

i "0 "0
-

L B "$ 00
Fig. 7. Stages of 3D exposure of masks

o [l = il

This approach can be implemented using SLA or - there is no need for two separate installations for
LCD printing technologies and has the advantades drawing a photoresist and exposumverything is carried

- the installation directly exposes the set topology oaut smultaneously on one installation, it allows to unload
the work piece, without prior application of photoresisproducton areas;
films or aerosols;
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- since the exposure time of the photopolymer is Based on thisan experiment was conducted to
from 6 to 14 seconds, which is less than the exposure timmanufacture a PCB using LCichnology. The created
of the photoresistive films, thus increasing th&8 D t opol ogy of conductors
productivity. transferred to foil fiberglass (brand SF DSTU 1038

and etched in a solution of ferric chloride (FeCl3) (fig. 8).

@ Surface preparation @ Exposure with LCD technolgy N @ Etching G Cleaning

-»t-»ﬁ

Plexiwire Resin Basic Orange Transparent 2) at low light intensity, the photopolymer resin may
photopolymer resin was used to make the sample, whialet be sufficiently polymerized. Thusinsufficient
was chosen due to its high mechanical awhnological ultraviolet radiation can lead to poor adhesion to the work
parameters: short exposure time; minimum layquiece, which can lead to etching of the conductmd
thickness; no harmful effects on staff; slight shrinkageeduce the size of the conductors{i13;
during pdymerization; high resistance to chemical 3) the greater is the height of the base layer of the
reagents. photopolymer mask, the greatss the gap between the

In the first experiment, the adhesion of thescreen and the work piece, which can lead to greater
photopolymer resin to the foil dhk was tested. The resultdiffraction of light flux, in accordance with ¢hgreater
shows the resistance of the photopolymer resin to tiparasitic illumination of the conductors [12].

Fig. 8. Manufacturing of PCB topology using LCD printer

effects of ferric chloride and highuality alhesion to the To verify these assumptions, 40 measurements of the

sur face, but there i s a deviatiom of ithe mbiaed dim&nsiéhs Bon tha rarigiaal

conductor size of 2 mm. geometric were performed and a linear regression model
This is due to the long duratiot ilumination of the was built taking into account the foWing parameters:

photopolymer in the first experiment, namely 17 seconds. - duration of illumination of resin from 7 to 16

The obtained result allowed to make the follogv seconds;

assumptions: - radiation intensity: maximum 2800 Im and

1) there is a linear dependence of the geometric sin@inimum - 1600 Im;

of the conductors on the duration of illumination. The -t he thickness of the base

longer is the illumination time, the greater is the deviation = The results of measuring the deviations of the

of the size to the larger side, respectively, at a shortebtained dinensions from the original geometric

illumination time- the deviation is less [12]; dimensions, to build a model of linear regression, are
shown in the table 3.

Table 3.Deviation of geometric dimensions

Layer thickness, 20 em
Intensity of a light stream, 1600 Im
Polymerization time, s 7 8 9 10 11 12 13 14 15 16
Deviation, mm 0,008 0,010| 0,011| 0,012| 0,014| 0,017 | 0,026 | 0,032 | 0,046 0,052
Layer thickness, 20 em
Intensity of a light stream, 2800 Im
Polymerization time, s 7 8 9 10 11 12 13 14 15 16
Deviation, mm 0,009| 0,01 | 0,012]| 0,013] 0,015| 0,021 | 0,08 | 0,035| 0,048 0,057
Layer thickness, 50 em
Intensity of a lightstream, 1600 Im
Polymerization time, s 7 8 9 10 11 12 13 14 15 16
Deviation, mm 0,009| 0,011 0,012| 0,012] 0,016| 0,022| 0,029 | 0,036 | 0,052 0,061
Layer thickness, 50 &m
Intensity of a light seam, 2800 Im
Polymerization time, s 7 8 9 10 11 12 13 14 15 16
Deviation, mm 0,01 | 0,013| 0,015| 0,018 | 0,024| 0,03 | 0,037| 0,055| 0,063 0,067

