ISSN 1997-9347

Components of Scientific
and Technological Progress

SCIENTIFIC AND PRACTICAL JOURNAL

Ne 11(53) 2020

Paphos, Cyprus, 2020



Ne 11(53) 2020

Journal “Components
of Scientific and Technological
Progress”
is published 12 times a year

Founder
Development Fund for Science
and Culture
Scientific news of Cyprus LTD

The journal “Components of Scientific
and Technological Progress” is included
in the list of HAC leading peer-reviewed

scientific journals and publications
in which the main scientific results
of the dissertation for the degree
of doctor and candidate of sciences
should be published

Chief editor
Vyacheslav Tyutyunnik

Page planner:
Marina Karina

Copy editor:
Natalia Gunina

Director of public relations:
Ellada Karakasidou

Postal address:
1. In Cyprus:
8046 Atalanta court, 302
Papthos, Cyprus
2. In Russia:
13 Shpalernaya St,
St. Petersburg, Russia

Contact phone:
(+357)99-740-463
8(915)678-88-44

E-mail:
tmbprint@mail.ru

Subscription index of Agency
““Rospechat” No 70728
for periodicals.

Information about published
articles is regularly provided to
Russian Science Citation Index

(Contract No 124-04/2011R).

Website:
http://moofrnk.com/

Editorial opinion may be different
from the views of the authors.
Please, request the editors’
permission to reproduce
the content published in the journal.

ADVISORY COUNCIL

Tyutyunnik Vyacheslav Mikhailovich — Doctor of Technical
Sciences, Candidate of Chemical Sciences, Professor, Director of
Tambov branch of Moscow State University of Culture and Arts,
President of the International Information Center for Nobel Prize,
Academy of Natural Sciences, tel.: 8(4752)504600,

E-mail: vmt@tmb.ru, Tambov (Russia)

Bednarzhevsky Sergey Stanislavovich — Doctor of Technical
Sciences, Professor, Head of Department of Safety, Surgut State
University, laureate of State Prize in Science and Technology,
Academy of Natural Sciences and the International Energy Academy,
tel.: 8(3462)762812, E-mail: sbed@mail.ru, Russia

Voronkova Olga Vasilyevna — Doctor of Economics, Professor,
Academy of the Academy of Natural Sciences, tel.: 8(981)9720993,
E-mail: voronkova@tambov-konfcentr.ru, St. Petersburg (Russia)

Omar Larouk — PhD, Associate Professor, National School
of Information Science and Libraries University of Lyon,
tel.: +0472444374, E-mail: omar.larouk@enssib.fr, Lyon (France)

Wu Songjie — PhD in Economics, Shandong Normal University,
tel.: +86(130)21696101; E-mail: gdwucong@hotmail.com,
Shandong (China)

Du Kun - PhD in Economics, Associate Professor, Department of
Management and Agriculture, Institute of Cooperation of Qingdao
Agrarian University, tel.: 8(960)6671587,

E-mail: tambovdu@hotmail.com, Qingdao (China)

Andreas Kyriakos Georgiou — Lecturer in Accounting, Department of
Business, Accounting & Finance, Frederick University,

tel.: (00357) 99459477 E-mail: bus.akg@frederick.ac.cy, Limassol
(Cyprus)

Petia Tanova — Associate Professor in Economics, Vice-Dean of
School of Business and Law, Frederick University,

tel.: (00357)96490221, E-mail: ptanova@gmail.com, Limassol
(Cyprus)

Sanjay Yadav — Doctor of Philology, Doctor of Political Sciences,
Head of Department of English, Chairman St. Palus College Science,
tel.: 8(964)1304135, Patna, Bihar (India)

Levanova Elena Alexandrovna — Doctor of Education, Professor,
Department of Social Pedagogy and Psychology, Dean of the Faculty
of retraining for Applied Psychology, Dean of the Faculty of Pedagogy




Components of Scientific and Technological Progress

and Psychology of the Moscow Social and Pedagogical Institute; tel.: 8(495)6074186, 8(495)6074513;
E-mail: dekanmospi@mail.ru, Moscow (Russia)

Petrenko Sergey Vladimirovich — Doctor of Technical Sciences, Professor, Head of Department
of Mathematical Methods in Economics, Lipetsk State Pedagogical University, tel.: 8(4742)328436,
8(4742)221983, E-mail: viola@lipetsk.ru, viola349650@yandex.ru, Lipetsk (Russia)

Tarando Elena Evgenievna — Doctor of Economics, Professor of the Department of Economic Sociology,
St. Petersburg State University, tel.: 8(812)2749706, E-mail: elena.tarando@mail.ru,
St. Petersburg (Russia)

Veress Jozsef — PhD, Researcher in Information Systems Department, Business School of Corvinus
University, tel.: 36 303206350, 36 1 482 742; E-mail: jozsef.veress@uni-corvinus.hu, Budapest (Hungary)

Kochetkova Alexandra Igorevna — Doctor of Philosophy and Cultural Studies (degree in organizational
development and organizational behavior), PhD, Professor, Department of General and Strategic
Management Institute of Business Administration of the Russian Academy of National Economy and
Public Administration under the President of the Russian Federation, E-mail: dak6966@gmail.com,
Moscow (Russia)

Bolshakov Sergey Nikolaevich — Doctor of Political Sciences, Doctor of Economics, Vice-Rector for
Academic Affairs, Professor, Syktyvkar State University named after Pitirim Sorokin, tel.: 8(921)6334832,
E-mail: snbolshakov@mail.ru, Syktyvkar (Russia)

Goclowska-Bolek Joanna — Center for Political Analysis, University of Warsaw, tel. 48691445777,
E-mail: j.goclowska-bolek@uw.edu.pl, Warsaw (Poland)

Karakasidou Ellada — A&G, Kotanides LTD, Logistic, tel.: +99346270,
E-mail: espavoellada9@gmail.com, Paphos (Cyprus)

Artyukh Angelika Alexandrovna — Doctor of Art History, Professor of the Department of Dramatic and
Cinema Studies, St. Petersburg State University of Cinema and Television; tel.: +7(911)9250031;
E-mail: s-melnikova@list.ru, St. Petersburg (Russia)

Melnikova Svetlana Ivanovna — Doctor of Art History, Professor, Head of the Department of Dramatic
Art and Cinema Studies at the Screen Arts Institute of St. Petersburg State University of Cinema and
Television; tel.: +7(911)9250031; E-mail: s-melnikova@list.ru, St. Petersburg (Russia)

Marijan Cingula — Tenured Professor, University of Zagreb, Faculty of Economics and Business,
tel.: +385(95)1998925, E-mail: mcingula@efzg.hr, Zagreb (Croatia)

Pukharenko Yury Vladimirovich — Doctor of Technical Sciences, Professor, Head of the Department of
Building Materials Technology and Metrology at St. Petersburg State University of Architecture and Civil
Engineering, Corresponding Member of the Russian Academy of Architecture and Construction Sciences;
tel.: +7(921)3245908; E-mail: tsik@spbgasu.ru, St. Petersburg (Russia)

Przygoda Miroslaw — Dr. hab., Head of Institute of Economic Analysis and Planning, Department of
Management, University of Warsaw, tel.: 225534167, E-mail: miroslawprzygoda@wp.pl, Warsaw (Poland)

Recker Nicholas — PhD, Associate Professor, Metropolitan State University of Denver, tel.: 3035563167,
E-mail: nrecker@msudenver.edu, Denver (USA)




Components of Scientific and Technological Progress

Contents
Engineering

Manaev R.G. New Ways of Developing Algorithms for Generating Numerical Series in
High-Load Systems at the Compile TimeUsing the C++ Programming Language ............ 5

Architecture and Construction

Lapidus A.A., Abramov L.L., Al-zaidi Zaid A.K. Identification of Effective Methods for
Assessing the Risks of a Construction Company in Conditions of Uncertainty ............... 13

Economic Sciences

Kovylina L.L., Antonova N.L. The Growing Role of the Information Component of Economic

Security in the Context of the Formation of New Economy..............uvvviveiiiiiiiiiieiieeeiieeneee, 19
Marishkina Yu.S. Organizational and Economic Mechanisms to Increase the Efficiency of
Energy Integration among COUNES.........ceiiiiiiiiiiiiiieee e 24
Semenova Yu.E., Kurochkina A.A., Voronkova 0.V. Main Consumer Trends in Retail in
the Context Of COrONAVIIUS..........oouiiiieiii e 29
Semenova Yu.E., Ostrovskaya E.N., Gribanovskaya S.V. Technological Unemployment
as a Consequence of Digitalization of the ECONoOmy ...........ccccoiiiiiiiiiiiiiieeeeee 33
CopeprkaHue
MawuHocmpoeHue

MaHaeB P.I' HoBble cnocoObl pa3paboTkM anropuTMOB FreHepaLmyM YMCIOBbLIX PSAOB Ha
aTane BPEMEHU KOMMUNAUUKM Ha A3blke nporpaMmmupoBaHust C++ B BbICOKOHArPyXeHHbIX
(037 (o3 (=1 Y = ) G 5

ApXumeKkmypa u cmpoumesnbcmeo

Nanupgyc A.A., AbpamoB W.Jl., Anb-zangmn 3anp A.K. VccneposaHne meTtogoB Ans
OLIEHKM pPUCKOB B YCMOBMSIX HEONPEeOeNeHHOCTM MNNaHUPOBaHUS  CTPOMUTENbHbBIM
pToTo T =ToTa o 1 =To ] SO 13

