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Abstract. Today, neural networks are actively used in modeling complex nonlinear
dependencies. Amid such a rapid growth of interest in this powerful tool for modeling various
objects and processes, research in the natural sciences and engineering, the work on the
application of neural networks in economics is vanishingly small. This is explained both by
the complexity of the modeling tool itself - neural networks, and by the object of modeling
- the evolving economy. At the dawn of the development of neural networks, the method of
modeling processes using Kolmogorov-Gabor polynomials (or Wiener series) was considered as
an alternative. For various reasons, this method lost the competitive battle, and neural networks
prevail. The article presents a method and technique for constructing an elementary image of
the Kolmogorov-Gabor polynomial and shows that today it can be used as an alternative to
neural networks in modeling of economic processes.
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3JIEMEHTAPHbIX OBPA3 NOJIMHOMA KOJIMOIOPOBA-
rABOPA B MOAE/IMPOBAHUU SKOHOMUKMHU

Cepreit CBeTyYHbKOB =

CaHkT-MeTepbyprckuii NONUTEXHUYECKUI YHUBEpCUTET MeTpa Bennkoro,
CaHkT-TNeTepbypr, Poccns

™ sergey@svetunkov.ru

Annoramusi. CeromHsI IpYM MOIEIMPOBAHUM CIOXHBIX HEJIMHEHHBIX 3aBUCUMOCTEN aKTUBHO
WUCIONIL3YIOT HelipoHHBIE ceT. Ha ¢oHe Takoro 6ypHOro pocra MHTEpeca K 3TOMY MOIIHOMY
MHCTPYMEHTY MOJIEIMPOBAHUS PA3IUYHBIX O0OBEKTOB U IIPOLECCOB MCCJICIOBAHUS €CTECTBEH-
HO-HayYHBIX M TEXHUYECKMX HAayK pPabOThI IO MPMMEHEHUIO HEMPOHHBIX CETel B 3KOHOMUKE
ncye3alole Majbl. DTO 00bSICHSIETCS KaK CJIOXHOCTBIO CaMOT0 MHCTPYMEHTa MOAEIMPOBAHMS
- HeHpOHHBIC CETH, TaK U OOBEKTa MOICIMPOBAHUS — 3BOJIOIMOHHUpYIONIAs SKOHOMUKA. Ha
3ape CTAaHOBJICHWSI HEMPOHHBIX CETE B KA4eCTBE aJbTEPHATUBBEI MM PACCMATPUBAJICS METOI
MOIEIMPOBAaHUS MPOILIECCOB C MOMOIIbIO TToJInHOMOB KoamoropoBa-I'abopa (mau psimoB Bune-
pa). Ilo pa3sHbIM IIpUYMHAM 3TOT METOI MPOMUIpPajl KOHKYPEHTHYI OOphOy M HEHPOHHBIE CeTU
MpeBaMpyloT. B cTarbe NpuBOIUTCS METOM, M METOAMKA MOCTPOCHHUS 3JIEMEHTapHOIro oOpasa
nojmuHoMma KonmmMoropoBa-I'abopa v TmoKa3bIBaeTCsI, YTO OH CETOMHS BITOJHE MOXET MCIIOJIb30-
BaThCS KaK ajbTepHATUBA HEUPOHHBIM CETSIM B MOACIMPOBAHNU SKOHOMUUYECKHX IIPOIICCCOB.

Kmouesbie ciioBa: Ko3hGULMEHT KOPPEIsLU, HOMUHAJIbHbIE JaHHbIe, Koo duuueHT FOna,
ko duLeHT IupcoHa, KOPpPEaIUMOHHbBIC CBSI3U

®unancupoBanne: PaGora BbITIOJNHeHa TIpu (UHAHCOBOM Tomuepxkke Poccuiickoro
dbonga pyHmamMeHTaIbHBIX UcclenoBaHuii, rpaHT Ne 19-010-00610\19 «Teopus, MeTombl U
METOJAUKU MPOTHO3UPOBAHUSI SKOHOMUYECKOTO DPA3BUTHUSI aBTOPETPECCUOHHBIMU MOJEISIMU
KOMIUIEKCHBIX TTEPEMEHHBIX».

Jas uurupoBanusa: CeTyHbkoB C. DnemeHTapHBIN 00pa3 nmonmuHoMma KonMoroposa-I'abo-
pa B MoaeaupoBaHuu 3KoHoMuku // TexHoskoHnomuka. 2024. T. 3, Ne 2 (9). C. 4—-21. DOI:
https://doi.org/10.57809/2024.3.2.9.1

DTO cTaThsl OTKPHITOTO MOCTYMA, pactpocTtpansemas o juiieH3nu CC BY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

From the very beginning of the emergence of the task of modeling complex interrelation-
ships, scientists have used mathematical statistics to LSM to solve it, directing their efforts to
identify causal relationships between variables and to explicitly determine the form of these
identified interrelations.

This form of interrelation took the form of one of the elementary functional dependencies of
the indicator y on the factors xi. It was believed that a correctly chosen function, if it does not
express the mathematical expectation of the process, is its best approximation.

The main problem that scientists faced when constructing and using a regression model or
a set of models was precisely the difficulty of determining the type of functions describing the
mathematical expectation, since an error made in this case leads to incorrect modeling results.
In the univariate case, this task is solved with a certain degree of success using correlation and
regression analysis.

However, in multivariate dependencies, determining the form and nature of the influence of
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each factor on the result is a very difficult and rarely successfully solved problem.

Let's demonstrate the complexity of this task with a simple example by generating data for a
conditional example. Let the influencing factors change as follows:

X, =i,%, =0,5x, +¢&, =0,5i+¢&,,x,, = x,, cos(x, )" +x;,

And now let's generate the resulting feature using the specified three variables by the formula:

v, =X, +2x,, +O,1x321. (D)

We are faced with a nonlinear multifactorial functional dependency, and since it does not
contain a random component, we can expect a definitive determination of the form of this de-
pendency. We will change i from 1 to 50 and generate data for a hypothetical task based on this.

Now let's assume that the form of this dependency is unknown to us and, based on the
available statistical data about the factors and the modeled variable, it is necessary to find this
dependency. The first thing to do is to calculate the correlation matrix. We will obtain the fol-
lowing.

Table 1. Correlation matrix for a conditional example

Xii X X3i Vi
X, 1
X,, 0,8103 1
Xy, 0,9931 0,8674 1
Y 0,9746 0,8907 0,9823 1

What conclusion will the researcher draw from these data? Since the pairwise correlation
coefficients are above 0.80, these data should be described using a linear multifactorial model.
The LSM estimates of such a model based on the available data will give the following form of
the model:

v, =13,16x,, +5,56x,,—9,67x,, —11,34  (2)

It has excellent statistical characteristics, which tell the researcher about its significance.
However, the obtained model terribly described the original formula (1) and does not corre-
spond at all to the law it describes! And yet, many economists, having received an econometric
model of type (2), will try to give an economic interpretation to each coefficient obtained, for
example, that an increase of the third factor by one unit will reduce the result by 9.67 units.
From the true situation, which is modeled by (1), follows a completely different influence of the
third factor — its increase will nonlinearly enhance the result. That is, mathematical statistics
have yielded a result opposite to what is the case.

If we now take a closer look at the data in Table 1, we can notice that there is a strong and
almost linear relationship between the first and third factors, as the pairwise correlation coeffi-
cient between them is r = 0.9931. Therefore, the effect of multicollinearity may be present in
the modeling results. One of these two correlated factors should be discarded when building the
model. Let it be the factor x1i.

Then, the econometric model, which takes multicollinearity into account, will look like this:

v, =1,38x,, +4,47x,, 18,79  (3)

It also has excellent statistical characteristics, indicating its statistical significance. But it is
as far from the truth as model (2). And if we now give an economic interpretation to the new
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model (3), we can say that an increase of the third factor by one unit leads to an increase in
the result by 4.47 units, which is far from the real influence and opposite to the conclusions of
model (2).

It is impossible to find the form of the real dependency (1) using methods of mathematical
statistics.

These methodological difficulties in applying structural regression models in economic mod-
eling have been understood for a long time, but there was no alternative until cybernetics ap-
peared. Cybernetics took various steps away from regression, proposing as an alternative the
‘black box' model, into which certain factors xi are fed, and the values yare observed at the
output. How the input is transformed into the output is of no interest to anyone. In managing
the 'black box,' the task was set as follows: to select such values of factors xi that the output y
observed would be close to a predetermined Y. Methods for selecting optimal values of xi were
developed in cybernetics.

In parallel with the tasks of optimal control of complex systems, cybernetics solved another
problem — pattern recognition. It differed from the task of optimal control in that, given the
input parameters xi and known values of the output parameter y, it was necessary to adjust the
'‘black box' so that this correspondence between input and output matched the given pattern
Y. Here, the object of adjustment was not the data, but the 'black box' model, or rather — its
coefficients.

Scientists proposed various mathematical models of this 'black box,' and over time, the model
of artificial neurons combined into a single neural network proved to be the most accurate and
convenient. Inside the 'black box' - the neural network - when solving the task, a multi-iterative
recalculation of the network's coefficients occurs so that the output result is obtained with the
specified accuracy. The obtained values of the neural network coefficients are of no interest, as
they are not statistical characteristics of the process but are parameters of the 'black box.'

With the help of neural networks, many diverse tasks have been solved, and we have come
close to the task of creating artificial intelligence. However, examples of successful application
of neural networks in economics are exceedingly rare.

This can be explained by two main reasons.

The first is that building and using neural networks requires the specialist to have a deep
knowledge of several narrowly specialized sections of mathematics and programming. Typical-
ly, scientists engaged in economic research do not possess such knowledge. Therefore, at best,
they apply templates of existing neural networks to one or another forecasting object. The basis
for applying such a template is the known number of inputs (factors) and outputs (indicators).

The second reason is due to the specific properties of the economy as an object of research.
The fact is that neural networks were developed as a method of modeling complex objects oper-
ating under conditions of homogeneity, characterized by a finite set of properties and features.
In contrast, economic processes are mostly heterogeneous and evolving — the set of properties
and features of these processes changes over time and is not finite. The exception is perhaps
financial and consumer markets under conditions of stable economic conjuncture. Here neural
networks show very good results. But such periods of relative stability are eventually interrupted
by some external influences on the markets, and the processes become heterogeneous, evolu-
tionary, and chaotic. In such situations, neural networks stop working well.

Thus, the task of modeling complex economic objects is more successfully solved by meth-
ods of mathematical statistics than by neural networks or their analogs. Therefore, the task of
creating a simple and understandable alternative to neural networks is relevant.
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Materials and Methods
A neural network consists of a collection of j interconnected neurons, each of which repre-
sents a superposmon of linear and non-linear functions:

f(a0+2a

Here:

Y; — output signal of j-th neuron;

f — activation function or transfer function;

a, — weight of the i-th signal (factor);

X, — i-th component of the input signal or the factor itself;

i =1, ..., n — neuron input number;

n — number of neuron inputs;

a, — coefficient characterizing the displacement.

To avoid problems that may arise with the scales of variables when working with neural net-
works, all variables are preliminarily normalized.

Two aspects are fundamentally important for the neural network: the form of the function f
and the structure of the neural network, that is, the number of neurons (4) and their intercon-
nection with each other.

At the very beginning of the use of neural networks, the computational capabilities of their
implementation were not high, so the function f was often considered as the possibility of acti-
vation y = 1 or non-activation y = 0 of the output from the neuron, and in the case when it was
necessary to quantitatively transform the input values xi, a linear or piecewise-linear function
was used. Today, the logistic (sigmoid) function is most often used, allowing for a nonlinear
transformation of input signals into output. The logistic is also convenient because its first de-
rivative is easily calculated and computed, which is important when estimating the coefficients
of all neurons (4) by numerical methods, since one of the gradient methods (Yunze, 2022) is
most often used for this.

LSM or other methods of mathematical statistics are not directly suitable for solving this
task. Indeed, for example, in a simple two-layer neural network, the variables xi are considered
as inputs to the first layer of m neurons of the network. In each neuron of the first layer (4),
they are transformed into outputs yj (j = 1, 2, ..., m), which are inputs to the second layer
neural network. At the output of the second layer, the following is obtained:

y= ﬂb+za% )

If we now substltute (4) into (5), we obtain the following superposition of functions:

y f(b, +Zaf(aoj+2a,] X, (6)

Real Valyes are descrlbed by this model with some error:

e=y-y (1)

the minimization of whose squares will give LSM estimates. But it is not possible to directly
estimate the coefficients of such a simple two-layer neural network in the case of a nonlinear
form of the transfer function, since the calculation of the gradients of the error function (7) by
the model coefficients (6) represents a complex task, leading to the need to solve a system of
complex nonlinear equations. It is significantly easier and more convenient to solve this prob-
lem using numerical methods, most often using the gradient method.

As can be seen from the simple explanation of the essence of building neural networks, their
use requires a good knowledge of mathematics and programming skills, as training a neural
network is a multi-iterative procedure with many parameters being estimated simultaneously,

4
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which can only be done using some advanced programming language.

When a neural network, trained on a sample from the general population, is tested on a vali-
dation set from this general population, it should give good results. If this does not happen, the
network is complicated and trained again. And this continues until the network is well 'tuned'.

If non-stationary and irreversible processes are modeled, then neural networks demonstrate
their inadequacy. And it is such processes that are many of the processes occurring in the econ-
omy. Today many scientists are trying to solve this problem by improving neural networks. One
of such directions is the theory of neuro-Bayesian methods (Volterra, 1930), but this theory so
far cannot boast any tangible results and admits that: 'now this area is only at the very begin-
ning of the path and is waiting for new researchers' (Lusia, 2018). Some hopes in this direction
are pinned on recurrent neural networks (Mekhovich, 2014). In traditional neural networks,
it is assumed that the input factors and output factors are independent, and recurrent neural
networks take into account the presence of some influence of previous observations on current
observations due to feedback between some neurons.

One of the first publications on this topic among Russian economists is the article by As-
trakhantseva I.A., Astrakhantsev R.G., and Kutuzova A.S. (Astrakhantseva, 2020). Having
identified potential factors of inflation in the Russian Federation, the authors conducted a
correlation-regression analysis and determined that inflation can be described by two factors:
the exchange rate of the dollar to the ruble and the growth of citizens' debt excluding currency
revaluation. A simple recurrent neural network built by them on this data set predicts inflation
well for one observation and very poorly predicts all subsequent values.

Physicists Kondratenko V. and Kuprin Y. built a recurrent neural network capable of pre-
dicting the sign of price increases in the foreign exchange market with a probability of success
just over 50% (Kiselev, 2018). For this, they used the logarithm of the ratio of the current
price to the previous price of exchange rates of the American dollar, Japanese yen, Swiss franc,
British pound, and euro.

Among the few foreign publications on this topic, several articles can be highlighted. Yunze
Tao, Xia Sheng presented a method for predicting the exchange rate of the euro to the US
dollar using a simple recurrent neural network in which the factors were past daily exchange
rates of the euro and the US dollar (Yunze, 2022). It is difficult to assess how well this network
works, as no comparison with other forecasting methods is provided in the article.

Zhiguo Qiu, Emese Lazar, and Keiichi Nakata showed comparative results of using models
based on recurrent neural networks with state tracking, feedforward neural networks, as well as
VAR vector autoregressions and exponential smoothing models [30]. Six asset return time series
were modeled over a period of more than 20 years. Recurrent models showed the best results.

Ruofan Liao, Petchaluck Boonyakunakorn, Napat Harnpornchai, and Songsak Srioonchit-
ta used a recurrent neural network to predict the exchange rate of the US dollar to the yuan
from 12 other indicators, shifted up to d lags back plus the indicator itself, shifted up to d lag
(Wiener, 1958). They compared this network with ARIMA and showed that if ARIMA gave an
average forecast error square of 0.211, then their neural network - 0.010.

These results are encouraging but not impressive.

Returning to the origins of the formation of neural networks, it should be noted that the
director of the Institute of Cybernetics of the Academy of Sciences of the Ukrainian SSR A.G.
Ivakhnenko in the 1970s proposed another path of unstructured modeling of complex objects
using complex polynomials. In this regard, he proposed an interesting method of decomposing
many complex tasks, the essence of which can be understood from a simple example (Gabor,
1961).

Suppose there is a need to build a model of a high-degree polynomial on a small number of
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observations: -
y,=a,+at+ a2t2 + a3t3 + a4t4 (8)
It is proposed to divide this polynomial into a system of three series.
The first row is: .
v, =b,+bt+bit’ (9)
The second row is: .
Vor = clt3 +czt4 (10)

It is easy to notice that the first row is a model that includes the first three terms of polyno-
mial (8), and the model of the second row includes two other components of this polynomial.

The coefficients of models (9) and (10) can be easily estimated, for example, using LSM.
To form the overall polynomial (8), it is proposed to estimate the coefficients of the third row
model using LSM: R R .

Y, =dy+dy, +d,y, (11)

Into this model, as you can see, the calculated values of the variable are substituted, which
are computed according to (9) and (10). What does this mean? If we substitute into (11) not
the calculated values, but the formulas by which they are obtained, that is, models (9) and (10),
then we get:

Y =d +d (b +bt+bt)+d, (cf +c,t') =
t 0 1\~0 1 2 2\ 2

(d,+d,b))+dbt+dbt +d,ct’ +d,c,tt  (12)

From where it is easy to determine the relationship between the coefficients of the original

polynomial (8) and the coefficients of the multi-row system (9) - (11):
a,=d,+db,, a=db, a,=db,, a,=d,, a,=d,c, (13)

Since the multi-row procedure for estimating the coefficients of the polynomial is a linear
superposition of functions linear with respect to unknown coefficients, the estimates (13) will
coincide with the LSM estimates applied directly to (9). This decomposition method proposed
by A.G. Ivakhnenko was suggested for constructing various nonlinear models, and most often
it was proposed to use a finite polynomial decomposition of the nonlinear dependency into
additive components.

In 1930, V. Volterra published the work 'Theory of Functionals and of Integral and Inte-
gro-Differential Equations' where he derived series that allow the study of systems with soft
inertial nonlinearities (Zhiguo, 2024). These series are actively used today in solving technical
and engineering tasks of modeling nonlinear processes (Ivakhnenko, 1984). In 1958, N. Wiener
in the monograph "Nonlinear Problems in the Theory of Random Processes' published a modi-
fication of the Volterra series. He proposed a method of approximating a nonlinear dependency,
starting with simple elements, to which new and new nonlinear terms are successively added:
'Our decomposition differs from the usual Fourier decomposition, as we have a countable set
of functionals, but the overall task remains the same' (Schmidhuber, 2015). Today, mathema-
ticians call this decomposition the Wiener series, and for the discrete case, this series will take

the form:
m m m m m m
y=a,+ Zal.xl. +ZZal.jxjxj +ZZZaﬁkxjxjxk +...
i=1

i=l j=1 i=l j=1 k=1 (14)

The same problem was independently solved in 1956 by A.N. Kolmogorov and in 1961 by D.
Gabor (Gabor, 1961). Since A.G. Ivakhnenko, who first used series (14), called it the Kolmog-
orov-Gabor polynomial, this name prevails in domestic science today, and we will also adhere
to this naming convention.

Series (14) is indeed very convenient for modeling nonlinear systems with weak nonlinear-
ity based on available statistical data. Moreover, like a neural network, it connects the input

10
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variables xi with the output ywithout defining the nature and form of the relationship between
them, that is, it does so in an unstructured way, just like neural networks, which allows it to be
considered as an alternative to neural networks. However, unlike neural networks, the struc-
ture of the polynomial is fixed and strictly defined. Any researcher with m input variables will
always construct the same polynomial (14). Neural networks can connect variables xi with the
output y in many ways — they can be single-layer or multi-layer, vary the connections between
neurons, add recursive connections, etc. This means that the dependency between xi and y can
be described using neural networks in many ways — better or worse, simpler or more complex.
With series (14), this relationship can only be modeled in the same way.

And if we compare (14) with (6), we can notice an important advantage of the polynomial
over the neural network: it represents a linear function in terms of parameters, whose coeffi-
cients can be easily found by any statistical method directly, without resorting to numerical
methods, by solving a system of linear equations with unknown coefficients.

In the 60s and 70s of the 20th centuries, when the polynomial (14) competed with neural
networks in pattern recognition tasks, calculations were performed on analog machines. These
machines consisted of electrical devices that transformed electrical signals similarly to mathe-
matical operations. For example, about the first neural networks, A.G. Ivakhnenko reported:
"In the first design of the perceptron, automatic potentiometers with servomotors were used
as associating elements. The machine used 512 such potentiometers. They were too large and
expensive. Now in the perceptron, so-called biaks are used — magnetic elements with ferrite
cores. Functionally, biaks reproduce the actions of a two-position polarized relay or trigger
(Dyachkov, 2017).

At that historical moment in the development of computing technology, simple multipliers
and adders in computers for the use of artificial neurons were simpler and cheaper than nonlin-
ear converters for the use of the Kolmogorov-Gabor polynomial, which were also less reliable in
operation. This predetermined that neural networks became the main tool for pattern recogni-
tion, and the Kolmogorov-Gabor polynomial is only occasionally used for modeling nonlinear
dependencies. Mainly these are works in the field of engineering sciences (Balasanyan, 2016).
Such works are not encountered in economics. Conditionally economic can be considered only
the article with the results of modeling the relationship between electrical power and a set of
technical and economic indicators of the operation of the Ryazan GRES (Belov, 2008), as well
as the article on the application of (14) for clustering industrial enterprises (Kiselev, 2018). In
all these works, not the Kolmogorov-Gabor polynomial is used, but the method of sequential
approximation to it - MGUA as developed by A.G. Ivakhnenko.

