Electronic scientific and practical journal

INTELLECTUALIZATION OF LOGISTICS
AND SUPPLY CHAIN MANAGEMENT

#6 (2021)
April ‘21

WWW.SMART-SCM.ORG
ISSN 2708-3195
DOI.ORG/10.46783/SMART-SCM/2021-6

“‘7 727084319005

o




Electronic scientific and practical collection

Eutlﬂ INTELLECTUALIZATION OF LOGISTICS

AND SUPPLY CHAIN MANAGEMENT

Electronic scientific and practical publication in economic sciences

ISSN 2708-3195
DOI: https://doi.org/10.46783/smart-scm/2021-6

Released 6 times a year

Ne 6 (2021)
April 2021

Kyiv - 2021



Founder: Viold Limited Liability Company

Editor in Chief: Hryhorak M. Yu. — Doctor of Economics, Ass. Professor.
Deputy editors-in-chief: Koulyk V. A. - PhD (Economics), Professor.
Marchuk V. Ye. — Doctor of Tech. Sci., Ass. Professor.

Technical editor: Harmash O. M. — PhD (Economics), Ass. Professor.
Executive Secretary: Davidenko V. V. - PhD (Economics), Ass. Professor.

Members of the Editorial Board:

SWIEKATOWSKI Ryszard - Doctor of Economics, Professor (Poland);
POSTAN M. Ya. — Doctor of Economics, Professor;

TRUSHKINA N. V. — PhD (Economics), Corresponding Member of the Academy;
KOLOSOK V. M. - Doctor of Economics, Professor;

ILCHENKO N. B. — Doctor of Economics, Ass. Professor;

SOLOMON D. I. — Doctor of Economics, Professor (Moldova);
ALKEMA V. H. — Doctor of Economics, Professor;

Henryk DZWIGOL - PhD (Economics), Professor (Poland);

SUMETS O. M. - Doctor of Economics, Ass. Professor;

STRELCOVA Stanislava — PhD (Economics), Ass. Professor, (Slovakia);
RISTVEJ Jozef (Mr.) PhD (Economics), Professor, (Slovakia);

ZAMIAR Zenon - Doctor of Economics, Professor, (Poland);
SMERICHEVSKA S. V. — Doctor of Economics, Professor;

GRITSENKO S. I. - Doctor of Economics, Professor;

KARPENKO O. O. - Doctor of Economics, Professor;

PATKOVSKYI S. A. - Business practitioner.

The electronic scientific and practical journal is registered in international scientometric data
bases, repositories and search engines. The main characteristic of the edition is the index of
scientometric data bases, which reflects the importance and effectiveness of scientific
publications using indicators such as quotation index, h-index and factor impact (the number of
quotations within two years after publishing).

In 2020, the International Center for Periodicals (ISSN International Center, Paris) included
the Electronic Scientific and Practical Edition "Intellectualization of Supply Chain Management" in
the international register of periodicals and provided it with a numerical code of international
identification: ISSN 2708-3195 (Online).

Recommended for dissemination on the Internet by the Academic Council of the
Department of Logistics NAU (No. 7 of February 26, 2020). Released 6 times a year. Editions
references are required. The view of the editorial board does not always coincide with that of the

authors.

t.me/smart_scm
facebook.com/Smart.SCM.org
twitter.com/ScmSmart

DOI: https://doi.org/10.46783/smart-scm/2021-6 Ten.: (063) 593-30-41
e-mail: support@smart-scm.org https://smart-scm.org



The electronic scientifically and practical journal
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

v.6 (2021)

ISSN 2708-3195 https://smart-scm.org

Contents

INTRODUCTION

SAVCHENKO L.V. PhD of Technical Sciences, Associate Professor, Associate
Professor of Logistics Department of National Aviation University (Ukraine),
SEMERIAHINA M. M., Senior Lecturer of Logistics Department, National Aviation
University (Ukraine), SHEVCHENKO LV. PhD of Economic Sciences, Associate
Professor of higher mathematics department of the National Aviation University
(Ukraine)

MODELING OF REGIONAL FREIGHT FLOWS OF ROAD TRANSPORT IN UKRAINE

GAMELIAK L.P. Doctor of Technical Science (s), professor, Head at the Department of
Airports, National Transport University (Ukraine), DMYTRYCHENKO A.M. Candidate
of Engineering Sciences, associate professor of department transport law and
logistic, National Transport University (Ukraine), VAKARCHUK I.M. Ph.D in Technical
Science, Associate Professor at the Department of Airports, National Transport
University (Ukraine)

PHILOSOPHY OF APPLIED RELIABILITY AND SAFETY OF UKRAINE NEW TRANSPORT
INFRASTRUCTURE

GRITSENKO S.I. Doctor of Economics, Professor, Professor of Logistics Department
of National Aviation University (Ukraine), DRACH N.S. Students of Logistics
Department National Aviation University (Ukraine)

LOGISTICAL SUPPORT FOR SUSTAINABLE DEVELOPMENT OF THE REGION

CHEREDNICHENKO K.V., Master degree, PhD student, Assistant at Department of
aviation works and services, National Aviation University (Ukraine),
MIROSHNIKOVA Ju.O. Students of aviation works and services, National Aviation
University (Ukraine)

MODELING OF TERRITORIAL DIFFERENTIATION BY TRANSPORT INFRASTRUCTURE

LEVEL OF DEVELOPMENT

DAVYDENKO V.V., PhD of Economics, Associate Professor, Associate Professor of
Logistics Department of National Aviation University (Ukraine), HARMASH O.M.,
PhD of Economics, Associate Professor, Associate Professor of Logistics Department
of National Aviation University (Ukraine), OVDIIENKO O.V., PhD student, Assistant of
Logistics Department of National Aviation University (Ukraine)

CIRCULAR PROCUREMENT MANAGEMENT IN THE CIRCULAR ECONOMY SYSTEM

23 -36

37 -47

48 - 54

55-62

m This work is licensed under a Creative Commons Attribution 4.0 International License



INTRODUCTION

We are happy to invite you to get acquainted with the first issue of the new scientific and
practical publication "Intellectualization of Logistics and Supply Chain Management".

We strongly believe that the launch of this magazine indicates the objective need to
rethink a wide range of issues related to the development of theory and practice in logistics and
supply chain management, awareness of the need to unite the scientific community and logistics
practitioners, dissemination of modern knowledge and best practices forinnovative development
of the logistics services market.

The first issue of the magazine is published at a difficult time. The global coronavirus
pandemic and the deep economic crisis have significantly worsened business activity in the world.
Currently, global supply chains are collapsing, international trade is declining, and competition
between global and regional logistics operators is intensifying. The most common thesis is that
the world will never be the same again. Industry experts predict the emergence of new, more
flexible and adaptive supply chain management strategies and approaches to logistics business
process management. The trend towards collaborations, cooperation and unification of services
is emerging, comprehensive proposals for clients are being developed. There is increasing talk
about the need to build bimodal supply chains, which involves the development of different
decision-making scenarios: the traditional approach - cost-effective efficiency, low risk, high
predictability; a new approach "second mode" - rapid recognition of opportunities, adaptability,
willingness to solve unexpected problems and look for new opportunities.

Radical transformations of the global and national markets for logistics services require
appropriate scientific support. Logistics science has a special role to play in this process. Initiating
the emergence of a new journal, we decided to focus on its coverage of problematic aspects of
the formation and development of logistics systems at the micro, mezo and macro levels, supply
chain management, digitization of logistics, methods and tools for optimizing processes in
logistics and supply chains, sociopsychology relations and network interaction of enterprises
using cloud technologies, artificial intelligence, e-learning, neural business process management
systems, etc.

Therefore, we invite scientists, researchers and business representatives, as well as our
colleagues from abroad, to cooperate and present the results of scientific research, to discus and
debate on them, to work together to develop the scientific theory of logistics and promote mutual
intellectual enrichment.

We hope that the new scientific publication will become a theoretical guide for young
researchers and representatives of other fields.

HRYHORAK Mariia
Chief Editor
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MODELING OF REGIONAL FREIGHT FLOWS OF ROAD
TRANSPORT IN UKRAINE

Lidiia Savchenko, Myroslava Semeryagina, Iryna Shevchenko “Modeling of regional freight flows
of road transport in Ukraine”. A transport system can be defined as a complex system characterized by a
random value of transport demand, variable weather and climatic factors, a set of characteristics of transport
infrastructure, and a complex system of interconnections. One of the key modes of transport providing freight
transport both in domestic and international traffic is road. Its mobility and the ability to deliver cargo from door
to door is a unique competitive advantage over other modes of transport.

To create an effective logistics infrastructure that meets the demand for domestic freight transport, first
of all, information is needed on the needs for transport between regions of the country. Thus, it is necessary to
look for mathematical approaches to modeling freight flows, combining their practical implementation using
widely used software products (for example, MS Excel).

The purpose of the paper is to build effective multifactor regression models of demand for input and
output transportation of goods by road for each region of Ukraine according to publicly available statistical
data of the State Statistics Service of Ukraine.

The modern approach to modeling cargo flows requires fast processing of a large amount of statistical
data. In addition, the method should be as universal as possible and capable of quick and simple changes under
conditions of a change in statistical data. From this point of view, the most acceptable option can be considered
to be the modeling of freight traffic using regression models based on correlation and regression analysis. In
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general, the task is to find the dependence of the demand for transportation on the factors that influence it. Such
factors in the existing models are connected with various macroeconomic indicators, as well as the distance of
delivery.

The data of regional statistics of the State Statistics Service of Ukraine and data of the “Lardi-Trans”
website as the most widely used by freight carriers and shippers were taken as the initial data for modeling.

A list of factors has been found that significantly influence the demand for freight transport by road
between regions of Ukraine. A rating of influencing factors has been compiled, among which are the gross
regional product, regional volumes of foreign trade in goods (imports) and gross regional product per one
inhabitant of the region. The absolute values of the correlation coefficients are in the range 0.351-0.974. The
lowest correlation coefficient is between the transportation distance and the demand for delivery, which proves
a negligible relationship between the volume of regional transportation and the distance of delivery.

Multivariate regression models with thirteen, five and two factors of influence on demand are built.
Accuracy parameter values are acceptable for all model variants. The normalized R-squared of the obtained
models does not fall below 84%, and the average approximation error does not rise above 1.6%, which is an
excellent performance of the models.

Keywords: demand for freight transportation, regional transportation of goods by road, domestic
transportation, modeling the demand for transportation, correlation-regression analysis, linear
multivariate regression.

Jlidia CasuyeHko, Mupocnasa CemepsziHa, IpuHa LlleeyeHko “Moodeno8aHHA pez2ioHANbHUX
eaHmaxonomokie aemomobinbHo20 mpaHcnopmy 6 YKpdaiHi”. TpaHcnopmHy cucmemy MOXHA
8U3HAYUMU AK CKIAOHY cucmemy, AKA XApakmepu3lyembsCsa 8UNAOKOBOIO 8e/IUYUHOI0 MPAHCNOPMHO20
nonumy, 3MIHHUMU NO200HO-KAIMAMUYHUMU (aKkmopamu, Habopom Xapakmepucmuk MmpaHCNOPMmMHOI
iHGppacmpykmypu ma cknaoHow cucmemoro 83aemo3s’askie. OOHUM 3 K/II04Y08UX 8UOi8 MpaHcnopmy, Wo
3a6e3neyye B8AHMAXHI nNepese3eHHA AK Yy BHYMPIWHbOMY, MAK | MIXHAPOOHOMY CNOJTyYeHHI, €
asmomobinbHull. Mo2o mMobinbHicme ma moxnusicme docmasku eaHmaxy «gid d0sepeli 0o dsepeli» €
YHIKG/TbHOIO KOHKYPEHMHOI0 Nepesazoio neped iHWUMU 8udamu mpaHcnopmy.

[na cmeopeHHA echekmugHOI no2icmudHoi iHppacmpykmypu, wio 3abesnedye nonum Ha 8HYMpilHi
B8AHMAXHI nepese3eHHA, nepw 3a 8ce HeobxioHa iHgopmauis npo nompebu 8 nepege3eHHAX MiX pezioHamu
KpaiHu. Takum YUHOM, HeobXiOHO WyKamu mMamemamudyHi nioxodu 0o MOOesIl8AHHA 8AHMAXONOMOKIs,
KOMOIHYIOUU iX NpaKmMu4yHy peani3ayito 3 8UKOPUCMAHHAM WUPOKO BUKOPUCMOBYBAHUX NPO2PAMHUX
npodykmie (Hanpuknao, MS Excel).

Memorwo cmammi € nobydosa epekmusHux 6azamogpakmopHuUx pezpeciliHux modenel nonumy Ha
8XiOHi Ma 8UXiOHi nepese3eHHA 8GHMAXi8 aBMOMOBIIbHUM MPAHCNOPMOM 0718 KOXXHOI obiacmi YkpaiHu 3a
302a71bHO00CMYNHUMU CMAMUuUCMUYHUMU OaHUMU [lepxxasHoi ciyx6u cmamucmuku YKpaiHu.

CyyacHul nioxio 00 MoOest08aHHA 8AHMAXONOMOKI8 8UMA2AE WBUOKOI 06pOB6KU 3HAYHOI Kinlbkocmi
cmamucmuyHux oaHux. Kpim mozo, memoo mae 6ymu MAKCUMAnbHO yHigepcanbHUM ma 30amHuUM 00
WBUOKUX Ma npoCmux 3mMiH y pasi 3MiHU HaA8HUX CMAMUCMUYHUX OGHUX.

Hal6inbw npuliHAMHUM 8apiaHmMoMm 3 Ui€i MOYKU 30py MOXe 88aXamucs MOOe/Tt8aHHSA
B8AHMAXONOMOKI8 3 BUKOPUCMAHHAM pezpeciliHux mooeneli HAa OCHO8I nposedeHHA KopensayiliHo-
pezpeciliHo2o aHanisy. Y 3aeanbHomy 8u2/iA0i 3a0a4a NosiA2ae 8 3HAXOO0XeHHi 3anexHocmi nonumy Ha
nepese3eHHs 8i0 (hakmopis, Wo Ha Hb020 BU3HAYA/IBbHUU 8NIU8. TaKuMu (hakmopamu € MAKPOEKOHOMiYHi
NOKA3HUKU, @ MAKOX 8I0CMAaHb nepese3eHHs.