We enter the obtained data to perform basic linealependence of the deviation of the basic dimensions of the
regression analysis of exposure parameters in the progr®@B conductors from the exposure time-ii5].
IBM SPSS Statistics Fig. 9 graphically shows the

(PC

b
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Dispersion diagram Histogram
Dependent variadle: Deviations Dependent Variable: Deviations
g 0400 ’ a
: , o H
0200 . :‘ L
o | 80
° o8 L )

A 0 1

Regression Standardized Predicted Value

a)

-1 0 1 2

Regression Standardized Residual

b)

Fig. 9. The results of dedtions of the geometric dimensions of the PCB with increasing values of the parameters: a) a graph of the
deviations from a series of experiments; b) diagram of the normal distribution

Using the calclations"Summary for the modelwe
obtained the valuefahe coefficient of determinatiorR"

0.936. This

indicator

For greater accuracy of the test, the obtained result is
listed on tke model with nonstandardized predicted
corresponds to the valuegalues (fig. 10, a) and the correlation of deviation

calculated by the model (linear regression) and the resuftarameters from standardized values (calculated
obtained during experimental studies. deviations) is calculated (fig. 10, b and 10, c).
Model summary
Standard Statistics change
Adjusted R- error of Change R Significance
Madel R R-square square estimation square Change F st st.2 change F
1 19367 877 867 0065548 877 85585 3 36 ,000
a. Predictor: (constant), Intensity, Thickness, Time
o)
Normal P-P Plot of Regression Standardized Residual
i Dependent Variable: Deviations
@
(]
08
2
o L
T Correlation
£ 06
3 Unstandardiz
% loe ot B ed Predicted
] os Deviations “alue
:",- Deviations FPearson correlation 1 ,936“
& I
°° Significance (two-way) | ,0oo
02 fo00® N 40 40
o® " Unstandardized Pearson correlation ,936“ 1
Fredicted Value
o, Significance (two-way) 000
0'ou.u 02 04 06 08 1.0 ] 40 40

Observed Cum Prob

b)

** Correlation iis significant atthe level 0,01 (two-way).

©)

Fig. 10.The results of calculations of coefficients: a) consolidated models; b) regression line; c) correlation of values

The value of R' in the recalculation is equal to coefficient "R" is equal to 0.867 or 86.7%. The standard
0.936, vhich proves that there is a correlation between thestimation error is 0.0065548.
obtained and predicted values.

The codficient of multiple determination "R is

According to tle table ANOVA (fig. 11) we test the

hypothesis of equality "R = 0. Since the level of

equal to 0.877. This means that the parameters included'8ignificancé <0.05, it confirms the accuracy of previous
The adjusteésults.

the system, 87.7% affect the

result.
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ANOVA?
Sum of Medium
Model squares st. square F Significance
1 Regression 011 3 ,004 85,585 .000°
The remaider 002 36 ,000
Total 013 39

a. Dependent variable: Deviations

b. Predictors: (constant), Intensity, Thickness, Time

Fig. 11. Results of significance calculations

To determine the weight of each variable, we use thHactors. To search forBetacoefficients, the calculéion
"Betacoefficient, which shows how much the value ofwill be performed using standardized valuesspbints'.
the parameter changes from an increase of one of the This is necessary to make sure that the standardized

values and the neet andar di zed
Coefficients®
Standardized
coefficients
Non-standardized coefiicients Bela Correlations
Standard
Modd B error T Significance Zero order Partly Component
1 (Constant) 2 456E-16 ,058 ,000 1,000
Zscore(Time} 913 058 913 15,621 ,000 913 934 9213
Zscore(Thickness) 164 058 164 2,798 008 164 423 164
Zscore(Intensity) 130 ,058 130 2,219 033 130 347 130

a. Dependent variable: Zscore(Dewvations)

Fig. 12.Results of calculations dBeta-coefficients"

oneods

Based on the level of sigfitance of the coefficients, model, in contrast to theesults of classical photoresist

it is possible to compare whether the "Betefficient” of

The results of the Pearson correlation of respon:

factors are shown in fig. 13.