JKoHoMuYecKue HayKu

KoBbinuHa J1.J1., AHToHoBa H.J1. Bo3pacTtaHue ponu MHdopmaLMOHHON COCTaBnAoLEN
9KOHOMMYeECKOM 6e30nacHOCTU B YCMOBUAX (POPMUPOBAHMUSA HOBOWM SKOHOMMUKMU............. 19
MapuwkuHa 10.C.  OpraHu3aunOHHO-3KOHOMMYECKME  MEXaHU3Mbl  MOBbILLUEHUS
3P PEKTUBHOCTN IHEPIETUYECKON NHTErPALUU MEXKAY CTPAHAMM ..cceveeeeivieeeeeeeeeeeeeennannns 24
CemeHoBa HO.E., KypoukunHa A.A., BopoHkoBa O.B. OcHoBHble mnoTpebuTenbckmne
TpeHAbl B PO3HUYHOW TOPrOBME B YCMOBUSAX KOPOHABUPYCA .cceeeeeeeeeeeeeeeeeeeaeeaeaaaeaaeeeaeeennn 29
CemeHoBa 10.E., OcTtpoBckas E.H., lpubaHoBckasa C.B. TexHonornyeckasa 6espabotmua
Kak CrieacTBME LMMPPOBUALUM FKOHOMUKM .....cceeeeeeerinneeseeeeeeeeennnnnaaseeaeeeeeesnnnnaeeeesseesnnnnnnn 33




Components of Scientific and Technological Progress

UDK 004.62

New Ways of Developing Algorithms
for Generating Numerical Series
in High-Load Systems at the Compile Time
Using the C++ Programming Language

R.G. Manaev

Ufa State Aviation Technical University,
Ufa (Russia)

Key words and phrases: Sieve of Eratosthenes;
constexpr; number series; compile-time.

Abstract. The study aims to demonstrate a new way
of generating numerical series at the compile time in the
C++ programming language. Additionally, the work seeks to
study the practical usefulness of the demonstrated method.
For demonstration, an increasing series of prime numbers
is used as a number series, limited to the number specified
at the compilation stage. The methods used are the C++
programming language standard 17, and the sieve of
Eratosthenes. The novelty of the paper and the proposed
method is the use of syntactic constructs from C++17, which
significantly improves code support and speeds up the
compilation stage in comparison with classical approaches.
The results show that this is an efficient and effective way
of generating a series of prime numbers at the compilation
stage. Practical recommendations are given for using the
presented method. The practical relevance of the method
is its potential use in the basic libraries of large high-load
systems to prevent typing errors or reduce the use of third-
party utilities when generating numeric series. This method is
also suitable for microcontrollers and high-load systems with
limited resources.

Introduction

Computing a series of primes at compile time in the C++11 or C++14 is a non-trivial task [1] that
involves programming with templates in a functional style [2]. C++17 extends the functionality of
compile-time tools and significantly simplifies implementation [3]. The study aims to demonstrate
a new way of generating numerical series at the compile time in the C++ programming language,
as well as to study the expediency of using the demonstrated method. A series of prime numbers
is used as the numerical series for testing purposes.

The novelty of the paper is the use of new syntactic constructs from the C++ programming
language, which were introduced in the 17th standard [3]. From a practical point of view, the
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presented method can be used, if necessary, to place numerical series in the built software. In this
case, the software will work with a previously known number series, saving time in comparison
to creating such a series at runtime. Alternatively, software engineers can use third-party utilities
to put number series into software. However, this approach entails the need for an additional
compilation step and the need to implement a third-party utility that will also need to be supported.
The presented method allows us not to add unnecessary compilation steps and to stay within the
framework of the C++ programming language. For the demonstration, we will use the problem of
generating an increasing series of primes, limited by a certain number (limit), which is established
at the compilation stage.

Solving the problem for the runtime

Solving the problem for the runtime is trivial (Appendix 1). But it is necessary to look at it to
better understand the compile-time solution.

The solution begins with the implementation of the Sieve of Eratosthenes [4].
The implementation is located in the get_table function, the result of which is a not_prime vector
of length limit. The element index is mapped to a number, and the flag is mapped to the prime
number symbol. A query for the prime number i will look like not_prime[i]; the result false means
that the number is prime, while the result frue means that the number is composite.

The following is an implementation of the get _primes function, which iterates over the index
and fills the output with primes in ascending order.

Next, an implementation of the main function is provided, which is necessary to check the
correctness of the implementation.

Solving the problem for the compile time

To transform the code, it is expedient to rewrite the main function at the beginning (Appendix
2). For the compiler to treat the limit constant as a compile-time constant, let us replace its const
qualifier with a constexpr qualifier. For nested functions to be able to use the limit constant as a
compile-time constant, we will pass it to the get primes function through a template parameter.
In addition, we need to add the constexpr qualifier to the primes constant, since we expect the
problem to be solved at compile time. Now, we can replace assert with static_assert, since
prime has become a compile-time constant. static_assert, unlike assert, is capable of checking
invariants at compile time.

Now, | rewrite the get table function (Appendix 3). The value of the limit constant will be
accepted through the Limit template parameter; this is necessary so that we can instantiate the
returned std::array <bool, Limit> array. For a function to be used at compile time, it must be
designated as constexpr. It also uses auto as the return type, which will be equal to the type not_
prime, since it is returned from the function. The rest of the code is the same as the runtime code.

Next, the get primes function (Appendix 4) is implemented.The value of the limit constant
will be accepted through the Limit template parameter; this is necessary so that we can send it
to the get table function. The return type is also defined as constexpr auto. The first step in the
implementation of this function is to define the compile-time constant not_prime, which is obtained
from the get table call. Next, we can define a compile-time constant m, which will be obtained
using the ranges::count function. Further, since m is a compile-time constant, we can use it to
declare the returned array std::array<int, m>. This array is then populated with regular runtime
code. At the very end of the function, the result is returned, which also deduces the return type.
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Fig. 1. Demonstration of generated machine codes

Table 1. Running times of the usual version of the algorithm

Limit Running time (median, std <5 %)
10 272 ns
100 984 ns
1,000 7.058 ps
10,000 76.505 ps
100,000 439.028 ps
1,000,000 4.73507 ms
10,000,000 51.6781 ms

Note that the shown code is intended for C++20, since the code uses std::ranges::count. If it
is necessary to port the code to C++17, we can define the std::ranges::count function ourselves
(Appendix 5).

Understanding how the compile-time algorithm works

The solution presented for the runtime will obviously generate machine code that will compute
the prime table and sieve of Eratosthenes. However, the compile-time solution demonstrated will
immediately embed the computation into the machine code. For example (Appendix 6), if in the
compilation unit we declare the function foo, which will return the 10th prime number, then the
compiler will inline one instruction: “return the number 317, as in Fig. 1 below.

To demonstrate the function, the interactive resource godbolt.org and gcc version 10.2 with
the compilation flags “-std=c++20 -O3” are used.

Results

First, | examined the running time of the runtime algorithm. Further, the measurements will

ENGINEERING 7
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Fig. 2. Estimation of the running time of the compile-time algorithm

use an approach in which a series of 20 runs of the algorithm is performed, after which the median
is taken, and the standard deviation is estimated. The table shows data with a standard deviation
of less than 5 %.

From the table, it can beunderstood how much time the developed compilation algorithm will
save, depending on the limit parameter. However, we need to estimate how much the compilation
time increases.

Compilation time was obtained using a similar methodology, as presented above; however,
due to the large standard deviation (~ 20 %), it was customary to present measurements in the
form of a graph. This scatter of data can be explained by the involvement of many mechanisms
during the compilation process: disk I/O operations, various data caching algorithms, etc.

Three configurations were involved in testing: clang release — compilation with the “-O3” flag
using the clang version 12 compiler; gcc release — compilation with the “-O3” flag using the gcc
version 10 compiler; clang release with external generator — solving a problem using an external
utility that embeds the result into the code (the compilation time of the external utility is not taken
into account).

The dotted line on the graph marks the approximate compilation time of one regular
translation unit.

In addition, for successful measurements with /imit = 100,000 and higher, special compilation
flags are used: clang — fconstexpr-depth, fconstexpr-steps, gcc — fconstexpr-depth, fconstexpr-
loop-limit, fconstexpr-ops-limit. These flags allow us to increase the constexpr computation limits.

The following conclusions can be drawn from the presented graph.

— The use of the developed method makes sense when limit is up to 10,000, since the
compilation time deteriorates further beyond this. With limit = 1,000,000, clang takes 15 minutes
to compile, although the runtime algorithm runs in 4.73507 ms.

— With limit less than 10,000, the clang compiler handles faster than the solution with an
additional compilation step.

— The clang compiler handles compile-time algorithms better than gcc. In this case, gcc
stops working at limit = 1,000,000 (due to heavy memory consumption).

Such a strong slowdown when limit is more than 10,000 is because the compiler executes

8 ENGINEERING
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the code in the interpreted mode, performing all known diagnostics along the way, and checks for
undefined behavior.

Conclusions

A method of developing the generation of numerical series at the compile-time stage is
demonstrated using the example of generating a series of primes in the C++ programming
language. Conclusions are also made regarding the applicability of this method depending on the
requested row length.