Unfortunately, the Kolmogorov-Gabor polynomial has a significant drawback: as the num-
ber of i variables x, describing the behavior of the variable y, increases, the number of terms N
in the polynomial (14) sharply increases. Indeed, if for i = 2 the number of terms in series (14)
will be equal to N = 6, then for i = 5 it becomes equal to N = 252. And this is a sharp increase
in the dimensionality of the problem being solved.

For example, if modeling the dependence of several variables yj on X, then fori = 5 and j =
4 we get N = 1008 unknown coefficients of the polynomial. And when using a two-layer fully
connected feedforward neural network to solve this problem, it is necessary to estimate from
twenty to forty unknown coefficients.

Precisely because of the high dimensionality of the problem, this tool is practically not used
in solving real modeling tasks. Thus, 1.1. Sulyaev, mentioning the Kolmogorov-Gabor polyno-
mial when setting the task of modeling the process of mixing oxygen and air for the oxidation
of sulfide copper-nickel raw materials in a metallurgical furnace, pointed out the enormous size
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of this polynomial and subsequently used a neural network (Sulyaev, 2014).

Pointing out the enormous dimensionality of the problem with many initial variables, A.G.
Ivakhnenko proposed a method of step-by-step decomposition of the model - "formation of a
multi-row system", the essence of which was outlined earlier in (8) — (13).

For the case of three factors, the full Kolmogorov-Gabor polynomial will be written as fol-
lows (Ivakhnerlko, 1971):

2 2 2
y = ao + alxl + a2x2 + a3x3 + a4x1 + asxz + a6x3 + a7x1x2 + a8x1x3 +

F A, X A, X0 Fa,X AL XX, +a, XX, + ta, xox, +
Ao Xy Xy T Ayo Xy T A [ Xy T A Xy T A3 Xy Xy T Ay Xy Xy T 05X X, T+ 4 X, Xy

XX + A, + X XX, (15)
At the first stage, it is proposed to use partial (support) polynomials with two factors, each
of which approximates the modeled indicator ywith its own approximation error ¢, :
Y=y, +& =b, +bx, +bx, +bx’ +bx; +bxx,+& (16)

—~

Y=Y, &, =Cy tC X +CyX, +C‘3)Cl2 +C4X32 +TCsX X5 + &, (17)

y= )Z +&, =d,+dx, +d,x; + d3x22 + cl4x32 +dx,x; + €, (18)
Using the method of least squares, one can easily find the coefficients (16) - (18). After that,

using the calculated values of the variables obtained from (7) — (9) as factors, one can find the
coefficients of another polynomial using the method of least squares:

Y=y té =g tey tey, tey;+e)y,V; &, (19)
And now, substituting (16), (17) and (18) into (19), we get:

z=e,+e(b,+bx +b,x,+ b3x12 + b4x22 +byx,x,) +e,(c, +cx, +c,x; + c3x12 + c4x32 +c5x,X;) +
e,(d, +dx, +dyx, +d,x; +d,x; +dx,x,)+e,(b, +bx, +b,x, +bx] +b,x; +bx,x,)-
(cy +cx, +c,x;, + c3x12 + c4x32 +csx,x;)-(dy +dx, +d,x; + d3x22 + d4x32 +dx,x;)
(20)

If we now compare the resulting expression with (15), we can see that the coefficient a0
corresponds to a combination of coefficients of the equations:

a, =e, +eb, +e,c, +ed, +e,bic,d, (21)

In the same way, correspondences can be found for other coefficients of the complete Kol-
mogorov-Gabor polynomial (15):

a, =eb +eyx, +ebc,d,+eb,cd,,

a, =eb, +e,c, +e,d +eb,c,d, +ebyc,d,,

a,, =e,(bc,d, +b,cd, +byc,d, +b,cd, +bc,d, +b,cds +bc,d, +bcid,). (22)

Some scientists suggest considering this correspondence as estimates of the Kolmogorov-Ga-
bor polynomial. However, (20) is not identical to (15), since in addition to the 20 terms of
the Kolmogorov-Gabor polynomial, polynomial (20) contains many other terms that are not
present in (15). If we expand the brackets (20) and group the resulting terms of the polynomial,
we will obtain a significantly more complex formation. In order not to clutter the description
of the obtained polynomial with its coefficients, let's assume that in the final polynomial they
are all equal to one. Then we will get:
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_ 2, .2, 2,3, 3, 3, 4, 4, 4
z=14+x+x,+x,+x +x X FX HX X X X, X+
F XX XX, X X A XX A XX XX X, X XX XX, XX+
XXy T XXy T Xp Xy T X Xy T XXy T XXy T XX T XX T XX T X X XX
2.2 2.2 2.3 2.3 2_4 2_4 3 3 3.2 3.2
XX, XX, XX, XX XX, XX, XX, XX+ XX XX+
3.3, 33, 3.4, 3.4, 4 4 4.2 42, 43, 43
XPX, XX, XX, XX, XX, XX X Xy XX XX+ +
2 3 4, 2 22, 2.3, 2.4, 3 3.2, 3.3, 3.4, 4 4.2, 4.3
X, X5 XX, XX XX H XX XX XX, XX XX XX, XX, XX XX + XX+

2 2 3 3 4 4 2.2 2.3 3.2
XX, X5 4 X, X5 X5 X, XX 4 XXX, 4+ XXX, XX, X + XXX, + XXX+ XXX, + XXX, +
2 2.2 2 2 2.2 2 2.3 2 3
XXX X X5 X+ XX, X5 XXX, + XXX + X XXy +
3 3.2 3 2 4 2.2 2 2
X, X0+ X X5+ X)X, X5 4 X XX 4 X X,X5 X5 + XX XX,

(23)

This polynomial contains 80 terms, unlike the Kolmogorov-Gabor polynomial (15), which
has 20 terms. That is, using the approach of A.G. Ivakhnenko, the researcher constructs not
the Kolmogorov-Gabor polynomial, but a new polynomial with a different structure, which has
four times more terms. A.G. Ivakhnenko wrote that under certain conditions "... the coeffi-
cients of non-existent real connections turn out to be zero (or very small)" (Ivakhnenko, 1963).
However, it turned out that this is not the case: "Testing the classical GMDH (Group Method
of Data Handling) by solving control tasks with artificially formed initial data shows that its se-
lecting abilities are not high enough: in some examples, arguments not included in the formula
defining the process were in the list of arguments of the model of the process” (Belov, 2008).

A.G. Ivakhnenko later abandoned the idea of multi-stage estimation of the coefficients of
the Kolmogorov-Gabor polynomial as a whole and considered another task - the sequential
complication of models, starting with reference polynomials, and gradually complicating the
form of the model, approaching the form of the full Kolmogorov-Gabor polynomial, but not
reaching it. At each stage of complicating the model, its statistical characteristics (for example,
the variance of the approximation error) are evaluated, which are compared with the same
characteristics of less complex models. The process of complicating the model stops when the
measured statistical characteristic ceases to improve. This method was named by him "Group
Method of Data Handling" (GMDH) and it is used today in solving some practical problems
(Artemenko, 2016), including in combination with neural networks (Ivakhnenko, 1973; Sve-
tunkov, 2024).

Research has shown that the Kolmogorov-Gabor polynomial in terms of accuracy can ac-
tively compete with neural networks used in economics, especially today with the availability
of different computational capabilities than fifty years ago (Nikolenko, 2022), but for this, an
effective method is needed to overcome the "curse of dimensionality”. The Ivakhnenko method
(16) — (22) does not solve this problem.

A simple method for constructing the full Kolmogorov-Gabor polynomial, which overcomes
the "curse of dimensionality,” is outlined below.

Let's consider this method first on the example of the dependence of y on three factors x1,
x2, and x3 (15), and then make the necessary generalizations.

At the first stage, for example, using the method of least squares, it is necessary to find the
coeff:lcients of a simple linear model that includes all factors:

y =b,+bx, +bx,+bx, (24)

And at the second and last stage, the same least squares method should be used to estimate
the coefficients of the cubic polynomial, substituting the calculated values into it as a factor
(24).
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yEgtay +6,(0) +a(r) (25

It’s all. The model is built. If we now substitute (24) into (25), we get:

y =c, +¢,(by +bx, +byx, +bx,)+c, (b, + bx, +b,x, +bx,) +cy(b, + bx, +b,x, +b,x,)

(26)

Opening the brackets and grouping, we obtain complete correspondence of the structure of
the polynomial (26) to the structure of the Kolmogorov-Gabor polynomial (15) - it contains
exactly 20 terms.

Now we can find the correspondence of coefficients (25) - (26) to the coefficients of the
Kolmogorov-Gabor polynomial (15):

a, =c, +cb, +c,b; +c.b],

a, =cb +2c,b,b, +2c,c;b3b;,

a,, =2¢,(b, +b, +b,) (27)

It should be noted that with such a simple method, we will not obtain the true values of the
polynomial coefficients. The least squares estimate (LSE) applied directly to the Kolmogor-
ov-Gabor polynomial (15) and the LSE applied to the proposed method of stepwise decom-
position (25) - (26) will differ from each other. This is easily understood because, in the first
case, 20 independent coefficients are estimated, while in the second case, 8 coefficients are
estimated, of which only 4 coefficients of the linear multifactor model (25) are completely in-
dependent of the other coefficients.

Therefore, a simplified model of the Kolmogorov-Gabor polynomial is obtained, which we
will call the "elementary form" of the Kolmogorov-Gabor polynomial.

Is it possible to obtain a more accurate representation of the Kolmogorov-Gabor polynomi-
al? Yes, it is.

In relation to the task at hand, the process of constructing such a more complete representa-
tion will consist of three stages.

At the first stage, a multifactor linear model (24) is constructed.

At the second stage, a multifggtor nonlinear quadratic model is constructed:

Yy =C,+Ox] +e,xs +eyx; (28)

And based on these two models, the coefﬁc1ents of the final model are estimated:

y=d, +dy +d (y) +d (y) +d,y"  (29)

After substituting (24) and (28) into (29) and grouping the terms, the image of the Kolmogo-
rov-Gabor polynomial is obtained again, in the construction of which not 4, but 8 independent
coefficients (24) and (28) are estimated, as well as five dependent coefficients (29). Of course,
the new image will be somewhat more accurate than the elementary image (26), and at the
same time, the estimation of its parameters is still simpler than the direct estimation of the co-
efficients of the Kolmogorov-Gabor polynomial (15). The feasibility of using the elementary or
full images of the Kolmogorov-Gabor polynomial is determined by practical needs.

This simple method of constructing images of the Kolmogorov-Gabor polynomial can be
extended to the case of any number of variables xi, i=1, 2, ..., m. For the elementary image of
the Kolmogorov-Gabor polynomial of degree m we obtain:

N
y =b,+bx,+b,x,+..+b x ,

~ At Al N
2 m
y=cotay +6,(y) +.+c, ()" (30)
As can be seen, it is necessary to estimate step by step (m+1) unknown coefficients, which
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is a routine task. Therefore, the "curse of dimensionality,” which A.G. Ivakhnenko repeatedly
pointed out, is completely overcome, and with the help of the indicated method, an elementary
image of the Kolmogorov-Gabor polynomial can be constructed for any m.

The system (30) can be represented in a more compact mathematical form:

y=by+ D b.(a,+ > ax)
= i (D
If a researcher is interested in a more accurate approximation to the Kolmogorov-Gabor
polynomial, then its full image at xi, i=1, 2, ..., m will be formed like this:

A
y =b,+bx,+b,x,+..+b x ,
N

2 2 2
Y =cytex; +e,x, +..+c,x

m”"m?

~Am—1

y oo =wAwx T A w T L w x0T
~ N A~ N ~Am=2 ~Am-1
y=zy+z,y +z,(y )? +otz,(y)'+.4z,y 4z, (32)

Research conducted on numerous hypothetical and real examples confirms the conclusion
that the elementary image of the Kolmogorov-Gabor polynomial models various nonlinear
processes only slightly worse than the full image of this polynomial. Since the Kolmogorov-Ga-
bor polynomial is suitable for describing dependencies with weak nonlinearity (Ruofan, 2022),
which most of the nonlinear multifactor economic processes are, the elementary image can be
used as the primary model for describing economic nonlinear dependencies.

A.G. Ivakhnenko, having defined the Kolmogorov-Gabor polynomial as a certain limit,
believed that there is no particular sense in reaching it, since the partial polynomials (the first
parts of the Kolmogorov-Gabor polynomial) can cope with the task of modeling nonlinearity
quite successfully and there is no need to "multiply entities beyond necessity." To find a model
of optimal complexity, he proposed the "Group Method of Data Handling”" (GMDH), which
involves the sequential complication of the model, following the structure of the Kolmogor-
ov-Gabor polynomial for this set of variables.

It is quite possible that the elementary image of the Kolmogorov-Gabor polynomial may
also be excessively complex for the modeled object, and therefore it also makes sense to find
a polynomial of optimal complexity through the sequential use of partial elementary images,
starting with the simplest linear image.

For this, the first equation of system (30) is initially constructed - a multifactor linear model,
which is considered as a partial image of the first-degree polynomial. The coefficients found for
this model are the basis for calculating the variance o, .

Then, the coefficients of the partial image of the second-degree Kolmogorov-Gabor polyno-
mial are estimated, which has the form:

Y, = Cp T, +czzy12 (33)

For it, the variance 622 is also calculated.

If 612 < 622 , then complicating the polynomial is pointless, and a simple linear multifactor
model should be used for modeling. However, if this condition is not met and a reduction in
variance is observed, the process of complicating the polynomial image continues, and a partial
imag\e of the thi/rgl—degrgg polynomial is constructed:

Y =t +023yl2 +A33yl3 (34)
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and its variance O 32 is estimated. It is compared with the previous variance 622.
If the condition 0'22 < 632 is satisfied again then the model becomes more complicated until
a complete elementary imagg of the Kolrll\o—Gorgg—Gabor polynomial is constructed:
Y, =Cop tCpY +Cyp ¥ +ate, vy (35)
with dispersion o, ° . ] 1 ]

Results and Discussion

Let's demonstrate with an example how this procedure can be used to select the optimal
image of the Kolmogorov-Gabor polynomial. Suppose that for some research purposes, it be-
came necessary to model the dependence of the number of divorces in the Russian Federation
from 1999 to 2022 based on five factors: population size, birth rate, GDP per capita, cost of
one square meter of housing, as well as the number of marriages and divorces. These data can
be taken from the open statistics of the Russian Federation and are not provided here to save
space.

Since a nonlinear dependence of one indicator on six is being modeled, the full Kolmogor-
ov-Gabor polynomial that could be constructed from these data should contain 954 coefficients
that need to be estimated from the available statistical data. Constructing such a polynomial is
a complex task. However, constructing an elementary image of this polynomial is a simple task.
Let's find the partial image of the Kolmogorov-Gabor polynomial of optimal complexity using
the procedure described above.

The linear multifactor model of this dependence has the maximum variance of all, which
we will take as 100%. How the variance of the approximation error of this dependence changes
with the complication of the partial images of the Kolmogorov-Gabor polynomial is shown in
Table 2.

Table 2. Change in the variance of the approximation error with a change in the
complexity of the elementary image of the Kolmogorov-Gabor polynomial

View of the elementary image of the L . . .
. Approximation error variance, % of maximum variance
Kolmogorov-Gabor polynomial
Particular elementary image of a polynomial of a first degree 100,00
Particular elementary image of a
. 98,78
polynomial of a second degree
Particular elementary image of a 95.62
polynomial of a third degree ’
Particular elementary image of a
. 82,07
polynomial of ta fourth degree
Particular elementary image of a polynomial of a fifth degree 72,83
Elementary image of a polynomial 72,84

The model of optimal complexity for the considered example is a partial elementary image of
a fifth-degree polynomial. In the artificial neuron (4), the first stage involves a linear convolu-
tion of the input variables into a single parameter s, which is then transformed into the output
y through the transfer function f(s) at the second stage.

In the elementary image of the polynomial (31), the first stage also involves a linear convo-
lution of the same input variables into the calculated value y,. However, here, unlike the neuron
model, the first adjustment of the image occurs when the function of the discrepancy between
the result of the linear convolution and the actual value y is minimized. The second stage in-
volves "fine-tuning” the image in the form of a simple power series.

The strength of neural networks is determined by the fact that its neurons are interconnected
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according to the principle: the output from one neuron simultaneously becomes the input to
the next neuron (or several subsequent neurons). The number of neurons is determined by the
researcher, and by varying them, the researcher can complicate the network until it begins to
describe the modeled dependence between input and output in the best way.

Elementary images of the polynomial can also be combined into a certain network when the
output from one elementary image of the polynomial simultaneously becomes the input to the
next elementary image of another polynomial (or several subsequent elementary images of pol-
ynomials). Then a network of polynomials is formed, which describes the dependence between
input and output data differently and with different accuracy than a neural network. Let's call
such a network polynomial.

It is important to note one very important difference between the polynomial network and
the neural network. In the neuron model, only the form of the transfer function f(s) can change.
It can be logistic, linear, piecewise-linear, or hyperbolic tangent. Other types of transfer func-
tions in the neuron are rare and can be called exotic. But all these transfer functions model
the same type of sigmoidal nonlinear transformation: linear and piecewise-linear functions
somewhat worse, logistic and hyperbolic tangent better. Replacing the type of transfer function
during the training process is impossible — the type of transfer function determines the mathe-
matical algorithms for training the network.

In the model of the elementary image of the polynomial, the fine-tuning function does not
necessarily have to represent the full elementary image of the Kolmogorov-Gabor polynomial.
These can be partial elementary images, ranging from a simple linear to a full elementary im-
age of the polynomial. When training such a network, you can change these very fine-tuning
functions — complicating them from simple to full or vice versa — simplifying them from full
to simple. Thus, polynomial networks acquire an additional training tool without changing the
network structure.

What should we expect from the new polynomial network compared to neural networks?
Since the computational power of an artificial neuron is significantly lower than the computa-
tional power of the elementary image of the polynomial, more accurate modeling results can be
expected from the polynomial network.

Let's confirm this statement with a simple example. Let's build a neural network and a pol-
ynomial network based on data from 1990 to 2022 about the GDP of the United Kingdom (y)
depending on the gross capital accumulation (x,), the size of the economically active population
(x,), expenditures on scientific research and development (x,), and the size of the UK's GDP
for the previous period (x,).

Since the influence of the first three factors on the indicator is approximately the same, and
the influence of the GDP of the previous period on the current value is somewhat different,
let's build a neural network and a polynomial network in such a way.

Fig. 1. Graphical model of neural network and polynomial network

17



: -

Here, for the neural network, each circle represents an artificial neuron, and for the poly-
nomial network — an elementary image of the Kolmogorov-Gabor polynomial. We have before
us a simple two-layer feedforward model, the complexity of which is optimal for the consid-
ered example. Since after nor-malization the original data become both negative and positive,
the transfer function of the last neuron was represented as a hyperbolic tangent, which allows
working with negative values.

Let's include in the list of models for comparison of the neural and polynomial networks
also an el-ementary image of the Kolmogorov-Gabor polynomial. The comparison results are
presented in Table 3.

Table 3. Results of approximation of UK data (1990 — 2020)

Elementary image
Model type Neural network of the Kolmogorov- Polynomial network
Gabor polynomial
Average sum of squares 0,01388 0,00865 0,00846
Conclusion

As can be seen from the table, the neural network gave the worst results out of the three
models, while the network of elementary images of the Kolmogorov-Gabor polynomial gave
the best result. This, of course, does not mean that neural networks will always be worse than
polynomial networks. Moreover, it was previously discussed that recurrent neural networks are
best suited for modeling economics, not feedforward networks. But our task was not to build
the best model with the available data, but to com-pare the neural network and the polynomial
network. And the given example suggests that polynomial networks can be a worthy alternative
to neural networks, and if necessary, polynomial networks can also be made recurrent.

But another conclusion follows from the example: the elementary image of the Kolmogor-
ov-Gabor polynomial showed very good approximating properties. Its average sum of squares
of approximation er-ror is less than that of a simple neural network and slightly worse than
that of a polynomial network. This once again confirms the conclusion that in a sufficiently
large number of cases of modeling nonlinear economic interrelations, the elementary image of
the Kolmogorov-Gabor polynomial copes well with this task, and it is possible to do without
forming a polynomial network.
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Annoranuga. Hacrogiasi HaydyHas cTaThs MOCBSILEHA CUCTeMaTU3alMyd TPeOOBaHUI OTeve-
CTBEHHBIX CTAHIAPTOB M IPYIUX MEXAYHAPOIHBIX PEIIAMEHTUPYIOIIUX JOKYMEHTOB B 00JacTH
TIPUMEHEHMSI TEXHOJIOTUI MCKYCCTBEHHOTO WHTEIIEKTa B cepe BBICIIETO oOpa3zoBaHus. Mc-
CJIeIOBaHNE BKITIOUACT aHAJINU3 OCHOBHBIX CTAHIAPTU3UPYIOIINX OTCYECTBEHHBIX U 3apYOeKHBIX
MOKYMEHTOB, BEISIBJICHME ApaiiBepOB U IIejcii BHICIINX YUCOHBIX 3aBEICHUM B MCIIOJB30BaHUM
TEXHOJIOTUIA MCKYCCTBEHHOTO MHTE/UIEKTAa B 0Opa30BaTe/IbHBIX IIpOlleccax, a TaKKe B CTAaThe
npeAcTaBjleHa MOJeslb MOTMBALIMOHHOTO paciuupeHus B pamkax KoHuernuuum TOGAF c¢ uc-
MOJIb30BaHUEM SI3bIKa MOMAEIMPOBAHUS apXUTEKTYphl IpennpusaTust ArchiMate, 4To mo3BoJsieT
CHCTEMATU3UPOBATh KaK TPeOOBaHMS CTAaHIAPTOB, TaK M MOTHBEI BY30B K IMPUMEHEHUIO MCKYC-
CTBEHHOTO WHTEJJIEKTa. Pe3yabTaTsl MCCIemOBaHUSI MOTYT CITOCOOCTBOBAThH Oojiee 3(heKTUB-
HOW MHTeTpalli TeXHOJOTMI MCKYCCTBEHHOIO MHTEJUIEKTA B BBICIICE 0Opa3oBaHUE, YUUTHIBAS
TEeKYLIUEe CTAHIAPThI U MOTPEOHOCTH OOPA30BATE/IbHBIX YUPEXKICHUIA.