Y akocmi 8uxiOHUX OAHUX 83Ami 0aHi pe2ioHanbHOI cmamucmuku ma 0aHi catima «Jlap0i-TpaHc» Ak
Halbinbw WUpOKO BUKOPUCMOBYBAHO20 Y 8AHMAXONePesi3HUKI8, 8iONpAsHUKI8 Ma 3amMo8HUKI8 nepese3eHs.

3HalideHo akmopu, Wo CMAHoBAAMb 3HAYHUU B8NJIU8 HA NONUM HA BAHMAXHI nepese3eHHA
asmompaHcnopmom 3 ma 0o obnacmeli YkpaiHu. CknadeHo pelimuHe pakmopie ennusy, cepeod AKUX HA
nepwux nosuyisax Banosul pezioHanvbHUl npodykm; PezioHanbHi o6cazu 308HilHBLOI mopeieni mosapamu
(imnopm) ma Banosuli pezioHanbHuli NpoOYKM y pO3paxyHKy HA OOHYy 0coby. A6COMOMHI 3HAYeHHA
KoegpiuieHmis kopenayii nepebysaoms y dianasori 0,351-0,974. HaliHuxyul KoegpiuieHm kopenauil - mix
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8i0CMAHHI0 nepege3eHb Mad NONUMOM HA HUX, U0 00800UMb HE3HAYHUU 38’A30K MiX 06CA2aMU pe2ioHaIbHUX
nepege3seHb ma 8i0CMAHHI0 00CMABKU.

[MobydosaHo moodeni baeamogakmopHoi peapecii 3 mpuHadoyamemd, n‘amema i 08oma pakmopamu
snausy Ha nonum. 3HA4eHHA nNapamempie MOYHOCMI € NPUUHAMHUMU 0514 8Cix s8apiaHmis moodesed.
HopmosaHuti R-keadpam ompumaHux moodesneli He ONyckaemoca Huxuye 84%, a cepeOHA NOMUJIKA
anpokcumayii He nioHimaemeocs suue 1,6%, Wo € 8iOMIHHUMU NOKA3HUKAamu mooesiell.

Knioyoei cnoea: nonnt Ha BaHTaXHi NepeBe3eHHs, perioHaNbHi MNepeBe3eHHA BaHTaXiB
aBTOMODGINIbHUM TPAHCMOPTOM, BHYTPIlLHi MNepeBe3eHHs, MOAENIOBaHHA MOMUTY Ha MepeBe3eHHs,
KopenauiiHo-perpeciiHnin aHanis, niHiHa 6aratodaktopHa perpecis.

Jludus CasyeHko, Mupocnaea CemepseuHa, UpuHa LLlegyeHko “MoodenuposaHue pe2uoHanbHbIX
2py30nOomoKoe aemomobusibHo20 mpaHcnopma 6 YKpauHe". TpdHCNOpMHYI cucmemy MOXHO
onpedesiume KAk CJIOXKHYI0 cucmemy, Komopas xapakmepusyemca c1y4atiHol 8esiuduHol mpaHcnopmHozo
cnpocd, nepemMeHHbIMU  NO200HO-KIUMAamuuyeckumu  ¢pakmopamu, Habopom  xdpakmepucmuk
mpaHcnopmHol uHgpacmpykmypsl U c1oxHol cucmemol 83aumocsasel. OOHUM U3 K/TIo4YesblX 8udos
mpaHcnopmad, obecneyusarwuM 2py308bie Nepeso3KU KAk 80 8HYMpeHHeM, MaK U 8 MeXOyHapOOHOM
coobuweHuU, As1AemMcsa asmomobusbHbil. E20 MO6UIbLHOCMb U B03MOXHOCMb 00CMABKU 2py3a «om 0sepu 00
0sepu» A8/19emcs YHUKAIbHbIM KOHKYPeHMHbIM NpeuMyuw,ecmaom nepeo Opy2umu 8u0amu mpaHcnopma.

Jna co3d0aHusa 3gpekmusHol so2ucmuyeckol UHppacmpykmypel, obecnequsaruwjeli cnpoc Ha
B8HymMpeHHUe 2py308ble Nepeso3KU, npexoe 8ce2o Heobxoouma UHhopMayus o nompebHOCMAX 8 nepeso3Kax
Mex0y pe2uoHamu cmpaHel. Takum o06pasom, HeobxoOUMO UCKame Mamemamuyeckue nooxoosl K
MOOesIUpOBAHUIO 2PYy30N0MOKO8, KOMOUHUPYA UX NPAKMUYeCKyto pedsu3ayuto ¢ UCNo/1b308aHUEM WUPOKO
UCnosib3yembix NPO2PamMMHbIX Npodykmos (Hanpumep, MS Excel).

Llensto cmamou Asn1aemca nocmpoeHue 3ghhekmusHbix MHO20(haKMOPHbIX pezpecCcUOHHbIX modeseli
CNPOCa Ha 8X00HbIe U 8bIXOOHblE Nepeso3KU 2py308 asMoMobUsIbHbIM MPAaHcnopmom 0514 kaxool obaacmu
YKpauHel no obwedocmynHelMU cmamucmuy4eckum OdHHbIM [ocyddpcmeeHHOU Ciyx6bl cmamucmuku
YkpauHel.

CospemeHHbIl NOOX00 K MOOEUPOBAHUIO 2py30N0MoKo8 mpebyem boicmpoli 06pabomku 60716020
KoJluyecmaa cmamucmuyeckux OaHHbIX. Kpome mozo, Memoo 00s1xkeH 6biMb MAKCUMAJIbHO YHUBEPCAbHbIM
U CNOCOBHBIM K ObICMPbIM U NPOCMbIM U3MEHEHUAM 8 C/lydae nepemeHbl CMamucmuyeckux OGHHBbIX.
Haubonee npuemsemeiMm 8apuaHMoOM C 3MOU MOYKU 3peHUs MOXem cYyUmamscs MOOeauposaHue
2py30N0MOKO8 C UCNOJ/Ib308AHUEM pe2peccUOHHbIX Modesieli Ha OCHOBe nposedeHUA KoppeasyuoHHO-
pe2peccuoHHo20 aHanusd. B obwem sude 3adaya cocmoum 8 HAxoxO0eHUu 3asucumMocmu cnpoca Ha
nepeso3ku om (hakmopos, OKA3bl8aroUUX Ha He2o 8auaHuUe. TakumMu hakmopamu 8 cyuyecmayouux Mooesnax
YKA3b618a10MCA PA3/IuYHble MAKPOIKOHOMUYeCcKUe NoKA3zamesu, d makxe paccmosHue nepesosKu.

B Kauecmee UCXOOHbIX OdHHbIX 0718 MOOeUPOB8AHUA 83AMbl OdHHbIE pe2UOHAsIbHOU cmamucmuku
locydapcmeeHHoU c1yx6bl cmamucmuku YkpauHel u 0aHHele caiima «/lapou-TpaHc» kak Haubosee WUpoKo
UCNoJ/Ib3yemMo20 y 2py30nepeso3yuKkos u 2pysoomnpasgumersied.

OnpedesnieH nepedeHb hakmopos, cOCMAsAAUWUX 3HAYUMesIbHOe 8/IUAHUE HA CNPOC HA 2py308bie
nepego3ku asmompaHcnopmom mexoy obnacmamu YkpauHel. CocmasseH pelimuHe ¢pakmopos 8/1UAHUA,
Cpedu KOmopbIX HA NepabIX NO3UYUAX 8aJ108bIU pe2UOHAbHbIU NPOOYKM, pe2uoHdsbHble 06beMbl 8BHeWHel
mopzoenu mosapamu (UMnopm) U 8asi08bil pe2uoHasbHbIU NPodykm 8 pacdyeme HA OOHO20 Xumess
obnacmu. AbconromHele 3Ha4eHUa Ko3ghguyueHmMos Koppenayuu Haxooamca e ouana3oHe 0,351-0,974.
Camsbili HU3KUU Ko3ghhuyueHm Koppenayuu - Mexoy pacCmosHUeM Nepeso3oK U CNPOCOM HA HUX, Ymo
0oKad3bigdem HE3HAYUMesIbHyl0 83aUMOCBA3b MexX0y 00beMamu pe2uoHAIbHbIX NePeso30K U paccmosHUeM
docmasku.

[MocmpoeHbl Modenu MHO20hakmopHoU pezpeccuu ¢ mpuHaoyameto, NAMelo U 08yMA hakmopamu
8/1UAHUA HA CNPOC. 3HA4YeHUA NAapamempo8 MOYHOCMU ABIAIMCA npuemaeMbIMu 0/ 8ceX 8apuaHmMo8
modenel. HopmuposaHHeili R-k8adpam nosyyeHHbIx Modesiel He onyckaemca Huxe 849%, a cpeoHAsA owubka
annpokcumayuu He noOHUMaemcs solwe 1,6%, Ymo A8/19emcsa OMIUYHbIMU NoKaszamenamu mooesned.

Knioyesble cnoea: cnpoc Ha rpy3oBble MepeBO3KW, pPervoHanbHble MNepeBO3KM rpPy30B
aBTOMOOWNbHLIM TPAHCMOPTOM, BHYTPEHHME MepeBO3KW, MOAENMPOBaHME Cnpoca Ha MepeBO3KM,
KoppenALMOHHO-PErpecCUOHHbIN aHanus, NMHenHaa MHorodakTopHas perpeccus.
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Introduction. The transport system can
be defined as a complex system characterized
by a random variable of transport demand,
variable weather and climatic factors, a set of
characteristics of transport infrastructure and
a complex system of relationships. The main
purpose of the transport system is to meet the
demand of the population, business and
government agencies for transport services.
The correspondence between the capabilities
of the transport system and the demand for
its services is determined by the balance of
demand and capacity of the transport system.
In this regard, it is very important to accurately
determine the demand for transport services.

In the text of the National Transport
Strategy of Ukraine for the period up to 2030
[1] the priority of the industry as one of the
most important in the national economy is
identified. The volume of freight traffic
directly reflects the financial and economic
condition of the country and its regions, as
well as a marker of trends in the business
environment.

One of the key modes of transport that
provides freight in both domestic and
international traffic is road. Its mobility and
ability for door-to-door delivery is a unique
competitive advantage over other modes of
transport. Transportation by other modes of
transport mostly needs the involvement of
road in the first and last stages of the delivery
process. Thus, modeling the demand for
transportation of goods by road is an urgent
task, the correctness of the results of which
depends on the quality of the whole process
of transportation.

To create an effective logistics
infrastructure that meets the demand for
domestic freight transport, first of all,
information is needed on the demand for
transport between regions of the country.

Determination of real freight traffic is
associated with a number of difficulties. The
most accurate is the method of direct
accounting, which consists of a direct full
survey of cargo-generating and cargo-
absorbing points of the region. This method

6-22
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provides the most complete data for the
characterization of traffic flows in a certain
period of time. However, its disadvantage is
the high labor intensity of data collection and
processing. Unfortunately, the collection of
such data involves direct interviewing,
questioning each actual and potential point
of departure and destination of cargo, which
in reality is possible only in a small area (no
more than a city microdistrict). The
accounting of transported goods according
to the nomenclature in organizations
producing and consuming products, and in
road transport enterprises, would certainly
make it possible to easily collect the necessary
information on freight traffic. However, at the
moment in Ukraine there are no such reports
for all enterprises, or access to them is limited.
In addition, there is the problem of biased
applications of consignors, lack of accounting
for the frequency of transport and the weight
of packages. The inaccuracy of accounting in
the performed volumes of transportations in
road transport enterprises also creates
additional difficulties in determining the real
traffic flows.

Thus, it is necessary to look for
mathematical approaches to modeling
freight trafficc combining their practical
implementation using widely used software
products (for example, MS Excel).

Analysis of the latest research. Basic
principles and approaches to forecasting
freight and passenger transportation are
presented by the authors in [3]. Authors [7]
considered the factors of influence on the
evolution of transport systems, that is, they
forecasted the trend regarding the volumes of
transportation in dependence from factors of
external environment. Analysis of trends in
freight traffic in containers by the author [2]
was carried out using econometric models
built on the basis of time series analysis and
correlation-regression analysis. Significant
number of works (for example, [4]) dedicated
to forecasting freight and passenger flows on
the railway. It should be noted that despite
identical objects (cargo), the principle of
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forecasting demand for carriage by rail and
road should be quite different due to the
nature of functioning of these means of
transport and the difference of the fields of
their rational application.

Formulation of the purpose of the
study. The purpose of the paper is to build
effective multifactor regression models of
demand for incoming and outgoing
transportation of goods by road for each
region of Ukraine according to publicly
available statistical data of the State Statistics
Service of Ukraine.

Presentation of the main research. The
modern approach to modeling of cargo flows
requires fast processing of a impressive
amount of statistical data. In addition, the
method should be as universal as possible
and capable of quick and easy changes under
the conditions of changes in current statistics.

From this point of view, the most
acceptable option can be considered to be
the modeling of freight traffic with regression
models based on correlation and regression
analysis.

Correlation-regression analysis is a set of
statistical and mathematical methods used
for quantitative analysis of the links between
socio-economic phenomena and processes. A
random variable is used as a dependent
variable in regression analysis, and non-
random variables are used as an independent
variable.

Regression analysis is used when the
relationships between variables can be
quantified as some combination of these
variables. The resulting combination is used
to predict the value that can take the target
(dependent) variable, which is calculated on a
given set of values of input (independent)
variables. In the simplest case, standard
statistical methods, such as linear regression,
are used.

The regression model includes the
following parameters and variables:

- Unknown parameters denoted as {{3};

- Independent variables, {X};

- Dependent variable, {Y}.
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y=r(x, %0 X,),
which describes the dependence of the
conditional mean value of the result
characteristic (dependent variable) on the
given values of arguments (independent
variables) X, X,,..., X is called the

The function

no

regression equation.
Linear regression is described by a linear

relationship between the studied variables:

y:ﬂo+ﬂ1xl+"'+ﬂn‘xn’ ('])

wherey is the dependent variable;
X;, X,,..., X, —independent variables;

n

Bo..fu” regression coefficients.

The solution of the mathematical
equations of the relationship between the
dependent and independent factors involves
the calculation of their unknown parameters
from the initial data - the coefficients o,
Bi..., Pn. Determination of unknown
regression coefficients [5], according to which
the square of the deviation of the observed
(statistical) values of the performance
indicator V. is minimized from the model
(obtained by the constructed regression
equation) values y, = f(x ,3). The objective
function, respectively, is the expression:

Z(yci _ypi)2 - mln
2)

The set of coefficients {8}, which will
provide the minimum of the objective
function (2), is taken to describe the
dependence of the resulting parameter y on
the factors {X}.