Correlations

Deviations Time Thickness  Intensity

Deviations  Correlations Pearson 1 91 3" 164 130

Meaning (doudle-sided) ,000 313 425

N 40 40 40 40

Time Correlations Pearson 91 9y 1 000 000

Meaning (doudle-sided) ,000 1,000 1,000

N 40 40 40 40

Thickness  Correlations Pearson 164 000 1 000

Meaning (doudle-sided) 313 1,000 1,000

N 40 40 40 40

Intensity Correlations Pearson 130 ,000 ,000 1
Meaning (doudle-sided) 425 1,000 1,000

N

40

40

40

40

**_Correlation Is significant at the level 0,01 (douhle-sided).

Fig. 13.The results of Pearson's correlation calculations

Conclusions

Experiments show that when using teehnology of
photopolymer 3D printing, it is possible toarsfer the
image of the topology on the PCB, combining th{ig- 14.Conparison of the results of the ends of the tracks after

processes of photoresist application and exposure of 1
topology simultaneously in one installation. In the cours
of experiments and ostruction of a linear regression

films, good adhesion of the polymerized photopolymer to
this factor differs from zero. In this case, all values othe surface of the PCB blank was observed, as a result of
"Significance" are less than 0.05, which proves that all trhemical etching avoided etching of track endts £4).

factors that are included in the model aretru

photoresist film

a)

b)

etching PCB a) the ends of the tracks of the conductors using a
photopolymer mask; b) the ends of the conductor tracks using

ma
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Based on the obtained values BEtacoefficients it
is possible to make conclusions: Partil regreession ciagram

- an increase of one unit of time affects the increas ., Dppendentvarable: prvistions
in the value of the deviation of the dimensions by 0.931;

- an increase of one unit of radiation intensity afec
the increase in the value of the deviation of th ==
dimensons by 0.130;

- an increase of 30 units of thickness affects th
increase in the value of the deviation of the dimensions |
0.164;

This proves that the most important factor in 3C
exposure is tira. That is, the regression equation is a

0100

0000

Deviations
oo oo
®omew 0000 o 000 0

-0050

f0||OWS Intensity
Y=h fx Bx by = o a)
= 0, 11 +0, 931(1 '0, 1392 @, 16@ ' Partial regression diagram

Dependent variable: Deviations

whereY is a factor of deviation of geometric dimensions ¢
PCB topology; by, b, b,, by T coefficients of linear ol

regression of the inflence of parameters on the factey;
X,, X3 1 parameters of influence on the factor.

However, in further resech, it will be possible to
include additional factors in the model ahdild a more
accurate regression model that can be used in t
development of software for 3Bxsonation of PCBs.

Graphs of the dependence of the influence c Thickness
technological parametem the geometric dimensions of

Deviations

®oa@®o 0o 060 0000 0

the conductor topology are shown in figp. b)

Thus, the use of additive 3D printing technologie: Partial regression diagram
aIIOWS Dependent variable: Deviations

- significantly simplify and reduce the cost of :
manufacturing PCBs, eliminating from the productior | ot
process the stage @fpplying a photoresist to the work = ’
piece; 5 8

- use production areas mordieiently; D -

- adapt the original PCB topology, taking into Lo ol
account the influence of technological factors (in thr ) g 8
presence of appropriate software); .