KioueBbie cioBa: KoapDULIMEHT KOppensiiui, HOMUHAIbHbBIE JaHHbIE, KoadduireHT IOna,
KoabdunueHT [TupcoHa, KOPPENSIIMOHHBIE CBSI3U. UCKYCCTBEHHBIN UHTEJUIEKT, BhICIIEE O0pa-
30BaHUeE, BhICIIIEE YUeOHOE 3aBEAEHUE, CTAHAAPTHI, JOKYMEHTHI, TpeOOBaHUS, 00pa30BaTEIbHbIC
Mpo1lecCchl, MOTUBaLIMOHHOE pacimpenue, ArchiMate, TOGAF
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MCIIOJb30BaHUIO0 MCKYCCTBEHHOTO MHTEJUIEKTa B cepe Briciiero odopasoBaHus // TexHo3KO-
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creativecommons.org/licenses/by-nc/4.0/)

Introduction

In today's world, when artificial intelligence (hereinafter referred to as Al) is revolutioniz-
ing many industries, higher education should also keep up with the change and implement the
potential of Al to improve the educational process and increase the efficiency of administrative
tasks. The possibility of increasing the efficiency of information resources use in an organiza-
tion appears if a unified information space is built and an IT infrastructure is created, based on
modern methods and models of building information systems, data and knowledge exchange
systems and relevant information and communication technologies (Ilyin, Shirokova, 2022).
Education should become multi-format and personalized (Dyatlova, 2023). This can be real-
ized by introducing new information systems into the structure of higher education institutions
(hereinafter referred to as HEI) processes.

The relevance of this research article is as follows. Standards and regulatory documents play
a key role in ensuring the correct and ethical application of Al in any field, including higher
education. Standards establish requirements, constraints and guidelines that help to ensure that
Al technologies are used effectively, safely and for the benefit of all stakeholders. However,
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there is a challenge in that Al standards and regulations can be very numerous, complex and
frequently updated due to the rapid development of Al technologies. This creates challenges for
higher education institutions to understand and comply with all relevant requirements.

Moreover, the goals and needs of HEIs in the context of Al application may differ depending
on the specific institution, educational programs and administrative processes. It is important to
identify the drivers and motivations that encourage HEIs to apply Al, as well as to understand
the constraints and requirements that set standards to ensure successful integration of Al into
the educational environment. The realization of the strategic goals of the enterprise should be
ensured by a flexible and effective management system (Ilin, 2022).

The article aims to help higher education institutions understand the complex landscape of
standards, identify drivers and constraints in the context of Al applications, and ultimately suc-
cessfully integrate Al technologies into educational and administrative processes.

Purpose of the study: systematization of the requirements of domestic standards and other
foreign regulatory documents in the field of application of artificial intelligence technologies in
higher education.

Objectives:

— to analyze the main standardizing domestic standards and foreign regulatory documents in
the field of application of Al technologies in higher education;

— to identify the drivers and goals of higher education institutions in the context of the ap-
plication of Al technologies in educational processes/processes of organization and support of
the educational process, as well as to identify the limitations and requirements of standards and
other regulatory documents in the field of application of Al technologies in higher education;

— to create a model of motivation extension within the TOGAF methodology to systema-
tize the requirements of domestic standards and other foreign regulatory documents in higher
education, as well as to systematize the drivers and motives that encourage HEIs to apply Al
technologies.

Subject of the research: regulating, standardizing, normative and other documentation in
the field of implementation of artificial intelligence technologies in educational processes and
processes of support and organization of educational process in higher education institution.

Object of the research: educational processes and processes of support and organization of
educational process in higher education institution.

Materials and Methods

The following materials and methods were used to fulfil the aim and objectives of this re-
search article:

1. Analyzing standards and regulatory documents.

First, the main domestic standards, such as ‘GOST R 59895-2021° and ‘GOST R 70946-
2023’, as well as foreign regulatory documents, such as guidelines from the UNESCO Institute,
were analyzed.

The general provisions, terminology, functional subsystem of learner performance man-
agement, test methodology and other aspects related to the application of Al technologies in
education were studied.

2. Identification of drivers, goals and constraints of higher education institutions.

For this purpose, research was conducted into the motives that may encourage universities
to apply Al technologies in educational processes.

The goals and drivers in the context of using Al in the organization and support of the
educational process were identified, as well as the limitations and requirements established by
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standards and other documents.

3. Modelling a model of motivation extension within the TOGAF methodology.

To systematize the requirements of standards and other regulatory documents, the modeling
of the motivation extension model was used.

TOGAF methodology was used to organize and classify drivers and motives that stimulate
higher education institutions to use Al technologies.

Thus, the paper used analytical methods to analyze the standards, exploratory methods to
identify the drivers and goals of universities, and modelling within the TOGAF methodology to
systematize the requirements and motivations for the application of Al technologies in higher
education.

Results and Discussion

The introduction of Al technologies into educational processes requires the use of unified
concepts and definitions to ensure a uniform understanding and exchange of information be-
tween specialists in the field. One of the breakthrough technologies in solving automation chal-
lenges is artificial intelligence (Abdukhalilova, 2023). A digital strategy requires IT tools capable
of supporting its development, implementation and evaluation (Maidanova, 2023).

Standard GOST R 59895-2021 <«Artificial Intelligence Technologies in Education. “General
provisions and terminology” is a fundamental standard that defines key terms and concepts in
the field of Al use in education. Thanks to the standardization of terminology, it becomes pos-
sible to effectively implement new technologies, as well as to exchange experience and transfer
knowledge between participants of the educational process.

The document consists of three main sections:

1. “Scope of application”.

2. “Terms and definition”: terms related to artificial intelligence; terms related to the ed-
ucational process; terms related to the use of artificial intelligence technologies in education.

3. “Use of artificial intelligence technologies in education”: computer vision technologies;
technologies of natural language processing, speech recognition and synthesis; technologies of
intellectual decision-making support; promising artificial intelligence technologies; use of the
totality of described artificial intelligence technologies.

The document introduces specialized terms that apply exclusively in the context of the use
of Al in education, which distinguishes it from other standards. While most standards cover
a wide range of applications of Al without reference to a specific subject area or domain, this
document focuses exclusively on the educational domain.

It is worth mentioning important advantages of GOST R 59895-2021 standard, which can
be taken into account when implementing Al technologies in the system of support and organ-
ization of the educational process:

1. Standardization and unification of terminology in the field of application of Al technol-
ogies in higher education helps to ensure a common understanding of Al concepts among all
participants of the educational process.

2. Clarity of terminology provides developers with clear criteria for creating educational Al
systems.

3. The possibility to avoid misunderstandings and legal disputes related to the use of Al
technologies in education.

The digitalization of activities generates an increasing amount of data that requires further
processing. It is data that is at the heart of digital transformation (Morozevich, 2022). In this
regard, it is necessary to have some document prescribing the requirements for testing this data.

The next document for analysis is the standard GOST R 70946-2023 <«Artificial Intelligence
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Technologies in Education. Functional subsystem for managing the progress of students on
bachelor's and specialist's programs. General provisions and test methodology». This standard
defines the general provisions and test methodology of Al technologies used in the management
of learning achievement of students on undergraduate and specialist programs within the frame-
work of the relevant functional subsystem of a higher education institution.

The document is organized into seven main sections:

1. “Scope of application”.

2. “Normative references”.

3. “Terms and definitions”.

4. “General Provisions”. It is important to note that this section states that in order to ensure
confidence in artificial intelligence systems (hereinafter referred to as AIS) used to implement
learning progress management, the test methodology set out in this standard should be applied.
For the realization of other functions arising within the functional subsystem under considera-
tion, the test methodology set out in this standard is also applicable, provided that it is trans-
formed to take into account the peculiarities of the applied Al technologies. In other words, it
means that the test methodology described in this standard can also be applied to other modules
of the system, including those mentioned earlier, but it needs to be adapted to the specific Al
technologies. This means that it is possible to scale and use it not only for testing the module of
learning progress accounting with the help of Al technologies, but also for testing any different
functions of organization and support of the educational process of HEI.

5. “Test Methodology”. It is one of the main sections. This section describes the following
points: who are the participants of the tests, the responsibilities of the customer and the test
laboratory during the tests, the essential conditions of operation, the formation of the test data
set, as well as the formulas for calculating the classification and approximation indicator (the
choice of one of the indicators is set by the customer), which will be subsequently calculated by
the test laboratory and recorded in the test report.

6. “Examples of intelligent systems and tasks for managing the progress of students on bach-
elor's and specialist programs”.

7. “Description of the basic demonstration dataset”.

Let us describe the advantages of using the GOST R 70946-2023 standard when implement-
ing Al technology in the system of support and organization of the educational process:

1. Providing a unified approach to testing of the Al system when implementing it in the pro-
cesses of support and organization of the educational process in the sphere of higher education;

2. Ensuring consistency in the assessment of compliance of the stated requirements to the
system with the actual functions of the system and identification of inconsistencies for their
subsequent elimination.

The economy, which had started to recover, was again caught in the crucible of another cri-
sis - COVID-19 (Vinichenko, 2020). Educational organizations were forced to restructure the
system of personnel training, switch to distance learning and, in general, completely restructure
their business processes in the shortest possible time. In this regard, there was no doubt that
sooner or later higher education institutions would need to integrate artificial intelligence into
their processes.

The use of international standards in the implementation of Al technologies in the system of
support and organization of the educational process in higher education is of great importance.
Al technologies have a serious potential for implementation in the field of science and higher
education and nowadays successful results are already observed in the international practice. For
successful implementation of new technologies, it is necessary to take into account possible and
available international experience (Alexandrov, 2021). Modern education is impossible without
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the use of digital technologies (Kolesnikova, 2021), in particular, without the evaluation and
application of international best practices in the field of implementation of Al technologies in
the educational process.

“Guidance for Generative Al in Education and Research” is a document developed by the
UNESCO Institute to provide guidance on the use of generative Al in education and research.
The document covers issues such as the ethical, social and educational aspects of the use of
generative Al and offers recommendations for its application in teaching and research environ-
ments. It also analyses the existing problems and challenges associated with the use of genera-
tive Al in education and research and suggests ways to address them. In addition, the document
provides recommendations and best practices for integrating generative Al into curricula, re-
search projects and other educational and research activities. The importance of this approach
to organizational development is now understood by almost everyone (Mokaeva, 2021).

The document is organized into six main sections:

1. “What is generative Al and how does it work?”.

2. “Controversies about generative Al and their implications for education”.

3. “Regulating the use of generative Al in education”.

4. “Towards a policy framework for the use of generative Al in education and research”.

5. “Promoting the creative use of generative Al in education and research”.

6. “Generative Al and the future of education and research”.

Al co-operates with humans in various fields of activity, including education (Petrova,
2021). The report of the UNESCO Institute for Information Technologies in Education, re-
veals the main provisions of the application of Al systems in the field of education. The report
focuses on the advances in technology in the educational environment, the capabilities of Al
systems at the moment, as well as some prospects for this technology in the future (Chagilov,
2021). Artificial intelligence is a huge resource that opens up rich opportunities for improving
the educational process (Radugin, 2021).

The document “Guidance for Generative Al in Education and Research” provides valuable
recommendations on the use of generative Al in education and research. These recommenda-
tions may be particularly useful for Russian higher education institutions that are seeking to
introduce Al technologies into the educational process. The main recommendations include
the following:

1. Ethical principles. The UNESCO guidelines emphasize the need for ethical standards in
the use of Al, which helps Russian HEIs to develop and implement Al technologies that respect
the rights and freedoms of students and teachers.

2. Transparency and accountability. The UNESCO guidelines emphasize the need for trans-
parency of algorithms and accountability for their results, which is important for building trust
in Al systems in the academic environment.

3. Quality of education and educational process organization. By providing methodologies
for integrating Al into the educational process, the UNESCO guidelines contribute to improv-
ing the quality of education, allowing students to have a personalized and adaptive learning
experience and university staff to organize their work more efficiently.

In the period of digital transformation, artificial intelligence technologies are being actively
developed and implemented in the processes of various organizations (Blinnikova, 2020). This
trend extends to the educational and administrative processes of higher education institutions.

As a result of the analysis of the selected documents that can help IT specialists in the pos-
sible implementation of artificial intelligence technologies in the system of support and organ-
ization of the educational process in higher education institution, it is possible to compile and
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systematize the main requirements that each of them puts forward:

1. Standard GOST R 59895-2021 “Artificial Intelligence Technologies in Education. Gener-
al provisions and terminology”. The main requirement put forward by the standard: Application
of standardized and unified terminology in the field of implementation of Al technologies in
educational processes/processes of organization and support of educational process in higher
education institution.

2. Standard GOST R 70946-2023 “Artificial Intelligence Technologies in Education. Func-
tional subsystem for managing the progress of students on bachelor's and specialist's programs.
general provisions and test methodology”. The main requirement put forward by the standard:
Application of a unified approach to testing of functional modules of the Al system when it is
implemented in educational processes/processes of organization and support of the educational
process in higher education institution.

3. “Guidance for Generative Al in Education and Research”. The main requirement of the
standard: Compliance with international practices and trends in the field of implementation of
Al technologies in educational processes/processes of organization and support of educational
process in higher education institutions.

Now, with a clear systematized set of document requirements, it seems possible to generate
a motivation extension model within the TOGAF methodology using the ArchiMate modelling
language, which will achieve the following objectives:

— identify the drivers and goals that higher education institutions have in implementing Al
technologies in their processes;

— identify the constraints and requirements that standards and other regulatory documents
impose on the application of Al technologies in higher education.

In the description of enterprise architecture, one of the most popular tools is ArchiMate - a
tool for integrated high-level modelling and analysis of various enterprise domains and de-
pendencies between domains. Within the discipline of Enterprise Architecture, the concept of
motivation extension is used, which is understood as a model of external forces (stakeholders,
drivers of situations, constraints, requirements, assessments) that influence the emerging busi-
ness architecture (Ilyin, Levina, 2019). Motivation extension is an extremely important feature
of ArchiMate because it is an effective tool for describing goals, drivers, interaction principles,
business requirements and business constraints (Voronova, 2021).

Let us describe in more detail each of the components of motivation extension: stakeholders,
drivers, driver evaluations, goals, outcomes, constraints and requirements.

The main stakeholder is the higher education institution. It is also the customer.

Drivers are the main interests of the stakeholder in the system (Mapping methodological
concepts using the ArchiMate language).

Drivers:

1. The need for the HEI's IT infrastructure to keep up with the latest cutting-edge technol-
ogies in higher education.

2. The need to support the competitiveness of HEI IT support in the market of educational
services.

3. Growing volume of information and the need of educational and support staff to quickly
process and analyze it.

Assessment is the result of analyzing the state of affairs in an enterprise in relation to a driver
(Elements of motivation).

Assessments:

1. The existing IT infrastructure of the HEI does not meet the latest advanced technologies
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in higher education.

2. Low competitiveness of HEI on the market of educational services.

3. Low current speed of analyzing and processing information by the teaching and support
staff.

A goal is a high-level statement about the intentions, direction of development, or desired
end state of an organization and its stakeholders (ArchiMate 3.1 Specification).

Goals:

1. Update and modernize IT infrastructure, implement new technologies and IT solutions.

2. High competitiveness in the market of educational services due to effective IT support of
the educational process.

3. Development of IT infrastructure to ensure high speed and efficiency of information pro-
cessing.

The overall goal is «Introduction of Al technologies into educational processes/system of
support and organization of educational process in HEI».

An outcome is a desired or achieved result that affects the motivation of stakeholders and
determines the strategic goals of the organization (ArchiMate. Motivation Layer).

Outcome:

1. Improving the efficiency of the educational process and formation of the modern image
of the HEI.

2. Increasing the attractiveness of HEI for future and current students and potential partners.

3. Improving the efficiency of decision-making processes of the teaching and support staff
and responsiveness to students' requests.

Constraints:

1. Standard GOST R 59895-2021 «Al technologies in education. General provisions and
terminology».

2. Standard GOST R 70946-2023 «Al Technologies in Education. Functional subsystem for
managing the progress of students in undergraduate and specialist programs. General provisions
and test methodology».

3. Guidance for Generative Al in Education and Research.

Requirements:

1. Application of standardized and unified terminology in the field of implementation of
Al technologies in educational processes/processes of organization and support of educational
process in higher education institution.

2. Applying a unified approach to testing the functional modules of the Al system during its
implementation in educational processes/processes of organization and support of educational
process in higher education institution.

3. Compliance with international practices and trends in the field of implementation of Al
technologies in educational processes/processes of organization and support of educational
process in higher education institution.

The model of motivation extension for higher education institutions when introducing arti-
ficial intelligence technologies in educational processes and processes of support and organiza-
tion of educational process in higher education institution is presented in figure 1.
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Fig. 1. Model of motivation extension for higher education institutions when introducing artificial intelligence
technologies in educational processes and processes of support and organization of the educational process

The proposed model of motivation extension will allow further qualitative modelling of the
model of the current state of the organization ‘AS-1S’, identify bottlenecks in the work of the
organization and model the model of the target state of the organization ‘TO-BE’, which, ul-
timately, will help IT specialists in understanding the complex landscape of processes of higher
education institutions and will contribute to the successful integration of artificial intelligence
technologies into the educational and administrative processes of higher education institutions.

Conclusion

In conclusion, it should be noted that the systematization of the requirements of standards
and other regulatory documents in the field of application of Al technologies in higher educa-
tion is an important and urgent task. Proper and effective application of Al technologies in the
educational process can bring significant benefits and improve the quality of higher education.

In the course of this study, the main standardizing domestic standards and foreign regulatory
documents concerning the application of Al technologies in higher education have been ana-
lyzed, namely the standard GOST R 59895-2021 <«Artificial Intelligence Technologies in Edu-
cation. General provisions and terminology», standard GOST R 70946-2023 <«Artificial Intelli-
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gence Technologies in Education. Functional subsystem for managing the progress of students
on bachelor's and specialist's programs. general provisions and test methodology», the guide-
lines from the UNESCO Institute «Guidance for generative Al in education and research». This
made it possible to identify general trends, requirements and limitations that should be taken
into account by higher education institutions when implementing Al technologies.

One of the key aspects of the study was to identify the drivers and goals of higher education
institutions in the context of the application of Al in educational processes and their relation-
ship to the requirements of standards. It was found that HEIs are interested in using Al to
improve the quality of education, personalize learning, increase the efficiency of administrative
tasks and many other goals. These drivers and goals play an important role in motivating HEIs
to implement Al technologies.

In addition, a motivation extension model within the TOGAF methodology was modelled
using the ArchiMate modelling language to systematize the requirements of standards and other
regulatory documents and visualize the link between them and the drivers and goals of higher
education institutions when implementing Al technologies. This model provides a structured
approach to understanding and complying with the requirements of the standards, ensuring
successful integration of Al into educational processes and processes of organization and sup-
port of the educational process. The result of the formation of a motivation extension to update
and modernize the IT infrastructure, increase competitiveness through effective 1T support of
the learning process and develop the speed and efficiency of information processing can be the
transformation of a higher education institution into a modern educational institution with an
attractive offer for students and partners.
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Introduction

In an evolving marketplace, businesses in the hospitality industry need to focus on informa-
tion systems in order to remain competitive. The key technologies that are most prevalent at
the moment are discussed below.

Smart rooms represent a fundamental advancement in the solutions used by hotels to meet
the needs of their guests. These technologically advanced rooms use IoT (Internet of Things)
to create an immersive and personalized customer experience. Equipped with built-in smart
sensors and devices, these rooms allow guests to control various aspects of the environment,
including lighting, air temperature and more, from a central control unit. The smart room can
function with the help of a tablet tethered to the system or a voice assistant. Innovations were
also reflected in the way the rooms are opened. In most hotels, traditional keys have given
way to electronic cards, simplifying the process of opening a room. These cards, equipped with
RFID or NFC technology, allow guests to access their rooms with a simple touch.

In addition, it is worth mentioning biometric technologies such as facial recognition and
fingerprint scanning. These are being incorporated into hotel systems to open a room without
the need for handy tools, which is certainly a convenient solution, so that a guest can leave the
room without having to take a key or access card with them. Despite concerns about privacy
and data security, hotels that implement biometric technology often prioritize transparency and
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compliance to ensure guest trust and loyalty.

Interactive maps have also become an indispensable tool for guests to comfortably navigate
areas of modern hotel complexes. Integrating augmented reality (AR) technology and the use
of geolocation, these maps offer guests a dynamic and interactive way to explore hotel facili-
ties, amenities and nearby attractions. Guests can use their smartphones or in-room tablets to
access interactive maps that provide all the information they need in real time. This solution
helps to increase self-management of vacations, which is increasingly valued by guests (Types
of interactive maps, 2024).

The emergence of virtual concierge services, in turn, has completely changed the concept of
providing support during a hotel stay. Chatbots, accessible via mobile apps or in-room devices,
instantly respond to guest queries, provide various recommendations on request, and facilitate
the booking of additional services.

Not to be overlooked are another IoT devices, such as smartwatches and wristbands, which
have also found their way into the hospitality industry to enhance guest convenience. They can
perform a number of functions at the same time and serve as electronic room keys, allowing
guests unhindered access to rooms and other secured areas.

Some forward-thinking hotels are already implementing robotics to enhance the guest expe-
rience. Robots equipped with artificial intelligence can perform routine tasks such as delivering
food to the room, assisting with quick check-in and check-out of guests, and booking services.