Appendix 1

Listing of the code in the C++ programming language. Generation of a series of primes at
runtime.

#include <vector>
#include <cassert>
/I Sieve of Eratosthenes
std::vector<bool>get_table(int limit) {
std::vector<bool>not_prime(limit);
not_prime[0] = not_prime[1] = true;
for (inti = 2; i<not_prime.size(); ++i) {
if (Inot_prime(i]) {
if (i * i<not_prime.size()) {
for (intj=i*i;j <not_prime.size(); j +=i) {
not_prime[j] = true;
}
}
}
}
returnnot_prime;
}
std::vector<int>get_primes(int limit) {
std::vector<bool>not_prime = get_table(limit);

std::vector<int> primes;
auto it = primes.begin();
for (inti = O; i<not_prime.size(); ++i) {
if (Inot_prime[i]) {
primes.emplace_back(i);
}

}

/I primes ={2, 3,5,7, ..., 997}, m = 168
return primes;
}
int main() {
constint limit = 1000;

ENGINEERING 9
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auto primes = get_primes(limit);

/l'in range [0, limit)

/I primes = {2, 3,5,7, ..., 997}
assert(primes[0] == 2);
assert(primes[1] == 3);
assert(primes[2] == 5);
assert(primes[3] == 7);
assert(primes.size() == 168);
return O;

}

Appendix 2

Listing of the code in the C++ programming language. Generating a series of primes at
compile-time (1/3).

int main() {

constexprint limit = 1000;

constexpr auto primes = get_primes<Ilimit>();
/[ 'in range [0, limit)
/I primes ={2, 3,5, 7, ..., 997}

static_assert(primes[0] == 2);
static_assert(primes[1] == 3);
static_assert(primes[2] == 5);

static_assert(primes[3] == 7);
static_assert(primes.size() == 168);
return O;

}

Appendix 3

Listing of the code in the C++ programming language. Generating a series of primes at
compile-time (2/3).

/I Sieve of Eratosthenes
template<size_t Limit>
constexpr auto get_table() {
std::array<bool, Limit>not_prime{};
not_prime[0] = not_prime[1] = true;
for (size_ti = 2; i<not_prime.size(); ++i) {
if (Inot_primeli]) {
if (i * i<not_prime.size()) {
for (size_t j = i*i; j <not_prime.size(); j +=i) {
not_prime[j] = true;
}
}
}
}

10 ENGINEERING
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returnnot_prime;

}

Appendix 4

Listing of the code in the C++ programming language. Generating a series of primes at
compile-time (3/3).

template<size t Limit>
constexpr auto get_primes() {
constexpr auto not_prime = get_table<Limit>();
constexpr auto size = std::ranges::count(not_prime, false);
std::array<size_t, size>primes{};
auto it = primes.begin();
for (size_ti = 0; i<not_prime.size(); ++i) {
if (Inot_prime(i]) {
*it++ = i

}

}

/I primes = {2, 3,5, 7, ..., 997}
returnprimes;

}

Appendix 5

Listing of the code in the C++ programming language. Implementation of std::ranges::count
for C++17.

template<typename Container>
constexprsize_t count(const Container& container, typename Container::value_type value) {
size_tresult=0;
for (auto& element : container) {
if (element == value) {
++result;

}
}

return result;

}

Appendix 6

Listing of the code in the C++ programming language. Query for the table of prime numbers.
intfoo() {.

constexprint limit = 1000;
auto primes = get_primes<Iimit>();
return primes[10]; // Returns 31

}

ENGINEERING 11
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HoBble cnoco6bl pa3paboTku anropuTMOB reHepaLumMn YMCNOBbIX PSAOB
Ha 3Tane BpeMeHU KOMNUASLMU Ha A3biKe NporpaMmMupoBaHus C++
B BbICOKOHarpy»eHHbIX cucTeMax

PrI. MaHaeB

@Orb0Y BO «Ygumckuli 20cydapCcmeeHHbIU asuayUOHHbIU MexXHUYecKul yHugepcumemsy,
2. Yopa (Poccus)

KnioueBble cnoBa 1 dpasbl: constexpr; pewero dpaTtocdeHa; YNCNOBOWN psag; aTan Bpe-
MEHM KOMNUNALUMN.

AHHoTauums. Llenbto paboThbl ABNAETCS 4EMOHCTpaLMa HOBOro cnocoba reHepauumn 4mcno-
BbIX PSIAOB Ha 3Tane BPeMEHM KOMMUIISILMM Ha A3blke nporpammupoBaHus C++, a Takke uc-
crnegoBaHMe Bomnpoca LenecoobpasHoCTM NMpUMEHEHUS AeMOHCTpupyemoro crnocoba. [Ona ae-
MOHCTpaUUN B Ka4eCTBE YMCIOBOr0 psida UCNONb3yeTcsa BO3pacTalowwmi psa NPOCTbIX ynucen,
KOTOpPbIA OFPaHNYMBAETCS YMCMNOM, 3a4aHHbIM Ha 3Tane KoMnunsauuun. Vicnonblyemble MeToabl:
A3bIK NporpammunpoBaHus C++ ctaHgapta 17, peweto OpartoceHa. HoBM3Ha gaHHOW Hay4yHON
paboTbl 1 Npeanaraemoro crnocoba 3akryaeTcsl B UCMONb30BaHUM CUHTAKCUYECKNX KOHCTPYK-
unin n3 C++17, 4TO 3HAUMTENBHO Yry4llaeT noaaepkKy Koda W yCKOpsieT aTtan KoMNUNsuum B
CpaBHEHUM C Knaccumyeckummn noaxogamu. lMonyyveH adeKTMBHbBIM cnocob reHepauumn psga
MPOCTbIX YNCEN Ha aTane BpeMeHu KoMnunaaumn. [daHbl npakTU4eckne pekoMeHgauum no uc-
Nnonb30BaHWMIO NpeacTaBneHHoro cnocoba. MNMpeactaBneHHbI CNOco6 MOXET MCMOoNb30BaThCS B
0a3oBbIXx BUONMOTEKAX KPYMHbIX BbICOKOHArPY>XEHHbLIX CUCTEM AN NpegoTBpalleHns ownbok
npv Habope Unu cokpaLleHns UCNofb30BaHNSA CTOPOHHUX YTUMUT MPU reHepaummn YNCnoBbiX psi-
noB. Takke NpeacTaBneHHbI cnocob NogonaeT AN MUKPOKOHTPOIIEPOB M BbICOKOHArPYXeH-
HbIX CUCTEM C OrpaHUYEHHBLIMU pecypcamu.

© R.G. Manaeyv, 2020
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Identification of Effective Methods
for Assessing the Risks
of a Construction Company
in Conditions of Uncertainty

A.A. Lapidus, |.L. Abramov, A.K. Al-zaidi Zaid

National Research Moscow State University
of Civil Engineering,
Moscow (Russia)

Key words and phrases: Monte Carlo method; black
box method; risk; construction enterprise; construction
production; Dempster-Schafer theory.

Abstract. The purpose of this article is to study a
number of numerical group methods that can be used
in the study of construction risks under conditions of
uncertainty. In accordance with this goal, the following tasks
were performed: the Monte Carlo, black box methods and
the fundamentals of the Dempster-Schafer theory were
considered. The research hypothesis is based on the
assumption that using the methods discussed in the article
it is possible to assess the risks of a construction enterprise,
both at the planning stage and during the implementation of
an investment — construction project. This allows to reduce
the level of risks in an uncertain environment if has minimal
knowledge about the investment and construction project
and the destabilizing factors that affect it. The authors of the
article used descriptive and generalizing methods, as well
as the method of analysis. The results of the study showed
that the methods considered contribute to an effective risk
assessment in conditions of uncertainty at the initial stages of
the implementation of an investment — construction project.

The problem of assessing the risks of construction production is relevant for every
construction enterprise. Currently, there are a fairly large number of methods that allow for risk
identification, analysis and comprehensive assessment. Some of them will be considered in this
paper.

1. The Monte Carlo Method is a method that is used for quantitative risk analysis, including
determining the level of risk of construction in progress. Also, Monte Carlo modeling is widely
used to eliminate probabilistic uncertainty in the assessment of investment — construction
projects [1-2].

This method uses mathematical modeling to determine the probability of changes in the
main indicators of an investment — a construction project in case of possible occurrence of
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Fig. 1. Application of the Monte Carlo method in scheduling construction work

destabilizing factors. The main goal of the Monte Carlo method is a comprehensive risk
assessment based on multiple modeling of scenarios for the implementation of a construction
project with different sets of random values of estimated indicators. It should be noted that when
modeling each new scenario, the values of all the estimated indicators change at once.

Thus, this method is based on a statistical analysis of the repeatability of the project
implementation scenario using mathematical modeling in real time. The Monte Carlo simulation
is performed using the appropriate software. This method allows us to analyze the stochastic
parameters of the project and the level of impact of external and internal risks [3].

We consider the stages of applying the Monte Carlo method [4]:

1) creating a quantitative model of the form y = f (x,, x,, ..., X,);

2) selecting random variables x;,, X;,, ..., X;,;

3) evaluating the model and the output capacity of a y;,

4) repeating steps 2 and 3 as many times as necessary (for i = 1 to k);

5) analyzing the results.