Consider the stages of regression

analysis.
1. Task formulation. At this stage,
preliminary hypotheses about the

dependence of the studied phenomena are
formed. A set of factors is selected that can
affect the resulting indicator.

2. Collection of statistical data. Arrays of
dependent variable and independent
variables are obtained.



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

3. Formulation of a hypothesis about the
form of relationships. Choosing the form of
the regression function.

4. Calculation of numerical values of
parameters (3 of the regression equation.

5. Evaluation of the accuracy of
regression analysis. Calculating the resulting
error of the regression model.

6. Interpretation of the obtained results.
The obtained results of regression analysis are
compared with previous hypotheses. The
correctness and plausibility of the obtained
results are evaluated.

7. Prediction of unknown values of the
dependent variable.

When conducting regression analysis, a
well-grounded choice of not only the type
(mathematical form) of the dependencies
used, but also the factors themselves, is of
great importance. Thatis why it is desirable to
carry out correlation-regression analysis. In
addition to the above steps of regression
analysis it must be added the stage of
estimating the correlation between the
dependent and each independent variable.
The degree of relationship (correlation)
between the dependent and independent
variables is determined using the correlation
coefficient:

'"”:J;i(x,»—ff(y,.—yf |

where 7y, is the correlation coefficient
between the dependent variable y and the
independent variable x;
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Xi, Vi —the i-th value of the independent
and dependent variables;
X,y - the average value of the

independent and dependent variables. Only
those independent variables that have high
values of the correlation coefficient (usually
more than 0.5 in absolute value) are left in the
regression model.

In general, the task is to find the
dependence of the demand for
transportation on the factors that have a
decisive influence on it. These factors are
macroeconomic indicators. For freight
transportation, this is the gross domestic
product, the volume of production by
industry, the volume of imported and
exported goods. When forecasting passenger
traffic, the main factors are the size, mobility
of the population, income and tariffs for
transport services. The time factor is
highlighted as significant, in which all the
ongoing economic and social processes and
factors influencing them are accumulated [3].
In the work [7] as a factor of the external
environment was taken the GDP, which
reflects the efficiency of the economy. The
GDP factor is also used to predict freight
traffic on the railroad by the author [4],
indicating a clear mutual influence of these
two factors on each other.

Since the purpose of the paper is to
model the demand for road freight transport
between the regions of Ukraine, the data of
regional statistics [8] should be taken as initial
data. As for the resulting factor - the demand
for transportation, we use the data of the site
"Lardi-Trans" as the most widely used by
carriers, shippers and customers (Table 1).

Table 1. Demand for transportation to and from the regions of Ukraine (daily statistics "Lardi-

Trans" [6])
. , Number of orders for Number of orders for
Region of Ukraine . , : .
transportation from the region transportation to the region
Vinnytsia 114
Volyn 56
Dnepropetrovsk 162
Donetsk 41
Zhytomyr 71
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Transcarpathian 17 57
Zaporozhye 163 153
Ivano-Frankivsk 8 44
Kyiv 1069 653
Kirovograd 39 170
Luhansk 33 35
Lviv 47 107
Mykolayivska 61 45
Odessa 117 101
Poltava 107 189
Rivne 70 58
Sumy 22 41
Ternopil 61 147
Kharkiv 166 149
Kherson 98 69
Khmelnytsky 43 62
Cherkasy 45 44
Chernivtsi 19 28
Chernihiv 24 21
Total, orders 2814 2617
Average value, orders 117.3 109.0

Source: Compiled by the authors

Since correlation-regression analysis is
used in the article to model demand, we must
find factors that have a significant impact on
the resulting indicator (demand). The State
Statistics Service of Ukraine systematically
presents information on the regions of
Ukraine, which could potentially have an
impact on the demand for road freight:

1) Gross regional product (million UAH),
latest data for 2018;

2) Gross regional product per capita
(UAH), latest data for 2018;

3) Number of legal entities by region,
latest data as of January 1, 2021;

4) Population as of December 1, 2020
(current population);

5) Population as of December 1, 2020
(permanent population);

6) Freight transportation by road in the
region in 2020, thousand tkm;

7) Freight transportation by road in the
region in 2020, thousand tons;

8) Regional volumes of foreign trade in
goods in January-October 2020 (exports,
thousand US dollars);

9) Regional volumes of foreign trade in
goods in January-October 2020 (imports,
thousand US dollars);

10) Regional volumes of foreign trade in
services for 9 months of 2020 (exports,
thousand US dollars);

11) Regional volumes of foreign trade in
services for 9 months of 2020 (imports,
thousand US dollars);

12) Volumes of manufactured
construction products and indices of
construction products in 2020, UAH million.

Another factor used in modeling the
demand and volume of traffic for both cargo
and passengers is always the distance of
transportation. To model the demand for
transportation to and from the regions, the
average distances of transportation between
all regions were calculated (Fig. 1).
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Figure 1 - Rating of regions of Ukraine in relation to the average distance of delivery to
other regions
Source: compiled by the authors

Analyzing Fig. 1, it can be assumed that in
regions with large average distances of
connections with other regions
(Transcarpathian, Chernivtsi, Luhansk, etc.),
domestic transportation or transportation
between neighboring oblasts will be more
developed. Whereas regions that have
relatively small average distances of

connections with other regions (Kirovohrad,
Kyiv, Cherkasy, etc) will have a more
extensive network of connections with all
regions of Ukraine. However, this assumption
must be verified by correlation analysis.

Here are all the statistics for each region
of Ukraine, which are publicly available and
updating with some regularity (Table 2).

Table 2. Regional statistics that may have an impact on the volume of road transport to and

from the region of Ukraine
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Vinnytsia 111498 | 71104 | 33012 | 1530930 | 1523845 | 1004447.4 | 5428.9 | 1164104.9 | 4525625 | 117159.4 | 28888.1 |10731.3| 455.2
Volyn 60448 | 58297 | 22897 |1028062 | 1025334 |2054934.2 | 4792.9 | 530265.9 | 1056962.4 | 62854.3 | 21724.3 | 2513.7 | 576.0
Dnepropetrovsk | 369468 | 114784 | 103645 | 3146125 | 3142816 | 2846710.3| 20889.4 | 6235536.8 | 3728578.2 | 121241.4 | 157767.0 |17756.9| 535.4
Donetsk 192256 | 45959 | 91822 | 4103490 | 4090605 | 477847.7 [19150.4| 3237089.0 | 1211423.0 | 59970.2 | 563815 |10122.7| 712.4
Zhytomyr 77110 | 62911 | 32046 1196996 |1197765| 462201.4 | 30445 | 539426.5 | 426725.7 | 568402 | 77756 | 2075.2 | 463.6
Transcarpathian | 52445 | 41706 | 24137 |1250767| 1247934 | 4218056 | 5301.9 | 1095201.8 | 1012004.7 | 217563.2 | 18478.8 | 1905.8 | 840.4
Zaporozhye 147076 | 85784 | 48725 | 1669239 (1668450 | 915655.6 | 3960.4 | 2392645.1 | 993194.3 | 127978.3 | 20489.13 | 2723 | 579.7
:;l;%?(-ivsk 78443 | 57033 | 29459 | 1362132 (1359406|1108184.9| 9199.2 | 628021.8 | 508437.9 | 424729 | 176985 | 3743.3 | 650.1
Kyiv 1031229 | 395618 | 413128 | 4751881 [ 4704795 | 8339948 |40753.5|11589891.1| 21351356.7 | 3150834.8|1938283.14 | 55490.6 | 425.1
Kirovograd 64436 | 67763 | 25348 | 921695 | 915280 | 651488.9 | 4643.6 | 730598.0 | 2031259 | 17095.0 | 8467.56 | 1366.7 | 418.7
Luhansk 35206 | 16301 | 41344 [2122914|2118317| 400129 | 1225.3 | 107562.8 | 170199.2 | 15862.1 | 30637.28 | 669.6 | 831.1
Lviv 177243 | 70173 | 74475 | 2499711 | 2481341 | 4050253 |12155.3| 1882326.6 | 2792077.1 | 424529 | 56875.32 | 14142 | 644.6
Mykolayiv 79916 | 70336 | 49939 [1109932(1109217|1085824.9| 6835.8 | 1757653.7 | 646778.1 |254409.14| 14062.93 | 3139.7 | 537.9
Odessa 173241 | 72738 | 86456 | 2370134 2359074 |2076435.8| 8818.6 | 1078699.4 | 1642397.9 |621113.15| 209865.26 |27925.5| 578.0
Poltava 174147 123763 | 34608 | 1373517 [ 1365679 |1560473.2| 7403.7 | 1807864.4 | 949267.0 | 28788.66 | 65018.35 | 8146.4 | 495.2
Rivne 56842 | 49044 | 23918 |1149221|1148161|1883216.6| 4061.2 | 387869.8 |300628.3819| 52473.21 | 19584.03 | 3265.4 | 543.3
Sumy 68489 | 62955 | 25128 1055053 (1052861 | 681840 | 1624 | 725067.9 | 696884.7 | 17656.52 | 17122.73 | 1660.2 | 571.4
Ternopil 49133 | 46833 | 22771 |1031521{1028270| 918505.8 | 3796 | 366078.7 | 329292.3 | 76222.39 | 7539.4 2561 | 555.4
Kharkiv 233321 | 86904 | 83170 | 2637037 | 2621401 | 2491370.5|10655.2 | 1160753.8 | 1455952.1 |284570.98| 37023.87 |14356.2| 594.7
Kherson 55161 | 52922 | 29680 1018484 1017052 | 755484.4 | 3199.1 | 225241.8 | 292176.2 | 23716.08 | 12421.23 | 12415 | 574
Khmelnytsky 75646 | 59583 | 30474 |1245167 [1242004|1095859.6| 6241.3 | 496033.6 | 400786.1 | 17999.82 | 11766.18 | 6472.1 | 489.4
Cherkasy 93315 | 76904 | 29848 | 1180189 (1176560 |1599965.3 | 5663.3 | 685448.9 | 349155.3 | 30404.99 | 15523.28 | 2519.8 | 442.6
Chernivtsi 33903 | 37441 | 16356 | 897295 | 894230 | 653127.3 | 1155.3 | 130633.4 | 137583.8 | 33409.22 | 2671.01 | 2056.6 | 840
Chernihiv 70624 | 69725 | 23062 | 978434 | 969892 | 964744.7 | 1338.6 | 652492.2 | 289754.0 | 22400.8 | 24164.24 | 2440.2 | 558.0

Source: Compiled by the authors

The correlation between the factors and Excel is implemented with the CORREL
daily demand for transportation to and from function.
the regions of Ukraine is evaluated in Table. 3.
To do this, the formula (3) was used, which in

Table 3. Correlation coefficients between the volume of traffic to and from the regions of
Ukraine and regional statistics
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the region
Source: Compiled by the authors
Let's make a rating of independent representation of material, the name of the
variables (factors of influence) on demand for factor is replaced by its number (Tab. 3).
transportation from and to regions of Ukraine
(Fig. 2). For convenience of visual
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Figure 2 - Correlation coefficients of demand for freight transport by road from thirteen
factors: a) from the regions of Ukraine; b) to the regions of Ukraine
Source: compiled by the authors
It can be seen that the difference transportation from and to the regions is
between the rating of the most important insignificant and is observed only in the first

factors influencing the demand for three factors. For the demand for



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

transportation from the regions, the most
influential factors are 1) Gross regional
product; 2) Regional volumes of foreign trade
in goods (imports); 3) Gross regional product
per capita. Whereas for the demand for
transportation to the regions the most
influential factors are 1) Gross regional
product per capita; 2) Gross regional product;
3) Regional volumes of foreign trade in goods
(imports). Absolute values of correlation
coefficients are in the range of 0.351-0.974
(demand for transportation from the regions)
and 0.409-0.954 (demand for transportation
to the regions). It can prove that all thirteen
factors have a significant impact on the
demand for transportation both from and to
the Ukrainian regions. The lowest and rather
insignificant correlation coefficient between
the demand for transportation and the
distance is surprising. After all, the distance of
transportation has always been one of the
determining factors in modeling the demand
for transportation of both goods and
passengers. The research conducted here
proves that the formation of demand for
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regional transportation in Ukraine is almost
without the influence of the factor of the
distance between the points of departure and
receipt. In addition, the distance factor is the
only one of others that has a negative
correlation coefficient. This indicates the
inverse relationship between the demand for
transportation and its distance. This
conclusion is quite logical, because with
increasing distance, the demand for
transportation should fall, and vice versa.
Such interdependence is based on the desire
to save money and time, because long-
distance transportation is more expensive
than short-distance one.

For the next stage - regression analysis -
we will transfer the daily demand obtained
from the one-time statistics of "Lardi-Trans"
into the annual one, multiplying it by the
number of working days in a year (251). A
regression analysis was carried out using the
"Regression" tool of the "Data Analysis" add-in
for MS Excel spreadsheets. The analysis results
are shown in Fig. 3 and Fig. 4.