Having reviewed the existing methods used for consumer interaction with various systems, it
is worth noting that the hospitality industry will undoubtedly master more innovative and ex-
citing technologies as they emerge. It is important to emphasize that in order to be successful,
collective accommodation facilities must remain flexible, regularly introducing new solutions
that meet the preferences of modern travelers and contribute to not only a comfortable but also
memorable stay for guests.

Materials and Methods

The research adopts a mixed-methods approach, blending qualitative and quantitative data
to comprehensively analyze the effects of implementation of interactive information systems in
hospitality industry. Central to the study is an extensive literature review, encompassing aca-
demic papers, government reports, and industry analyses, to understand the current dynamics
of hospitality. Quantitative data collection focuses on key results related to the implementation
of information technologies in hospitality industry

A descriptive analysis method is employed to present a clear picture of current hospitality
landscape, highlighting its reliance on information technologies. The study also incorporates
case studies of successful projects providing practical examples of theoretical strategies in action.

Results and Discussion

An interactive map is a digital mapping tool that allows users to actively engage and inter-
act with geographic information in real time. Unlike static maps, interactive maps allow for
dynamic exploration, customization, and integration of different data layers, providing a more
immersive and personalized spatial experience. In addition to the information conveyed to users
through traditional map exploration, interactive maps contain hidden data that becomes avail-
able through certain user actions, such as hovering over an object.

An interactive map can also significantly improve the efficiency of resort management by
employees. Decision-making based on data obtained from the program can optimize the man-
agement of resources and operational processes in the resort complex. The key technologies and
functionalities of interaction of the interactive map with other services of the hotel enterprise
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aimed at guests are presented in Table 1.

Table 1. Functionality of the interactive map aimed at guests

Function

Description

Geo-spatial view

A visual representation of the hotel grounds, including
buildings, room locations and outdoor spaces;
Interactive zooming and panning features that allow users
to explore various hotel facilities in more detail.

Points of interest (POI)

Identification and highlighting of key points of interest within the hotel,
such as restaurants, lounge areas, fitness centers and meeting rooms;
Clickable icons or labels that provide additional
information about each point of interest.

Information on rooms

Integration with the hotel's reservation system, allowing guests to
view each individual room and its location in the building, check
availability, view rates and make reservations (seamless transition
between the interactive map and the reservation process);
Real-time updates on room availability.

Navigation and
route finding

Step-by-step instructions and a standard set of several itinerary options
for first familiarization with the area will help guests spend their
time productively and get from one place to another with ease.

Information on events
and activities

Map display of scheduled events, conferences and
activities taking place at the hotel with location;
Integration with event calendars and promotion of events within the hotel.

Guest-oriented offers

Integration of an Al questionnaire that provides an opportunity for
guests to customize their vacation by indicating preferences for amenities
and services of interest, which will subsequently be highlighted on a
map and a personalized route will be generated to reach them.

Booking

Integrating service reservations directly through the interactive
map, this could represent a reservation for a table in a hotel
complex restaurant, spa services, tennis court and so on.

Local attractions and
places of interest

Some interactive maps go beyond the hotel and show nearby
attractions, restaurants, shopping centers and other points of
interest, so integration with external data sources allows guests to
get comprehensive information about the surrounding area.

Based on this table, it can be seen that interactive maps interacting with hospitality business-
es provide a variety of functionality to improve the customer experience.
The key technologies and functionalities aimed at hospitality enterprise employees are sum-

marized in Table 2.
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Table 2. Interactive map functionality aimed at employees

Function

Description

Operational efficiency:

Staff guiding

Interactive maps help staff as well as guests to navigate the
hotel territory, especially in large properties. This is especially
valuable for new employees during the adaptation process.

Facility Management:

Maintenance
and cleaning

Interactive maps can be integrated with maintenance and cleaning
systems to help staff identify areas that need attention. This
contributes to faster response times and quality service

Event planning and
organization:
Conferences and
banquet services

At hotels with event services, interactive maps can help event organizers coordinate
logistics, organize exhibits, and manage conferences or banquets more visually

Resource allocation:
Staft deployment

By integrating visualization of occupancy and demand in different areas
of the hotel, management can optimize staff performance, ensuring that
staff are allocated where they are most needed at any given time

Emergency planning:
Evacuation routes

In the event of an emergency, employees can use interactive maps to
access predetermined evacuation routes and emergency assembly points,
ensuring a quick and organized response to critical situations

Improved
communication:
Interaction between
departments

Interactive maps can serve as a centralized platform for interdepartmental
communication, facilitating collaboration and information
sharing between different departments within the hotel

Data-driven
decision making:
Feedback analytics

Data from guest interactions with interactive maps (namely integrated feedback
on the points and services marked on the map) can be analyzed to identify
areas for improvement, allowing the hospitality company to improve itself

Based on this table, it can be noted that collective accommodation facilities can derive many
benefits from the implementation of interactive maps, in addition to the convenience for guests.
These benefits extend to internal operations and, consequently, the efficiency of the organiza-
tion's management. It is important to note that interactive maps also include the ability to in-
tegrate processes to organize work activities. In this way, hospitality businesses using electronic
maps for personal purposes can optimize their internal processes, improve communication be-
tween departments and, as a result, improve overall productivity and management performance
(Cooper, 2021).

For the purpose of this study, the Park Hotel Lazurniy Bereg was selected as the case study.
It is a four-star resort complex located in the suburban village of Dzhemete, in the resort area
of Pionersky Avenue, in the north of Anapa.

The Lazurniy Bereg resort complex features a small number of technological solutions aimed
at consumer interaction, including electronic cards for opening a room, smart watches for en-
tering the gym and spa area, and a "smart room" system for higher room categories.

In addition, for the convenience of the guests of the resort complex they have introduced a
technological solution in the form of smart bracelets, which provide access to such free areas of
the hotel as a gym and spa zone, as well as work as a "payment meter” for the tennis court and
air hockey, which records the time of entry and exit from the territory of the service and allows
guests to comfortably spend their leisure time and pay afterwards at any convenient time.

Moreover, in the nearest future the hotel company is going to introduce the bracelet payment
system also in the bar areas by the pool and the sea on the territory of the resort complex "Azure
Coast", so that the guests are not forced to carry valuable things with them and can enjoy their
vacation feeling that the hotel cares about the personal belongings of the clients and their safety.

These bracelets are integrated with the access and identification system using IoT (Internet of
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Things) technology, which allows guests to freely use the amenities of the resort complex with-
out having to carry additional items, which is often inconvenient. As the statistics of reviews
on various booking sites show, this innovative approach is very much appreciated among guests
and is often noted in customer feedback.

It should also be noted that for guests choosing higher category suites, the Azure Beach
resort complex offers a unique "smart room" system, which includes not a wide but sufficient
range of features, including automated control of lighting and temperature in the room, as well
as audio system. This is controlled via a tablet that each top-tier room has, which is a practical
solution and does not require guests to install a separate app on their smartphone.

Nevertheless, despite the sufficient number of successfully functioning technologies of in-
teraction with the consumer in the hotel "Lazurniy Bereg", in the reviews on various booking
platforms in the feedback section there is a pattern of frequent complaints about the complex
infrastructure of the resort complex, the lack of signs on the territory of the hotel and the gen-
eral layout of facilities.

Taking into consideration the shortcomings observed, which undoubtedly affect the overall
impression of guests from their vacation at Azure Coast Hotel, it is recommended to implement
an interactive map to improve the experience of guests and facilitate their orientation in the
complex. Such an innovative solution contributes to providing visitors with more convenient
access to information about the various places provided for recreation and leisure activities,
presenting a detailed layout of the location of facilities and travel routes.

The interactive map, available in one of the options: in electronic format via a mobile ap-
plication, on the hotel website or on the installed information stands in the main points of the
resort complex, will allow guests to easily find the objects of interest, and not only to familiarize
themselves with the services and entertainment offered, but also to book them. This approach
will significantly reduce the time of searching for a place of interest, thus reducing the number
of complaints about the complex infrastructure of the large territory of the Park-Hotel "Azure
Coast" and increasing the overall satisfaction of guests.

The introduction of the interactive map also helps to increase the attractiveness of the resort
complex for potential visitors, allowing them to plan their stay more efficiently and feel com-
fortable during their stay. This innovative approach to providing convenience and information
to guests is in line with modern requirements for service in the hotel business and contributes
to improving the reputation and competitiveness of "Lazurniy Bereg" in the market of resort
services.

To ensure the smooth operation of all the above innovation solutions it is necessary to un-
derstand the positive and negative sides of each technology used in the hotel in order to identify
in advance both the threats and in general the necessity of functioning of this or that system
both for consumers and for the enterprise.

Table 3. Evaluation of information technologies of interaction with
the consumer in the resort complex "Lazurniy Bereg"

Advantages | Disadvantages

Implemented technologies

Electronic card

Ability to control access and set time limits Dependence on power supply

Increased security Problems with card demagnetization

Not all guests may be familiar with

An attractive element of modern guest service . .
the use of electronic devices

Easy to make additional copies for one room
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Advantages Disadvantages

Smart bracelet

Can be integrated with other hotel systems Technological disruptions
Ability to customize access depending on A lost or stolen smart wristband can
the individual preferences of the guest lead to guest billing issues

The ability to track entry and exit from the

No need to carry extra things with you on vacation . .
property may raise privacy concerns for guests

Ability to track who entered or left
the territory and at what time

Smart room

Allowing guests to customize their in-room Continuous updating of software and
environment to suit their preferences replacement of obsolete equipment
The use of room control technology gives Hotel staff should be trained to maintain and
the hotel a modern and innovative look solve possible problems with the use of tablets

Software failures that cause malfunctions

Increases demand for upgraded rooms .
in smart number management

Can be integrated with other hotel systems

Planned technologies

Interactive map

Increasing the convenience for guests to find the Requires regular updates and technical support for
location of facilities and services in the hotel up-to-date information and correct operation

Improved visualization of the hotel

infrastructure to guests Difficulty in use by guests unfamiliar with technology

Ability to personalize information for each guest

based on their preferences and requests Risk of technical failures in the system

Ability to integrate with other hotel systems

Based on this table, we can conclude that the main negative factors of using these inno-
vative solutions are the risk of technical failures in the system and the need for their constant
updating and monitoring of their work for timely troubleshooting. Also among the minuses can
be seen "human factor" - not all guests may have an understanding and mastery of modern
technologies, which will make it difficult for them to use the above systems. It is worth noting
that these threats can be circumvented by allocating a separate position to constantly monitor
the operation of these devices to prevent possible problems before they occur. Staff should also
be trained on the basics of interacting with innovative devices so that they can provide further
instruction to guests who need it.

Nevertheless, it is also worth noting the number of positives, which include the ability to
integrate each device with other hotel systems, making their use even more convenient and
justifiable for a business to utilize. Also, undoubtedly, each of the technologies gives the hotel
a modern look and increases its competitiveness. It is impossible not to mention the fact that
the decision to implement a smart room system increases the demand for the "luxury” category,
which brings more profit to the resort complex due to a competent approach to modernization
of rooms of high categories.

The introduction of an interactive map in the Lazurniy Bereg plays an important role in the
endeavor to provide a comfortable and informative stay for every visitor. Thus, the right choice
of how to provide maps becomes a key factor in meeting the needs and expectations of guests.

As it was established earlier, the use of interactive maps as a means of navigation and in-
formation provision for guests of the resort complex leads to increased convenience in plan-
ning leisure activities on the territory of the hotel, as well as optimization of time resources
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of visitors. Therefore, the main emphasis should be made on this factor when determining the

methodology.

Resort hotel complexes can provide their guests with interactive maps in various ways, de-
pending on the technological capabilities and needs of customers. Undoubtedly, at the present
stage the most effective way is a mobile application. Creating a special mobile application of the
resort complex, in which guests can access an interactive map, as well as book some services.
The application can be available for download on smartphones and tablets.

The initial stage is the classification of requirements, which allows structuring information,
prioritizing and dividing requirements into main categories, which provides a more efficient
development process and also contributes to meeting the users' need in the best possible way
(Voronova, 2020; Klimova, 2022).

Table 4. Requirements for a mobile application with an interactive map of a resort complex

Type of
requirements

Detailed requirements

Business
requirements

— Increasing the attractiveness of the resort complex for potential clients
— Increasing the competitiveness of the complex on the market

— Improving guest service and customer satisfaction

— Efficient use of company resources to maximize profits

User
requirements

— Ability to view an interactive map of the resort complex with the display of objects (cot-
tages and buildings, restaurants, swimming pools, sports grounds, etc.).

— Ability to search for and create routes to specified points

— Access to information about current events and activities on the territory of the complex
— Ability to book services and activities through the application

— Notification system about important events and offers at the resort

— Personal user account to manage reservations and view booking history, as well as to create
individual vacation offers

— Intuitive and simple interface for easy use even by inexperienced users

System
requirements

— The application must be available for installation and use on mobile devices running iOS
and Android operating systems

— The system should support working on different screen resolutions of devices

— Optimized use of resources (memory, processor) to reduce the load on devices and extend
battery life

— Secure and reliable methods of storing data on the server

— Backup and restore data to prevent data loss

— Interaction with services (service booking system)

— Integration with geolocation services to determine the user's location and display it on the
map of the resort complex

Functional
requirements

— User registration and authentication

— Personal cabinet with the ability to view booking history, edit profile and notification
settings

— Display of an interactive map of the resort complex with markup of objects

— Possibility to zoom in and zoom out the map

— Search for objects on the map by name or category

— Plotting an optimal route from the user's current location to a selected point on the map
— Information about each object on the map (name, description, contact information, work-
ing hours)

— Functionality of booking various services (restaurant tables, SPA procedures, sports
grounds, etc.) through the application

— Booking confirmation with notifications sent to the user

— Notification system about important events on the territory of the complex
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— Convenience and ease of interaction with the interface, attractive and functional design
Non-functional | — Reliability and guarantee of long-term operation without malfunctions

requirements | — Optimal performance even with a large number of simultaneous users
— Ability to remain productive after changes in system size and volume

— The application should have up-to-date and accurate map data of the resort complex

— Ensured that resort data is updated and updated in real time

— Accessibility for users with limited skills in using mobile applications is ensured and various
instructions for use are prescribed

— Ability to choose the language of the application interface for the convenience of users
from different countries and regions

— Provision of information in a language understandable to the target audience (Russian and
English)

— The application should load quickly, response time to user requests should be minimized

— Optimize the use of device resources to reduce power consumption and data traffic
Product — Intuitive interface with easy access to the main functions of the application

requirements | — Easy navigation through maps and resort facilities

— Accessibility for users with different skill levels

— Minimize the likelihood of glitches and errors when using all app features

Requirements
of the subject
area

— Compliance with all company policies related to software development and data protection
— Implementing security and privacy measures in accordance with company requirements
— Regular monitoring of application performance, timely updates and support

Organizational
requirements

— Preliminary development of test scenarios to verify the operation of the application

— Provide for the possibility of integration with the reservation systems of the resort complex
— Define data exchange standards and protocols for integration with existing company sys-
tems

— Conduct integration testing with existing systems to verify data exchange

Integration
requirements

This structuring is an important element in the further development of the mobile appli-
cation and contributes to the competent modeling of the system taking into account all the
identified and considered requirements.

Let's consider the functionality of each of the services in Table 5 to study the necessity of
API application in detail.

Table 5. Main functions of API services for a mobile application with an interactive map

Service Areas of responsibility Main fuctions

Responsible for providing information
about the current geographical
position of the user or object
based on GPS coordinates

Determination of geographical position
by IP address, monitoring and tracking
of object movement in real time

Geo-location service

Map display in various modes (satellite

Mapping and geo- Responsible for providing images, topographic maps, etc.),
data service cartographic data conversion of addresses or place names
to geographic coordinates and vice versa
Responsible for providing the ability Search on the map by various criteria
Object search service to search for various objects and such as names, categories, addresses,
locations on the interactive map etc., filtering search results
Determining the fastest and most
. . Responsible for building optimal optimal path between two or more points
Routing service . . o
routes between given points on the map, providing several route

options for the user to choose from
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Service Areas of responsibility Main fuctions
Providing functionality for users to
. Responsible for managing and book various services, displaying free
Reservation

management service

coordinating the booking process for
various services through the mobile app

windows for specific dates and times,
the ability to view, edit and cancel
existing reservations by the user

User data analysis
service

Responsible for processing and
analyzing users' personal data obtained
from questionnaires to provide
personalized recommendations

Analyzing user responses when filling out
a preference questionnaire, classifying
users by specific interests, providing
users with individual recommendations

User behavior
analysis service

Responsible for collecting and analyzing
data about user actions in the application

Determining the category of the most
frequently requested objects when
searching on the map in the application,

generating reports and statistics on
user behavior in the application

Responsible for organizing and sending
notifications to mobile app users based
on various news events and other
conditions related to the interactive map

Service for sending
notifications

Scheduling and sending notifications
to inform about important events

Caching map data on the device
for access without a network
connection, building routes between
points on saved maps that do not
require an Internet connection

Responsible for storing and
managing geographic data to enable
offline navigation capabilities

Local geo-data
storage service

Responsible for automatically updating
local data from the server when an
Internet connection is available

Providing the latest downloaded
maps and routes for quick access
when the internet is not available

Data synchronization
service

Thus, based on this table we can see that each API service fulfills an important role in the
aggregate representing a powerful tool for navigation and interaction with geographical infor-
mation for users of the mobile application.

Realization of the project on implementation of mobile application with interactive map, as
well as any innovation, requires detailed financial planning. Calculating the costs of implement-
ing and operating an interactive map allows you to determine the effectiveness of investment,
anticipate potential risks, and develop a strategy to maximize the return on investment.

Let's start with a detailed analysis of the one-time costs required to develop and implement
the interactive map. This stage represents a key moment in the project realization process. The
following specialists will be involved in the development of the mobile application:

1. Project Manager - responsible for planning, control and coordination of the team's work,
management of resources and project timelines;

2. UI/UX designer - develops user interface design and determines how users will interact
with the map;

3. Frontend developer - creates the client side of the application, where the interactive map
will be displayed. 4. Backend developer - creates the client side of the application, where the
interactive map will be displayed;

4. Backend developer - develops the server part of the application, which provides processing
and storage of data required for the map operation;

5. Tester (QA engineer) - tests the application for errors and faults, as well as checks the
correctness of the interactive map.

Thus, based on the data on the current situation in the labor market and average salaries,
let's calculate the approximate salary for specialists in Table 6.
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Table 6. One-time salary costs for specialists

Development of the application
Position Amount per month (rubles) Amount per 7 months (rubles)
Project manager 90 000 90 000 * 7 = 630 000
UI/UX designer 80 000 80 000 * 4 = 320 000
Frontend-developer 90 000 90 000 * 6 = 540 000
Backend-developer 95 000 95 000 * 6 = 570 000
Tester (QA engineer) 60 000 60 000 * 1 = 60 000
Total 415 000 2 120 000

Based on this table, it can be noted that the total salary for all the listed specialists will
amount to 2,120,000 rubles for 7 months. It is important to emphasize that each of the pre-
sented specialists will work a certain amount of time necessary to perform their main task. For
example, the project manager is needed at all stages of development, the designer - only the first
4 months, frontend-developer and backend-developer all the time, except for the first month
from the beginning of the project, the tester is needed only at the final stage and will perform
his duties 1 final month.

Buying a server for a mobile app plays a key role in ensuring its stable and reliable operation,
so it is more preferable than renting hosting. To summarize, it serves to store and manage data,
so the mobile app can update, sync data across devices, and provide personalized content to
users. Let's look at the data in Table 7.

Table 7. One-time server purchase costs

Server
Type Amount at purchase (rubles)
Server (Datadase) 110 000
Linux (operating system license) 0
Total 110 000

Based on the data in the table, it is important to emphasize that Linux was chosen as the
operating system for the server, which is a free solution. Thus, the total costs will amount to
110,000 rubles, which will be allocated solely for the purchase of server equipment.

The next one-time cost is the placement of the mobile application on a platform that allows
users to download it. The data is shown in Table 8.

Table 8. One-time costs of placing the mobile application on the platform

Placement on the platform
Platform Amount at placement (rubles)
Play Market 2 300 (25%) singular pay at registration
App Store 9 500 ($99) at registration and every year
Total 11 800

44




4 -

Based on the figures in the table, the total cost of registering a mobile application on the
two main platforms will be 11,800 rubles. In aggregate, the cost is quite low due to the fact that
the developed mobile application will be provided to users free of charge, so the platforms will
not charge an additional commission on top of the main fee. However, unlike the Play Market,
placement in the App Store requires not only payment when registering the application, but
also each subsequent year, which will be further reflected in the table with the current costs.

Thus, it is possible to calculate the total cost of developing an application with an interactive
map:

2 120 000 + 110 000 + 11 800 = 2 241 800 rub. (1)

It is worth noting that the main share of costs is the salary of specialists, whose professional-
ism is critical for the development of a high-quality interactive system, so it is not recommend-
ed to save money at this stage.

Next, let's move on to the consideration of current costs required to maintain stable and
uninterrupted operation of the mobile application, we will also start with the consideration of
specialists.

The following specialists are needed in maintaining the functioning of the application with
an interactive map:

1. Information Engineer - responsible for setting up and monitoring the infrastructure, in-
cluding server provisioning (server maintenance) and application upgrades;

2. System administrator - provides information security support and protection of local net-
works and infrastructure, is responsible for creating database backups and preparing for possible
failures, eliminates current failures;

3. Data Analyst - collects and analyzes data on the application usage by users to identify
possible problems and improve its functionality.

Thus, also based on the available information on the average salary of these specialists, let
us calculate their salary for the year in Table 9.

Table 9. Current expenditures on salaries of specialists

Application maintenance
Position Amount per month (rubles) Amount per year (rubles)
Information engineer 65 000 65 000 * 12 = 780 000
System administrator 65 000 65 000 * 12 = 780 000
Data analyst 60 000 60 000 * 12 = 720 000
Total 190 000 2 280 000

Based on the data in the table, we can see that the total amount for employee salaries is
190,000 rubles per month and 2,280,000 rubles per year.