Fig. 1 shows the way Monte Carlo works by calculating the duration of each activity using a
random number according to the inputs, and then calculating the critical path according to the
number of activities in the project to give after that the probability of ending each activity, and
this is one of the benefits of using Monte Carlo simulation to assess risk in practical scheduling
with an increasingly complex and rapidly changing construction.

The advantages of the Monte Carlo method are as follows [5]:

» it allows assessing the risk of the project;

+ it allows making a forecast regarding the occurrence of possible adverse situations, the
appearance of losses;

* risks are expressed in numerical terms, which makes it easier to assess their impact on
the results of construction production activities;

« it allows forming a realistic budget and determine the most optimal order of work;

+ it facilitates the process of risk management;

* it allows making management decisions based on objective data;

« it allows determining the probability of achieving the project goals.

Despite the fact that the Monte Carlo method increases the chances of successful
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implementation of a construction project within the approved baseline indicators, it is rarely used
in assessing the risks of small and medium-sized construction projects [5; 6].

The disadvantages of the method include:

1) the complexity of collecting the necessary amount of statistical data: the lack of necessary
information leads to model errors [7];

2) problems with the choice of variable distribution functions that are used in calculations;

3) the complexity of creating mathematical models;

4) the problem of correlation of variables, which can lead to misleading conclusions;

5) accuracy of the solution depends on the number of iterations that can be performed;

6) the method could not adequately simulate the events with very high or very low probability
of occurrence [8].

2. Black box method used when working with complex systems. With this analysis, it is
not required to have information about the internal structure of the system, its elements and
connections between them. Black box testing is performed by testers, while they examine the
system, having only the input (impact on the environment of the system) and output (impact of
the system on the environment) data about it. Therefore, the control point and the observation
point are outside the internal structure of the system (Fig. 2).

A significant advantage of conducting research using the black box method is that it avoids
bias in the assessment of random experts and influences the course of research by stakeholders.
Independent experts separately develop solutions to the set scientific and technical hypotheses
and transmit them to the analytical center, which draws up a conclusion based on the presented
developments.

3. Dempster-Schafer theory (DS) of evidence considers a set of assumptions (hypotheses)
and assigns to each of them a probability interval of uncertainty (likelihood), which belongs to
the degree of confidence in each assumption.

The main probability assignment or mass function (confidence measure) is a function
represented as 20 in the interval [0; 1], so that m {©} = 0, where © is an empty set and

Zm(A) =1.
In the DS theory, Dempster’s combination rule is symbolized by the operator @ and is used

to combine two different sources of evidence. This operator can be used to combine two proofs
like m, and m,:

_ 2.BnC{m(B).my (C)}
1-K

m, o(A) = (m, ®m,)(A)
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where A # & and m() = 0; K is the balancing factor.
It is also called a contradiction factor, because it indicates the degree of contradiction
between two sources of evidence:

K =ZBﬂ c:@{m1 (B)-mZ(C)}’

where @ — a combination of two mass functions; B — first value of mass; C — second value
of mass.

The application of the Dempster-Schaefer theory is most appropriate in the case of
heterogeneity of the available information and a priori uncertainty of the data [9—10].

It should be taken into account that based on the available a priori information during the
application of the DS an inaccurate conclusion can be made. However, the use of preliminary
information in the DS method is optional. This is one of the advantages of the method. In
addition, the DS theory allows establishing the relationship of the available uncertain indicators
with the final results. Unlike the Bayesian method, the application of the DS theory does not
require the calculation of the previous probability. The theory has a flexible and understandable
mass function [11; 12], which is easy to create. The computational complexity of this method is
much less than that of other methods.

Another feature of the DS theory is that confidence and likelihood measures are a special
case of interval probabilities. The confidence measure is the lower probability, and the likelihood
measure is the upper probability defined on nested intervals. This allows constructing a
distribution function of trust and interpret it [9-13], as well as make decisions based on expert
assessments of alternatives by criteria.

The application of the methods studied in this article contributes to a comprehensive
risk analysis with a combination of qualitative and quantitative approaches in conditions of
uncertainty. There are many factors influencing the choice of one or another method for
assessing construction risks, including the degree of complexity of the calculations, the
quality and readability of the results obtained, the degree of adaptation to a specific problem.
Herewith, in each individual case, it is necessary to consider the possibility of using several risk
assessment methods simultaneously.
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UccnepoBaHne MeTOO0B ANsl OLEHKU PUCKOB B yCIioBUAX HeonpeneneHHOCTU
ninaHNpoBaHUA CTpouTesibHbIM NMPOU3BOACTBOM

A.A. lNannayc, WN.J1. Abpamos, A.K. Anb-3angun 3ang

@rboOY BO «HauyuoHanbHbIlU uccredosamerbeKuli
Mockoeckul eocydapcmeeHHbIl cmpoumeribHbIU yHUgepcumemy,
2. Mocksa (Poccusi)

KnioueBble cnoBa u ¢pasbl: metoq MoHTe-Kapno; meTtoq YepHoro siumka; puck; ctpou-
TernbHOe NpeanpusaTne; CTpouTenbHoe Npon3BoAcTBO; Teopus demncTtepa-LUladgepa.

AHHoOTauumsa. Llenb HacToswWwen cTaTbn 3aKnyaeTca B U3YyYeHUM psga METOOO0B, KOTOpble
MOryT OblTb MCMOMb30BaHbl NPU UCCegOBaHUN CTPOUTENbHBIX PUCKOB B YCIOBUSIX Heonpeae-
neHHocTu. B cooTBeTCTBUM C NOCTaBNEHHON Lenbio Obiny BbINOMHEHbI CNeayoLwme 3agayn: pac-
cMoTpeHbl meToabl MoHTe-Kapro, 4epHOro flmka 1 OCHOBHbIE NonoxeHus Teopun demncrepa-
LWadepa. Mvnotesa nccrnegoBaHus 3akmoyaeTcs B NPeanosioKEHUN, YTO Npy NOMOLLM paccMo-
TPEHHbLIX B CTaTb€ METOOOB MOXHO MPOBOLMTb OLEHKY PUCKOB CTPOUTEMBHOMO MPOM3BOACTBA
Kak Ha aTane nnaHWpoBaHuWs, Tak U B Mpouecce peanusaunm UMHBECTULMOHHO-CTPOUTENBHOMO
npoekTa. ATO MNO3BOMSAET NPU HANMYUN MUHUMAnNbHbIX 3HaHWA 06 MHBECTULMOHHO-CTPOUTENb-
HOM MPOEKTE N OKa3blBalOLLMX Ha HEro BrMsHWE AecTabunumanpyrowmx daktopax CHU3UTb Ypo-
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BEHb PUCKOB B YCINOBMSX HeonpeaeneHHocTU. ABTOPbI CTaTbW MUCMONb30BanN onucaTternbHbIN
1 o6obLarLmini MeToabl, a Takke MeTod aHanusa. PesynbraTbl MccnedoBaHUs nokasanu, 4Yto
pacCMOTpPEeHHble METOAbl CnocobCTBYOT 3(PEKTUBHONM OLIEHKE PUCKOB B YCIOBUSIX Heonpeae-
NEHHOCTM Ha pasfnUYHbIX dTanax peanvsaunm MHBECTULMOHHO-CTPOUTENBHOIO NPoeKTa.

© A.A. Lapidus, I.L. Abramov, A.K. Al-zaidi Zaid, 2020
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Abstract. The purpose of the article is to identify
trends in the influence of the information component on
the economic security in the context of the formation of a
new economy. The objectives are to determine the main
elements of the influence of the information component,
the presentation of the dual influence of information
factors on economic security, the demonstration of data
in dynamics, proving the strengthening of the negative
factors of the information component of economic security,
the description of protection measures against information
threats. The research hypothesis is as follows: the degree
of influence of the information component in terms of threats
on economic security will increase with the development of
information technologies.

The beginning of the twenty-first century was marked by a transition to a new direction
of economic development. The growing role of knowledge, innovative technologies,
intellectualization of labor, the spread of computer technologies and communication networks
were catalysts for the transformation of the existing system. The changes that have occurred in
this regard in socio-economic processes have led to the formation of a new economy.

Today, the economic potential of any state largely depends on the quality of the elements
of the information structure. The economy is becoming more vulnerable to information threats.
Therefore, the problem of ensuring economic security in the context of the formation of a new
economy, which is directly interconnected with information security, is becoming increasingly
acute.

The theoretical foundations of information security began to form relatively recently;
therefore they do not have a coherent structure. In scientific sources, the tasks of information
security and the implementation of information technologies are defined by both humanitarian
and technical directions. If the technical approach is aimed at the software component and
the technical side of information security, then the humanitarian approach studies information
security in an interdisciplinary context.

The effectiveness of the information component of economic security is determined by the
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procedure for the mutual exchange of information of the internal economic complex of the state,
as well as with foreign agents.

The development of informatization determines the development potentials of the entire
civilization. This transformation is causing revolutionary changes in technology, society,
economics and political agendas around the world, with observable consequences within a
generational time frame.

Over the past 40 years, there has been an explosion in digital goods and services: Google,
Facebook, LinkedIn, Skype, Wikipedia, online courses, maps, messaging, music, and all
other smartphone apps. Since many internet services are free, they are not counted in official
economic activity indicators. Studies show that there has been a significant increase in welfare
that is overlooked by traditional economic indicators such as GDP or labor productivity [1].