RESULTS
Regression statistics
Multiple R 0.996
R-square 0.993
Normalized R-
square 0.983
Standard error 6955.482
Observations 24
ANOVA
Significance
df SS MS F of F
Regression 13 | 65869905471.2 | 5066915805.5 | 104.734 0.000
Residuals 10 483787245.3 48378724.5
Total 23 | 66353692716.5
Lower Upper
Coefficients | Standard error t-statistic P-Value | Lower 95% Upper 95% | 99.0% 99.0%
Y-intersection 61602.722 23999.435 2.567 0.028 8128.649 | 115076.795 | -14458.031 | 137663.475
Variable X 1 0.66859 0.179 3.728 0.004 0.269 1.068 0.100 1.237
Variable X 2 -0.65344 0.272 -2.401 0.037 -1.260 -0.047 -1.516 0.209
Variable X 3 -0.36900 0.485 -0.761 0.464 -1.450 0.712 -1.906 1.168
Variable X 4 -0.97183 0.611 -1.591 0.143 -2.332 0.389 -2.907 0.964
Variable X 5 0.96527 0.616 1.567 0.148 -0.407 2.338 -0.987 2918
Variable X 6 -0.00116 0.003 -0.343 0.738 -0.009 0.006 -0.012 0.010
Variable X 7 -1.75311 0.847 -2.070 0.065 -3.640 0.134 -4.437 0.931
Variable X 8 0.00001 0.004 0.003 0.998 -0.008 0.008 -0.012 0.012
Variable X 9 -0.00671 0.006 -1.033 0.326 -0.021 0.008 -0.027 0.014
Variable X 10 0.05463 0.043 1.272 0.232 -0.041 0.150 -0.082 0.191
Variable X 11 0.07424 0.051 1.466 0.173 -0.039 0.187 -0.086 0.235
Variable X 12 -1.25481 0.733 -1.712 0.118 -2.888 0.378 -3.578 1.068
Variable X 13 -41.664 21.869 -1.905 0.086 -90.390 7.063 -110.972 27.644
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Figure 3 — Regression analysis - data from the regions
Source: compiled by the authors

RESULTS
Regression statistics
Multiple R 0.966
R-square 0.933
Normalized R-
square 0.846
Standard error 12459.303
Observations 24
ANOVA
Significance
df SS MS F of F
Regression 13 2.17E+10 1.67E+09 | 10.7468 0.0003
Residuals 10 1.55E+09 | 1.55E+08
Total 23 2.32E+10
Standard Lower Upper
Coefficients error t-statistic | P-Value | Lower95% | Upper 95% | 99.0% 99.0%
Y-intersection 55527.9 | 42990.012 1.292 0.226 | -40259.784 | 151315.650 | 80719.139 | 191775.004
Variable X 1 0.494 0.321 1.538 0.155 -0.222 1.210 -0.524 1512
Variable X 2 -0.315 0.488 -0.646 0.533 -1.401 0,771 -1.860 1.230
Variable X 3 -1.120 0.869 -1.290 0.226 -3.056 0.815 -3.874 1.633
Variable X 4 0.569 1.094 0.520 0.614 -1.868 3.007 -2.897 4.036
Variable X 5 -0.564 1.104 -0.511 0.620 -3.023 1.895 -4.062 2.933
Variable X 6 -0.004 0.006 -0.683 0.510 -0.018 0.009 -0.023 0.015
Variable X 7 -0.183 1517 -0.121 0.906 -3.563 3.198 -4.991 4.625
Variable X 8 0.000 0.007 0.066 0.949 -0.015 0.016 -0.021 0.022
Variable X 9 -0.005 0.012 -0.409 0.691 -0.031 0.021 -0.042 0.032
Variable X 10 0.103 0.077 1.334 0.212 -0.069 0.274 -0.141 0.347
Variable X 11 0.029 0.091 0.321 0.755 -0.173 0.231 -0.258 0.317
Variable X 12 -1.593 1.313 -1.213 0.253 -4.518 1.332 -5.754 2.568
Variable X 13 -40.10 39.173 -1.024 0.330 -127.382 47185 | -164.250 84.052

Figure 4 — Regression analysis - data to the regions
Source: compiled by the authors

The results obtained allow us to make the
following conclusions. Since the values of the
multiple correlation coefficient are 0.996 and
0.966 (for the demand for transportation from
and to the region, respectively), which is more
than the accepted boundary value of 0.7, we
can say about a strong relationship between
the dependent value (demand for freight
transportation by road between regions of
Ukraine) and selected thirteen factors. The
values of the adjusted coefficient of
determination mean that, respectively, 98.3
and 84.6% of the variations in the demand for
transportation from and to the region are
explained by the variation of the selected
thirteen factors, and the remaining 1.7 and
15.4% are explained by other factors
unaccounted in this regression model. The

values obtained are high and acceptable for
decision making. The next block is analysis of
variance. The Fisher test is used to check the
statistical significance of the regression
equation as a whole. The actual values of the
criterion are 104.7 and 10.8 with the
corresponding significance levels of about 0.
Thus, the actual values of the Fisher test
significantly exceed the significance levels,
which means that the regression equation
can be recognized as statistically significant
with a very high probability. The next section
contains information about the values of the
regression coefficients. The resulting models
are follows:

- annual demand for transportation from
the region:
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y=61602,7+0,67x, —0,65x, —0,37x, —0,97x, +0,97x, —0,001x, —
~1,75x, +0,0001x, —0,01x, +0,06x,, +0,07x,, —1,26x,, —41,66x,,

- annual demand for transportation to the
region:

y=55527,9+0,49x, —0,32x, —1,12x, +0,57x, — 0,56 — 0, 004x, —
~0,18x, +0,0001x, —0,01x, +0,1x,, +0,03x,, —1,59x,, — 40, 1x,

The free coefficient of the equation can
be considered as the value of the demand for
regional transportation, which does not
depend on the selected factors. Surprisingly,
the coefficients in the equations do not
always coincide in sign with the
corresponding correlation coefficients. The
obtained values are checked for statistical
significance using the Student's t-test. The p-
value column contains the significance levels
at which the regression coefficients are
considered statistically significant different
from zero. The limiting value in practice is
usually considered to be 0.05 (95%
probability). If the actual p-value is less than
the limiting, the regression coefficient is
considered statistically significant. It can be
seen that such a condition is satisfied for a
small number of factors. According to p-
values, only the coefficients at x; and x> are
statistically significant for modeling demand
from the region (values 0.004 and 0.037).

None of the regression coefficients that
model demand to regions are statistically
significant. To increase the significance of the
regression coefficients, the number of factors
should be reduced by removing those of
them that have the greatest pairwise
correlation. It should be noted that the
regression coefficients can also be obtained
using the LINEST function in MS Excel.
However, the function does not provide
additional information about the resulting
model; thus, information about the R-square
estimates, Fisher's tests, t-statistics, etc. will
have to be obtained using additional
calculations, including using MS Excel
functions. To reduce the number of
independent regression variables, we will
carry out a correlation analysis - calculate the
matrix of pair correlation coefficients. For this
purpose, we use the Correlation tool of the
Data Analysis in MS Excel Spreadsheet Add-in.
The correlation matrix is presented in Table 4
and Table 5.

Table 4. Pairwise correlations matrix (demand for transportation from the region)

Transportatio
n from the
region 1 2 3 4 6 7 8 9 10 11 12 |13
Transportatio
n from the
region
1 0.974
2 0.967 0.963
3 0.961 0.983] 0.937
4 0.696 0.804 | 0.631| 0.817
5 0.694 0.801] 0.628| 0.814| 1.000
6 0.801 0.833] 0.808| 0.826| 0.612| 0.609
7 0.862 0.940| 0.847| 0.927| 0.891| 0.890| 0.788
8 0.928 0.962| 0.905| 0.932| 0.811] 0.810| 0.782 | 0.946
9 0.969 0.972] 0.962| 0.980| 0.714| 0.711| 0.866| 0.886 | 0.919
10 0.939 0.933] 0.934| 0.966 | 0.673| 0.669| 0.860| 0.832| 0.850| 0.978
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11 0.963 0.950| 0.957] 0.970| 0.673] 0.670| 0.822| 0.846| 0.881 | 0.990 | 0.984
12 0.887 0.929]| 0.870] 0.933| 0.804] 0.801| 0.810| 0.887| 0.854| 0.895| 0.910| 0.889
13 -0.351  |-0.306 |-0.436 |-0.238 |0.013 |0.015 |-0.104 |-0.225 |-0.263 |-0.257 |-0.239 |-0.270 |-0.273

Source: compiled by the authors

Table 5. Pairwise correlations matrix (demand for transportation to the region)

Transporta
tion to the
region 1 2 3 4 5 6 7 8 9 10 11 12 13
Transportat
ion to the
region
1 0.930
2 0.954 0.963
3 0.909 0.983 | 0.937
4 0.627 0.804 | 0.631| 0.817
5 0.624 0.801| 0.628 | 0.814| 1.000
6 0.784 0.833| 0.808 | 0.826| 0.612 | 0.609
7 0.813 0.940| 0.847 | 0.927| 0.891 | 0.890 | 0.788
8 0.866 0.962| 0.905| 0.932| 0.811| 0.810| 0.782 | 0.946
9 0.929 0.972] 0.962 | 0.980| 0.714| 0.711| 0.866 | 0.886 | 0.919
10 0.909 0.933] 0.934| 0.966| 0.673 | 0.669 | 0.860 | 0.832| 0.850 | 0.978
11 0.924 0.950 | 0.957| 0.970| 0.673 | 0.670 | 0.822 | 0.846| 0.881 | 0.990 | 0.984
12 0.848 0.929| 0.870| 0.933| 0.804 | 0.801 | 0.810| 0.887| 0.854| 0.895| 0.910 | 0.889
13 -0.409 |-0.306 |-0.436 |-0.238 {0.013 |0.015 |-0.104 |-0.225 |-0.263 |-0.257 |-0.239 |-0.270 |-0.273
Source: compiled by the authors
It can be observed that from all factors, 1 V. =y
only the 13th is independent from the other z = —Z 2O Tm 100%
factors (although there is some connection n-; Vi

with factor 2).

We offer the following method of
successive exclusion of factors from the
model:

1.Find the largest number in the matrix of
pairwise correlations.

2. Of the two factors, the pair of which has
the maximum value of pair correlation, leave
in the model the factor that has the greatest
value of the correlation with the final
(dependent) factor.

3. Repeat the procedure of steps 1-2 until
the regression coefficients are significant
according to the p-value or a sufficient level of
accuracy is achieved (for example, an
acceptable average approximation error is
obtained):

where yg; - i-th value of the statistical series
of the dependent quantity;

Vmi - i-th value of the theoretical series
of the dependent quantity, calculated using
the obtained regression equation.

There are three variants of the regression
model were considered:

- with the maximum number of factors
(thirteen);

- with five factors;

- with two factors.

The reduction of the obtained basic
model with thirteen factors was carried out
using the described above algorithm. The
linear regression equations obtained using
the above technique, as well as the
characteristics of the models, are grouped in
Table 6 and Table 7.
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13 factors 5 factors 2 factors
List of | 1-13 1,4,6,12,13 1,13
factors in
the model
Regression | y=61602,7+0,67x, —0,65x y =-956,3+0,35x, —0,02x y =6867,2+0,25x, —25,7
model 0,37x,—0,97x, +0,97x, — | —0,004x, —0,08x,, +20,24]
—0,001x, —1,75x, + 0,000 Lx,
—0,01Lx, +0,06x,, +0,07x,, —
—-1,26x,, —41,66x,,
Normalized | 98.3 96.6 94.8
R-square,
%
Checking Regression equation as a whole | Regression equation as a whole | Regression equation as a
Fisher's is statistically significant is statistically significant whole is statistically significant
criterion
Significant | 1.2 1.4 1
factors
according to
p-value
Average 1.18 154 114
approximati
on error, %
Source: compiled by the authors
Table 7. Regression analysis to the regions
13 factors 5 factors 2 factors
List of | 1-13 2,4,6,12,13 2,13
factors in
the model
Regression | y =55527,9+0,49x, -0,32 y=-4376+0,39x, +0,000§ y=-7684,2+0,43x, +2,2
model —1,12x, +0,57x, — 0,56x, -| +0,0005x, +0,11x,, —3,79x,
-0,004x, —-0,18x, +0,0001
-0,01x, +0,1x,, +0,03x,, —
-1,59x,, —40,1x,,
Normalized | 84.6 88.7 90.1
R-square,
%
Checking | Regression equation as a | Regression equation as a | Regression equation as a
Fisher's whole is statistically | whole is statistically significant | whole is statistically
criterion significant significant
Significant | - 2 2
factors
according
to p-value
Average 0.74 0.60 0.71
approximati
on error, %

Source: compiled by the authors
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The normalized R-square and the average
approximation error were analyzed for the
three scenarios (Fig. 5)
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Figure 5 — Values of parameters of regression model accuracy for three scenarios of modeling
of demand for freight transportations by road transport: a) from the regions; b) to the regions

Source: compiled by the authors

It can be observed that the values of the
accuracy parameters are acceptable for all six
variants of the models. The normalized R-
square does not fall below 84%, and the
average approximation error does not rise
above 1.6%. If the decision on the best variant
of the regression equation is made on the
basis of the average error of approximation,
then for modeling of demand from the
regions it is necessary to choose two-factor
model, and for modeling of demand for the
regions - five-factor. If the optimality criterion
is a normalized R-square, the best choice for
modeling the demand from the regions will
be a 13-factor model, and for modeling the
demand for the region - a two-factor.

The perspectives of the research should
be the choice of the best regression equation
that would describe the demand for regional
transportation in Ukraine. After that, it will be
possible to create a matrix of demand for
transportation between all regions of Ukraine.

Conclusions. Regional freight
transportation by road ensures the
satisfaction of demand for goods within the

country and is necessary for the smooth
operation of manufacturing and service
enterprises. Forecasting the demand for
transportation between regions and the
subsequent planning and organization of
freight flows are important economic tasks. In
this regard, reliable mathematical models are
needed to predict regional freight traffic by
road transport based on annual (quarterly)
statistical data for the regions of Ukraine.

The performed correlation-regression
analysis made it possible to establish the
functional dependences of the demand for
road transportation of goods to and from the
Ukrainian region, namely, the multiple
regression equations. The main factors that
have the greatest impact on interregional
transportation are determined, and a
comparative analysis of models with thirteen,
five and two linear regression factors is carried
out. Indicators of errors and reliability allow us
to speak about the sufficient accuracy of the
model in relation to real data obtained using
the platform for the search for cargo and
transport "Lardi-Trans".
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PHILOSOPHY OF APPLIED RELIABILITY AND SAFETY OF
UKRAINE NEW TRANSPORT INFRASTRUCTURE

Ihor Gameliak, Andrij Dmytrychenko, Ihor Vakarchuk. «Philosophy of applied reliability and
safety of Ukraine new transport infrastructure». Summarizes experience and identifies strategic directions
of the new transport infrastructure; contained methodology of ensuring the development and implementation
competitive projects and services of new transport infrastructure; case of competitive projects and services of
new transport infrastructure is presented, taking into account legal and educational and research support.
Systematization of terminology is the basis for use in the wording of projects and changes to laws and
regulations regarding the requirements of reliability and safety of infrastructure facilities and further theory
development and practice of infrastructure projects. The use and involvement domestic raw materials and road
operators for network development of cement concrete roads in Ukraine from the southeast to the northwest
will provide long-term, within 25-30 years, prospect of building this network, which is qualitative guarantee
changes in employment, rural development and efficiency of the national economy. Smart Stop Point projects
take into account the trends of modern philosophy in architecture and construction, local identity, ethnic styles
and motifs, geographical and weather conditions, limitations caused by the COVID-19 pandemic, autonomy,
energy efficiency, inclusion, urban connectivity, suburban and long-distance control systems. Proposed a new
principles of scheduled repairs of hard coatings with different operation modes and operating conditions are
breakthrough in the dual use of certain types materials, products and technologies, both civilian and military,
and meets the interests of national security and defense of Ukraine. Designing schemes and urgent measures
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for the dispersion of transport and passenger flows in the event of illegal interference in the operation of
infrastructure facilities are efficient, effective, safe, can be monitored and connected to urban, suburban and
intercity control systems. A comprehensive system of monitoring and control reliability and safety of
infrastructure facilities also provides continuous monitoring, assessment and changes in the condition of
airfields and road surfaces. Training, retraining, raising and improving the skills of managers and specialists in
reliability and safety in transport is an important step to ensure transport functioning road complex of Ukraine.