Further in Table 10 we will consider the current costs of the platforms through which users
have access to download the application.

Table 10. Current costs of hosting a mobile application on a platform

Placement on the platform
Platform Amount per year (rubles)
Play Market -
App Store 9 500
Total 9 500
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As mentioned earlier, placement in the Play Market is paid for once when registering a mo-
bile app, while the recurring cost in the App Store is 9,500 rubles per year.

In order for the application to function, it is also worth considering the need for API ser-
vices, which are required to interact with various external resources and systems. These services
provide access to external databases, geolocation services, and other functional components,
extending the capabilities of the application and thus enriching its functionality. Consider the
data in Table 11.

Table 11. Current costs for API services licenses

API license
Type Amount per year (rubbles)
Yandex MapKit SDK 150 000
SmartGeo 80 000
Yandex Maps Geocoder 150 000
Nexign API Gateway 150 000
AppMetrica.Yandex 0
Ngrow 0
Gravitec REST API 0
Yandex DataSync API 0
Total 530 000

Based on this table, we can point out that exactly half of the selected API services provide
their services for free, which is undoubtedly a significant advantage. Thus, the total amount for
a license is 530,000 rubles per year.

To summarize, let's calculate all the current costs for one year:

2 280 000 + 9 500 + 2 819 500 rub. (2)

It is important to note that this amount is acceptable for the hotel enterprise "Lazurniy
Bereg" and will ensure the quality functioning of the application and a high level of service for
guests.

Conclusion

The key objective of each collective accommodation facility is to maintain the reputation of
the organization and distinguish it in the hotel market. To achieve this result requires continu-
ous improvement of service, as well as careful control by the management.

Social positive factors from the implementation of the interactive map are present for both
top managers and customers. The area of interest of the enterprise includes such aspects as a
significant increase in the competitiveness of the enterprise, as well as increasing the level of
loyalty of visitors. In addition, the interactive map helps to stimulate the interest of guests to
explore various facilities and amenities at the resort, which indirectly affects the increase in
hotel revenue from the sale of additional services (visiting restaurants, spa services, paid sports
grounds). It is also necessary to note the factor of optimization of staff workload by reducing
the number of requests to the staff from guests about routes and locations on the territory of
the complex.

The social factors for the consumer are increased satisfaction with the accommodation, as
well as an improved overall experience of participation and involvement in the life of the resort,
which guarantees a more interesting pastime. In addition, it is important to emphasize that the
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implementation of an interactive map has a significant impact on reducing the level of stress
and uncertainty when visiting an unfamiliar resort, as well as contributing to the reduction of
time spent searching for facilities at the resort and, consequently, frustration due to problems
with orientation in a large area. Not to be overlooked, this project contributes significantly to
increasing the sense of a unique and personalized experience for each visitor.

To summarize, the implementation of a mobile application with an interactive map in the
Lazurniy Bereg provides both social and economic justification. Undoubtedly, this project has
the potential to significantly increase the competitiveness of the company in the hotel market,
creating a positive image as an innovative and modern place for recreation with a high-tech
level of service.
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on its abilities to enhance efficiency, productivity and sustainability. It seeks to answer the
question: How does technology empower farmers and what influences their uptake of these
innovations? The assessment analyzes various IT uses in agriculture that include precision
farming, sensor networks, agricultural robotics, data analytics and mobile applications. The
research emphasizes the usefulness of these technologies for efficient resource allocation; waste
reduction; increase crop production; better disease management and facilitated market access.
Additionally, it explores some factors that may hinder or facilitate ICT adoption in agriculture
such as access to technology, digital literacy levels, affordability of terms among others
mentioned here. Finally, key strategies are identified that promote broad based technology
adoption stressing the importance of collaboration among farmers, policy makers as well as
technology developers and research institutions. This all-inclusive analysis is aimed at providing
valuable insights to stakeholders engaged with agricultural development by drawing attention to
how information technology has the potential for transformative change in agriculture leading
to improved farm incomes and fostering sustainable agricultural practices.
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Annoramus. B cratee paccMarpuBaeTcsl posib MH(POPMAIIMOHHBIX TEXHOJIOTUA B COBPEMEH-
HOM CeJIbCKOM X03s1iicTBe. Oco00e BHMMAHME YICISECTCS MX CIIOCOOHOCTH MOBHIIIATH 3(Pdek-
TUBHOCTb, IIPOM3BOAUTENIBHOCTh M YCTOMYMBOCTb. lleiblo TAaHHOIO MCCIEOOBAHMS SIBIISICTCS
OTBET HA BOIPOC: KAaK TEXHOJOTUM PACIIMPSIOT BO3MOXHOCTH (PepMepoB, U UYTO BJIMSIET Ha
BHEIpEHWE 3TUX MHHOBalMii? B cTarbe aHaNU3MPYIOTCS pa3jidyHble BapMaHThI MCITOJIb30Ba-
Hus UT B cenbCKOM XO3SIHCTBE, BKIIIOYAsl TOYHOE 3eMIIIe/INe, CEHCOPHBIE CETH, CETbCKOXO-
3IICTBEHHYIO POOOTOTEXHMKY, aHAJIN3 JAaHHBIX M MOOWIbHBIC TIpUIOXKeHMsI. B mcciaenoBaHmu
IMOMYEPKUBACTCS TOJIC3HOCTh 3TUX TEXHOJIOTUI M 3(h(EKTUBHOTO PaCIIpeAeICHUSI PeCypPCOB;
YMEHBIICHHUSI OTXOIOB; YBEJIMYEHUSI YPOXKANHOCTU CEJIbCKOXO3SICTBEHHBIX KYJIbTYD; VJIy4llle-
HUSI OOpBOBI C OOJNIE3HSIMU U ODOJIeTYeHUsI AOCTyNa K pbhIHKY. KpoMe TOoro, B HEM MCCIenyloTCs
HEKOTOpbIe (DaKTOPHI, KOTOPbIE MOTYT IPEISITCTBOBATh MJIM CIIOCOOCTBOBaTh BHeapeHuio MKT
B CEJIbCKOM XO3gMCTBE, TaKMe KaK HOCTYIT K TeXHOJOTHSIM, YPOBEHb ITM(MPOBOI TPaMOTHOCTH,
JIOCTYITHOCTh W 1p. HakoHell, B pe3yibTare MPOBENSHHOTO MCCIENOBAaHUS OBUIM OIpeAesieHbBI
KJTIOUCBBIC CTPATETMH, KOTOPHIC CITOCOOCTBYIOT IIIMPOKOMY BHEAPECHUIO TEXHOJIOTHH, MOmUIEpP-
KUBasl BaXXHOCTh COTPYIHMYECTBA MeXIy (pepMepaMu, MOJIUTUKAMH, a TAKXKe pa3paboOTYMKAMU
TEXHOJIOTUI YU UCCIIEIOBAaTeIbCKMMU MHCTUTYTaMK. KOMILUIEKCHBII aHaIu3 HaIllpaBjIeH Ha IIpe-
JIOCTaBJICHUE IICHHOM MHMOpMaLMU 3aMHTePECOBaHHBIM CTOPOHAM, YYaCTBYIOIIMM B Pa3BUTUU
CEJIbCKOTO XO3S1CTBa, MyTeM IPUBJICUCHUST BHUMAaHUs K TOMY, KaK MH(GOPMaIlMOHHBIE TEXHO-
JIOTUA MOTYT TIPUBECTH K TpaHC(HOPMAIIMOHHBEIM M3MEHEHUSIM B CEJIBCKOM XO3SICTBE, BEIy-
VM K YBEJTMUICHUIO JOXOI0B (DEpMEPOB M PA3BUTHIO YCTONIMBBIX METOIOB BeICHUS CEITHCKOTO
XO3SIACTBA.

KioueBbie clioBa: CeIbCKOE XO35MCTBO, MHMOPMALIMOHHBIE 1 KOMMYHMKAIIMOHHBIE TEXHO-
smoruu (MKT), perHok, MaTepHeT Bemeit (I0T), poboToTexHNKa, TUCTAHIIMOHHOE 30HINPOBA-
HUE, TOBBIIeHHAas 3¢ ()EKTUBHOCTD

Jng murupoBanus: Yunroso K. OneHka ucnoib30BaHUS UHOOPMALIMOHHBIX TEXHOJIOTUI B
cenbckoM xossiictBe // TexHoskoHomuka. 2024. T. 3, Ne 2 (9). C. 50—61. DOI: https://doi.
org/10.57809/2024.3.2.9.4

DTO cTaThsl OTKPHITOTO AOCTYIa, pacipoctpaHsaeMas o JuueH3uu CC BY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

There are multitudinous delicate problems in ultramodern farming. Our earth's evolving re-
quirements, as well as those of regulators, customers, food processors, and merchandisers, must
be met by growers. Climate change, field mapping, biodiversity loss, which lowers productiv-
ity, as well as customers' shifting food preferences and worries about how it is produced, are
all sources of growing pressure. Therefore, it is possible to argue that agriculture is a grueling,
changeable assiduity. Agriculturists also struggle to keep up with changing profitable conditions,
meet the need for more food of exceptional quality while safeguarding the environment, and
embracing and understanding new technology. Lack of digitization and crucial communication
infrastructure is one of these issues. Technology, on the other hand, is furnishing solutions to
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some of these problems in agriculture, indeed though ultramodern agriculture is defying enor-
mous problems. One can therefore concur with robotics engineer George Kantor of Carnegie
Mellon University in Pittsburgh, Pennsylvania, who claims that "there is a potential for intelli-
gent robots to change the economic model of farming so that it becomes feasible to be a small
producer again"

For instance, if a farmer wanted to map a large field to determine biodiversity, he would
need to scout the entire area, which would take time. Nevertheless, with the arrival of tech-
nology, similar as satellite imagery and aerial drones, one can map the entire field quickly and
identify which fields are under stress. Consequently, it can be said that technology is resolving
the issue of low yields by furnishing farmers with strong genetics and field mapping analysis. As
a result, if a farmer places the genetics on bettered soil conditions, the yield will be better. Thus,
it may be said that technology in agriculture has enabled farmers to increase agricultural yields
while lowering labor expenses. By enabling farmers to work smarter, not harder, green house
automation technology can help farmers become more productive. Hence, workers might spend
lower time on some tasks and further time on other parts of the farm that necessitate surplus
attention. Despite the fact that contemporary agriculture offers a wide range of alternatives the
results aren't always the same because every farm is different due to its own geomorphology,
soils, technologies, and prospective yields.

The primary objective of this study is to assess the major issues that farmers deal with and
how technology is delivering solutions in the field of agriculture.

This study aims to identify the features of Information Technology in Agriculture and pro-
vide an analysis of their effectiveness in research development, implementation, food and crop
production due to the importance of ICT role in various aspects of agriculture and its applica-
tion in increasing performance of farmers' activity and satisfying consumers' expectations.

Materials and Methods

The research adopts a mixed-methods approach, blending qualitative and quantitative data
to comprehensively analyze the effects of ICT implementation in agriculture. Central to the
study is an extensive literature review, encompassing academic papers, government reports, and
industry analyses, to understand the current dynamics of agricultural sector. Quantitative data
collection focuses on key results related to the implementation of ICT in agriculture.

A descriptive analysis method is employed to present a clear picture of current agricultural
landscape, highlighting its reliance on information and communication technologies.

The study also incorporates case studies of successful ICT projects providing practical exam-
ples of theoretical strategies in action.

Results and Discussion

What does agriculture information technology entail?

“The Harvard Business Review coined the term information technology to make a distinc-
tion between purpose-built machines designed to perform a limited scope of functions, and gen-
eral-purpose computing machines that could be programmed for various tasks” (What is IT/OT
convergence, 2024) however, Information and communication technology in agriculture (ICT
in agriculture), commonly referred to as e-agriculture, focuses on improving agricultural and
rural development through enhanced information and communication processes. E-agricultural
is more particularly the conceptualization, design, development, testing, and implementation of
novel information and communication technologies (ICTs) in the rural domain, with a strong
focus on agriculture. Information technology, as shown in Figure 1 below, covers every layer of
every system in a company, from the physical hardware to the operating systems, applications,
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databases, storage, servers, and more.

Fig. 1. Shows what IT encompasses

Technology in Agriculture and Its Importance

The way modern farms and agricultural enterprises operate differs greatly from how they
did a few decades ago, largely due to technological developments in the form of sensors, ma-
chinery, devices, and information technology. Robots, temperature and moisture sensors, aerial
photographs, and GPS technology are all frequently used in modern agriculture. Businesses
can become more successful, productive, safe, and environmentally friendly thanks to these
cutting-edge equipment, robotic systems, and precision agriculture techniques. Thus, the wide-
spread adoption of information and communication technology is essential for the advancement
of agriculture in the twenty-first century.

Examples of several technologies are provided below.

The aerial drones and the Netherlands

The latest disruption is the introduction of agricultural drones, and technology advance-
ments have nearly entirely changed agricultural operations. Drones are utilized for plant health
evaluations, field analysis, crop monitoring, and agricultural spraying. Based on the real-time
data that the drone technology provides, the farming sector has rapidly grown and changed.
Thermal sensor-equipped drones locate the areas where irrigation has to be adjusted. For ex-
ample, sensors calculate the vegetation index after the crops have started to grow and display
their health. Agriculture has become more automated and industrialized since the industrial
revolution. Artificial intelligence increases automation even more. The use of Artificial intelli-
gence has implications for what is now known as "precision agriculture." Increasing yields while
utilizing less water, fertilizer and herbicides is the aim. The Netherlands is well recognized for
using unmanned aircraft for a range of uses, including aerial agricultural inspection. Impor-
tant data about the condition of the soil and the condition of crops can be gleaned from aerial
images. Trimble is an agricultural drone manufacturer, an American company that provides
services to numerous transnational sectors including farming, construction and transportation.
In 1978, Charles Trimble established the business. Robert Painter leads the company as CEO
(Agricultural solutions, 2024; Zagazezheva, Berbekova, 2021).

Yamaha Industrial Unmanned Helicopters are a compact, economically viable helicopter
UAV that can be utilized to satisfy Japan's needs for agricultural dusting and spraying. The "R-
50" from Yamaha Aero Robot is an artificial helicopter that can carry 20 kg of goods effectively.
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Recent years have seen problems plaguing the Japanese agriculture sector, including the aging
of the labor force and a lack of younger generation successors. The interest in the Yamaha
artificial-use unmanned helicopters is due to the fact that they are cutting-edge agricultural
instruments that are both economical and environmentally benign. They are now heavily used
for crop dusting (Sato, 2003).

Fig. 2. Process of a drone spraying

The use of drones has grown significantly in the Netherlands in the past few years. Every
farm owner in the nation of Holland who raises fresh produce may use a drone to spray his
crops in the future. A drone being utilized for spraying is shown in Figure 2.

Driverless agricultural machines in Germany and Israel

A high-tech business has quickly emerged from agriculture. Robotic technology enables ef-
ficient crop management and monitoring. Because of its use, the crop is produced more safely
and effectively. Precision farming, as the name implies, also helps to lower food prices and
minimizes the negative impacts on the environment by carefully applying fertilizer or pesticides
to the correct plant. Additionally, farming robotic arms are enhancing farmers' crop production
in a variety of ways. One of the most popular robotic uses within agriculture consists of harvest-
ing and collecting because of the degree of precision and quickness that robots can achieve. As
a result, there will be a higher yield along with decreased crop residue from crops that are left
in the field after harvesting (Stoces, 2016). However, automating some applications could be
challenging. For instance, a robotic system intended to choose apples has various challenges.
In challenging circumstances, such as the presence of dust, changing light intensity and motion
caused by the wind, optical systems must locate and assess the apple's ripeness. Nevertheless,
gathering fruits and vegetables still calls for more than only highly developed vision technolo-
gies. A robotic arm must travel through environments with a similar number of risks in order to
deftly grasp and arrange a fruit or vegetable. Thus, it can be said that the agro robotic arm must
be precise enough to choose the crops without harming them and flexible enough to adapt to
changing environmental conditions (Muchiri, Kimathi, 2022).
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Fig. 3. Autonomous planting robot in use (Germany and Japan)

To provide an example of current work, a robotic system for harvesting sweet peppers
was created as part of the EU projects Crops and follow-up SWEEPER. The primary goal of
SWEEPER is to commercialize the first generation of greenhouse harvesting robots. By auto-
mating the harvest, SWEEPER optimizes the farming system. Crop models will be employed
to pinpoint the peppers' general location in order to enhance the robot's cognitive capabilities.
Fruit identification will be enhanced and sped up by this "model-based vision." Only the gripper
will be equipped with sensors, in line with the lessons learned from the CROPS project (Arad,
2020). Hence one can concur with the notation that robotization of labor is pivotal in the field
of greenhouse horticulture. The number of workers willing to complete monotonous duties in
adverse rainfall conditions is steadily abating. In addition, the automation of these repetitive
jobs opens up a wide range of cutting-edge technological advancements.

Another example is the Siberian Tiger, a new Russian agricultural robot from Agrirobot that
could enter the market as early as 2024 and is scheduled to start field trials in 2021. A separate
team of Russian scientists created the 172x172 centimeter robot to control plant disease. Using
a collection of cameras and sensors, Siberian Tiger is built to traverse around fields while keep-
ing an eye on the crops and soil. A neural network receives the gathered data and processes it
for further analysis (Uskova, 2021).

Online farmer marketplaces in Uganda and India

For case, Ugandan growers vend their products at the Agro Market only during request days
at specific times and locales. Due to the necessity of conserving goods, transport it to requests,
and engage mediators to do so, growers face advanced costs during request days. On a market
day, a farmer might not be suitable to vend all of his yield (Building a digital marketplace for
agriculture in Uganda, 2024). A mobile app that eliminates mediators and factual requests
by connecting buyers and merchandisers directly could affect how profitable husbandry is for
growers. This Application called Agromarket day was made in Uganda by students at Makerere
University. The farmer uploads images of his yield to the app along with its price, position, and
phone number. A buyer browses the application's product rosters, and if he decides he wants to
buy a certain item, he phones the dealer to set up the deal (Devi, Venugopal, 2022).

The Napanta App was created in India. The establishment, which is backed and fostered
by AIP- ICRISAT and IIIT- Hyderabad, enables growers to incontinently pierce any type of
agrarian information they bear. This digital platform was made to help agriculturists in stream-
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lining their agrarian operations, boosting profitability, and getting better results. The agricul-
turists only need a straightforward mobile internet connection. Additionally, NaPanta provides
agriculturists with comprehensive information on the vacuity, makeup, and operation styles of
fungicides and germicides as well as aids in the organized tracking of their charges. Moreover,
it provides connections for agro-dealers in the two states as well as a five- day rainfall forecast,
details on crop insurance, and the locales of soil laboratories and cold storehouse facilities. The
operation also contains offline functionality with data regarding crop and pest operation strate-
gies for further than 100 crops for agriculturists who find it delicate to always have an internet
connection (Naredla, 2018).

ET Agricultural Brain used for asset management by farmers in China

Alibaba Cloud, the Alibaba Group's cloud computing division, was founded in 2009 and
is currently ranked as one of the top three IaaS providers globally and the largest provider of
public cloud services in China by IDC. Alibaba Cloud offers a full range of cloud computing
services to companies around the world, including start-ups, corporations, and governmental
agencies, as well as merchants conducting business on marketplaces operated by the Alibaba
Group (The Alibaba Cloud Intelligence Brain, 2024). The International Olympic Committee's
official cloud services partner is Alibaba Cloud. Human farmers are a source of inefficiency in
an optimized world. They make decisions differently because they are human and are suscepti-
ble to informational and temporal limitations. So, the reasoning goes, why not swap them out
with Al models that have unlimited access to data and computing time?

The answers offered by Alibaba Cloud are designed to help agriculturists manage their re-
sources and cover their crops more effectively. Under the term ET Agricultural Brain, they
combine a number of Al approaches, speech and image recognition, climate vaticination mod-
els, and satellite data collection. Alibaba Cloud, the data intelligence arm of the Alibaba Group,
asserted that the revolution of China's agricultural business was significantly told by its agricul-
tural technology results, Agricultural Brain. ET Agricultural Brain helps agriculturists increase
farmstead produce, manage healthier animals, and save labor costs to maximize return on in-
vestment. The foundation for all of this is its cloud computing structure (Bagnall, 2021).

To add on, animal products and natural resources of advanced quality have long been in
demand in China. In response, ET Agricultural Brain has been working to change the agrarian
industry. The system incorporates multitudinous Al algorithms, including image identification,
speech recognition, and real- time monitoring of environmental data, to insure the healthy
development of animals in a well- maintained environment. Thanks to the data processing and
machine learning algorithm model training done by ET Agricultural Brain, livestock producers
may remotely and in real time cover their farms and animals. ET Agricultural Brain can also
induce high- quality milk at cheap operating costs, exclude feed waste by conforming feeds, and
keep an eye on livestock conditions using image and sound recognition technologies. Several
detectors are put in place to ameliorate the terrain for herd growth and to reduce human error
in the breeding process (Plaksin, Trifanov, 2018).