- to achieve high accuracy of maaafuring of L L
conductors. ‘ Time

Further development of the proposed technolody wi
allow to manufacture rigid and flexible PCBs completely, ©)
with  conductive tracks, dielectric basis, electronifig. 15.Deviation of the sizes of PCB topology at increase of
elements that can be used in various devices. values of factors: a) deviation at the maximum and minimum

values of radiation intensity; b) deviations at gt values of
the layer thickness; c) deviation from the increase in exposure
time
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S.OsADCHY, N. DEMSKA, YU. OLEKSANDROV, V. NEVLIUDOVA

RESEARCH OF DIKW AN D 5C ARCHITECTURAL MODELS FOR CREATION OF
CYBER-PHYSICAL PRODUCTION SYSTEMS WITHIN THE CONCEPT OF
INDUSTRY 4.0

The development of cybgrhysical production systems is a complex scientific and technical task, therefore the developer needs to
determine theequirenents, tasks for the siggn being developed and choose an architectural model for its implementation. In turn,
the choice of an architectural model assumes a balance for the set of requirements of persons interested in its dénedopment.
typical ase, tle development of a spéic cyberphysical industrial systems needs to be adapted to the means of implementation, to
the realities of its future use, maintenance and evoluBahject matter of this study are architectural models for building coexpl
cybea-physical productionystems.Goal of this article is a study of architectural models DIKW and 5C, according to the results of
the decomposition of which, in the future, it will be possible to carry out a mathematical description of elemenitamyspoédach
level and their pysical or simulation modeling. To achieve this goal, it is necessary to solve the follasksganalyze the DIKW
model; analyze the architectural model 5C; compare the DIKW model and the 5C architectural model, udigtutal s
decomposition intodvels, information and command channels with feedback within each structure. The research carried out is based
on the methods of decomposition and formalized representation of sy§tentusions Based on the results of tdecompsition
at each strucral level of the DIKW and 5C models, a decomposition structure was developed, which shows the main differences and
general similarities of the models. It was revealed that the 5C model, as a common software shell thatiotegimtes sensors and
actuabrs, is more suitable for solving problems of developing a ephgsical production system, and the DIKW interpretation
model is more suitable for solving problems of modifying existing systems at enterprises, and thefctimaaodel itself the
develpment of a cybephysical production system depends on the requirements of the customer, existing equipment, the level of its
automation and the level of project financing.

Keywords: Industry 4.0; Smart Manufacturing; Digitalwins; cyberphysical industdl systems; DIKW model; 5C
architecture.

Introduction of cybernetic ad physical components"Cyberphysicd

production systems" (SPPS).

With the emergence of new requirements for the  The growing complexity of production systems
production of hightech products, in the widespread use ofequires appropriate management architectures that
digital, network and intelligertechnologies, the constant provide flexible adaptation during their operation.
devdopment of integrated production innovations, a  According to the analysis of problems ithe
necessary condition became the introduction dievelopment of complex $8 [9-12] it is determined that
information technology, which is the main engine for &heir creation depends primarily on their architectural
new industrial revolution. model, type and type of equipment, parameters of

In particular, the new generation of uninhabdijte production processes at all stages of the life cycle, which
intelligent production, incides mgr and profound directly affect the structer of information flows, their
changes in the philosophy of modern industry, based gfsualiation in the cybernetic component and the
the concept of Industry 4.0, proposed by Germang][1 implementation of feedback. In essence, the new term,
In turn, the United States launched the Advance@PPS is an architectural paradigm in  which
Manufacturing Partnership project [3], eth United comprehensive sounding technology is a fundamental part
Kingdom put forward th UK Industry 2050 strategy [4]. [13].