Keywords: reliability, safety, object of transport infrastructure, object of airport infrastructure,
standard, cement concrete, international corridors, highways and local transport networks, traffic and
passenger flows, strategic infrastructure projects, smart stop point.

lzop Famensk, AHOpiii JmumpuyeHnko, lzop Bakapuyk. «Dinocogia npuknadHoi HadilinHocmi ma
6e3neku Hoeoi mpaHcnopmHoi iHppacmpykmypu YKpaiHu». Y3azanbHeHo 00C8i0 ma Bu3HaYeHi
cmpameziyHi HaNPAMU HOB0I MPAHCNOPMHOI iHhPACMpPyKmMypu; 8UuK/IA0eHO Memo0o10zito 3abe3neyeHHs
pO3p0o6KU ma 8nposadKeHHA NPOEKMI8 Ma Nocsye; NpeocmassieHo Kelic KOHKYpeHmMo30amHux NpoeEKmMig ma
nocsnye, 3 8pAaxy8aHHAM NPA8o8020 MaA HA8YAIbHO-00CTiOHO20 Cynpo8ody. Cucmemamusayis mepmiHonoeii e
OCHOB0I0 0/11 HOPMAMUBHO-NPABOBUX AKMie 3 HAdiliHocmi ma 6e3neku iHpacmpykmypHuUx o6’ekmis.
BimuusHaHa cuposuHa 0117 po3bydosu uyemeHM6b6emoHHUX 0opiz YkpaiHu 3abe3nedyums Ha 25-30 pokis
nepcnekmugy 6yoigHUYMEA, € 2apaHmMom 3alHAMOCMIi HacesneHHs, po38UmMKy cena i epekmusHocmi
HAayioHaneHOI eKOHOMIKU. IHmenekmyaneHi 3ynuHku 8paxosylome inocogito apximekmypu, 0KaIbHy
ideHMuyHicms, emHiyHi cmuni ma Mmomuaeu, 2eoepaghidHi, N0200HI yM0o8U, 06MeXXeHHS BUKTUKAHI NaHOeMi€er
COVID-19, asmoHoMHicmb, eHepzoepheKmusHIiCMb, iHK03ito, NIOKIIOYeHHS 0UCNemy4epCcbKo20 ynpassiiHHA.
Hosi npuHyunu pemoHmig XXopcmkux noKpummig 3a pi3HuUx pexxumie pobomu, ymos ekcniayamaduii marome
npopusHuli xapakmep noosiliHo20 8UKOPUCMAHHA, YuBilbHo20 U 8ilicbkO8020 NpU3HAYeHHs, 8idnosioae
iHmepecam HauioHanbHoi 6e3nexku ma ob6opoHu YkpaiHu. Cxemu, Heg8ioK/1aoHi 3axo0u Wo000 po3ocepedKeHHSA
MPAHCNOPMHUX MAa nNAcaxuponomokie 3a YMO8 NPOMU3AKOHHO20 B8MPYYAHHA Y (DYHKUIOHYBAHHA
iHgppacmpykmypHux 06’ekmis 8iOpi3HAIOMbCA echekmusHicmio, 6e3neyHicmio, MoHimopuHzom. MoHimopuH2
i KOHmMpose HaditiHocmi, 6e3neku iHpacmpykmypHux 06’ekmis 3abe3nedyye cnocmepexeHHs, OUiHKY,
Npoz2HO3 CMAHy Xopcmkux nokpummis. [1lidzomoska, nidsuweHHA keanigikauil cneyianicmie 3 HadiliHocmi
ma 6e3neku 8axxnusi 018 PyHKUIOHY8AHHA MPAHCNOPMHO-00POXHLO20 KOMNJIEKCY YKpaiHu.

Knrouoei cnosa: HaginHicTb, 6e3neka, 06'eKT TPaHCMOPTHOIT iHPPaACTPYKTYpK, 06’'EKT aeponopToBOI
iHGpPaCTPYKTypH, CTAaHZAPT, LEMEHTOETOH, MiXKHAaPOAHiI Kopuaopw, aBTomarictpani i MicLeBi TpaHCNOPTHI
MepeXi, TPAHCMOPTHI Ta NacaXUPCbKi MOTOKW, CTpaTeriyHi iHPPaCTPYKTYPHi NPOEKTK, iHTeNeKTyasbHi
3YNUHKN.

Nzopb Tlamensk, AHOpeli [JmumpuyeHko, Uzopb Bakapyyk. «@unocogua npuknaoHoli
HadexHocmu u 6e3onacHocmu HogolU MmpaHcnopmuolU UHGpacmpykmypel YKpauHel». 0606ujeH
onelm, onpedesieHbl CMpameaudeckue HANPABAeHUs HOB80U MPAHCNOpmHOU UHGpacmpykmypel,
npedcmassieHa Memooosiozus obecneyeHuUs pa3pabomku U 8HeOPEHUA KOHKYPEHMOCNOCOOHbIX NPOEKMOo8 U
ycnye; kelic KOHKYpeHmoCcnoCcobHbIX NPOEKMo8 U yciye, C y4emom Npasos8ozo U y4ebHO-UCc/1e008amesibCKo20
conpogoxoeHus. Cucmemamu3ayus MepMUHOI02UU — OCHOB8A 0J1 HOPMAMUBHO-NPABOBbLIX AKMO8 No
HadexHocmu u 6e3onacHocmu UHppacmpykmypHeix obvekmos. OmeuyecmeeHHoe cobipbe 071 cemu
yemeHmobemoHHsix 0opo2 YKkpauHel obecnedam nepcnekmugy cmpoumesibCmad, 2dpdHm 3aHamocmu
HaceseHus, passumus cena U 3pgekmusHOCMU HAUUOHAIbHOU 3KOHOMUKU. YMHble OCMAaHOB8KU
yyumelsarom ¢usiocouro apxumekmypbl, JI0KA/bHYIO UOEHMUYHOCMb, IMHUYecKUe cCmusu U Momuebl,
2eozpagpuyeckue, NO200HbIE YC/I08USA, 02PAHUYEHUs B8bi38aHbI naHOoemuel COVID-19, asmoHOMHOCMb,
JHep203hheKMUBHOCMb, UHKJ/IIO3UI0, NOOK/IoYeHUEe K cucmeme oucnemyepckozo ynpasseHus. Hoeeie
NPUHYUNbI PeMOHMOB XeCMmKUX NOKPpbIMull C pasHuIMU pexumamu pabomel, ycaosull 3Kcnayamayuu
umelom npopbiBHOU Xxapakmep O0B80UHO20 UCNO/Ib308AHUA, 2PAXOAHCKO20 U B80eHHO20 HA3HA4YeHus,
omesedyaem uHmMepecam HayUoHaabHoU 6e3onacHocmu u 060poHsbl YKpauHsl. Cxembl U HEOMJIOXKHble Mepbl
no paccpedomoyeHuU0 MPAaHCNOPMHbIX, NACCAXUPONOMOKO8 NpU NPOMUBO3AKOHHOM 8mMewamesibcmae 8
hyHKYUOHUpOBAHUE UHppAcmMpyKmypHbix 06bekmo8 omaudaromca 3¢ekmusHocmoto, 6e30NdcHOCMbIo,
B803MOXHOCMbIO ~ MOHUMOpUH2d.  MoHUMOpuH2 U KOHMpoOsb  HadexHocmu,  b6e3ondcHocmu
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UH@pacmpykmypHbix 06bekmos obecneyusarom HabloO0eHue, OUeHKY U Npo2HO3 cocmosHus. [lodzomoska,

nosebiWieHue KGG}'IU(l)UKGL{UU Cheyuanucmos

HaoexHocmu, 6e3onacHocmu  8aXHsl  0OJiA

(yHKYUOHUPOBAHUA MPAHCNOPMHO-00POXHO20 KOMNJIeKca YKpauHsl.
Knioueevlie cnoea: HageXxHOCTb, 6€30MacHOCTb, O6BEKT TPAHCMOPTHON MHGPACTPYKTYPbI, OOBEKT

asponopToBoOi  MHGPACTPYKTYPbI,

CTaHAapT, Ll,eMeHTO6eTOH,

MeXAyHapoaHble  Kopuaopbl,

aBTOMarnucTpany ” MeCTHble TPaAHCMOPTHbIE CETW, TPAHCMOPTHbIE U  MACCaXKUPCKME MOTOKY,
CTpaTernyeckme MHPPACTPYKTYpPHbIE NPOEKTbI, YMHbIE OCTAHOBKW.

Introduction. Social change, legal
complication, social, environmental and
economic factors combined with the
exacerbation of pandemic scenarios require
to today's problems solution of survival and
creative search for the development
tomorrow's projects. These processes are
especially aggravated in connection with the
external aggression of the northern neighbor
and military events in eastern Ukraine, which
is a threat to the security of our existence and
future generations. At the same time,
breakthrough technologies in various sectors
of the economy are aimed at overcoming
negative effects of the environmental crisis. In
particular, in the road transport sector -
environmentally-oriented construction,
repair and maintenance transport
infrastructure. Risk management of creating
new "green" technologies, cheaper
construction, increasing reliability and
durability due to resource-, energy-saving
and rational use of nature. Unfortunately, due
to objective and subjective factors, most
effective and rational developments are not
widespread in Ukrainian road construction
practice. To avoid a no return point, above
requires of immediate action to use the
acquired system knowledge, make rational
decisions and implement cost-effective,
reliable and safe technologies in the area of
transport and road infrastructure projects.
Using many years of experience in scientific
developments and their implementation, the
authors for the first time combined
knowledge systems and practices related
automotive and road industries. This study
reveals the relationship of educational,
scientific and applied activities in the context
of a comprehensive solution to urgent

development issues of new transport
Ukrainian infrastructure.

Analysis of recent researches and
publications. 93 years ago, Ukrainian
scientist V.I. Vernadsky wrote about "a sharp
and terrible change in nature, reflection on it
of the social changes experienced in human
life" and the lack of "stability and the
impression of age power" [1, p.620]. The issue
of security is of particular importance for each
sectors of our economy, because security is
associated with the possible protection and
preservation of life and is identified with the
value and criterion development. West-201
[2] proved the areas in which public-private
partnerships are appropriate to reduce the
scale of economic and social consequences. A
major reset [3] claims systematic analysis of
the global crisis and a single strategy to create
more inclusive and sustainable world of the
future. Philosophical discourse on value
problem regulation of security and
sustainable human development and the
analysis of value system and socio-cultural
mechanism in [4] offers ways to optimize its
functioning in Ukrainian society. Recently,
there is a tendency to implement the
accumulated knowledge and practices of
various security in the educational processes
educational institutions on the basis of many
scientific and philosophical studies to
understand the various threats and dangersin
the XXI century. At the same time, the
accumulated domestic experience of safety
[5] is ignored, which requires a more careful
consideration of the acquired thesaurus for
the subject area and the use basic principles
in creating modern concepts of safety road
transport complex. Regulations analysis
shows work of transport in Ukraine [6], should
be used as basis for developing methods to
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ensure and assess reliability and safety of
transport systems and services.
Implementation of the target program «large-
scale construction» requires ensuring a
comprehensive and basic country network
with a high level road quality and reliability,
road safety, deployment of intelligent
transport systems, innovative technologies,
telematics applications, management and
regulatory measures for infrastructure
management, efficient use of correlated
transport infrastructure resources. with EU
requirements [7, p. 192-194]. Also, among the
priority state areas are: modernization and
development airport infrastructure;
development transport corridors;
implementation transport initiatives "One
Belt - One Road" and "Baltic Sea - Black Sea -
Caspian Sea" for the efficiency transport
network (TN), improving communication
between countries and strengthening macro-
regional cooperation and trade [8]. Scientists
provide various interpretations essence of
transport infrastructure and its features in
terms of integration, which summarizes the
main purpose of transport infrastructure - to
ensure effective links between the subjects of
industrial relations [9]. [10] deals with the
advanced, synchronous and catching up
model of formation, development and
expansion of transport infrastructure of
Ukraine and an alternative approach with
active involvement of business in the
implementation of priority projects. Unlike
German highways, French highways, Italian
highways, there are no European or world-
class roads in Ukraine. The negative
phenomenon of long-term colonization is
that in the Ukrainian lands preference was
given to the construction of military roads for
the rapid mobilization / evacuation of
necessary resources to / from the site of
probable hostilities. According to the
International Road Federation (Eurostat) and
the European Concrete Pavement Association
(EUPAVE) in developed countries, the share of
cement concrete roads for highways is up to
65%, regional networks up to 40%. In Ukraine,
only 1.5% of roads are paved with cement
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concrete. At the same time, foreign investors
are ready to restore all our roads in 5 years.
And then what? Construction of cement
concrete roads should become a national
idea, a strategic direction, defined by the
following advantages: its raw materials
(limestone, clay); appropriate capacity for the
production of mixtures (in Ukraine, the six
largest cement concrete plants in Europe,
loaded with only 2/3 of the capacity); service
life from 22 years; cement concrete is 2.5
times cheaper than asphalt concrete, which is
100% imported
(https://www.youtube.com/watch?v=ILEFjisy
ui0&ab_channel=Espreso.TV).