Along with Tequ Group, other early adopters of ET Agricultural Brain include the top agri-
cultural establishment Haisheng Group, which oversees 55 vineyards with a combined area of
further than 4000 hectares, and Guogiang Modern Farming, a rural collaborative with a base in
Shaanxi that focuses on producing decoration melons (At the Shanghai Computing Conference,
Alibaba Cloud launches ET Agricultural Brain, 2024). The Al program has enhanced fruit and
vegetable growing for these two agriculturists. About 10,000 acres of apple trees in Haisheng
have their development parameters automatically gathered by the ET Agricultural Brain, saving
the farm an estimated RMB 20 million in operating costs annually.
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GIS, or geographic information systems

The development of a system known as a geographic information system (GIS) was made
specifically for the purpose of gathering, storing, deploying, processing, and displaying geo-
graphic data. This practice has proven to be effective in the agriculture sector in a number
of ways. To make it simpler to study the soil, digital maps of the land are made and material
geodetic data, such as topography and contours, are combined with other statistical data. GIS
is used to determine what and where to plant using historical data and sampling (King, 2017).
Thus, it should be noted that utilizing agriculture GIS tools, you may determine the vegeta-
tion levels in your field or any of its regions. Based on this knowledge, agricultural machinery
can then be used to alter the quantum of seeds, nutrients, herbicides, and fertilizer for each
plot. Furthermore, more intricate spatial analyses for agriculture may compare elements like
soil type, wind direction, rainfall summations, slope, aspect, topography, or elevation to help
with crop oversight, site suitability, drainage planning, and threat reduction from disease, flood
tide, drought, and erosion. GIS can thus help an agriculturist in conforming to these various
variables, tracking the health of specific crops, estimating yields from a specific field, and max-
imizing crop production (Ren, 2020).

IoT, or the Internet of Things

The different devices used in the field to monitor and assess the work done are connected by
the Internet of effects. Cellphones have access to all data, including information on irrigation
pumps, water meters, weather stations, and soil moisture levels. Sensors have been employed in
agricultural activities for a while now. But the problem with the traditional approach of using
detector technology was that we could not get the real- time data from the sensors (Kootstra,
2021). The sensors preliminarily stored the information in their internal memory, from which
we could latterly prize it. The advent of industrial IoT has led to the usage of much more ad-
vanced sensors in agriculture. The devices with sensors are presently connected to the cloud
through a cellular or satellite network (Tzounis, 2017). We may use it to get sensor data instant-
ly and make wise decisions. From bitsy to large farms, the internet of things facilitates quick
planning and decision making (Zhao, 2010).

Factors that have an impact on how farming technology is used

Expensive machinery and High upkeep costs

One of the negatives of farm technology is the high upkeep costs. The high upkeep expenses
of the equipment present a problem for agriculturists and small businesses. Ultramodern tech-
nological machines and gadgets are expensive to maintain that’s why agriculturists are unable to
keep up with them. The vast majority of agriculturists in Africa live in rural areas, where they
warrant the means to maintain this premium machinery. Because they cannot afford the high
upkeep expenses of new specialized equipment, farmers struggle to stay current with technolo-
gy. For farmers, and extension workers to effectively communicate and share information in a
cost-effective manner, the adoption of these cutting-edge technologies needs to be encouraged
(Bhusal, Sagar, Khatri, 2021). However, the high cost of ICT serves as a deterrent for using
ICT services. The impoverished farmers cannot afford such gadgets because android cell phones
are more useful for gaining access to ICT services. For instance, in Tanzania and Nepal, the
cost of adopting ICTs by farmers in the agricultural sector was the biggest obstacle to adoption.
Poor and disadvantaged farmers in these two countries lack access to high-quality information
on agricultural production.

Lack of Education among Agriculturalists

Since most agriculturists warrant knowledge, it might be delicate for them to understand how
to use ultramodern farming technologies. Due to their traditional farming practices and limited
understanding of the advantages and downsides of agricultural technology, these agriculturists
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find it delicate to use it. Not everyone can profit from ultramodern agricultural technology,
which is another one of its failings. Most agriculturists are unfit to duly operate ultramodern
technological tools and machinery. Rural residents are prevented from using ICT due to a lack
of education and understanding. Utilizing various ICT resources and getting exposed to them
aid in developing a good attitude about their effects. People who utilize it frequently become
aware of its advantages and adopt a positive outlook. Higher educated people have access to
cutting-edge technology that allows them to study more effectively and quickly while also un-
derstanding its significance. When using ICT, a person with a greater degree of education per-
ceives more information than a person with a lower level of education (Bhusal, Sagar, Khatri,
2021).

Health-related implications

Multitudinous research has shown that using pesticides and fertilizers exorbitantly has a
dangerous impact on health. Overuse of pesticides has the drawback of eradicating salutary soil
organisms that support plant growth. The topsoil could also come contaminated, away from
that. Nothing additional will grow for the time being. Both pesticides and fertilizers are known
to be dangerous to human health; indeed, a small quantum of skin contact with some of them
can result in excruciating agony. Also, it has the potential to pollute near rivers and soils, as
has been seen in Brazilian rivers. Even though the water seems harmless, it's actually veritably
dangerous (Machado, 2016).

Deterioration of the environment

The majority of technical tools and innovations degrade our environment, which is verita-
bly dangerous to people. Overuse of tractors, trucks, and other large machinery results in the
release of carbon dioxide and dangerous chemical pollutants into the atmosphere. As a result,
our environment has become toxic and dangerous for both humans and other living creatures.
As a result, certain countries in Europe, including the UK, have developed rules regarding the
use of heavy machinery on farms. Consequently, there is a major reduction in soil fertility as
a result of this. The excessive use of technology in the fields reduces soil fertility. One of the
most disastrous outcomes of agricultural technology is the loss of soil fertility. The soil in the
fields is damaged and loses fertility due to the inordinate use of technology. Both Brazilian
and American agribusiness are dealing with this. Although chemicals and fertilizers can boost
productivity, they also have the eventuality to deplete soil fertility. Therefore, one can contend
while a chemical or toxin might boost agrarian productivity, it can also sluggishly erode the
soil's fertility, hence the overuse of agrarian chemicals like pesticides and fertilizers can harm
the soil (Da Silveira, Lermen, Amaral, 2021; Imangali, Bekturganova, 2024).

Unemployment

As technology in agriculture is encouraged in the agricultural sector, agriculturists ' in-
comes are anticipated to increase. Robotization in agriculture will suddenly enhance farmers'
income while lowering their expenditures. The output will increase coincidently with a drop
in employment due to agriculture automation. As a result of the adoption of various technical
advancements in agriculture, workers' services are being substituted by machines. Some of these
technologies drastically dwindle the need for human workers, which is bad for society because
it leads to the growth of unemployment (Da Silveira, Lermen, Amaral, 2021).

Conclusion

Due to the world population's exponential rise, the loss of agricultural land, and the shrink-
age of limited natural resources, there's a critical need to increase farm yields. Our lives are
impacted by technology, which is altering every element of contemporary life, including agri-
culture. The application of new technology developments in farming is extremely beneficent to
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farmers. Developing farming technology is a pivotal approach for elevating agricultural product,
establishing food sufficiency, and reducing poverty and food instability especially among small-
holder farmers in sub-Saharan Africa. The high- tech equipment presently being employed in
agriculture ensures that the food we consume today gets to us more snappily. Additionally, it’s
further nutritional, fresher, and more affordable. The food sector is witnessing a metamorphosis
thanks to agricultural technology, which will only advance in the coming years. Agriculturists
can work more successfully and efficiently thanks to it. There are many technological tools and
devices used in agriculture. It saves a great deal of time and effort for farmers in agriculture.
Thanks to ultramodern technology, agriculturists can complete a lot of work in a short period
of time. Ultramodern technology results to centuries-old challenges have been applied to agri-
culture with the backing of IoT. This has made it easier to reconcile product, quality, and yield.
Rapid action and minimized damage to the crops are assured by data collected by obtaining and
integrating information from multitudinous devices for immediate use or keeping in a database
for after use. On the other hand, we must recognize that technology has some adverse effects.
Before using technology, we need to be apprehensive of how much damage it causes. Agricul-
turists must acclimatize to these changes while contemporaneously reducing the greenhouse
gas emissions caused by agriculture by enforcing climate-smart techniques. The downsides of
technology must be conceded, nevertheless. We must consider how much detriment technology
does before employing it.
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Introduction

Reputation management is one of the most important components of a successful business;
through competent management it is possible to make a company attractive to customers,
investors and other stakeholders (Fombrun, 1990). While originally the term "reputation man-
agement" referred to the field of public relations, nowadays the development of computer tech-
nology, the Internet and social media has made reputation dependent on search engine results.
Online marketplace services have long become commonplace and in demand in the business
environment, which has found application in the field of corporate reputation management as
well. In other words, online reputation management or ORM (online reputation management)
is an effective marketing technology, thanks to which a positive image of the company is formed
in the network.

Figure 1 shows the operations that the reputation management technology implies.

Identifying the target audience,
diagnosing its expectations

Measuring the characteristics of
the subject of reputation

Defining a system of measures
to improve reputational
characteristics

Organization of work to
improve the image
characteristics of the subject of
reputation

Spin-doctoring operations in
the target audience

Monitoring the reputation
characteristics

Fig. 1. Technology of reputation management
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When defining the target audience, it is necessary to form its structure, to define expectations
in relation to a particular company and its reputation, i.e. it is necessary to build an expected
reputation model.

When measuring the characteristics of the subject, the main parameters that form the rep-
utation model are identified. During the definition of the system of measures to improve the
characteristics of reputation, the real model of reputation and the expected one are compared,
then those whose indicators are noticeably worse than the others are singled out. Corrective
measures are formed for them, ways of attracting investments are thought over (Sharkov, 2015;
Markov, 2023).

During the organization of works on the optimization of the subject's image characteristics,
a point-by-point adjustment of the fundamental indicators is carried out to make them comply
with the normative ones.

Spindoctoring is the correction of data already covered in the media, which are not favora-
ble for the organization. At this stage, corrective work is carried out to change the established
negative attitudes about the subject of reputation, previously unknown positive information and
qualities of the company are disclosed.

Speaking about monitoring the state of the reputation subject's characteristics, we are talking
about comparing the current reputation characteristics of the company and comparing them
with the target audience's perceptions of their values. If the difference in the compared charac-
teristics falls below an acceptable level, a number of corrective measures are taken.

Let's proceed to the consideration of techniques and means of reputation management and
its formation.

1. Preemptive tactics by revealing negatives ahead of time.

The essence of this tactic is the company's demonstration of its own mistakes or disclosure
of information that can be negatively perceived by the society. Following this, the company
announces that corrective actions are underway and every effort is being made to correct the
error. Due to the company's openness and honesty, the public does not perceive the negative
consequences as something bad, and people also have confidence that "work on the mistakes"”
is already underway.

Alfa Bank can be cited as an example. In 2010, a shortage was discovered in one of its
branches, but the company did not let this happen and waited for the local media to discover
this information. The bank decided to self-disclose the problem and talked about cooperating
with law enforcement (Kozlova, 2011). The management staff stated that the bank's customers
were completely safe and the fact of the shortage would not affect them in any way.

2. Spin-doctoring operations in reputation management.

There are situations when a company either does not adhere to the previous strategy or does
not manage to self-report an incident before the media. In such a case, negative consequences
for the organization will come anyway, even though the company may be innocent. For ex-
ample, in 2002 in one of the products of "Ochakovo" was distributed information about the
presence of sodium benzonate, the carcinogenic effect of which on the human body has been
proven. A little later the company denied this information, but by that time the company's
sales had already decreased by more than 1/8. In order to restore the business reputation of the
brand, the company decided to file a lawsuit in court to protect its own reputation, as a result
of the court hearing the lawsuit was satisfied.

3. Policy of ignoring public opinion.

This policy is directly opposite to the previous two - instead of reacting in advance or after
media publications, companies choose the tactic of complete silence of the situation. One of the
organizations that chose this tactic is the Moscow toy factory Pineapple Toys. Mercury impuri-
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ties were found in their products, so all toys were thoroughly checked by regulatory authorities
before being sent for sale. The mass media actively agitated to refrain from buying the goods of
this company. For its part "Pineapple Toys" decided to completely refrain from any comment
on this situation, which caused significant damage to the reputation and profits of the firm.

4. Use of suggestibility.

Effective reputation management is based on adequate interaction with the target audience,
excluding the use of manipulative methods. The preference is given to the audience, corre-
sponding to the norms and values, because in the marginal environment preservation of stable
reputation is difficult. It is possible to create an attractive image quickly, but reputations are
built over the long term, and aggressive methods can harm rather than improve reputations.

5. Use of opinion leaders in reputation management.

One of the peculiarities of opinion leaders' activities is that they bring together people from
different groups. That is why companies use their services to create pressure groups. During
reputation enhancement activities, it is impossible to ignore these pressure groups, as some of
them can make a significant contribution to the improvement or deterioration of the company's
reputation. More often than not, these groups conduct targeted promotions on online platforms
or in the media, which cannot go unnoticed by investors, potential customers and other stake-
holders.

Figure 2 shows the most common behavioral tactics of pressure groups.

Influencing public opinion by using opinion leaders and opinion
makers (celebrities).

well).

NS
[Reference to scientific research results (possibly pseudo-results as

Utilizing all possible means of advertising that are most accessible
to them.
-
. . [ . . ~ . \/
Using radio, television and all main channels of information to
gather necessary data.
o |
A4
Using newsgroups, newsmakers and the Internet.

Fig. 2. Main behavioral tactics of pressure groups

There is no point in conflicts with groups of influence, as they do not bear any losses. How-
ever, there is also a scheme for working with them - you should try to attract them as key groups
for an alliance with shareholders.

There is no point in conflicts with pressure groups - they have nothing to lose. If possible,
you should try to involve them as key groups for an alliance with shareholders. Adopting a
declaration on a contentious issue is one possible method of managing this activist movement.
Other key actions may include negotiating with pressure groups to find common ground and
ways to cooperate.

Due to the rapid development of the Internet, there has been a recent transformation of the
media market. Due to the fact that content and information can be published simultaneously on
several platforms and the time of publication takes seconds, there is an increase in the number
of users reached, which is why this communication channel prevails over other methods of mass
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communication.

Initially the concept of "reputation management" was related to public relations, at the mo-
ment, due to the increasing influence of IT-technologies, "reputation management" directly
depends on the results of search engine results. Digital space, online stores have already entered
the daily life of users, which is also embodied in the reputation management of companies.

Materials and Methods

The work uses various research methods, including: theoretical analysis of literature, com-
parison, study of statistical information, etc. When collecting the data necessary to perform the
work, the search engines Yandex, Google were used. The following programs were used in data
processing: ArchiMate, Figma. In the course of the work were considered tools and methods of
online reputation management, factors that are influenced by the reputation of companies in
the digital environment, currently implemented strategy of online reputation management at the
enterprise, presented ways to assess the reputation on the Internet. The state of online reputation
was also assessed using the Ex-index.

Results and Discussion

Online reputation is a system of subjective opinions of CA (target audience) about the com-
pany, its activity in the market, which is reflected in digital space based on both objective and
subjective information. Online reputation management from the point of view of marketing is
the impact on users, carried out through the development and implementation of marketing
tools, in order to establish long-term relationships, create loyalty to the company, increase
profits and, finally, increase the value of reputational capital (Shulgina, 2017; Gimadeev and
Abdukhalilova, 2023).

Reputation management in the digital space or Online Reputation Management (ORM) in
a different way can be interpreted as the process of creating a company's image attractive to
consumers, investors or other stakeholders on online platforms, carried out through the imple-
mentation of marketing technology.

Today, online reviews are considered more authoritative when making a purchase of a prod-
uct or service compared to the opinions of family and friends. Bright Local, which studies the
relationship of online reviews with making purchases, found that a large proportion of users
resort to online opinions in order to find information about local businesses.

Today, the communication hierarchy for building a company's brand and for thinking about
and producing content has changed, with users embedded in almost every stage.

The AIDA model has also undergone a number of innovations. Earlier it consisted of four
components (attention, interest, desire, action), but now it is modified to AIDAS, where S
stands for share. Share or "to share" means the user's desire to inform about the made purchase
and tell about personal impressions on the Internet.

If the company's management does not pay proper attention to social networks and their
influence on the public's opinion and loyalty, reputational losses can be very serious and, con-
sequently, the company's profits will decrease.

This is why it is important for any organization to create an effective online reputation man-
agement tool to both increase the number of loyal customers and to increase return on assets.

One of the components of Online Reputation Management is Search Engine Reputation
Management or SERM. The focus of SERM is on search engine optimization, predominantly
Yandex or Google. Despite the fact that the range of coverage of both platforms is very large,
reputation management subordinates itself to many more aspects. Reputation management con-
sists of all the ways and methods of promoting the company on the web, which is why the mar-
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keting department, in particular the specialist responsible for PR or SMM, must be in constant
contact with other departments.
Figure 3 shows the main factors that influence a company's reputation in the digital space.

Reputation of the

Brend Goodwill business owner or their
close circle
Financial sustainability Working conditions Innovation and leadership

and performance

Legal organization and Quality of products and

structure services Social responsibility

Fig. 3. Factors influencing the company's reputation in the digital space

Mostly reviews, comments and ratings are collected in the company's groups in social net-
works, official websites, review sites, personal blogs. The company rating has a direct impact on
the preferences of potential customers.

Predominantly subjective user-generated information about the company is made available
through the following communication channels:

1. Personal blogs, official websites, groups in social networks directly owned by the owners
of the company.

2. Channels leased by the company (contextual and targeted advertising, sponsorship).

3. Self-dissemination of information about the product or service by customers, called the
word-of-mouth effect.

Let's depict the main strategic techniques used in reputation management in digital space in
Figure 4.

(" N
SMM ORM « building a reputation in social media
\
-~
= proper work with reviews and comments in blogs, forums,
SERM ORM thematic sites and creating an appropriate reputation with their
help
‘ \
= promotion on the Internet, and in search engines that are
SEO ORM necessary to build the right reputation of documents that should
get to the first page of the search results
N
("
Crisis ORM = "saving the face" during crisis, competitors' attacks, information
warfare, etc.
\ J
( N
« working with the media: writing articles, participating in certain
Public ORM online shows and interviews that will contribute to shaping the
company's image and strengthening its reputation
\
( » managing the online image of a particular individual and can be
OIM used provided that the positioning of the company is inextricably
linked to a particular individual whose reputation directly affects
L the reputation of the company Y,

Fig. 4. Strategic techniques used in reputation management in the digital space
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Suggestions for improving online reputation from a SERM ORM perspective should be
considered.

1. Service integration to automate the process of responding to reviews.

To organize seamless responses to reviews, it is suggested to implement TrustYou CXP - a
service (for hospitality companies, for example) that helps organizations to manage service
quality, collect and analyze reviews from various platforms.

The main focus of this service is on working with reviews, which is a useful tool for enter-
prises. Separately, we would like to emphasize the use of Al (artificial intelligence), which is
able to independently generate a suitable response to an individual review. This aspect of the
service has a number of positive aspects, namely:

— personalization of the response;

— saving time;

— reduction of personnel costs;

— independent setting of response parameters (tone, length);

— the possibility of making corrections to the response created by the service.

TrustYou CXP has three usage rates: "Light", "Base" and "Pro". At first it is recommended
to choose in favor of the "Light" version for gradual adaptation to the service and avoid unnec-
essary costs.

When using the proposed version of the service, the company will be able to collect feedback
from various aggregators. In addition, thanks to the tariff there will be an opportunity to place a
widget with ratings of reviews on the official website, which can positively affect the reputation
of the company.

The creator of the service is Big Tree, which has more than 125 years of experience in the
hotel business. Among the company's clients are such hotel chains as Kempinski, ParkInn,
HYATT, Cosmos and others.

Besides TrustYou service it is recommended to pay attention to Medialogy service, the im-
plementation of which can be realized together with the above-mentioned service. Since Medi-
alogy focuses mainly on the reputation of social networks and media mentions, the services will
not duplicate, but complement each other.

A distinctive feature of Medialogy is that as soon as a new mention of the hotel appears on
the supported platforms, real-time notifications are sent to the responsible employee.

1. Motivation of the currently employed employees to write reviews by awarding a corporate
gift for "Review of the Month"

An important task is to obtain feedback from currently employed employees who are able to
point out positive aspects of their work at the company.

Material motivation in the form of a prize for the best review is an effective influence tool.
The following criteria will be taken into account when selecting the winning review:

— originality of the review. An automatically generated review is characterized by its "boil-
erplate” and is quite often easily recognizable by users. If potential guests recognize an "inani-
mate" review, it will have a negative impact on the hotel's reputation;

— the volume of the review. Reviews that are too small are often uninformative, while re-
views that are too long are hard to read. A "golden mean" in terms of text size is important, so
a 500-700 word review is considered optimal;

— the tone of the review. Since, based on the analysis performed, employee reviews are
predominantly colored negatively, it is necessary to "interrupt” them with positive ones. That
is why employees who left a positive comment on the Internet can claim to receive a bonus;

— literacy and compliance with spelling norms. Employees of the company - its face, so
compliance with the rules of the Russian language, the use of normative vocabulary will posi-
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tively affect the online reputation of the hotel;

— honesty when writing a review. The situation that the employee describes in the review
must necessarily be real and ever happened to the employee. Telling what happened to anoth-
er employee (or not at all) is falsification. Such reviews are not allowed to participate in the
contest.

According to the Civil Code of the Russian Federation (Clause 1, Article 575), the value of
a gift in monetary terms should not exceed three thousand rubles, so this factor must necessarily
be taken into account when making a selection.

Suggestions for activities within the SMM ORM framework include the following:

1. Work with VKontakte group:

a) Compiling a content plan.

b) A SMM specialist should take a course on creativity in content marketing.

Conclusion

Business reputation forms the image of the enterprise, thus affecting its image in the eyes of
potential customers, and has a direct impact on the profit from the activity. The relevance of
online reputation at the present stage is due to the growing influence of the Internet and social
networks on all sectors of people's lives and their economic activity, which can positively affect
the activities of enterprises in various spheres of activity.