In addition, France introduced the New Industrial France

program [5], Japan proposed the Society 5.0 program [6], __ Problem statemern and research purpose
and Korea began production under the Innovation 3.0
program [7]. Modern producton (enterprise) is a technological

Basically, in these projects, the developmeaf system consisting of interconnected horizontally and
intellectual production is seen as a key tool for creatingertically subsystems. The basis of each complex
competitive means of industrial development of largéeechnological system (TS), in our case, the company, are
countries around the world. The "Made in China 2025%the production processehat are performed in the eeant
plan, formerly known as "China Manufacturing 2025" [8]departments. The TS of the production unit consists of a
specifically emphasizes the tétlecualization of set of typical main and auxiliary technological processes
production, based on the-depth integration of next and devices controlled by automated control systems
generation information technology into industry. (ACS), which include systems designed to control

Based on these requirements, within the concept obrtinuous production, automated roaucton lines,
Industry 4.0, the technology of creation of diditwins complex lines of units and machines, machines with
(Digital Twins) of tednological processes, within the numerical program management [13].
limits of Smart Manufacturing is offered. As a result of The amount of information that must be received and
the collaboration of theoretical research, a new approapromptly processed to form effective management
to the realization of production was created, as a synthegifluences in modern eanagement systems has grown so

E S.Osadchy, NDemska, YuQleksandrov, VNevliudova, 2021



133
ISSN25229818(print)
4 zyOmdafd2 difidz € tso d = OH tsfjdESdssy 2 dp tiste 5 did MISe s IESN 252-229@ (online)

much that it far exceeds the capabilities of one persomfficiency, the company cannot guarantee the level of
Therefore, the management of complex objects @ality, accuracy and demand remui for the current
entrusted to a team of people, the quantitative growth ofarket. Inthis regard, the structure of Industry 4.0
which still does not provide the required quality of objectlictates new directions for creating efficient and smart
management. There is a criticaloipt when intensive production [14].
coordination of information within the management Due to the development of network technologies, 5
system itself is required to coordinate and coordinatayers may not be needed in the future. These
individual management influences, to inform some peoptechnologes allow to connect into a gjle comporate
about the decisions made by other peopleerétore, the network numerous and remote computer, which are used
main tool for soling mockrn problems of management ofto control and analyze material, energy and financial flows
material objects is ACS, in which the main role andh the production of products, as well as TP management,
creativity of man are combined with the widespread use which facilitated the transition to SPPI8. these systems
modern mathematical methods and automation tools [13Jvith the help of verly complex software the whole
Currently, a clearly dimed 5layer automation complex of tasks on management of activity of the
archiecture has been formed (fig. 1). Over the past threenterprise, including tasks of the account, planning,
decades, the evolution of information technology hamanagement of TP, etc. is jointly solved.
transformed the world we live in, generating new business Thus, the main action of SPPS, in contrtstthe
models and influencing the industry in such a way thatassic ACS representati, is that the sensors transmit
global consumers change their way adnsumig [14]. data directly to the cloud. Services (such as production
According to observations, companies that do not invest planning) automatically subscribe to the necessary data in
efficiency, in fact, pose a threat to their survival. Withouteal time- a vision of cyber physical systems (fig. 2).

Control commands

@)

]

O Information channel

o O

O
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Fig. 1. Classical construction of productipmoces control (DIKW Fig. 2. SPPSbhased process control
model)

At present, there is no single approach to theombined into "Automation Platforms”, with a single
development of SPPS and feach company it is an information support.
individual task. Considering the existing modern When complicating or simplifyinghe technological
approaches to the production of electrafewices we can process of manufacturing products in the production line
see that they are mainly streaming, flexible and discretare added to the actuator and mechiétronodule, which
This is due to the fact that most global brands do not hagentrols it, and is an integral part of the overall
their ovn production of components, and order theifAutomation Platform". This solution allows to reduce the
production in contract electronics companies (Jable, et¢ine of reconiguration of the production line for the
as a resulof which production lines have a short life production of new products, as well as to implement the
cycle, and readjustment and reprogramming of each upibnnection of intvidual equipment or shops
takes a lot a lot of time, compared te thfetime of this without interfering with the control system of
line [15]. the machine [15]. SPPS provides tools to overcome