It can be concluded that information factors influence economic security both positively
and negatively. There is no doubt that the process of continuous development of information
technology leads to an increase in efficiency in the use of economic resources, and this
leads to economic growth. In addition, thanks to the latest information technologies, a better
management of processes in society is achieved, which makes it possible to improve the quality
and standard of living, which leads to an improvement in macro- and microeconomic indicators.
There is also a direct impact on a number of important indicators of economic security, the result
is an increase in its level.

At the same time, information technologies themselves generate threats to economic
development, which are different in composition, consequences, nature of influence, as well
as reasons for their occurrence. These threats negatively affect economic security at all levels
of economic agents: the state, the society, the enterprise, and the individual. More and more
threats and problems associated with new technologies of informatization are being identified.
Consequently, an important problem of ensuring economic security in the information sphere is
on the agenda.

By controlling the flow of information, controlling its delivery, in the new economy, one can
influence the course of economic processes. That is why today’s technologies of economic
struggle are moving from traditional zones to information-network or cyberspace, which is the
reason for the emergence of the theory and practice of information wars.

In the Strategy for the Development of the Information Society in the Russian Federation
for 2017-2030 [2], telecommunications and information technologies are identified as important
components of the national infrastructure. The goal of developing an information society is to
build a knowledge society and create a digital economy in Russia.

The main indicator characterizing the level of the information component of the country’s
economic security is the volume of expenditures on scientific research as a percentage of GDP.
In 2018, in our country, this indicator was 1.1 %, which is shown in Fig. 1, and in terms of the
share of spending on science in GDP, Russia is significantly inferior to the leading countries of
the world and is in 34th place [3].

According to the conclusions of the expert and analytical report of 2020 [4] to determine the
main reasons hindering scientific development in the Russian Federation: “This area remains
insufficiently productive, does not form its own scientific and technological basis for creating and
implementing priorities, responding to “big challenges” facing society and the state does not act
as a driver for socio-economic development”.

Over the past decade, many regulatory documents and standards have been developed
that include approaches and methodologies in risk management, interrelated with the increase
in information threats.
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Fig. 1. The volume of spending on research in % of GDP for 2018 [3]

For example, global practices in information security risk management are declared in
ISO / IEC 27005, NIST 800-30, ITIL, COBIT, OCTAVE, etc. There are many classifications of
threats, however, most often as foreign (Harmonized Threat and Risk Assessment Methodology,
CSE) and Russian standards (GOST R ISO / IEC 1335-1-2006) most often the threats are
systematized according to the nature of their occurrence: environmental threats (natural) and
threats associated with the human factor. The peculiarity of these types of threats is that they
cannot be predicted.

Information security is an important priority of any business in the new economy, since many
companies go bankrupt due to negative processes in this area. Today, the introduction of high
information technologies in the activities of companies is a guarantee of significant competitive
advantages, but at the same time there are threats of theft, leakage, distortion, blocking, forgery,
copying, destruction of information, which means causing economic, social or other types of
damage. Therefore, every year the issue of finding ways to reduce damage from information
threats is becoming more acute on the agenda of business, society and the state.

The purpose of information security is to identify possible threats to information security,
determine the consequences and potential damage, as well as provide protection means and
assess their effectiveness.

Information is not a material object, it is itself a property of matter, therefore its measurement
parameters are different from material objects. Information differs from data in that it does not
depend on the medium, but on the method of information processing and is always stored in
an encoded form. The cost of an information resource is determined by its owner (International
Standard for Information Security ISO 27001, ISO 17799), but in the Russian Federation the
cost of information is not determined by any law. The cost of state information can also be
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determined indirectly, by the classification of secrecy for different levels of information.

Today information superiority is the source of economic dominance. The information
warfare mechanism consists of a group of specialized methods and tools designed to control
information resources and disable (temporary or irrevocable) information infrastructure or certain
elements of it.

According to Positive Research’s 2020 annual survey [5], the number of cyber-attacks in
2019 increased from quarter to quarter and by the end of 2019 exceeded the number of attacks
in 2018 by 19 %. Most often, government agencies, industry, medicine, science and education,
and the financial industry were subjected to cyber-attacks. These industries accounted for more
than half of all cyber-attacks against legal entities (54 %). The share of attacks on industrial
companies increased to 10 % against 4 % in 2018. Of greatest interest to the attackers were
personal data, accounts and bank card data. The total number of malware infections in 2019 was
38 % higher than in 2018. In 2019, the share of attacks aimed at stealing information from legal
entities was 60 %. Significant changes affected the motivation of attackers in attacks against
individuals: 57 % of attacks were aimed at stealing data, while in 2018 the same indicator was
only 30 %, Figs. 2 and 3 show data for 2019. In general, the main motive for cyber-attacks in
2019 aimed at organizations and individuals is information theft.

The growing negative trends in informatization have led to a response from all economic
agents. To eliminate emerging threats at the international and state levels, active development
is underway.

In conclusion, we can say that in the new economy today, it is not possible to achieve
effective economic growth without the use of information technologies. The use of new
information technologies in all sectors and spheres of the economy is an undoubted blessing.

However, the processes of development of the informatization of the economy present both
new opportunities and new threats. Today it is impossible to stop or reverse the processes of
informatization, they are integral elements of developing systems. Effective management of
information technologies requires the efforts of the international community, state and society.
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BospacTtaHue ponu nHdopmMmaLMOHHOM COCTaBNsAOLWEN IKOHOMUYECKON 6e30MacHOCTU
B ycnoBusix (popMMpoBaHNA HOBOW 3KOHOMMUKMN

N1.J1. KoBbinuHa, H.J1. AHTOHOBA

BY BO «Cypaymckuli 2ocydapcmeeHHbIl yHUgsepcumemy,
2. Cypeym (Poccus)

KnroueBble cnoBa u cppasbl: nHopmaTnsaums; MIHPOPMaLMOHHbIE TEXHONOMUK; MHAOP-
MaUMNOHHbIE Yrpo3bl; 9KOHOMUYeckas 6e30nacHoOCTb.

AHHoTauusa. Llenbio ctatbk gBnsieTca onpefeneHne TeHAeHUUNn BrUsHUS MH(OpMaLnoH-
HOWM COCTaBISIIOLLEN HA 9KOHOMUYECKYIO 6E30MacHOCTb B YCIOBUAX (hOPMMPOBAHUS HOBOW 3KO-
HOMUKK. 3agavamu crnegyet cuMTatb onpegeneHne OCHOBHLIX 3N1IEMEHTOB BNUAHUA MH(OpMa-
LLMOHHOW COCTaBnsOLLEN, NpeacTaBrieHne ayanbHOro BAMsHNA MHopMaLMOHHbBIX (dakTopoB Ha
3KOHOMMYECKY0 ©e30MacHOCTb, AEMOHCTPALUUNIO B AMHAMUKE OaHHbIX, JOKa3bIBAKOLWMX ycune-
HWe HeraTMBHbIX PaKTOPOB MHGOPMALMOHHOW COCTaBMAIOLWEN 3KOHOMMYECKOW BGesonacHoCcTy,
onuvcaHne mep 3alimTbl OT MHPOPMAaLMOHHbBIX Yrpo3. MMnoTesa nccrnegoBaHus: cTeneHb BnUs-
HUS HCPOPMALMOHHOW COCTaBMSAOLWEN B NIlaHe Yrpo3 Ha 3KOHOMUYeECKyto 6e3onacHocTb Byaer
HapacTaTb N0 Mepe pa3BUTUS MHAOPMALMOHHBLIX TeXHonornn. [na gokasatenbcTBa rmnoTesbl
Ncnonb3oBaHbl METOAbI AeQYKTMBHOMO aHanuaa u cMHTesa, CpaBHeHUs U MogenvpoBaHus. B pe-
3ynbrate uccneaoBaHna rmnoTesa Obina noareepXxaeHa.

© L.L. Kovylina, N.L. Antonova, 2020

ECONOMIC SCIENCES 23



Components of Scientific and Technological Progress

UDK 33

Organizational and Economic Mechanisms
to Increase the Efficiency
of Energy Integration among Countries

Yu.S. Marishkina

National Research University “MPEI’,
Moscow (Russia)

Key words and phrases: energy system; integration;
energy strategy; cross-border solutions; common electricity
market.

Abstract. Cross-country integration of national energy
systems aimed at increasing the efficiency of cross-border
solutions is considered to be a particularly important area
in terms of ensuring the safety of the functioning of energy
spaces. However, the implementation of such projects in
practice is accompanied by various problems and difficulties.
The purpose of the article is to consider the organizational
and economic mechanisms to increase the efficiency of
energy integration between countries. In accordance with
this goal, the following tasks were solved: a review of the
world experience in the integration of energy systems was
carried out, the main methodological aspects of the process
of energy integration between countries were highlighted
and an analysis of the results obtained was carried out as
well. The hypothesis of the article is the assumption that
a systematic approach is required in order to increase the
efficiency of energy integration. Integration is a strategic
vector, therefore, unlimited opportunities for interaction
between countries will appear with common decision that
making in one direction. To achieve this objective, research
methods such as data collection and analysis, synthesis,
observation, comparison and comparison were used.
The result of the work is the identification of prerequisites for
the further development of the process of cooperation in the
energy sector using the example of the Eurasian space and
increasing the efficiency of international energy integration,
despite the complications caused by the impact of economic
and social or political factors.