When forming measures to maintain and develop online reputation, it is necessary to take
into account the techniques of reputation management, allowing to positively affect the image
of the company in the eyes of customers. Among them we can emphasize the following:

1. Preemptive tactics by means of advance exposure of negatives;

2. Spindoctor operations in reputation management;

3. The use of suggestibility;

4. Policy of ignoring public opinion (negative influence);

5. The use of opinion leaders in reputation management.

Due to the fact that online reputation management has a number of peculiarities, it is nec-
essary to emphasize the main components of ORM (online reputation management). The first
element is Search Engine Reputation Management or SERM. SERM is focused on the search
engine, mainly Yandex or Google, as well as on working with reviews by evaluating their tone
and applying methods of their correction. The second component of ORM is SEO ORM,
which is dedicated to the promotion of the company's website or other selected online resource
in search engine results. The final element is SMM ORM, which forms the company's reputa-
tion in social networks and other media spaces.
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Introduction

Nowadays, when cities are growing and countries are continuously developing, one of the
key sectors of the economy of many countries is considered to be construction. It is this sphere
that provides for the creation of new infrastructure, housing and commercial real estate. On the
territory of modern Russia there are more than 20 thousand construction companies.

The successful functioning of any company, including construction companies, depends on
many factors, among which an effective business model is of particular importance.

Nowadays, the construction industry has a large and serious competition in the market and
in the absence of an established business model and business processes, the company loses its
position relative to other construction colleagues. Today, a company that does not have a de-
veloped business model tends to inevitably lose profits due to the lack of an established system
in operation.

In order to identify or smooth out "irregularities" in the company's work, it is necessary to
have an idea of the business processes formed earlier and implemented in the company. It is at
the level of business process that it is possible to identify the causes of problems faced by the
company on its development path.

In a constantly changing market, improving the business model of the construction company
is simply necessary. This is the relevance of the optimization of business processes of the com-
pany. Since the business model directly depends on the work of business processes, which in
turn may have flaws in its structure, which directly affects the work of the company as a whole.
And improving and analyzing the existing business processes in the company is a direct path to
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success and achievement of the company's goals.

The purpose of this study is to improve the business model of the construction company by
analyzing the main business processes of the company and developing measures to improve the
performance of business processes, as well as improving performance in general. "Lenstroytrest”
will be considered as a case study in this paper.

A business model is a visual format for the operation of a company's business processes with
the definition of important areas for the company. For example, one of the most popular in use
types of business model is recognized to be the business model of A. Osterwalder and I. Peni-
er. This model is one of the most basic and understandable when setting the task of forming a
business model of the company.

The business model of A. Osterwalder and I. Penier is not infrequently referred to as a
strategic management tool. The model consists of nine key elements describing the company's
business processes and is used to identify points of growth, analyze competitors and determine
the best options for business development.

Fig. 1. Key elements of the business model of A. Osterwalder and 1. Penier

In general, it is worth noting that business process modeling is an effective tool for iden-
tifying weaknesses in the work of an enterprise and eliminating them. It includes a detailed
description of the company's activities, dividing it into separate operations and analyzing the
interrelationships between them. The main purpose of business modeling is to improve the ef-
ficiency of the company's operations, increase profitability and profit accordingly

Materials and Methods

The key methods of this study include: collection and analysis of information, comparison,
description, classification and generalization, as well as modeling.

In order to collect information regarding the peculiarities of the analyzed company and the
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mechanism of its work, a detailed survey of employees involved in the performance of the pro-
cesses under study was conducted.

The theoretical basis of the study was provided by scientific works on business model forma-
tion - A. Osterwalder and I. Peca, V. Repin, V. Eliferov. Also, educational literature, scientific
articles, federal laws and other Internet resources were used as sources for the study.

Results and Discussion

In this study, Lenstroytrest, one of the oldest real estate developers in modern St. Petersburg,
was selected as a case study. This company implements projects of various scales in residential
real estate segments (Ilin, 2022). For the long period of its work the company has realized more
than 20 objects and now continues the construction of 4 main objects.

To analyze the problematic processes of the company, let's consider the business model "as

1S

Fig. 2. Elements of the business model of Lenstroytrest (designed by the author)
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According to the business model of A. Osterwalder and 1. Pinier of the construction com-
pany "Lenstroytrest”, we can see that in general the company has a developed understanding of
its value proposition, as well as a good analysis of the target audience. To understand the work
of the company one business model is not enough so let's turn to the reference model. In order
to figure out the main directions of the company's work, let's consider the reference model of
the company (Kopp, 2020).

Fig. 3. Reference model of top-level business processes of "Lenstroytrest” (designed by the author)

Summarizing all the main processes of the top level, the following scheme can be creat-
ed. Reference model can be called a type of model more understandable for perception and
understanding of the company's development. In the case of the construction company JSC
"Lenstroytrest”.

This reference functional model contains a set of functions of the construction company, op-
timal for this type of enterprises. The mentioned functions allow to reduce the process of model
building to a rather quick process of questioning and subsequent removal of unused functions
from the reference model. All the mentioned business processes are debugged, but since the
work of the company is connected with people who have nothing to do with these processes,
sometimes various emergency situations can occur. Since this model is built taking into account
the occurrence of such emergencies, you cannot worry about the stable functioning of the con-
struction company (Barbera, 2012).

The business model refers to a comprehensive view of how a company selects its customers,
how it defines and differentiates its value proposition, through which channels it communicates
this proposition to its target customers, which business processes are key and which can be
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outsourced, what resources the company uses, including partnerships and finally how it makes
profits for the owners (Kulchytskiy, 2019).

Let's turn to the company's problem areas and look at the processes that may have flaws in
their operation.

The following problem areas exist in the company's business model:

— Key resources;

— Sales channels;

— Key activities.

Let's consider ways to improve the business process of the construction company for each
module.

Improving the business process of a construction company - Key Resources module.

The company regularly receives a lot of requests related to malfunctions or breakdowns of
warranty nature. At the same time, the actual values of the number of requests to the warranty
department are in the critical zone. This is too much work for the warranty department. It is
because of such an influx of appeals that the time of their processing and elimination increases
accordingly, which in turn causes resentment and bad impression of shareholders (Artamonov,
2019).

After reviewing the processing and problem-solving process, it was found that there are no
irregularities in the process. In this case, it is worth paying attention to the reason for the oc-
currence of such a large number of appeals of warranty nature. More specifically, look directly
at the quality of the building contractor's services, the quality of the materials, and possibly the
quality of the home acceptance process by the company's construction subcontractors (Ilyin,
Shirokova, Lyovina, Rostova, 2022).

In order to improve the quality of construction, it is necessary to review the specific areas
where warranty issues occur. Most often, warranty failures occur with equipment or materials
that were purchased from third-party manufacturers. Such as windows, elevators, mirrors, san-
itary ware. These resources are purchased through tenders (Li, 2024).

In order to stabilize the work of the Warranty Department and reduce the number of war-
ranty claims while preserving the company's cash flow, it is proposed to consider an alternative
model of the process of acceptance of services rendered by a subcontractor.

Let's consider the planned performance of the Warranty Department due to the introduction
and work according to the alternative model of the business process of acceptance of completed
work from subcontractors.

Table 1. Planned performance indicators of the warranty department (designed by the author)

Indicator Recommended value | Actual value
Number of processed telephone inquiries received 50-60 70
Number of processed applications received from management companies 85-100 150
Number of requests from the personal account of the shareholder 3-5 7
Number of warranty problems eliminated 55-75 56
Timeframe for elimination (days) Not more than 60 40
Repeated request for problem elimination Not more than 15 17

Color Specifications:
— Below standard
— Standard
— A little more than standard
— More than standard

— Significantly more than standard
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According to the data in Table 1, we can see that some items are close to the recommended
indicators, and some items are completely within the recommended range. Thus, the Warranty
Department has an even flow of requests for troubleshooting. This flow allows processing and
elimination of warranty requests within the regulated period of time, in compliance with all
regulations, including a high level of work quality.

Improving the business process of a construction company - Sales Channels module

The process of selling an object is one of the fundamental processes of the company. Let's
consider the process of attracting customers through sales channels, which is currently estab-
lished in the company.

Initially, the marketing department receives a request from the sales department to build a
customer base and attract customers to a new facility, or to a facility that has low sales. Then
the marketing department is engaged in choosing the type of advertising, based on the previ-
ously conducted analysis of the target audience. After determining the type of advertising must
understand what contractor will work with the company to get the best results (Abeynayake,
2021). Then there is an analysis of the availability of the contract with this or that contractor,
which is responsible for providing services for the selected type of advertising. After determin-
ing the marketing department proceeds to the formation of a request for a contractor. If the
contractor has not previously cooperated, then the legal, financial, sales and marketing depart-
ments are responsible for the formation of contracts and their signing, for further cooperation
(Kifokeris, 2020).

The next step on the part of the marketing department is to receive the service to attract
clients. Upon receipt of the service, the results are seriously analyzed together with the sales
department. According to the results of the analysis, the marketing department can choose 2
ways to complete the process of customer acquisition: to continue cooperation with contractors,
if the results of their work have improved the conversion rate of the sales funnel. And accord-
ingly, on the contrary, to terminate cooperation or to revise the terms of cooperation, and in
the future to request repeated provision of services based on the results of the earlier analysis
(Treptow, Kneipp, 2022).

At the moment, the main types of advertising within the advertising campaign used by the
company are:

— Website;

— Calling people who have left requests on the website and other services;

— Communication in the chat room;

— Radio advertising;

— Agency contracts with partners;

— Merch and printed materials.

It should be noted that in order to attract the target audience of younger age category it is
worth paying attention to the development of contextual advertising, due to which interest will
be formed even before the initial consultation (Rovinska, 2023).

Let's consider the proposed process of attracting customers through the sales channel. This
process consists of two stages of implementation. The first stage begins with the Marketing De-
partment receiving a request from the Sales Department for a certain type of target audience for
a particular object that needs to be realized (Wanxin, 2023). The Marketing Department in turn
selects a certain type of advertising that will be similar to the previously done analysis of the
target audience of the object. After selecting one of the seven types of advertising department
turns to the procedure for finding contractors, or rather analyze the availability of contractors
with whom the contract for the selected type of advertising has already been concluded. If there
is no such, then the contract is concluded and then on the basis of the terms of the contract and
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the application from the sales department Marketing Department forms a request for services
(Carpinetti, 2003).

The second stage is the evaluation and control of the work performed. After receiving the re-
sults, the Marketing Department together with the sales department analyze the results obtained
and evaluate the indicators of the sales funnel. If the indicators have increased, the application
from the sales department is closed, and it also means that cooperation with the contractor was
fruitful and will continue in the future (Ibrahim, 2019).

If the sales funnel indicators have not changed or on the contrary have fallen, in this case,
the question of resolving the situation is raised through the repeated provision of services with
a change in the terms - the terms of reference and re-analysis of the target audience.

Let's consider the planned changes in the conversion rates of the sales funnel and KPI of the
sales process, which directly depends on the work of the sales funnel, due to the work with a
new type of advertising within the Advertising Campaign as a sales channel.

Table 2. Planned conversion rates of the sales funnel after the intro-
duction of contextual advertising (designed by the author)

Indicator Coverage Input Conversion
Make a statement 60 000 35 000 58.33%
Get familiar with the offer 25 000 20 000 80.00%
Create interest 17 000 10000 58.82%
Influence the choice 7000 5000 71.43%
Make a deal 4000 3000 75.00%
Second appeal 2500 1500 60.00%
Loyalty 900 700 77.78%

According to the data in Table 15, we can conclude that the planned indicators have positive
changes. And these indicators will also positively affect the sales statistics. It should be noted
that the conversion rate of "Make a statement"” is still one of the lowest. In this case, it is worth
re-analyzing the target audience, which is aimed at contextual advertising and possibly resort to
alternative options for external advertising. That is, consider not only billboards, but also pay
attention to advertising signs in public transportation. To raise the level of recognition thereby
attracting more people willing to familiarize themselves with and subsequently purchase the
provided "product”.

Improvement of the business process of the construction company - modules Key activities

Let's consider another type of the company's core activity - management. According to the
data received on a regular basis by the Customer Service Directorate. Residents of residential
complexes have some dissatisfaction with the fact of rendering services by the management
company.

Dissatisfaction of quite different nature from the lack of awareness of the general meeting of
owners, to the failure to provide reports on the works carried out on the territory of the com-
plex on the improvement of the adjacent territory. As stated earlier in the processes there are
shortcomings and perhaps because of them come complaints of this nature.

In this case, it is proposed to establish a process between the management company and the
construction company. In order to respond in a timely manner to the issue of utility arrears.
This process will establish internal communication between the holding companies and reduce
the number of calls to the call center, sales department and dissatisfaction of tenants in general.
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The process works at level 1:

1. A request is received from the developer to generate documents for debt repayment.

2. The management company generates a document on the basis of the collected data for the
riser of the recently handed over house or for the whole house.

3. After that, on the basis of the collected data, a document with debt calculations is formed.

4. There is a check, after which the calculations are repeated or sent to the developer.

5. The developer's documents are checked again and if there are any questions about the
amounts in the documents, the process returns to the stage of debt calculation.

6. If the developer's accounting department has no questions, the debt is settled and the
application is closed.

The process does not have complex schemes, as speed and accuracy are important in its
implementation. By having simple and clear elements, this process will be much easier to adapt
in companies, thus simplifying the work of several departments. And preserve the image of the
company in front of customers who will no longer face such problems.

Through the six proposed processes it is possible to improve the work of management com-
panies and reduce the level of criticism from tenants towards the quality of work of the holding
companies. Thus, it is possible to establish positive relations with the residents of the neighbor-
hoods and possibly increase the number of repeat sales calls.

Based on the analysis of the company's business processes, as well as practical observations,
options for improving business processes have been proposed. In this regard, it is necessary to
consider the planned dynamics of the main economic indicators of economic activity of the
construction company.

Table 3. Planned dynamics of the main economic indicators of economic activ-
ity of the construction company "Lenstroytrest” (designed by the author)

Indicator Report year Plan year Absml:;: fs;.iation, Growth rate, %
Revenue, th. rub. 287536000 288973680 -1 437 680 100.50%
Cost of sales 291177000 297000540 -5 823 540 102.00%
Gross profit (loss)
Th. Rub. 3641000 3626436 14 564 99.60%
- as % of revenue 1.266% 1.255%
Selling and administrative costs
- Th. Rub. 96 122 000 91556205 4565 795 95.25%
- as % of revenue 33.430% 31.683%
Profit from operating activities
- Th. Rub. 99 763 000 101259445 -1 496 445 101.50%
- as % of revenue 34.696% 35.041%

Other income, th. rub. 331 880 000 333539400 -1 659 400 100.50%
Other expenses, th. rub. 70 306 000 71360590 -1 054 590 101.50%
Profit from financial and economic activities

- Th. Rub. 4788000 4859820 -71 820 101.50%
- as % of revenue 1.665% 1.682%
Income tax, th. rub. 734000 722990 11 010 98.50%
Net profit
- Th. Rub. 4 054 000 4136830 -82 830 102.04%
- as % of revenue 1.410% 1.432%
- as a % of equity capital 0.110% 0.112%
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According to the table, with the introduction of new processes and improvement of existing
ones, the planned indicators of profit and revenue will increase by about 1.5% relative to the
reporting year. These indicators are not significant, but they confirm the correctness of the di-
rection of the company's earlier analysis and the selected problem areas.

Conclusion

Real estate companies are a complex mechanism, the work of which is based on the rela-
tionship between the elements, as between the gears. And if the connection between the ele-
ments is broken or there are deficiencies in some element, the whole mechanism is in danger
of stagnation and difficulties in work. For this reason, when problems arise in a company, it is
necessary to refer to the concepts of business processes and business models.

In addition to looking at the business model, this study also modeled problematic business
processes, the analysis of which revealed the perceived deficiencies that were causing the poor
performance. In addition, process improvement options were considered, which subsequently
became specific process improvement activities.

To improve the Key Resources module, it is proposed to make changes to the process of
control and acceptance of completed work from subcontractors. By specifying the steps of the
process, it was possible to simplify its system and minimize the occurrence of warranty failures,
which had a positive impact on the performance of the Warranty Department.

As for the improvement of the Sales process, it was suggested to consider working with
contextual advertising to attract customers. By making adjustments to the business process, ac-
cording to the planned indicators, the conversion of the sales funnel will have data within the
limits of acceptable for regular closing of the sales plan.

In order to optimize the management/service process, 4 process improvement activities are
proposed:

— The process of holding the General Meeting of Owners;

— Process of processing applications and appeals;

— The process of control of work performance;

— Process of submitting a report on completed works.

It is necessary to note the importance of forming a business model of the company and
analyzing business processes. The business model of the company has its own peculiarities of
formation, which can point to specific deficiencies, and business processes in turn can help to
understand the cause of deficiencies in the work.

This study is a clear example of the need to refer to the business model and business process-
es to identify bottlenecks in the company's work. As well as improving or identifying solutions
when deficiencies occur in order to eliminate them.

All the developments and results presented in this article have practical value and can be
used by the management of the construction company "Lenstroytrest”, in particular, and real
estate industry companies in general, to analyze the state of the company at the moment and
possible improvement of processes.
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Annoramus. JIaHHas cTaThs ITOCBSIIEHA MCCIIEIOBAHUIO MWHMOPMAIIMOHHON WHBECTUIIMOH-
HO TIaT(hOPMEI B KOHTEKCTE PBIHOYHOTO COCTOSIHUSI MHBECTUIIMOHHOTO KJIMMAaTa M CYIIECTBY-
IOIIEI CUCTEMBI €r0 Pa3BUTHUS Ha PBIHKE CKJIaJCKOI HeABMXXMMOCTH. B xonme mccnenoBaHus ObIT
MPOBEJEH aHaIN3 CKJIaJCKON HEABMXKMMOCTU KaK CEKTOpa 9KOHOMUKM, a TaKXkKe PacCMOTPEHBI
KJIIOUYEBbI€ COCTaBJISIIOLIME MHBECTULIMOHHOIO KiinMaTa. Kpome Toro, aBropamu ObLIM 0003HA-
YeHBI CJ1abble CTOPOHBEI CYIIECTBYIOIIETO MEXaHW3Ma pa3BUTHS. B pesynbTaTe MCCieIOBaHMS
OBUT cpopMIPOBAH OOHOBIICHHBIM MeXaHW3M (PYHKIIMOHUPOBAHUS W PA3BUTHUS MHBECTUIIMOH-
HOTO KJIMMAaTa CKJIAJACKOIl HEOBWDKMMOCTH 3a CUCT Pa3BUTUS MHOOPMAIIMOHHON IIATOOPMHEI,
KaK MHCTPYMEHTA, MO3BOJISIOIIETO YIYYIINTb YCJIOBUSI MHBECTUPOBAHMSI M MOBBICUTH IIPUBIIC-
KaTeJIbHOCTb OTPACIIH.

KioueBbie c10Ba: MHBECTULIMOHHBINA KJIMMAaT, CKJIAACKash HEIBUXXKMMOCTb, aHAJIU3 PBIHKA,
MEXaHU3M pa3BuTHUs, MHGOPMaIMOHHAs TaTdhopma
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WHCTPYMEHT COBEPIICHCTBOBAaHMS MEXaHM3Ma pa3BUTHUS WHBECTUIIMOHHOIO KJIMMAaTa CKJIam-
ckoit HenBmxnuMoct // Texnoskonomuka. 2023. T. 3, Ne 2 (9). C. 85—98. DOI: https://doi.
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DTO cTaThsl OTKPHITOTO TOCTyMa, pacrpocrpanseMas 1o jguieH3uun CC BY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

In the modern world, the investment industry continues to actively develop and increase its
importance in the activities of individual enterprises and holdings, as well as entire markets and
states. That is why today much more attention is paid to the study of this industry than dec-
ades ago. Nevertheless, the study of this issue in the field of individual areas is extremely low,
which becomes a platform for analysts and researchers, because large investments are impossible
without taking into account all the features, risks and attractiveness of the investment object.

In view of global world changes over the last 5 years, the leaders of the most developed and
developing countries are especially concerned about the investment climate of their countries,
because competitiveness in this issue directly affects the volume of foreign investment. In addi-
tion, the presence of investments inside and outside the country increases stability in the global
arena. The investment climate of the state is formed by the attractiveness of all potentially pos-
sible areas of activity as an object of investment. Undoubtedly, one of these industries is real
estate.

In real estate, investment is often the main source of financing, which in turn is the engine of
progress. Due to the huge leap in development over the last decade and the high sustainability
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of the industry, commercial real estate is becoming a competitive player in the investment mar-
ket. Today, warehouse properties are popular among investors due to their ease of maintenance
and incredibly high demand among various market players. In addition, the payback and speed
of realization of the facilities is peaking year after year. However, it is important to realize that
the development of investments in warehouse real estate also depends on a number of factors
that form the basis for the improvement of all the previously mentioned indicators. If there are
favorable conditions for progress, the analyzed market will continue its prosperity. Nevertheless,
there are also weaknesses in the existing mechanism of investment climate development, which
negatively affects the speed and quality of progress in the warehouse real estate investment
market in Russia. Based on the above, the relevance of the work is related to the insufficient
elaboration of the mechanism of investment climate development of the warehouse real estate
market in the conditions of active development of the industry.

In this scientific research, correlation analysis tools are used to confirm the presence of the
cause-and-effect relationships. Due to the originality of the nominal data, the study of their
correlation differs significantly from the studies in other sections of the correlation analysis. At
the same time, despite the numerous efforts of scientists to develop and improve this section of
correlation analysis, it still does not provide a satisfactory solution to the problem of identifying
and evaluating correlation. The difficulty in determining the correlation between data measured
in nominal data is explained by the fact that no mathematical operations can be performed on
these data. Occurrences of some numbers are already the data of the metric scale, and these
data can be processed statistically. The number of occurrences of nominal numbers is used to
judge whether or not there is a relationship between the nominal numbers.

Since the warehousing real estate segment in Russia has only recently started to develop
actively, the regulatory and legal framework in this arca does not yet fully meet the level of
demand for regulation of issues at the legislative level. According to the existing regulatory legal
acts, the concept of a warehouse is not fixed in a single form.