One of the pioneers in this field is Festo, whicltomplexity andlexibility, but integrating component data
offers new approaches to autoroatiof control processes with existing management  systems remains
based on the use of SPPS and loT technologies. Thi€hallenge.
approach is based on the concept of a single cloud The disadvantas of he classical construction of the
structure "Fest Cloud"”, to which, using an industrial process of production process management (model
gateway loT, connect mechatronic devices, which for thelKW) and the main advantages of the implementation of
implementation ofthe praess control process can becyberphysical systems are given in tablel.
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Table 1. Comparative analysis of the construction production psses ontrol

Disadvantages of DKIW, Advantages of SPPS Explanation

lack of adaptability advancednformation functions at the level of ACS TP | ability to adapt to changes in the externa
environment

weak dynamism, high survivability and reliatity of the system in case of | ability to respondgensitively to changes ir|

flexibility failure of its individual elements demand, technology, etc.

weak adequacy adequate diagnostics of technological equipment and { constant compliance ofélorganizational

at the level of ACS TP structure with the parameters of the

managed system

specialization timely submission to operational personnel of reliable | restrictiln andspecification of the scope ¢

information on the course of the technological process| activities of each management unit
the state of equipment and technological controls

rigid optimality implementation of particularly complex control and establishing rational links between levelg
regulation algorithms and levels of government
poor efficiency ensuringeffective automated control of technological prevention of irreversible changes in the

processes in normal, treient and pre&mergency modes | managed system during decisioraking
of operation, production of products of a given quality
and quantity

weak Eliability providing staff with retrospective information in full for | guarantee of reliability of information
analysis, optimization and planning of equipment transfer
operation, as well as its repair in real time
low efficiency simplification of technolgical equipment management i compliance of maintenance costs with th
reducing the number @&fquipment at the level of ACSTH organization's capabilities
lack of simplicity optimal communication (interface) "mamachine” ease for staff to adapt to thigfio of
management

According to the results of the analysis, it can be Presentation of the main research material.
determined that the advantages of SPPS are the
implementation of an automated cycle of creating a new The main decisions on the above requirements and
product from predesign research to production of a seriaghdaptation, which includes the construction of a balanced
sample, whilgprovidingwork at all stages from research set of requirements, are made when building the SPPS
to production- based on without material transfer ofarchitecture. There is aritbcture in differentvolumes:
information between the components of the systems gbftware, hardware, information support; organizational
this cycle using local area networks. support, enterprises. Thus, the following is an overview of
Thus, to create a system that works with knowledggée architectural representations of SPPS, taking into
and is able tosome extet redace the expert or account its representation in the context of "entsefri
help him in decisiormaking in production management, it Analyzing publicdions: [14, 17], which consider
is necessary to seek to lay in the architecturaNSI ISA 95, 5C and 8C models; [18], where the model
of the system the abilty to implement thesesC is proposed on the basis of the model 5C and [19],
functions. which is dedicated to the development of the integration
The development of architectural models should alspodel CPPSoE-5C - it can be seen thathey are
use the accumlated experience of successful descriptive which does not allow to compare a model
developments, especially experience embedded \When choosing an architecture for developed by SPPS.
architectural styles, each of which is a sample of common  Therefore, in the framework of this study, a
standard solutions, and integrates significant solutior®mparative analysis of the DIKW model with the
based on the principles of rationality. Significalecisions architectural model 5C will be conducted, &éason the
and forms of their integration must be rationally presentegesults of heir decomposition at each structural level.
and justified and not only declared, but also have a The DIKW model (also known as the DIKW
justification "Why they were preferred among thepyramid, the DIKW hierarchy, the data pyramid, the
alternatives" [16]. knowledge hierarchy) is a hierarchical model for
The development of SPPS is a complex scientifiepresenting the flow of data through information
andtechnical task, so thaevebper needs to determine theknowledge, and wisdo. Thename of the DIKW model is
requirements, tasks for the developed system and choege abbreviation of the first letters "Data, Information,
the architectural model of its implementation. In turn, th&nowledge, Wisdom" which description is given in fig. 3.
choice of architectural model involves maintaining a Data is a set of discrete facts about events obtained
balance for the set of requiremts of persons intes@d n  as input from processes. The datainly consists of