Over the past 2019 and unpredictable 2020 years, the situation has changed, the priorities
of integration for Russian companies remain, but they have shifted to the East. This does not
mean abandoning collaborative work with Western partners, that is why we are returning to the
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topic of integration, especially in the context of the recession in Russia and the difficult situation
in other countries. Now this industry and many others requires large investments. According to
the European Commission analysis, only for the creation of a common energy market, namely
the construction of high-voltage grids, by 2020 more than 140 billion euros are required.

Cross-country energy integration is mutually beneficial projects of the world’s largest
companies and countries, the organization of parallel, synchronous operation of energy systems,
uniform rules and principles of technical regulation. One of the integration elements is the export
of electricity. At the moment the export of electricity from Russia is 15 million kWh per year.
These are mainly east and northwest directions.

Mechanisms within the framework of Russia’s energy integration are as follows:

— working with the countries of the former USSR in the restored synchronous mode;

— strengthening the Eurasian Economic Union, which includes five countries (Russia,
Belarus, Kazakhstan, Kyrgyzstan, Armenia);

— enhancing cooperation with the countries of the European Union;

— improving energy cooperation with East Asia; this integration is now in an active stage
of implementation. A single energy ring with South Korea, Japan, Mongolia and China; new
projects for the construction of direct current lines; construction of a 50 GW wind farm and
others.

Actions such as integration and consolidation are highly reliable and cost effective for the
network infrastructure. It is known that more than two hundred integration projects are being
implemented in Europe. For example, the Bulgaria-Greece project is a serious energy ring, a
good example of the reliable operation of two energy systems.

There is no doubt that the most important thing in integration is the trust of consumers,
partners and business. Integration processes begin with this.

Long-term planning, tariff regulation and integration help to reduce the costs of implementing
large projects: each national power system leaves 25-50 % of its own generation as a
reserve. A decrease in the volume of these reserves will make it possible to direct funds for
the modernization of generation and the grid complex. This architecture requires completely
different approaches.

China is investing heavily in network infrastructure development. It should be noted that
China is integrating in two main areas: high-voltage and ultra-high-voltage transmission systems
and the creation of a unified energy network. By 2018, energy companies had invested $ 73
billion in the construction of thirteen transmission lines, five of which will be ultra-high voltage
with a total length of 70 thousand km. Then the energy system will be almost completely
covered with ultra-high voltage lines. China shares the corresponding technologies with other
countries [1].

Controversial issues always arise during the operation of an energy system that unites
several countries. For example, some countries receive more funding, others less. How are such
issues resolved in the European Union, what priorities exist in a particular country and what new
projects contribute to integration? Funding and use of funds within the EU are determined by
EU regulators. There are also regulators in each country that determine transit tariffs, which
include the costs incurred by the country building the infrastructure.

Changes in the energy industry occur quite suddenly. Firstly, there is a transformation of
society, people begin to produce energy locally. If it can be understood what benefit can be
derived from it, it will lead to a positive effect. For example, digital networks can provide this
functionality. Italy has a fully integrated digital network - 600 thousand small power plants, they
take some capacity off the market, but at the same time give flexibility. The transformation
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occurs both under the general influence of the economy, mentality, and under the influence of
an external force - technological development. Today we are talking about broadband, optical
fiber, and this is done as part of the network, because the networks serve the same customers
and by working together, countries can reduce the costs. All these are elements of integration.

The reliability of the electricity supply, the financial availability of energy and the
environmental friendliness are very important for the end user. Each country has its own rules
and often do not contradict the rules of another country. Long-term investments require a
stable legal environment. Many technologies are currently being developed, and in terms of
international development, countries can benefit from this cooperation.

Electricity transmission systems at the level of ultra-high voltage technologies — breakthrough
technologies. An example is the project that connects the power systems of Norway and
Germany — NordLink. The latest technological advances are used there. The project operates
according to the rules of the EU. Many companies work on it and this guarantees the energy
security of both countries. At the same time, the project is being integrated into renewable
energy sources, solar sources are involved here. This project shows that if there is a good
legal basis, then the parties can effectively cooperate and provide integration that solves a huge
variety of problems at the same time.

West-East-Russia is a good direction of cooperation and a reason for further strengthening
the reliability and availability of energy resources, confidence of the consumer and economic
benefits of all participants on a new basis. Currently there are various integration associations
such as the European Union (EU), the Common Market of the Southern Cone Countries
(MERCOSUR), the North American Free Trade Agreement (NAFTA) and others. There is a
huge integration potential for the gas industry in the integration association (APEC), for natural
gas in the EAEU [2].

Depending on the depth of the declared integration goals, there are the following mechanisms
to increase the efficiency of energy integration between countries. This can be a set of measures
to eliminate tariff and non-tariff barriers between countries, coordinate and harmonize regulatory,
commercial and technical policies and standards. As a rule, this is the simplification of customs
procedures in the mutual trade of energy resources, the granting of national business entities, on
the basis of reciprocity, the priority right of access to energy resources, infrastructure, markets
and consumers of integrating countries. In addition, the coordination of indicative balances of
gas production and consumption, coordination of investment activities and subsidies policy,
pricing principles and tariff methodology is carried out. It is necessary to carry out a lot of work to
harmonize the rules for gas supply, technical requirements for the quality of services provided.
Specialized regulatory bodies play a key role in these activities.

The countries of the Eurasian Union signed an agreement to create a common electricity
market during this summer, expected timingthe launch of which — 2024-2025. The Eurasian
Economic Commission believes that the common market will have a positive effect on the
pricing and energy security of the Union states, but many more issues need to be settled.

One of the basic and the most controversial areas of integration within the EAEU continues
to be the formation of common markets for electricity, gas, oil and oil products, designed to
ensure the even energy development of the Union member states. It can be argued that the
future of the common Eurasian economic space depends on the successful energy integration of
countries. Since if there are common principles and rules for the functioning of energy systems,
models of national markets that are similar and easily adaptable to each other only then we can
talk about long-term integration as a whole [3].

The thesis that in the context of growing energy intensity of national economies common
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energy markets should become the engines of the integration process in the EAEU, is an integral
part of the official rhetoric of all members of the Union. However, this does not prevent the
bearers of the same rhetoric sometimes take an extremely skeptical position, while considering
the formation of common markets.

Initially, the EAEU negotiated the formation of a single electricity market, but the epithet
“single” was changed to “common” in 2016, that indicated the readiness of the member states to
follow the path of integrating energy systems while maintaining the structural features of national
markets.

The formation of a common electricity market assumes that members of the Union will
be able to purchase electricity both under bilateral contracts and within the framework of
centralized bidding. A special electricity stock market will be formed for this reason. At the same
time, a general analysis of the national energy systems of the EAEU member states shows the
presence of a very low demand for electricity imports. At the moment there is a certain deficit
only in Belarus, that will soon be covered with the launch of two units of the BeINPP (2400 MW)
in 2020 and 2021, which will allow Minsk to act as an exporter of electricity with a focus, in
particular, on the Baltic markets.

The electricity industry is developing dynamically in Kazakhstan, and the country aims to
reach the level of complete self-sufficiency in the coming years. At the same time, it is planned
to provide up to 50 % of electricity generation from renewable sources by 2050. This direction
will allow starting the development of export strategies towards Asian markets [5]. In Russia,
generating capacities are also excessive and are many times higher than the rest of the EAEU
members combined, that also indicates an export-oriented energy sector. Russia is one of the
largest exporters of electricity, annually supplying up to 18 billion kWh of energy abroad.

The formation of a common market for oil and oil products, first of all, supposes the
demonopolization of national markets [3].

In conclusion, there are various mechanisms to improve the efficiency of energy integration
between countries. Taking into account the current difficult political and economic situation
in the world, it can be concluded that strengthening cooperation in the energy sector in the
Eurasian space is one of the main strategic interests of the countries. The main obstacle to the
formation of a common energy market is the lack of a common vision of the liberalization of
national markets among the member states — an important condition for the implementation of
the integration project.

The reported study was partially supported by Ministry of Science and Higher Education of
the Russian Federation, research project No. 26.13493.2019/13.2.
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opraHI/I3aLWIOHHO-3KOHOMVI‘-IeCKMe MeXaHU3MblI
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@rbOY BO «HauyuoHarnbHbIl uccriedosameribckul yHusepcumem «MOU»,
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KnioueBble cnoBa 1 dpasbl: MHTerpaunsi; 06beanHEHHbIV SNEeKTPOIHEPreTUHECKUIA PbIHOK;
TpaHCrpaHW4Hble peLUEeHsi; 3HepreTuyeckas cuctema; SHepreTmyeckasi crparerus.