The main legal act regulating the activities of warehousing is the second part of the Civil
Code of the Russian Federation, namely Chapter 47, which contains general provisions on
storage, a detailed description of storage in a commodity warehouse, as well as special types of
storage.

One of the most important documents in the field of warehouse real estate objects is the
Federal Law dated 03.08.2018 N 289-FZ (ed. of 19.12.2022, amended on 28.04.2023) "On
Customs Regulation in the Russian Federation and on Amendments to Certain Legislative
Acts of the Russian Federation". Article 357 ("Requirements for the arrangement, equipment
and location of temporary storage warehouses") of this regulatory legal document stipulates the
following requirements for warehouses:

1) warehouses must be arranged and equipped with everything necessary to ensure the safety
of products;

2) access to warehousing real estate objects must be restricted (persons or their representa-
tives having authority over goods);

3) customs control of stored goods should be possible at the warehousing real estate objects;

4) access roads should be provided to the warehouses and so on.

For all other issues, relations in the warehouse real estate market are regulated by the legis-
lation relating to real estate in general.

The concept of "investment climate" has been widely used and applied in real estate for the
last decades. Investment climate is commonly understood as the conditions and circumstances
of the analyzed object that demonstrate its investment attractiveness and investment activity.
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Fig. 1. Components of the investment climate (developed by the author)

Based on the presented scheme, we can conclude that the investment climate inherently
consists of investment activity and investment attractiveness, which in turn includes investment

potential and investment risk.
The main groups of prerequisites that subsequently lead to the formation of a certain level

of investment climate are presented in Figure 2.
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Fig. 2. Groups of factors shaping the investment climate (developed by the author)
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As can be seen from Figure 2, the above groups affect virtually all aspects of any enterprise,
segment or market, which makes this system multifunctional and applicable to absolutely dif-
ferent areas of activity.

Materials and Methods

In this article the authors invite a mixed-methods approach, blending qualitative and quan-
titative data to comprehensively analyze the warehouse real estate and its key features. The
study pays specific attentions to extensive literature review, encompassing academic papers,
government reports, and industry analysis in order to distinguish the current dynamics of the
sector. Data collection focuses on results and prospects related to the implementation of the in-
formation investment platform in warehouse real estate. Improvement of the mechanism for the
development of the investment climate of the warehouse real estate market in Russia consists in
improving the existing tools and creating new ways to influence the development of the envi-
ronment through the implemented changes. Thus, a descriptive analysis method is also invited
in order to present a clear picture of current condition of the warehouse real estate, highlighting
its potential reliance on information and communication technologies.

Results and Discussion

Improvement of the mechanism for the development of the investment climate of the ware-
house real estate market in Russia consists in improving the existing tools and creating new ways
to influence the development of the environment through the implemented changes. Thus, to
improve the system it is necessary to assess the level of the environment and introduce tools for
the development of problem areas.

The most problematic area according to the results of the analysis is the level of financial
incentives, changing the tools of which will improve the mechanism of investment climate
development. However, it is important to remember about the complexity of the implemented
changes, so in view of the availability of financial incentives at the federal and regional level,
the implemented measures should also include tools that can potentially be implemented at the
state and municipal levels.

At the moment warehouse infrastructure objects are subject to taxation as property of legal
entities and individuals. In this paper the tools for improving the mechanism of development of
the investment climate of organizations and enterprises are developed, so the further proposal
concerns this part of taxation. Within the framework of the property of legal entities at the
federal level, the rates are set, reflected in Table 1.

Table 1. The size of the tax rate on the property of legal entities (compiled by the author)

Subject of taxation Maximum
rate, %
Immovable property objects in respect of which the 20

tax base is determined as cadastral value.

Residential premises, garages, parking spaces which belong to the personal fund by right
of ownership and the tax base in respect of which is determined as the cadastral value, 0.3
except for taxable objects the cadastral value of each of which exceeds 300 million rubles.

Items of immovable property for which the tax base is

determined as their average annual value. 2.2
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The exact size of the rate is determined at the local level by regional authorities within the
specified ranges, which allows for a general adjustment of the situation, but at the same time
taking into account the specifics of each territory. In fact, when analyzing the level of financial
stimulation of the investment climate, the following drawback was revealed: retail and office
facilities belong to the category of objects taxed on the basis of their cadastral value and at a
reduced rate of maximum 2.0%. While warehouse facilities, which are also part of commercial
real estate, are subject to taxation based on the average annual value of the property in accord-
ance with the maximum rate of 2.2%.

This division in the creation of such a system could have been caused by a strong lag in the
development of the warechouse infrastructure market compared to retail and office facilities.
However, according to the results of the analysis of the warehouse real estate market in Russia
outlined earlier, the market has been actively progressing over the last 5 years, which led to
the need to adjust the taxation of warehouse infrastructure facilities. Within the framework of
this article it is proposed to add warehouse facilities to the real estate, the value of which is
determined on the basis of cadastral value, which will entail at the federal level a change in
the maximum property tax rate for such warehouse facilities from 2.2% to 2.0%. Thus, to a
certain extent, the conditions for investing in warehouse, retail and office real estate in terms
of property tax will be equalized, which will allow to increase investments in the industry (Pod-
shivalenko, 2014).

Nevertheless, it is important to clearly define the expediency and benefit of such changes
for the state, because, certainly, superficially analyzing the proposed tool, it may seem that
this solution is attractive only for market subjects. The interest of the state in the investment
environment lies in the following scheme: an increase in the attractiveness of the industry leads
to an increase in investment in the market, which subsequently causes an increase in the num-
ber of objects in the possession of companies, as well as the turnover of enterprises and their
income subject to taxation, which ultimately has a positive impact on the level of the consoli-
dated budget of the country by increasing tax deductions. Thus, by introducing this method of
improving the mechanism of development of the investment climate of the country's warehouse
real estate, the state on its part ensures in the long term an increase in its own profits.

In addition, such a change will avoid passing the Laffer point. According to the concept
developed by the American economist Arthur Laffer, there is a dependence between tax rates
and tax revenues, which is as follows: an increase in the tax rate initially leads to an increase
in budget revenues, however, after passing the Laffer point leads to a decline in tax revenues.

Increasing tax rates should be treated with extreme caution and it should be understood that
the tax burden affects the attractiveness of the industry and the existence of illegal tax evasion
schemes, the reduction of which is also possible as a result of reducing the rate, since the new
level will allow more taxpayers to pay tax in proportion to the property in their possession
(Litvinova, 2014).

Changes in property taxation may become an opportunity for the state at the federal level to
influence the investment climate by improving an instrument in the mechanism of environment
development. In addition, such an instrument will allow further consideration of the possibility
of progressive taxation in terms of warehouse infrastructure. The essence of progressive taxation
is to change the tax rate in accordance with the level of income. Having a unified approach to
the taxation of retail, office and warehouse real estate as a result of the proposed improvement,
the process of transition to progressive taxation can happen faster due to the unification of the
method.

The next possible tool of the mechanism of development of the warehouse investment
market may be project financing, which has started to develop actively during the last 5 years.
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However, commercial real estate in general understanding throughout this time is not the main
participant of such programs.

Project finance means a method of attracting long-term debt financing for a project by
providing a loan against the cash flow generated by the project. The loan is provided on a
concessional basis, and the level of the rate is formed and approved based on the attractiveness
and profitability of the project. The idea is that projects that do not have sufficient financing
with their own or sponsor's funds get a chance to implement projects on condition of their high
profitability, quick and guaranteed payback, as well as investment attractiveness for the state.

The participants of financing are the company initiating the project, which often does not
have financial resources and collateral, the sponsor investing in the project with the prospect of
making a profit, and the lending company providing most of the borrowed capital.

In the initial engagement, the company initiating the project obtains financing from the in-
vestor and commercial bank, and enters into a concession agreement with the municipality. In
the framework of the concession agreement concluded in the project financing of the warehouse
real estate investment market, the concessionaire, i.e. the initiating company, creates and uses
in its operations a warechouse infrastructure facility, which is at the same time owned by the
municipality.

An important feature of the relationship enshrined in the agreement is the clause stating that
the income received by the concessionaire in the course of carrying out the activities envisaged
by the agreement is the property of the concessionaire.

The most important step for the implementation of project financing is the creation of a
business plan, which is the starting point after the creation of the project team, because it is
on its basis that the investor studies the risks to assess the effectiveness of its own investments,
the lending bank analyzes the possibility of granting a loan against the cash flow, and the state
studies the feasibility and attractiveness of the proposed facility and its activities for the devel-
opment of the industry as a whole, on the basis of which a general decision on financing and
volumes is made.

The main tasks of the state at the stage of creating project financing in terms of warehouse
infrastructure are to document all stages, determine the procedure for obtaining authorization
for the implementation of projects, as well as possible ways to resolve situations arising in the
process of creation and operation of the facility. It is also important to specify the requirements
for potential participants of the program. Often the list of requirements consists of the minimum
project cost, maximum payback period, duration of financing and designation of the share of
own and borrowed funds (Tkachenko, 2019).

Analyzing the feasibility of implementing this improvement, it is necessary to assess, first
of all, qualitative indicators. Thus, the advantage for the company lies in the financial oppor-
tunity to implement the project, which it did not have before, in the state support in terms of
the amount of credit provided and support at all stages, as well as in gaining experience in the
implementation of this project, which may subsequently have a positive impact on the invest-
ment involvement of private sponsors in new projects. As a result of this program, the investor
will be able to share the risks, which in turn will ensure, to a certain extent, the safety of its
funds, as well as dividends after the object is taken into the ownership of the company after the
completion of the full cycle. The benefit of the state in the implementation of this program is
obvious: as a result of the implementation of full cycles, municipalities will increase the share of
tax deductions to the consolidated budget due to the creation of new facilities in the possession
of companies. In addition, this system will increase investment in the industry, which in turn
will help solve a number of other problems (Salova, 2013).

For example, these projects will allow small and medium-sized businesses to realize their
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potential. One of the most accessible and understandable examples of project finance imple-
mentation could be the construction of warehouse complexes for food products in the Far East.
Today, residents of the Far East regions face the problem of high prices and a global shortage of
food products, which in turn is partly due to the monopoly of the largest players. High logistics
costs per unit of goods are reduced by increasing the volume of purchases, but since small and
medium-sized businesses have practically no storage facilities of their own due to risks and lack
of capital, there is no opportunity to purchase products in large batches for temporary partial
storage in the process of realization, thus reducing the final markup. Thus, medium and small
businesses are forced to sell goods at inflated prices, which leads to a decrease in demand, since
the same products can be purchased from the largest market players at lower prices, as well as to
the deterioration of competitiveness of enterprises and their subsequent liquidation. As a result
of such a trend, the state suffers losses in terms of tax revenues to the consolidated budget, as
well as risks in terms of flourishing monopolism, which in turn jeopardizes the market economy
(Gryaznova, 2016).

Thus, project financing is an effective tool for regional development of small and medi-
um-sized enterprises in terms of warehouse infrastructure, which in addition to the general in-
crease in the attractiveness of the industry leads to an increase in tax deductions to the country's
treasury (Lisitsa, 2016).

According to the results of the analysis, in addition to low indicators in terms of financial
stimulation of the warehouse real estate investment market, the economic component is also
a problem area. However, it is very difficult to introduce changes in the mechanism of devel-
opment of this part, because this area shows indicators that are the resultant impact of a large
number of external factors. Nevertheless, by introducing small tools into the development
mechanism, it is possible to start the process of gradual change.

Today there is a problem of low vacancy of infrastructure facilities in the warehouse real
estate market, which is primarily due to the active growth of BTS transactions. In the frame-
work of such transactions the construction of facilities is carried out in accordance with the
customer's request and requirements, which makes it impossible for the warehouse to be sold
or leased. Thus, a shortage of space is created in the market, which in turn leads to an increase
in the imbalance between supply and demand, as well as to a disproportionate increase in the
level of rates, which in the foreseeable future may lead to a decrease in the purchasing power
of warehouse infrastructure market players.

Nevertheless, there is a difference in the vacancy rates of class A and B warehouses. The
number of vacant class B facilities on the warehouse infrastructure market is significantly higher
than the vacancy rate of higher-class warechouses. However, the demand for rent and purchase
of class B premises is decreasing every year, as there is now a desire to create multifunctional
facilities, which requires the introduction of more of the latest technologies and results in the
assignment of class A to the facility. Thus, low vacancy of class B facilities is associated with
reduced demand and as a consequence idle property of organizations.

This paper proposes a step-by-step inventory of Class B warehouse infrastructure facilities
at the municipal level, followed by the development of recommendations for possible renova-
tion and assignment of Class A. A step-by-step plan for using the proposed tool is presented in
Figure 3.
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Fig. 3. Implementation plan for the tool "warehouse inventory program” (developed by the author)

In order to implement the previously outlined plan, it is necessary to create an interested
focus group of experts at the municipal level, who will jointly develop renovation programs, and
property committees or property relations committees will become curators of this program.

In order to participate in this program, all legal entities owning warehouses that are used
for profit-making purposes in the core business of the enterprise will have to submit all the
necessary documentation on the facility through an online form or through a personal visit to
the supervising authority. Then, after the applications are collected, the supervising authority
will form a general list of businesses interested in participating in this program. Within the
timeframe established by the focus group, the characteristics and current condition of the facil-
ities will be analyzed to identify potential renovation opportunities. Based on the results of the
study, explanations will be provided to all submitters of applications with a general summary of
acceptance or non-acceptance of the facility into the inventory project. In case of approval of
the object by the focus group, the project of the object renovation will be further developed with
a detailed calculation of financial costs and risk assessment in the implementation of changes.
The final stage will be a face-to-face meeting of the focus group, supervising body and project
participants to summarize and present the results of the work done, namely the developed pro-
grams for assigning the object to a higher class of warehouse real estate. Further decision on
the renovation of the facility will be made by the owner himself (Volkov, 2004; Ikramov and
Emelyanov, 2022).

When analyzing the feasibility of converting a Class B warehouse to Class A, it becomes clear
that the facility must initially meet the characteristics of Class A in terms of building density,
absence of columns, and ceiling height. This requirement is mostly due to the practical impossi-
bility of implementing the relevant changes, as well as the irrationality of the investments spent
with the available opportunities for renovation of the object. The costs of implementing such
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changes depend on the input data and the state of the object at the moment, so the calculation
of the economic effect should be made for each warehouse object individually.

Thus, creation of a parking area, increase in the number of automatic gates with loading and
unloading areas and development of a professional management system will allow to improve
warehouse facilities within the framework of renovation according to the results of the inventory
program of warehouse facilities.

The advantage of such a tool for the government is, firstly, the inventory of warehouse in-
frastructure facilities, which, in addition to obtaining general real information about the state of
real estate in the industry, will make it possible to identify existing deficiencies in the valuation
of facilities and taxation accordingly. In addition, such a tool will enable managers to improve
the performance of their organizations owning class B warehouses by increasing the demand for
them as a result of assigning a higher class.

Thus, this instrument will reduce the imbalance between the vacancy and demand of the
respective warehouse facilities. The result will be an increase in the vacancy rate of Class A
warehouses, for which demand is much higher than the available supply, and a decrease in the
vacancy rate of Class B warehouses, for which interest is progressively decreasing. In addition,
the proportionality of demand and vacancy of the market will create the most favorable con-
ditions for its development, as well as eliminate possible spontaneous growth of rental rates.

The changing geopolitical situation in the world has had a significant impact on the Russian
warehouse real estate investment market and the existing mechanism of its development. At the
first stage, a large number of foreign players left and as a consequence there was an outflow of
investments, which in turn initially led to an increase in concerns on the part of leading analyt-
ical companies and financial enterprises about the deterioration of the market situation. How-
ever, this then led to increased interest among domestic investors in the warehousing market.
As a result of intensification of the domestic warehouse real estate market, the main economic
indicators returned to the previous level.

Despite the substitution, foreign investments continue to play a major role in financing the
socio-economic development of the country, as well as in the formation of investment poten-
tial. In addition, foreign investments allow to create additional jobs, which leads to economic
growth in the long term, as well as stimulate scientific development, which positively affects the
level of scientific and technological progress of the country (Buzova, 2017).

To date, at the state level it is planned to create ways to stimulate the investment activity
of foreign investors. Despite the difficult situation on the global stage, the Russian investment
market continues to adhere to the principle of openness and accessibility of the industry to the
extent that will not contradict the financial stability of the state and the preservation of national
sovereignty. The Ministry of Finance has set a goal to increase the volume of foreign investment
in fixed capital by 20 trillion rubles in the period from 2021 to 2030. Such indicators can be
achieved with the improvement of conditions for investment of non-residents, as well as the
general increase in the attractiveness of industries.

In the framework of this work, the improvement of the mechanism of development of the
investment climate of the warehouse real estate market in terms of foreign investments is made
on the basis of the formation of a tool that allows to improve the conditions of investment of
non-residents, since the attractiveness of the industry can be increased through the introduction
of other methods mentioned above.

As a result of Russia's ambiguous image on the world stage, a large part of potential foreign
investments is questioned in terms of sales guarantees. Investors are increasingly reluctant to
invest in foreign projects because the risks of failing to realize the goods or services are extreme-
ly high. It is very difficult to eliminate this disadvantage within the framework of investment
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activities in the warehouse real estate industry. However, as the results of analytical activities
of leading companies in the commercial real estate market show, foreign direct investments are
most often realized in the territory of the leading subjects, which gives the regions an opportu-
nity to become a new point of attraction with the highest indicators in terms of sales guarantees,
since the supply in the regions lags behind the growth of demand for warehouse infrastructure
facilities.

This program can be implemented by changing the regulatory and legal framework at the
state level, namely in terms of creating contractual relations with foreign investors through the
conclusion of a contract like an offset contract. This contract implies a document that provides
for the delivery of goods and counter investment obligations of the supplier on the territory
of the subject. The analog of this instrument in terms of the supply of goods has existed since
2016 after the introduction of amendments to Federal Law No. 44 "On Contract System in the
Sphere of Procurement of Goods, Works and Services for State and Municipal Needs". Howev-
er, for all this time, only a few entities in Russia have created the relevant local regulatory and
legal documents that allow the system to be implemented at the city level. Nevertheless, the
application of the already existing experience in regulating relations in terms of foreign invest-
ments in the supply of goods to the creation of warehouse infrastructure facilities will allow to
introduce a new way of interaction with foreign investors in the analyzed industry with minimal
costs.

The main features of the document concluded with a foreign investor under the new rela-
tionship include:

1) creation and construction of a complex or a single object of warehouse infrastructure on
the territory of the subject strictly defined by the terms of the agreement;

2) the volume of investments should be not less than the amount determined at the state
level,

3) the term of the contract is strictly limited;

4) the contract is concluded as a result of an open tender;

5) the customer is the executive authority of the subject, and the investor is a legal entity.

In addition, it is important to determine the responsible executors of the program at the
entity level, since the level of elaboration of the regulatory framework and compliance of the
system with the requests of investors will determine the success of the use of this tool.

Thus, the creation of relevant legal acts will allow foreign investment activities in Russia to
be carried out to an even greater extent. However, it should be remembered that in using such
an instrument it is important to strike a balance between attracting foreign direct investment
and ensuring competition in the warehouse real estate market.

In addition to the low level of financial incentives, as well as ambiguous economic indica-
tors, there is a problem with investor awareness of available programs and systems to facilitate
and improve the process of investing in warehouse real estate. Certainly, due to ignorance about
these tools used by the government to attract investment, market participants do not use them,
which partly leads to low efficiency of the implemented programs at the state level.

To date, information on the implementation of programs in the warehouse real estate invest-
ment market is available on the websites of the relevant authorities or on third-party websites
of analytical or financial companies. However, this approach does not meet the government's
desire to create instruments that are in demand, as a potential investor has to spend a lot of
time searching for detailed terms and conditions of the programs, which leads to a partial
impossibility of obtaining this information and, as a consequence, low involvement of market
participants. In the long term, this trend negatively affects the level of efficiency of the imple-
mented changes in the mechanism of development of the investment climate of the warehouse
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real estate market in Russia.

This paper proposes to improve the information policy of the state in terms of creating an
online platform containing information about the programs implemented by the state in the
warehouse real estate investment market. The created platform should have information about
the content of state support instruments, their terms, program executors and detailed condi-
tions, as well as the regulatory framework, sources of information received. And the procedure
for participation.

This platform can be promoted and the target audience can be attracted through regular fo-
rums, conferences, meetings and open dialogs, as well as by placing a link or other information
on the investment portals of regions and municipalities.

Thus, potential investors will have the opportunity to be fully informed about their own pos-
sible participation in programs implemented at the state or municipal level, which in the long
term will increase the attractiveness of the market by increasing the number of players due to
changing awareness.

For the state this tool is attractive because with relatively small financial investments for
the creation and operation of the platform the efficiency of the implemented programs will
increase. In addition, through the introduction of the information investment platform will
simplify the process of identifying the most problematic regions in terms of availability of state
support, which will allow to solve this problem more quickly. In addition, with further use of
this system, it will be possible to modernize it and create within the platform a unified proce-
dure for accepting applications from potential participants.

Conclusion

The existing mechanism of investment climate development, despite its ambiguous effective-
ness, can be improved in accordance with the developed measures. However, it is important to
realize that effective results from the implemented tools can be obtained only if the following
conditions are met:

1) all parties should be interested in obtaining the result;

2) the proposed measures should be enshrined in relevant documents at the federal, regional
or municipal level in full;

3) before implementing the tool, it is necessary to create a detailed implementation plan with
the identification of executors, setting implementation deadlines, as well as the formation of a
system of performance indicators.

The mechanism of development of the investment climate of the warehouse infrastructure
market directly affects the dynamics of key indicators, as well as the success and potential of
the industry as a whole, so this system should be given special attention and control changes at
all levels, paying special attention to the development of information systems.
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