its development. Typically, the development of &ymbols or signs representing stimuli or signals that are
particular SPPS requires adaptation to the realities of thet useful for processing;

funds and funds allocated for development, and to the |nformation is processed data. This is due to the

realities of its future use, taking into account itrovision of context by the data or through data questions.

maintenane and evolution [16]. This usually requires the collection wdrious data sources
and the provision of some value or correspondence to a set
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of facts. The information tries to answer the questiononcept of Smart Manufacturing, the DIKW model
"Who? Which? When? Where?"; received the following iteration of hierarchical levels,
Knowledge is a more derived form of data. Itwhich is presented in fig. 4 and is formed on the principle
consists of concepts, experiences, ideasuegland of "bottom to top".
judgments of poplewith a clear reference to information. At the first field level is the inmaction with the
This usually requires information analysis and assists prodwction process using sensors and actuators; at the
decision making. Knowledge tries to answer the questia@ontrol level is the regulation and control of actuators
"How?"; using programmable logic controllers (PLC); the level of
Wisdom- gives a final understanding of the data. Ithe technological line (production level) (actually the level
describes he application of knoledge and provides of the poduction process) peEarms the function of
contextual awareness to form a strong sound judgmentntrol and monitoring of the technological process of
Using wisdom allows an organization to manage itgroduction; operations level is designed for production
strategy and growth in a competitive marketplaceplanning, quality management, etc. ; enterprise level
Wisdom tries to answer the question "Why?". planning provides order management, procesgjegeral
With the adventof Industry 4.0 concdp andthe production phnning etc.

Order management& ) )
processing, enterprise Enterprise planning level
production planning

e
%, o s -

| Oy Y Production planning, i

| , e,, o Gl Wianagemeit Operations level

\ s

I

T ; ,4\9\\‘\‘B Monitoring, contiol&
n “\\?f supemswn product Production level
T line
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Fig. 3. Classic representation of the DIKW model Fig. 4. Interpretation of the DIKW model in terms of its application in
Smart Manufacturing

In 2015, [19] proposed an architectural model 5Anformation Conversion”, "Cyber", "Cognition" and
presented, which according to the authamssiss of the "Configuration”. A general view of the CPPS 5C
following levels of "Smart Connection", "Data- architecture is presented in fi§.

- Self-configure for resilience
-Self-adjust for variation
- Self-optimize for disturbance

- Integrated simulation and synthesis
- Remote visualization for human
- Collaborative diagnostics and making

- Twin model for components and

machines

- Time machine for variation

identification and memory

-Clustering for similarity in data

mining

- Smart analytics for:

5 component machine health;

Data-to-Information multi-dimensional data
Conversion correlation.

- Degradation and

performance prediction.

- Tether-free
communication.

= - Sensor network.
Smart Connection - Plug&Play.

Fig. 5. Architectural model 5C
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At the first level of"Smart Connection” machines result of this combination, the decomposition structure of
and their components are used to obtain aceusatd the 5C model becomes one level Hara
reliable data in the first step of SPPS management for Considering the 5C model, we can see that the Cyber
Smart Manufacturing. layer acts as the main information center, which collects
Smart connectioi the level of data acquisition an array of information from the equipment and the data
using sensors used to collect various parameieithe checks its performance and ranking among the same type
technological process of production of products in redhat are in the network.
time. IloT technologies used for data transmission and  Then the information comes to level 4 Cognition
control according to selected protocols in accordance witbthich combines asingle set (modules) of software
the specification of the selected equipment Humanmachine interface(HMI) and Graphical User
Datato-information conversioni is deggned to Interface(GUI), which are designed to provide analytical
convert the received data into information. Thasel is information directly to operators or software rabot
considered from the point of view of the fact that som8imilarly, this level allows remote and joint
devices can implement functions of forecasting andiagnosis and decision making in the production
monitoring of equipment wear which introduces the environment.
concept of "intelligencequalty. In contrast to level 4 Cognition in model C5, the
Cyberi a level that is given the role of the mainfunctions listed in model DIKW are represented
information center, which collects an array ofrom level 3 Supervisory Control And Data
information from the equipment to the industrial networkAcauisition (SCADA) through level Manufacturing
According to the received data, productivity of ondexecution SysterfMES) to level 5Enterprise Resource
equipment is compared and rankedoam al identical Planning(ERP).