AHHOTauua. MexcTpaHoBas WHTerpaumsi HaumoOHanbHbIX 3HEProcUcTeM, HanpasBneHHas
Ha noBblleHne 3PPEKTUBHOCTU TPAHCTPAHNYHbBIX PELLEHUI, CYNTAETCA OCOBEHHO BaXHbIM Ha-
npasneHnem B OTHOWeHun obecrneveHns 6e30nacHOCTU (PYHKUMOHUPOBAHUS SHEPreTUYeCcKuX
npoctpaHcTB. OgHako peanusauumsa TakMx NPOEKTOB Ha NPakTUKe CONPOBOXAAETCHA pasriMyHbI-
MU npobneMamun n cnoxHoctamu. Llenbio ctaTbn SBNSIETCS PacCMOTPEHWE OpraHn3aunoHHO-
3KOHOMMYECKMX MEXaHN3MOB MOBbIEHNSA 3PDEKTUBHOCTU IHEPrETUHECKON NHTErpaLun mexay
cTpaHamu. B coOTBETCTBMM C MOCTaBNEHHON Lenbio 6binn pelleHbl cregyrolme 3agayn: npo-
BefeH 0630p MMPOBOrO OMblTa UHTErPaLUn 3HEPreTUYeCcKUX CUCTEM, BblerneHbl OCHOBHbIE Me-
TOOOMNOrMYecKkne acnekTbl nNpoLecca 3HepreTUYeckon MHTerpaumm Mexay ctpaHamu u rnpose-
AEeH aHanua nonyYeHHbIX pe3ynsraTtoB. [MNoTe3on ctaTbu ABNSETCA NPeanornoXeHme o ToOM, YTo
ANs NOBbILWEHUA 9PMEKTUBHOCTN IHEPrETUHECKOWN MHTEerpaumnm Heobxoanm CUCTEMHbIV NOAXOA,
WHTerpauusa — 3To cTpaTerm4eckuini BEKTop, crnefoBaTenbHo, 6e3rpaHnyHble BO3MOXHOCTU B3a-
UMOAENCTBUA CTPaH MOABATCS NPU COBMECTHOM MPUHATUWN pelleHU B OOHOM HanpasreHWUw.
[na poctmxkeHus noctaBneHHoOM 3agayun 6binyv MCMoNb3oBaHbl Takne MeToAdbl UCCeaoBaHus,
Kak cbop 1 aHanu3 AaHHbIX, CUHTE3, HabnogeHe, cpaBHEHWE U conocTasneHne. Pesynstatom
paboTbl ABNSETCS BbiiBNEHWEe NPEAnoCbINOK ANs AanbHenLWwero passuTus npouecca CoTpyaHu-
4yecTBa B 9HepreTuke Ha npumepe eBpasMncKoro NPOCTPaHCTBA U NOBbIWEHUS 3P EKTUBHOCTHU
MeXOyHapoOHON 3HEePreTUYecKon MHTerpaumm, HECMOTPS Ha OCITOXHEHUS, Bbl3BaHHbIE BO3Aen-
CTBMEM 3KOHOMWYECKUX U COLMArbHO-MONMMTUYECKUX (DAKTOPOB.

© Yu.S. Marishkina, 2020
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Abstract. The article deals with the features of
retail trade development in the context of a pandemic.
The purpose of this study is to identify the main trends
in the development of retail trade and the specifics of
changes. The hypothesis of the study is that there will be a
transformation of consumer behavior and retail will respond
to this by using new technologies of sales and interaction with
customers. The main research methods in the article are the
comparative research method and the analysis of scientific
literature. Based on the results of the study, the authors
concluded that the maijority of customers have changed their
lifestyle and decreased consumption, as a result of which
there was redistribution between trade formats, resulting in
the customers’ moving online, and leading to an increase in
online trading.

Coronavirus is the main factor affecting consumer behavior today. Under the pressure of
circumstances, they changed their consumption habits and criteria for choosing stores and
sales channels. How will the buyer act in the near future? What should businesses prepare for?

The quarantine factor from March to September 2020 significantly affected consumer
behavior — 32 % of buyers noted that they were affected by the coronavirus both in terms of
health and finances. Our life is firmly established concern for safety — masks and sanitizers.
And if masks are a forced measure, sanitizers are a more conscious purchase, and hand sanitizer
can be found in every 10 shopping cart. And 29 % of customers say that they use antiseptic at
the point of sale. HoReCa segments and the vending business were severely affected by the
coronavirus. 37 % of consumers do not visit public catering establishments, and 44 % do not
use coffee machines at gas stations. The main reason is that it is not safe, the buyer feels
the risk of infection with a virus. A similar situation occurred in the vending segment — sales of
snacks and beverages fell by 60-80 %, but the demand for bottled water and milk (+20 %), as
well as personal protective equipment increased.

Customers were more likely to focus on the price: an increasing proportion of private label,
discounters and promotional sales. Significant changes have taken place in the business climate
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[1, p. 32].

There was a drop in the level of wages for almost all categories of citizens [2]. During the
pandemic, the share of the chain’s own brands has grown — 8 out of 10 customers buy STM
because of the good price-quality ratio. Over the past year, analysts have noted a growing trend
in the share of private labels.

In Europe, the share of discounters is growing, in Russia, players are also actively investing
in this channel, and a significant number of buyers have appeared who position themselves as
low-price stores and win customer loyalty. Fix Price network, “Da!” are ready to recommend 46
% of customers, discounter “Pobeda” — 43 %, “Mayak” — 42 %, “Svetofor” — 41 %.

The share of promo sales is growing: 46 % of consumers made purchases at a new point
just for the sake of promotions and discounts. At the same time, the customers are looking
for promos both offline (+34 %) and online (+32 %), which was not observed a year ago.
For purchases, 62 % of customers use both sales channels, and 38 % continue to buy only in
physical stores.

As a result, the share of online trading is growing. Before coronavirus, 59 % of key FMCG
retailers developed their online stores and 21 % partnered with marketplaces. As of September,
76 % of retailers went online, and 48 % began selling their products through marketplaces and
delivery services. The fact that the industry is actively investing in an online channel suggests
that remote sales will continue to grow rapidly.

The motive for choosing a particular purchase channel has also changed. They go to
a physical store out of habit (36 % of customers) to take a walk or leave the house (27 %).
The online channel is chosen for a wide range of products (37 % of customers), saving time
(35 %) and not wanting to stand in line (34 %).

And they also go online for the sake of purchasing for the future.[3] By the way, large
purchases in the FMCG sector are not new to the market, but it is also developing in a new
paradigm, there has been a noticeable redistribution between points — buyers are more
often purchased in online stores, discounters and “at home” stores, and not in large formats,
hypermarkets as it was before. The buyer also changed the location and place of purchase
(went to the country, to the village during self-isolation). As a result, sales in modern trade in
rural Russia are growing faster than in urban Russia — 22 % against 8.9 %.

The population’s lifestyle has changed — cooking at home, remote work, online training and
training, beauty treatments with their own hands, etc. Many of the things that someone used to
help us do, now we do it ourselves, so the market has become dominated by the do-it-yourself
model.

As a result, sales of such categories as baking ingredients, condiments, cooking utensils,
ovens, fryers, grills, etc. increased. the alcohol group Began to grow as compensation for
the reduction of the HoReCa segment. The increase was shown by the categories of beer
(7.5 %), rum (9.3 %), whiskey (9.8 %), cognac (7.4 %). The home care category is growing —
paper towels (12.7 %), floor cleaning products (7.4 %), bleach (2.4 %). People want to make
their home, first of all, safe. However, sales of personal care products — hair styling products
(-24.6 %), shampoos (—11.5 %), skin care products (—11.1 %), personal hygiene products
(—=10.5 %), toothpaste (—10.6 %), deodorants (-2.4 %) — declined. Sales of medical tests, sports
and sleep products are growing [4].

Food products in general are growing faster than the market, for example, such categories as
cottage cheese (5.6 %), milk (2.4 %), ground coffee and cereals (3.4 %), ready-made breakfasts
(4.1 %). The customers want to please themselves, as admitted by 62 % of customers. The top
5 categories of treats that study participants purchased during their last visit included chocolate
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(23 %), juices (23 %), cookies (19 %), alcohol (19 %), and sweet carbonated drinks (11 %) [4].

There is also a trend for healthy food — 18 % of customers have started to buy fresh food
more often in the last 4 weeks. Overall, the category grew by 2 % compared to last year.
The customers explain their choice with the phrase: “Fruit is Better than buns and cookies”.
But the categories of long-term storage (cereals, broths, tea, butter, pasta) today buy less:
consumers bought these products for future use in the spring.

The main factor that affects consumer behavior is the coronavirus. We have survived the
quarantine, the summer, and are entering the second “wave” of the pandemic. Now is the time
when we can draw conclusions and make forecasts for the next year — what the business is
waiting for and what to prepare for. After 2014—2015, the market recovered to the 2013 revenue
level for several years. Now there has been a pullback again, and real incomes are lower than
in 2013 by about 10-15 %. This means that many of the trends shown are long-term and will
affect the market development for at least 2—-3 years.