At the same time, the Institute of Artificial
Intelligence promotes the concept of artificial
intelligence through annual, since 2015,
seminars and conferences [11]. In the case of
joint implementation projects in the
management systems educational
institutions, enterprises, organizations and
institutions, such activities will be included in
the Strategy as a basis for the introduction of
mechanisms for the development and
promotion of competitive products. New
trends, expected challenges and next steps
for managers of technology and service
providersin 2021 are disclosed in [12]. Review
of methods of using swarm intelligence
algorithms [13; 14] allowed to carry out the
comparative analysis application of various
techniques swarm optimization for the
decision set task of construction and
optimization program-configured networks,
taking into account various criteria and
conditions of optimization. In particular,
content on safety control, assessment, risk
management,  construction,  operation,
airport rehabilitation and airfield coverage
should be identified, for example [15, 16].

At the same time, the coronavirus
pandemic and lockdown have made
adjustments in our daily lives: from the habit
of "non-collective" work to dependence on a
regime of complete remote "presence" and
created a paradox that is strikingly different
from established processes in all sectors
economy and business model of educational
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and scientific segment in particular. It is
urgent to bring the results of education and
science to the requirements of economy and
to provide transport and road complex with
qualified personnel. The precondition for the
presupposition of the results of this work was
the scientific afternoon research during 2002-
2020 at the Department of Airports of the
National Transport University (NTU).

The purpose and objectives of the
study The purpose of the work is to present
case of long-term areas implementation in
competitive infrastructure projects / services
in Ukraine and their management, taking into
account legal and training and research
support.

According to purpose, following tasks are
solved:

- generalization  experience  and
definition of strategic directions in new
transport infrastructure;

- providing a methodology for
competitive projects / services by new
transport infrastructure;

- implementation competitive projects /
services of new transport infrastructure.

Basic material and results. Since 2002,
the Department of Airports of NTU has
introduced scientific, technical and
experimental developments and applied
research on:

- technologies of airfield / road cement
concrete and asphalt concrete coverings;

- infrastructure network of intelligent
public transport facilities;

- operation of airfield / road cement-
concrete and asphalt-concrete coverings and
their maintenance with use anti-ice chemical
reagents;

- diagnostics of airfield / road cement-
concrete and asphalt-concrete coverings with
use of thermal imaging non-destructive
testing defects.

The analysis was performed recent
research and publications and generalization
of scientific and applied results at the
Department of NTU Airports, confirmed by
numerous acts of implementation, allowed to
establish long-term strategic directions
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implementation of competitive projects /
services new transport infrastructure of

Ukraine for development, design,
construction, operation, modernization,
modernization  objects of  transport

infrastructure  (OTI), objects of airport
infrastructure (OAIl) and airfield constructions
(AQ).

1. Long-term priorities Ukraine's new
transport infrastructure:

1.1. Regulatory and legal support of
reliability and safety OTI, OAl and AC;

1.2. Development, design, construction,
operation, modernization, utilization and
monitoring of OTI, OAl and AC;

1.3. Optimization transport network and
location of OTl and OAl;

1.4. Quality control regarding the
reliability and safety of OTI, OAl and AGC;

1.5. Dispersal passenger and transport
flows under conditions of illegal interference
in the functioning OTl and OAl;

1.6. Monitoring and management OTI,
OAl and AC projects;

1.7. Training and advanced training of
specialists in reliability and safety OTI, OAl and
AC.

The methodology of realization each
long-term  priorities united systems of
knowledge and practices adjacent motor and
road branches, and the principle system
knowledge and rational decision-making
became the main for introduction
economical, reliable and safe technologies

concerning projects new  transport
infrastructure  of  Ukraine  concerning
development,  designing,  construction,

operation, modernization, utilization and
monitoring of OTI, OAl and AC.

2. Methodology development and
implementation projects / services by new
transport infrastructure of Ukraine:

2.1. The methodology regulatory and
legal support on the issues of reliability and
safety OTI, OAl and AC is based on the
experience since 1994 on development of
modern regulatory and technological
framework transport legislation of Ukraine in
terms of motor transport and road industries,
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social standards and social guarantees;
resolutions of the Cabinet of Ministers of
Ukraine regarding provision of passenger
transport services, holding a tender for
passenger transportation, development
highways; orders of the Ministry of
Infrastructure of Ukraine regarding the
organization of passenger and luggage
transportation, control over compliance with
traffic safety rules; state, branch building
norms, standards, etc .;

- taken into account the results of
systematization terms, their concepts and
definitions as a basis for use in drafting
projects and changes to regulations, state,
industry building codes, standards for further
development theory and practice of
infrastructure projects.

2.3. The method optimization transport
network and location of OTl and OAl is based
on the experience since 1996 conducting a
comprehensive study of demand for
transportation under direct contracts for
scientific and technical work in the cities:
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2.2. The methodology development,
design, construction, operation,
modernization, utilization and monitoring
OTI, OAl and AC is based on the experience
since 1990 on the national idea to building a
network cement concrete highways of
Ukraine [17] using and involving domestic
raw materials and road operators to form
efficient network from southeast to
northwest and provide shortest cities
connections, Fig.1;

- taken into account the long-term
perspective construction network of cement-
concrete roads for 25-30 years, which is a
guarantee of qualitative changes in the
sphere of employment, rural development
and efficiency of the national economy of
Ukraine.

, . Bt T -
Figure 1 — Integration schemes for international corridors, highways and local transport

networks,
Source: developed by the authors

Dnepropetrovsk, Zaporizhia, lvano-Frankivsk,
Kyiv, Konotop, Kremenchuk, Lviv, Mariupol,
Rivne, Simferopol, Chernihiv and since 2005
the study traffic intensity and composition of
traffic flows on the roads M-14, M-19, H-07
[18], Fig. 2;
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- taken into account passenger flows and
traffic intensity, composition of traffic flows
for optimization of the transport network and
location of BTI and OAI of the new transport
infrastructure of Ukraine.
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2.4. The methodology of reliability and
safety OTI, OAl and AC is based on the
experience since 2016 on economic contract
topics and new principles scheduled repairs
of hard coatings and the use basalt-plastic
reinforcement in construction of OTI, OAI, AC
Donetsk, Zhytomyr, Zakarpattia, Zaporizhia,
Kyiv, Kyiv , Lviv, Mykolaiv, Odesa, Kharkiv and
Kherson regions;

- taken into account quality control of life
cycle from development technical task to
production, construction and operation OTI,
OAl and AC.

2.5. The dispersal method of passenger
and transport flows is based on the conditions
of illegal interference in functioning OTI and
pre-developed schemes and urgent measures
for their dispersal;

- taken into account principles of
efficiency, effectiveness, safety, monitoring
and connection to the city, suburban and
intercity control systems.

2.6. The methodology of monitoring and
project management OTI, OAland ACis based
on the experience of diagnostics airfield /
road cement concrete and asphalt concrete
coatings using thermal imaging and non-
destructive testing defects and swarm
intelligence  technology. On  sectoral
analytical structure transport and road
complex for monitoring and expert
assessment by government decisions,
development  alternative infrastructure
projects and programs in related sectors of
transport and road management for quality
decision-making at the strategic, tactical and
operational levels of infrastructure projects
and programs, shows in [19];

- taken into account using of innovative
technologies and the combination of SWOT-
analysis methods and qualimetric approach
for making rational design decisions based on
expert assessments.

2.7.The method of training and retraining
specialists in reliability and safety OTI, OAl and
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AC is based on the experience since 2002 by
systematic educational, scientific and applied
activities of the Department of Airports of
NTU on the implementation educational
programs "Airports, airfield structures and
facilities" and "System Analysis in transport
infrastructure";

- synthesis of educational and
professional programs "Airports, airfield
structures and structures" and "System
analysis in transport infrastructure" by the
Faculty of Transport Construction of NTU to
promote the idea of double diploma / degree
after successful completion of joint
educational program of certain cycle / level of
higher education.

It is necessary to use methods on the
basis of the research site in Kyiv region, which
has 43 OTI [20, p. 501], where to introduce all
the latest technical means and technologies
with counter-spread in the areas of "East -
West", "North - South". Rationale for the
selected region is determined by the
geographically  advantageous  location
relative to the main transport routes /
international transport corridors and its
administrative significance for other regions
of country.
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Taking into account the urgency of the
theory, methodology and applied aspects of
complex solution priority directions by new
transport infrastructure of Ukraine, a system
of technological proposals has been
developed, Fig. 3.

3. Technological offers of competitive
projects / services:

3.1. The system "Letter of the law, UA"
preparation of draft versions and
amendments to laws and regulations
regarding requirements for reliability and
safety OTI, OAl and AC.

Innovative  aspects and  benefits:
systematization terminology is the basis for
use in legislation and regulations and further
development theory and practice of
infrastructure projects.

3.2. System "Recovery Path, UA" for
development network of cement concrete
highways of Ukraine in order to form an
effective network from southeast to
northwest and provide the shortest
connection to the city.

Innovative aspects and benefits: use
domestic raw materials for the manufacture
plastic cement concrete, reliability, durability
and low cost.

1. LETTER OF
THE LAW
Gl e 2. RECOVERY
aed PATH
KNOWLEDGE 4
EDUCATION
IMPLEMENTATION P
6. ALL- ) : ‘
SEEING EYE W AT}‘:‘I_I:\\;:FLO.\
SCIENCE .

5. SAVING
VECTOR

4. SYNERGY OF
ENDURANCE

Figure 3 — System of strategic infrastructure projects
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Source: developed by the authors

3.3. System "Watermelon Way, UA" design of
intelligent stops "Khersonochka" for routes of
public passenger transport in the Kherson
region, Fig. 4. Possible design for other
regions of Ukraine by classes, length, area,
volume, capacity depending on the size of
passenger trafficc vehicle models and
configurations of transport network, taking
into account local identity / ethnic styles and
motives, geographical / weather conditions,

etc. (taken into account restrictions caused by
the COVID-19 pandemic).

Innovative aspects and benefits: the stop
works only with the vehicles registered in the
system; autonomy; energy efficiency;
inclusion; connection possibility to city,
suburban and long-distance control systems;
trends in modern philosophy of architecture
and construction, complementing
globalization and localization.

Figure 4 — Smart stop point
Source: developed by the authors

3.4. "Synergy of Endurance, UA" system
for reliability and safety OTI, OAI and AC for
use in load-bearing structures with different
operating modes and operating conditions;
has a breakthrough nature of dual use certain
types of materials, products and technologies,
both civilian and military, and is in the
interests of national security and defense.

Innovative aspects and benefits: Offered
a new performance principles planned repairs
of rigid coverings taking into account with
kind and development degree of their
destructions. The project implementation will

reduce the cost of road maintenance, increase
traffic  safety, improve environmental
conditions. Advantages of cement-concrete
coverings: application of high-strength
concretes increases bearing capacity by 18 -
30% that increases covering service life to 3
times; absence of track phenomenon; less
heating due to the light surface; possibility of
processing and reuse; availability of domestic
raw materials. Advantages basalt and
fiberglass fittings: full corrosion resistance,
lower weight, greater tensile strength,
resistance to aggressive environments.
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3.5. System "Saving Vector, UA" design of
schemes of dispersal of transport and
passenger flows under the condition of illegal
interference in the functioning infrastructure
facilities of transport modes.

Innovative aspects and benefits: Pre-
designed schemes and urgent measures for
dispersal transport and passenger flows
(taking into account the limitations caused by
the COVID-19 pandemic) and they are
efficient, effective, safe, can be monitored and
connected to urban, suburban and intercity
control systems.

3.6. "All-seeing eye, UA" system for
monitoring and control of reliability and
safety OTI, OAIl and AC (taking into account
the requirements for the use of swarm
intelligence algorithms for monitoring the
reliability and safety OTI, OAl and AC).

Innovative  aspects and  benefits:
comprehensive scientific and information
system of regulated continuous, long-term
observations, assessment and changes in the
condition of airfield and road surfaces in order
to identify negative changes and make
recommendations for their elimination or
weakening.

3.7. The system of "Continuum of
knowledge, UA" training / retraining, training
/ improvement of managers and specialists in
reliability and safety OTI, OAl and AC, taking
into account the synthesis of various
educational and professional programs to
promote the idea a double degree after
successful completion of higher education.

Innovative  aspects and  benefits:
implementation of the principles "why we
learn - we put into practice" and "talents are
not renewed continuously, but are supported
by the heritage of generations" for the
training of modern, qualified specialists in
reliability and safety in transport.

Conclusions. Defining long-term
priorities and ensuring the methodology of
development and implementation by new
transport infrastructure of Ukraine allowed to
present a case of competitive infrastructure
projects / services, taking into account legal
and training support.
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1. Systematization of terminology is the
basis for use in the wording projects and
amendments to laws and regulations
regarding requirements of reliability and
safety infrastructure facilities and further
development of the theory and practice
infrastructure projects.

2. The use and involvement domestic raw
materials and road operators to build a
network of cement concrete roads of Ukraine
from southeast to northwest will provide
long-term, within 25-30 years, the prospect of
building this network, which is a guarantee of
quality changes in employment, rural
development and efficiency national
economy.

3. Smart Stop Point projects take into
account the trends of modern philosophy of
architecture and construction, local identity,
ethnic styles and motifs, geographical and
weather conditions, limitations caused by the
COVID-19 pandemic, autonomy, energy
efficiency, inclusion, connectivity to urban,
suburban and intercity control systems
management.

4. The proposed of new principles
scheduled repairs of hard coatings with
different modes of operation and operating
conditions are breakthrough in the dual use
certain types of materials, products and
technologies, both civilian and military, and
meets with interests of national security and
defense of Ukraine.

5. Design schemes and urgent measures
for the dispersion of transport and passenger
flows in the event of illegal interference in the
functioning infrastructure facilities are
characterized by efficiency, effectiveness,
safety, monitoring and connection to urban,
suburban and intercity control systems.

6. A comprehensive system for
monitoring and controlling the reliability and
safety of infrastructure facilities also provides
continuous monitoring, assessment and
changes in condition of airfield and road
surfaces.