types of the equipment which are in an indastr At the MES and ERP levels, the content of
network. information is transmitted by means of syntax or purely
Cognition 7 designed to provide analytical formal, structural properties of languagleusthe type of

information directly to operators for production decisionsnessage uniquely determines its content. SIRBS a
This level allows remote and joint diagnosis and decisiosemiotic structure, i.e. the fefledged linguistic nature of
making in the prduction environment; information connections. In this case, the unigqueness of
Configurationi returns feedback from th&yber" the transmission is violated and in the process of signal
level to the "Smart Connection”, i.e. performs dispatchrocessig by the successor is a fundamentally new
control, which allows you to make equipmentechnologyi the intepretation of the received message.
with seltconfiguration, seluning and selbptimization.  This means that the reaction of the system or receiving
For comparative analysdf architectural models 5C element will be far from unambiguous, it depends on the
and interpretive model DIKW, in ters of its application content, which to some extent is inherenttlie sgnal.
in Smart Manufacturing, it is proposed to decompose it: Such systems must have not only a much larger

- by levels; information reserve, but also the ability to distinguish
- by the areas of information flows about the stateneaningful elements. Therefore, in order to
and management teams; achieve the information integral SPPS that is being

- by the number of feedbks - types and kinds of developed, to determine the structure at an
network protocols used to create chasrfel transmitting early stage, which will further allow to recognize
information between levels. and identiy information links and their

Based on the above parameters of the decompositicharacteristics.
of the model 5C developed [14] (fig. 5) and the In most cases, at levels53of the DIKW model,
interpretation model DIKW (fig. 4), for the neenience software products from different developers are used to
of information perception developed a decompositiormplement their functions, which limittheir adaptability
structure, which is presented in fig. 6. to the problem to be solved, and also corgaonly a

As can be seen from the above structure (fig. 6), boteneral set of solutions that are suitable for a particular
models at the first level Smart Connection and Field levéeld of production.
consist of sensors and actuators timeract with the O After all, the most difficult to balance ndaonctional
level 7 the technological object of controhere is requirements are those responsible for itglityu and/or
information about the state of the object from the lowedhe quality of the development process. In the cdedor
level transmitted to the upper level. balance should take into account the fact that: the

The information received from the sensors i®end user is interested in intuitive and predictable
transmitted to theControl leve] which catains the behavior when interacting with it, in such quality
Programmable Logic Controller(PLC), where the characteristics as "convenee", "intelligibility" and
reguldion and control of actuators. "ability to learn"; the system adnigtrator is interested

In contrast to the DIKW model, the 5C modelin intuitive tools for his work, including tools
proposes a solution to place at tBata-to-Information that help in monitoring the state of SPPS and its
Conversionlevel two parallelConfigurations which act behavior; the marketer is interested in winning
as kedbagk from theCyberlevel to theSmart Connection functions in the rarket of related systems and
level [14], which allows to make equipment withthe price; the buyer igterested in the price, stability of
self-configuration, seltuning and sefbptimization. Asa work and the plan of delivery and commissioning;
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Fig. 6. Decomposition structure of comparable architectural models DIKW and 5C