Thus, lifestyle changes have changed the consumption pattern. As before, there is an
increase in the share of online trade, but there has been a noticeable redistribution of preferences:
customers are more likely to buy in online stores, discounters and stores “at home”, rather than
in large hypermarkets as it was before. The trend for a healthy diet continues. The customers
have also changed the location and place of their purchases.
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AHHOTauusA. B ctatbe paccmatpmBaroTcs 0COOEHHOCTU Pa3BUTUS PO3HUYHOW TOProBMW B
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ycnoBusix naHgemuu. Llenb AaHHOro mccrefoBaHWs — BbISIBUTb OCHOBHbIE TPEHAbl Pa3BUTUS
PO3HWUYHOW TOProBMNN U cneundurKky naMeHeHuin. MnoTesa UccneqoBaHns 3aknoyaeTcsa B npea-
MONOXeHUM O TOM, YTO OyAeT NpoucxoauTb TpaHcdopmauus NoTpebUTeNbCKOro NoBeaeHUs u
pO3HWYHasi Toproens ByoeT pearMpoBaTh Ha 3TO, UCNOMb3ys HOBblE TEXHOMOMMM Npoaax 1 B3a-
nmopencTemin ¢ nokynatensiMm. OCHOBHblE METOAbl UCCNeAOBaHNsi B CTaTbe — CPABHUTENbHbIN
METOA, UCCNEefoBaHUA U aHanv3 HayyHoW nuTepatypbl. [1o utoram uccriefoBaHWs aBTopamMm
caenaHbl BblBOAbI O TOM, YTO Y OCHOBHOW Macchl NokynaTernein NponsoLLnn N3MeHeHust B cTune
)KM3HN U CHU3WIICA YPOBEHb NoTpebrneHunsi, BcreacTBMe Yero Npov3oLwno nepepacnpeneneHme
Mexay dopmMatamy TOProBnu, NoKynaTtenb U3MEHUN NOKALMIO U MECTO COBEPLUEHMUS MOKYMKK,
no-npexHeMy HabnogaeTcs pOoCT UHTEPHET-TOPIOBMW.

© Yu.E. Semenova, A.A. Kurochkina, O.V. Voronkova, 2020
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Abstract. The article deals with the problems of growth
of technological unemployment in modern conditions.
The purpose of this study was to study the specific features of
the employment structure in the context of digitalization and
the introduction of artificial intelligence technologies in the
economy. The hypothesis of the study is that the structure of
supply and demand in the labor market will differ significantly
from the current structure. The main research methods in the
article are the analysis of scientific literature and statistical
data. Based on the results of the study, the authors formulate
the main trends of changes in the labor market and suggest
possible ways to minimize the negative effect caused by the
transition to a new technological order. The main challenges
and possible solutions to these problems are identified.

McKinsey estimates that last year the share of the digital economy in Russia was 3.9 %,
while in the US it was 10.9 %,in China it reached 10 % [5]. However, the national program
assumes that this volume will triple by 2025. What will digitalization in the corporate and public
sector mean for individuals? Business is clearly in favor of digitalization: transferring routine
processes “to digital” allows companies to get rid of millions of blue-collar workers. Digitalization
of processes that require a creative approach helps to get rid of part of the “white collar”:
artificial intelligence, unlike a living person, does not require any bonuses, social insurance, or
vacation pay. The driver of digitalization in the corporate sector is the desire of businesses to
increase profits by getting rid of social obligations. The state also clearly supports digitalization,
because it opens up unprecedented control opportunities for state institutions: each citizen can
be numbered; by creating a digital profile, you can track financial transactions, correspondence,
geographical movements, and social contacts.

Although theoretical forecasts are optimistic in the long run, the direct effects of technological
substitution on the structure of social inequality require serious attention. According to a 2016
study by Atrtificial Intelligence, Automation, and The Economy conducted by the Executive office
of the President of the United States, the median probability of full automation is 83 % for low-
paid jobs, while for middle-income jobs it drops to 31 % [4]. Finally, the technological replacement
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of highly paid types of work is only 4 %. Since the level of remuneration often depends on the
level of education, such statistics mean that the beneficiaries of the spread of Al will be primarily
highly educated people employed in well-paid jobs. Low-paid, low-skilled workers will lose their
livelihoods. In addition, since the education system is also a major driver of income inequality,
this inequality can worsen: if the ability to learn new skills correlates with the education received,
but is not a direct consequence of it, simply increasing access to education will not fix the
situation. Another effect of Al that can exacerbate inequality between people is the increasing
share of capital in the economy. As Toma Piketty has shown, the excess of the level of return on
capital over the level of economic growth leads to increased economic inequality. If Al is a new
and highly efficient form of capital, its spread will only reinforce this trend.

An alternative scenario assumes that artificial intelligence technologies will lead to a new
wave of de-training, which, as Collins predicts, will primarily affect high-paying jobs and middle-
class professions. For example, in medicine, one of the most important tasks is diagnostics,
which is essentially a kind of prediction. There will be a change in the business climate, which
will affect the competitiveness of all Russian enterprises [3, p. 32].Thus, the use of algorithmic
diagnostics, by definition cheaper and possibly more reliable, will replace the work of qualified
doctors. At the same time, the use of advanced technologies to replace the work of nurses,
junior medical staff, etc. does not make economic sense. However, historical experience shows
that more skilled workers are better adapted to technological substitution, so this scenario is still
less likely.

Top managers fear that digital technologies will weaken their position in the corporate
hierarchy. It is obvious that the professions that we grouped into the “white-collar” category
will become a thing of the past. People whose work is related to the movement of documents,
entering information and its primary processing will become unnecessary: accountants, HR
specialists, lawyers specializing in claims and contractual issues.

At the same time, there will be a growing demand for programmers, database specialists,
and system architects. Another growth sector is engineers who design automated devices,
which are commonly referred to as robots. Robots in the physical sense are solutions used in
industry and transport, including the management of unmanned aerial vehicles, cars, trams,
trolleybuses, trains, and even river vessels.

The third direction is business design. This is not just about business analysts who have
studied business systems, but also about specialists who can design, build, and reconfigure
business systems as platforms. The concept of “lifelong learning” will gain popularity [2, p. 183].
Employers will be forced to initiate retraining programs to adapt them to the conditions of
automated work.

Mobility will solve the problem of recruiting employees. By 2030, about 40 % of the European
population will live in clusters, where the number of jobs will be significantly reduced. Job
searches will increase internal migration and moving to megacities. Digital networks and new
technologies will increase employee productivity and solve the problem of mobility [1, p. 33].
COVID-19 has demonstrated the ease with which millions of people can switch to remote work
at the same time. Subsequent use of the home office format can increase the size of the local
labor market by 25 % [5].

As practice shows, not only blue-collar workers can suffer, but also knowledge workers.
Many tasks will soon be possible for robotic systems that will gradually replace people. Artificial
intelligence itself is not identical to process automation, but the development of Al will lead to
the fact that more and more tasks will be available to a computer program.
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Artificial intelligence is being used more widely and has an impact on an increasing number
of areas of human life, and this impact can be both positive and negative. This is typical of
many significant inventions that have changed people’s lives: nuclear energy can be used for
both peaceful and destructive purposes; oil production solves energy problems and provides
raw materials for the synthesis of new materials, but leads to environmental pollution; money
circulation allows you to quickly exchange values, but leads to corruption, overconsumption,
speculation, etc. Implementation of digital solutions is impossible without a program to adapt
society to these solutions. In order to move to a digital society with care, without material losses
and emotional stress, we need specialists who are on the one hand technology-oriented, on the
other hand, focused on working with people and are ready to help them interact effectively with
technology.
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TexHonornyeckasa 6e3paborTuua Kak cnegcreme LucpoBu3aLnum 3KOHOMUKU
tO.E. CemeHoBa, E.H. OctpoBckas, C.B. pnbaHoBckas

@IrE0Y BO «Poccutickuli eocydapcmeeHHbIlU 2uOpoMemeoporio2uyYecKull yHugepcumemy,
2. Cankm-lemepbype (Poccusi)

KnroueBble cnoBa u ¢pasbl: pbiHOK Tpyada; coumnanbHble NOCNeacTBus LMdpoBM3aLnm;
TexHonornyeckasa 6espabotmua; undpoBmnsaums 3KOHOMUKN.

AHHOTauusA. B ctaTtbe paccMOTpeHbl Mpobnembl pocTta TexHonormdeckon 6e3paboTtuubl B
COBPEMEHHbIX yCrnoBusix. Llenbio gaHHOro nccnenoBaHnst ABNSANOCH U3yyYeHne cneumduyeckmx
OCODEHHOCTEN CTPYKTYpbl 3aHATOCTU B YCMOBUSAX LMEPOBU3ALMM U BHEOPEHUS TEXHOMOMM
WCKYCCTBEHHOIO MHTENNeKkTa B 9KOHOMWKY. [MnoTesa mccrnegoBaHus 3akntoyaeTcs B Npeano-
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NOXEHUN O TOM, YTO CTPYKTypa crnpoca M npeasioxkeHust Ha pbiHke Tpyaa OyaeT cyliecTBeHHO
OTNNYaTBLCA OT CTPYKTYpbl B HacTosilee BpeMsi. OCHOBHblE METOAbI UCCMNeAOBaHUs B cTaTbe —
aHanu3 Hay4YHoW nuTepaTypbl U CTaTUCTUYECKMX AaHHbIX. [1o uToram mnccrieqoBaHUs aBTopamm
cchopMynMpoBaHbl OCHOBHbIE TPEHAbl M3MEHEHUI HA pblHKE TPyAa W MpeariaratloTcs BO3MOX-
Hble NyTU MUHUMM3ALMN OTpULATENBHOrO 3dpdeKTa, BbI3BAHHOIO NEPEXOAOM K HOBOMY TEXHO-
nornyeckomy yknagy. OnpegeneHbl OCHOBHbIE BbI30Bbl Y BO3MOXHbIE HaMpaBleHUsi peLleHunst
[AaHHbIX Npobrnem.
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