7. Training, retraining, advanced training
and improvement managers and specialists in
reliability and safety in transport is an
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important step to ensure the functioning of
transport and road complex of Ukraine.
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The purpose of the study is to develop recommendations for sustainable development of infrastructure in the
region. The article considers the role of logistical support for sustainable development of the region. The object
of the study is the process of logistical support for sustainable development of the region through investment,
as a system of public-private relations for the development of sustainable infrastructure. Public-private relations
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assess the contribution of different companies to the sustainable development of infrastructure and support it
in the regions where they are based, to summarize the advantages and disadvantages; cartographic analysis -
to clearly illustrate current trends in the functioning of international transport corridors that pass through the
territory of Ukraine. The strengths and weaknesses of Ukraine's sustainable development have been identified.
Substantiated legal and organizational procedures of public-private relations in the region. The key advantages
and risks of the state and enterprises during public-private relations are identified. The main tasks of logistical
support and sustainable development of the region are revealed, the logistic infrastructure of the regions is
assessed. The potential development of transport infrastructure as one of the main factors of formation of
sustainable development of the region is substantiated. National goals for creating sustainable development of
regions are highlighted. The scientific novelty of the obtained results is to determine a rational form of
interaction between companies and local authorities to create conditions for sustainable infrastructure
development in the regions.
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Cepeiii puyeHko, Mukuma [lpay. «Jloczicmu4Ha niOmpumMKa cmasno20 po38UMKY pe2ioHy».
Memoto docnidxeHHA € po3pobka pekomeHOAYili o000 3abe3neyeHHA CMasoeo po3sUMKY iHppacmpykmypu
pezioHy. ¥ cmammi po32/1aHymo posib J102icmuYHOI NiOMpPUMKU CmMano2o po3sumky pezioHy. O6’ekmom
00C/iOXeHHA 8UCMYNdE Npoyec JI02iCMUYHOI NIOMPUMKU CMaao20 po3BUMKY pezioHy 3a pAaxyHOK
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iHeecmuuiti, sk cucmemu OepXasHO-NPUBAMHUX B8IOHOCUH OJIF PO38UMKY CMAnoi iHgpacmpykmypu.
JepxasHo-npusamHi  8iOHOCUHU  cnpuamumyme  2106G/1bHOMY —nonumy md dakmusHocmi 8
KOpOMKOCMpOKo8il nepcnekmusi, 3aki1adyme OCHOBU 0/11 CMAA020 00820CMPOKOBO20 3POCMAHHA.
Memoodamu docnioxeHHs €: NOPIBHAIbLHO—EKOHOMIYHUL aHAni3 - 0714 8UBYeHHi NoMOoYHOI cumyauii 8 YKpaiHi,
OUiHKU BHECKY pi3HUX KOMNAHIU 8 cmasnuli po38UMoK iHppacmpykmypu ma niompumku it 8 pe2ioHax, 0e 80HU
6a3ytomocs, 0514 y3aeasibHeHHA nepesaz ma Hedos1iKie; KapmozpagiyHo20 aHanisy — 019 HAOYHOI imocmpayii
Cy4acHUx meHOeHUil YHKYIOHYBAHHA MiXXHAPOOHUX MPAHCNOPMHUX Kopuodopie, fAKi Npoxodsmeo
mepumopieto YkpaiHu. BusHa4yeHo cusneHi i c1abki cmopoHU cmanoz2o po3sumky YkpaiHu. O6rpyHmogaHi
HOpMAamueHo-npagosi ma op2axizayiliHi npoyedypu 0epXxagHO-NpUBAMHUX 8iOHOCUH 8 pezioHi. BU3HayeHi
KJ110408i nepesazu ma pusuku 0epxasu i Nidnpuemcma nio 4ac 0epxasHo-NpUBAMHUX 8i0HOCUH. Po3kpumo
OCHOBHI 3a80aHHA J102iCMUYHOI NIOMPUMKU Ma cmasnozo po38UMKy pezioHy, 30ilicHeHO OUiHKY Jio2icmuy4Hoi
iHppacmpykmypu pezioHis. O6rpyHmo8aHo nomeHuyitiHuti po38UMoK MpPaHCNOpmMHoi iHgpacmpykmypu, Ak
00H020 3 20/108HUX (hakmopis HopMy8aHHS CMano2o0 po38UMKY pez2ioHy. BudineHo HauioHaneHi yini no
CMBOPEHHI0 CMA020 PO38UMKY pe2ioHis. Hayko8a HOBU3HA 00epXaHUX pe3y/ibmamie Nosif2de 8 BU3HAYEHHI
payioHanbHOI hopmu 83aemo0ii Komnarili ma micyesoi 871a0u 019 CMBOPEHHS YMO8 CMAsio20 PO38UMKY
iHGbpacmpykmypu 8 pe2ioHax.

Knioyoei cnmoea: norictTyHa nigTpMMKa; CTanun pPO3BUTOK; [epKaBHO-MPUBATHI BiAHOCWHY;
TPaHCMOpPTHA iHPPaCTPYKTypPa; HaUioOHaNbHI Wini ctpaTeril.

Cepezeli puyeHko, Hukuma [pau. «Jloezucmuyeckasa nooddepxxka ycmoliyusoz2o0 passumus
pe2uoHa». Llenbio UCC/Ie008aHUA A8/19emMca pa3pabomka pekomeHOayuli omHocumesbHo obecneyeHuUs
ycmoliqueozo paszsumusa uH@pacmpykmypsi pe2uoHd. B cmamee paccmompeHa pone nozucmudeckol
nodoepXKuU ycmoliyugo20 pazsumus pe2uoHd. B kadecmae obvekma ucciedo8aHus sbicmynaem npoyecc
Jioeucmuyeckoli NOOOepXKU ycmoUyuso20 pa3sumus pe2uoHd 3d cyem uHs8eCmMuyul, Kak cucmemel
20Cy0apCcmeeHHO-4dCMHbIX OmHoweHUl 0718 passumus ycmolivueol uHgpacmpykmypel. locydapcmeeHHo-
yacmHsle omHoweHua 6yoym cnocobcmaosame 2106a71bHOMY CNPOCY U AKMUBHOCMU 8 KPAMKOCPOYHOU
nepcnekmuse, 3as0XXam OCHO8bl 011 NOCMOAHHO20 00/120CPO4HO20 pocma. Memodamu uccnedosaHus
ABMAOMCA: CPABHUMENIbHO-3KOHOMUYeCKUU aHau3 - 0714 usydeHuu mekyujeli cumyayuu 8 YKpauHe, oyeHKu
8K1a0a pa3Helx KOMNAaHuli 8 ycmoliyugoe passumue UHGpacmpykmypsi U no00epXKu ee 8 pe2uoHax, 20e OHU
6asupytomcs, 0718 0606WeHUA npeuMywecms U He0OCMAmKo8; Kapmozpagpuyeckoo dHanuia - ons
H@2na0HoU — WUIIOCMPauyuu  CospeMeHHbIX  meHOeHYul  (hyHKUUOHUPOBAHUS  MeXOYHAapOOHbIX
MPAaHCNopMHsIx KOpUOOPOB, KOMopbie NPoxo0am meppumopueli YkpauHol. OnpedesieHbl CusibHble U ciiabsie
CMOPOHbI ycmolivugozo pazsumus YkpauHsl. O60CHOBAHbI HOPMAMUBHO-NPABOBbIE U OP2aHU3AUUOHHbIE
npouyedypsl 20cy0apcmeeHHO-4aCMHbIX OmHoweHul 8 peuoHe. OnpedesieHbl K/lloYesblie npeumMyuiecmsa u
pucku 2ocyoapcmea u npednpusmuli 80 8peMs 20Cy0apCMBeHHO-YACMHbIX OomHoweHul. Packpeimsi
OCHOBHble 3a0ayu sioeucmuyeckoli N000epPXXKU U ycmoUyugo20 pa3sumus pe2uoHd, oCyujecmessieHa oyeHKa
Jioeucmuyeckol UHgpacmpykmypsl pe2uoHo8. O60CHOBAHO NOMeHYUAIbHOE pazsumue mpaHcnopmHou
UHGpacmpykmypel, Kk 00H020 U3 2/1d8HbIX (hakmopos hopMupo8aHuUs ycmoliyugo20o pazgumus pe2uoHda.
BbiOeneHbl HAUUOHANbHbIE Ueslu No CO30aHUI0 ycmoliyueozo paszsumus pez2uoHo8. HayuyHas HosuU3HA
NOJTyYeHHbIX pe3y/ibimamog 3dkirouydemcs 8 onpedeseHUU pPayuoHdbHoU ¢opmbel 83aumodelicmaus
KOMNAaHul u mecmHol enacmu 0711 CO30dHUA YC/108Ul ycmou4yugo20 pa3eumusa UHGpAacmpykmypel 8
pezuoHax.

Knrouesbie cs1o0ea: nornctnyeckan nopagepka; yCTOMUMBOE Pa3BUTUE; FOCYLAPCTBEHHO-YACTHbIE
OTHOLLIEHWA; TPAaHCNOPTHaA UHPPACTPYKTYPa; HaLMOHabHble Lienn cTpaTerim.

community:  restoring global growth,
achieving sustainable development goals,

Introduction. At the present stage of
globalization,  logistical ~ support  for

sustainable development of the regionsis one
of the leading drivers of economic stability
through multilevel ties and cooperation.
Sustainable infrastructure is at the heart of the
three challenges facing the global

and protecting the future of the planet. The
factors of infrastructural content that provide
innovative development of the economy
become of priority importance [1, p. 22].
Analysis of the state and problems of logistics



The electronic scientifically and practical journal

“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”,

ISSN 2708-3195

infrastructure shows that it, as one of the most
important components of the national
logistics system, must ensure the movement
of material, human, information, financial and
service flows between cities and regions in a
timely manner and in full, requires significant
financial resources and integrated approach
to planning and management of innovative
development [2, p. 349]. Consolidated
transportation schemes between the regions
of Ukraine can demonstrate savings in
transport costs, as well as reduce the harmful
impact on the environment and transport
infrastructure [3, p. 143]. The use of marketing
and logistics tools within the threefold
component of management levels in Ukraine:
economic regions, regional logistics clusters,
industrial parks will create a system of
effective management of material and related
flows, track daily changes in demand,
technology, legislation in Ukraine and the
world. transport capacity and inventories,
which in general will contribute to the revival
and sustainable development of the regions
[4, p. 279].

The subject of research - theoretical,
methodological and organizational and
economic aspects of logistical support of
sustainable infrastructure, which is important
for achieving sustainable development goals
due to the opportunities it creates for
inclusive growth and access to basic services.

Kyiv is currently the administrative
center, and the development of production is
concentrated in the regions. Global
corporations support the regions where their
production is located, while the state helps
corporations in the form of subsidies such as
MHP Kyiv region, Astarta LLC Poltava region.

One of the main factors is socio-economic
relations in the regions. Each region has its
own characteristics and specifics that affect
the formation of a single model for building a
sustainable infrastructure  for  further
development of the region in the future.

Another significant problem is the
decline of some regions, due to the decline of
industries based in these regions. Due to this
factor and the inability of local authorities to
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solve problems independently, thereisa need
for cooperation with private enterprises,
which allow to solve both the goals of
eliminating problems and create a new
opportunity to create conditions for new
industries in these regions. It should be borne
in mind that the benefits of working with
private companies pose risks that can only
worsen the situation.

The choice of infrastructure development
and planning is long-term and complex, and
is aimed at overcoming the effects of carbon
impact, irrational use of land and water
resources, which in the long run will form a
sustainable model of future development.

The innovative nature of sustainable
development of the region's economy is an
important means of improving the quality of
life, which will increase productivity and lay
the foundation for future development
prospects.

The aim of the study. Development of
recommendations for sustainable
development of infrastructure in the region.

In accordance with this goal, the
following tasks were set and solved:

- to study the interaction of public-private
development of relations to create the
infrastructure of the region;

- analyze the country's national strategy
for sustainable development in the regions;

- to determine the influence of
corporations on the formation of the region's
infrastructure.

The main material and results of the
study. Sustainable  development s
development that meets the needs of today
without affecting the ability of future
generations to meet their own needs. Today
we can divide the sustainable development of
the regions of Ukraine into strengths and
weaknesses. Strengths:

- Ukraine is one of the most natural
resources in Europe.

- The middle location of Ukraine between
the countries of East and West creates the
potential for its successful development as a
transit state. The main thing in this aspect is
the following: transport logistics, mediation in
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the assimilation, transformation and further
retransmission of the best achievements of
neighbors - knowledge, know-how,
innovation [5].

Weaknesses of sustainable development
of Ukraine:

- Ukraine has the most centralized system
of government among Eastern European
countries and is characterized by a low level of
decentralization compared to developed
countries in Europe and the world.

- The oligarchic structures of Ukraine have
taken control of the regions, turned them into
an instrument of self-interest, which is the
greatest danger to the innovative
development of the region with man-made
pressure, as the profits of business owners are
rental income from natural resources,
redistribution of state property, creation of
artificial monopolies. The presence of poorly
structured managerial influences in the
conditions of huge natural resources of
Ukraine instead of providing competitive
advantages, turns into a brake on the
development of Ukraine's economy.

- Lack of energy market (gas, electricity,
water) for enterprises in the region; high level
of pollution in the cities of Kamyanske, Kryvyi
Rih, Dnipro, Mariupol, Zaporizhia [6].

Weak innovative development during
the crisis of 2014-2017 became a brake on the
economic development of Ukraine and its
regions. It is explained by inefficient
interaction of science and production,
reckless state policy in the field of innovation
and innovative  economy, lack  of
development of venture financing and real
stimulation of entrepreneurship, as well as the
reasons for the escalation of the Russian
military  conflict in  eastern Ukraine,
annexation of Crimea [7].

Normalization of the business climate is a
prerequisite for increasing innovation activity
in Ukraine. In addition, such general
economic measures as competition and
antitrust policy are an important condition for
the formation of innovative (digital) economy.

Adherence to the above conditions,
which were mentioned above, will allow the
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emergence of advanced development of the
infrastructure of the regions. The availability
of free capacity will allow the formation of
new enterprises in the regions, which will lead
to the development of an effective regional
socio-economic system.

With all the positive aspects of the
creation and development of infrastructure in
the regions of Ukraine, a significant remark is
the high capital intensity of infrastructure
facilities. At the same time, a significant part
of infrastructure structures, in particular social
infrastructure facilities, can be unprofitable.
And production infrastructure facilities may
not reach the payback level for a long time,
especially during the commissioning of the
main production facilities.

In this regard, a special task in the
direction of modernization and development
of socio-economic infrastructure of the region
is to find sources of financing for the
construction and operation of infrastructure.
A common practice around the world is public
funding for the construction of infrastructure,
and their use by state or "public"
organizations. However, without attracting
funds from private investors it is impossible to
do [8, p. 155-156].

The mismatch between investment
resources and the needs of the region, the
country has led primarily to the emergence of
projects with public-private relations (PPP).

In the regions of Ukraine, the private
sector is increasingly becoming a valuable
source.  of new technologies, quality
management, investment capital, which
makes it possible to involve it in a number of
problematic projects and invest in modern
technologies and equipment.

All this indicates that in most cases, large-
scale and expensive projects that ensure the
introduction of new scientific technologies
and developments. However, such projects
involve high risks that private business never
takes, due to equivalences in the profitability
of other less risky investments. Such facilities
are usually financed by public funds of
different levels (state, regional), but public
funds are limited, and the available
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opportunities to raise loans are not effective.
In this regard, the state structures must
ensure the creation of favorable conditions
for attracting investment, which, in turn,
provide for the solution of many previously
unresolved legal issues: stable and reasonable
taxation; rational customs policy; positive
changes in the credit sphere; fight against
corruption, non-economic factors slowing

down development, bureaucratic
arbitrariness, etc.

In other words, a full-fledged
infrastructure  for  normal economic

development must be created, which ensures
adequate partnerships between the state and
private business. To achieve these goals, in
our opinion, it is reasonable to turn to the
foreign experience of public-private relations
(PPR) in the implementation of various,
including investment projects [9].

For the development of WFD in the
region itis necessary to conduct the following
regulatory and organizational procedures:

- development of a common
understanding and strategy for forming a
partnership between the state and business
structures;

- improvement of the regulatory and
legislative framework for the creation of a
package of regulations and bylaws;

- creation of an institutional
organizational framework that will require the
formation of various elements of the
institutional environment;

- formation of a certain economic
environment for the creation of partnerships;

- training of specialists in the field of
partnership;

- creating a favorable public opinion for
the implementation of the partnership;

- ensuring transparency of activities
within the partnership.

Advantages of public-private relations:

Local authorities can involve private
enterprises in the creation of socially
significant projects, which in turn will provide
an opportunity to develop public-private
relations, as well as invest in the projects of
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this  organization  for  infrastructure
development.

For the private sector, the advantage is
that by involving local authorities in the
project, the company gets the opportunity to
reduce the cost of creating the project and
gain access to infrastructure, which will speed
up the task.

The advantages on a practical basis
include the cooperation of companies
"Kernel", "Astarta”, "Ukrlandfarming". Each of
these companies helps to develop the regions
where their branches are located. Kernel
supports social projects with its own
charitable foundation, Astarta runs
educational programs for the rural
population, and Ukrlandfarming invests a
portion of its income through charitable
foundations to support people of retirement
age and develop infrastructure for them. In
turn, companies receive support and support
from the public, which also further affects
relations with local authorities, and the
example of Astarta also provides an
opportunity to prepare future staff for their
organization.

Risks that may arise during public-private
relations:

State risks - is to attract even more
resources than expected at the beginning of
the project, which could lead to a budget
deficit.

The risks that can befall companies are,
first of all, the lack of trust in Ukraine, which
leads to corruption schemes in the state
system, as well as the possibility of
terminating the contract, which may depend
on the success of the company [11, p. 140-
141].

Risks on a practical basis include the
development of biogas production by MHP.
In 2011, the company began to develop this
area, but did not receive support from the
authorities and currently continues to
develop this area on its own [12].

Also in the formation of public-private
relations should not forget about the
transport infrastructure of the region, which
can significantly affect the implementation of
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plans to create joint projects, so we see it as
one of the key elements in creating an
effective multimodal transport and logistics
system. This is important for Ukraine's
comprehensive economic growth. Ukraine's
geographical location in the center of Eastern
Europeis a very favorable environment for the
development of international trade.

Ukraine is also a global supplier of food
products and a leading exporter of
agricultural products, playing a vital role in
ensuring food safety in the world. Given the
importance of international trade and the
impact of geopolitical developments on
transport routes and costs, logistics will play
an increasingly important role in the country's
sustainable development.

Building an efficient logistics system
provides an opportunity to develop not only
foreign markets where Ukraine will be
present, but also domestic markets. In
domestic markets, there is potential for the
emergence and development of private
enterprises, which in turn will lead to the
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formation of public-private relations for the
implementation of future projects.

Exports, imports and transit of goods take
place in the transport and logistics system of
Ukraine, which is dominated by railways for
bulky goods and long-distance
transportation. The country has 21,700 km of
railways (of which more than 47% are
electrified), 169,500 km of roads, 2,200 km of
inland waterways (WWH) with 13 seaports
(not including 5 in the Crimea) and 10 river
ports, numerous warehouses (750 certified
grain warehouses) and logistics centers to
facilitate the production, storage and
transportation of goods. This capacity allows
to transport 1 billion tons of cargo by rail and
160 million tons through seaports per year.
Ukraine is part of several international
transport corridors, such as Corridors 3, 5, 7
and 9. of the Trans-European Transport
Network (TEN-T), Corridors 3,4, 5,7,8 and 10
of the Railway Cooperation Organization
(RAO), and also part of the corridor Europe -
Caucasus - Asia (TRACECA) (Fig.1.1) [13, p.
114-116].

L]
R
O Mo e te TGy Tl
y - s LT
Copemecy =

- L bl 18w
CMOERTOe Y p - oy
il g —

Figure 1.1 - Scheme of ITC passage through the territory of Ukraine [13]
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But such capacity is not fully utilized, and
logistics companies are dealing with
underdeveloped infrastructure, which s
reflected in high logistics costs.

To improve the transport sector, it is
necessary to attract, adapt and implement the
experience of European countries, which will
improve the state of transport in the transport
infrastructure of the regions.

The general objectives should be as
follows:

- elimination of administrative, technical,
cross-border and other obstacles to
international trade;

- development of a national transport
flow modeling system and a program for the
implementation of the National (priority)
transport network of Ukraine;

- development of intermodal and
multimodal services with the help of an
efficient logistics system and timely solutions
related to the interaction on the operation of
tracks of different widths and other technical
standards;

- updating the national strategy and
program to improve road safety and
continuing the implementation of planned
measures.

The National Economic Strategy of
Ukraine for the period up to 2030 was
approved by the resolution of the Cabinet of
Ministers of Ukraine dated 03.03.2021 N2 179
[14].

The strategy envisages the gradual
achievement of the goal of improving the
welfare of the population. The first stage is the
formation of competitive conditions for
business and investment, as well as the
restoration of confidence in state institutions.
This will make it possible to win the
competition for capital on the world market
and, as a result, attract investment to
modernize sectors of the economy.

Transformed and highly productive
sectors of the region's economy will be able to
compete effectively in the international
market of goods and services with foreign
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countries, which will contribute to the growth
of tax revenues and incomes.

A large domestic consumer market and
an increase in tax revenues will contribute to
the development of services and improve the
quality of life of citizens in terms of education,
health, environment, national security,
culture and social security. This will contribute
to the development of human potential - the
main and most important potential in the XXI
century, which Ukraine must systematically
develop [14].

Therefore, this task is not easy. Successful
implementation of this strategy requires
fiscal, regulatory, institutional and
organizational changes, as well as changes in
the public sector. It also means changes in
public-private relations. An important point
for the implementation of this strategy is to
improve skills and competence, as well as the
involvement of private enterprises to help
implement the strategy.

Solving problematic issues one by one
will not bring effective changes, but will only
provide an opportunity to improve the
situation for a while. Therefore, Ukraine must
implement a national strategy for sustainable
development of the regions to address the
complex tasks that will be identified in the
main objectives to create conditions for

sustainable  development of regional
infrastructure:
- Develop high-quality, reliable,

sustainable and affordable infrastructure
based on the use of innovative technologies,
including environmentally friendly modes of
transport.

- Ensure the expansion of the use of
electric  vehicles and the relevant
infrastructure network.

- Ensure the availability of road transport
infrastructure based on the use of innovative
technologies, in particular through the
expansion of forms of state participation in
various infrastructure projects.

- To promote the accelerated
development of high- and medium-tech
sectors of the processing industry, which are
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formed on the basis of the use of chains
"education - science - production" and a
cluster approach in the areas of: development
of innovation ecosystem; development of
information and telecommunication
technologies (ICT); application of ICT in
agriculture, energy, transport and industry;
high-tech mechanical engineering; creation

of new materials; development of
pharmaceutical and bioengineering
industries.

- Create a financial and institutional
system (innovation infrastructure) that will
ensure the development of research and
scientific - technical (experimental)
developments.

- Ensure Internet access, especially in rural
areas.

- Ensure increased participation of young
people in research.

- Ensure sustainable GDP growth through
modernization of production, development
of innovations, increasing export potential,
introduction to foreign markets of products
with a high share of value added.

- To increase the efficiency of production
on the basis of sustainable development and
the development of high-tech competitive
industries.

- To increase the level of employment.

- Reduce the share of young people who
do not work, study or acquire professional
skills.

- Promote the provision of reliable and
safe working conditions for all workers, in
particular through the use of innovative
technologies in the field of labor protection
and industrial safety.

- Create institutional and financial
opportunities for self-realization of the
potential of the economically active part of
the population and the development of the
creative economy [15].

Conclusions. Ukraine has significant
problems in creating the conditions and
implementing the construction of
infrastructure, which does not allow the
regions to function as elements of the system
that could ensure the development of the
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country now and rapid development in the
future.

Public-private relations are one of the key
elements for building a sustainable
infrastructure of a region or regions. Local
authorities need to build a mechanism for
integrating a private enterprise into the
region's infrastructure so that the enterprise's
activities do not destroy both possible future
plans for cooperation on projects and enable
business development.

It also becomes clear that the country
relies on the construction of transit corridors,
due to the convenient geographical location,
but forgets that if you build a large number of
roads, you must not forget about the constant
maintenance of roads, ie you need to
abandon potholes, and replace all problem
area, as well as creating conditions for the
emergence of infrastructure near transit
corridors for comfortable movement on
them.

In order to achieve sustainable
infrastructure development in the regions, it
is necessary to implement the National
Economic Strategy at an accelerated pace,
taking into account the interests of each
region, so that people can see what is a
priority goal for the state. The country faces
the task of choosing the optimal ratio of open
economy and protection of its own markets.
Local authorities need to create conditions for
cooperation  with  higher  education
institutions to train staff to address the
challenges of the strategy, both present and
future.

People who are going to start their own
business in the region need:

- to establish social relations with the
local population;

- to establish contacts of fruitful
cooperation with local authorities;

- create economic opportunities for the
local population;

- to create conditions for the operation of
the enterprise in this area;

- support the existing
infrastructure and improve it;

regional
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- after the creation of socio-economic
relations, start training future staff for their
own company;

- development of projects for the
implementation of both cooperation with
local authorities and promotion of its own
brand in the region, etc.

The problem for the company may be the
reluctance of local authorities to cooperate.
For example, the introduction of biogas
technologies by MHP [12]. In such cases, there
are two options - to continue to implement
the technology yourself or keep the
technology for refinement, but then the
company may lose the opportunity to be the
first company to introduce this technology
and get only losses or lower profits than it
expected.

The main essence of the problem is the
reluctance to  introduce innovative
technologies that the country has and can
implement, but it does not happen: through
monopolization, through laws, or through
political factors. These factors are secondary,
but not the main ones, leading to a slowdown
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in the development of the region first, and
then the whole country. It is necessary to give
the regions the opportunity to develop more
independently, so that local authorities have
clearly spelled out all possible solutions.

Another important aspect for the
logistical support of sustainable development
of the region is the improvement of three
main elements: economic growth, social
integration and environmental protection.
These elements are complex and
interdependent.

Creating conditions for learning and
working in the field in all their forms and at all
levels is a prerequisite for sustainable
development. To achieve this, it is necessary
to promote sustainable, inclusive and
equitable economic growth that creates
greater opportunities for all, reduces
inequalities, raises basic living standards,
improves logistics infrastructure, promotes
equitable social development, and integrated
and sustainable management of natural
resources and ecosystems.
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MODELING OF TERRITORIAL DIFFERENTIATION BY TRANSPORT
INFRASTRUCTURE LEVEL OF DEVELOPMENT

Cherednichenko Kostiantyn, Miroshnikova Julia. «<Modeling of territorial differentiation by
transport infrastructure level of development». The research paper presents theoretical and practical
aspects of differentiation of territories according to the level of transport infrastructure development. The
purpose of the research is to develop a formalized approach to territorial differentiation according to the level
of transport infrastructure development on the example of Ukrainian regions. The issues with the term of
"transport infrastructure" are defined. Classical methodological approaches to transport infrastructure level of
development assessment are described. The essence of the concept of "differentiation" and its meaning in the
transport industry are revealed. The coefficients for assessing the provision of regions with transport
infrastructure, transport network density coefficient and the assessment of transport network safety indicator
are considered. On the basis of the considered coefficients and initial statistical data, the analysis of regions of
Ukraine, based on a level of development of a transport infrastructure, was conducted. The inequality of
transport infrastructure level of development (even within one country) is caused due to both objective
(geographical location, resource potential) and subjective reasons (efficient use of resources, effectiveness of
regional management). An integrated assessment in order to solve this task was formed. It is based on the
apparatus of the methodology of decision-making in conditions of uncertainty. For the practical demonstration,
the regions of Ukraine were differentiated, according to the level of transport infrastructure development.
During the evaluation, it is possible to determine the factor with the greatest impact on the overall result by
region. Improving the quantitative indicators that form the most influential qualitative assessment would lead
to an increasement of the overall assessment. Thus, using the developed algorithm, it becomes possible to
optimize the management of transport infrastructure development of a particular territory.

Keywords: transport infrastructure, territorial differentiation, mathematical modeling, integrated
assessment, transport safety, transport network density, carrying capacity.

YepeoHiyenko Kocmanmun, MipowHikoea KOnis. «MoodetonroeaHHs ougepeHyiayii mepumopiti
3a pisHeM po38UMKY MpPAHCNOpMHOI iHppacmpykmypu». ¥ cmammi eukiadeHi meopemuyHi ma
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NpakmuyHi acnekmu ougpepeHyiayii mepumopili 3a pieHeM po38UMKY MPAHCNOPMHO iHpacmpykmypu.
Memoto 0aHoi pobomu € po3pobka hopmanizoeaHozo nioxody mepumopiasieHoi dugepeHuiauii 3a pisHem
pO38UMKY MPAaHCNOPMHOI iHhpacmpykmypu Ha npuknadi pezioHis YkpaiHu. Po3kpumo npobnemamuky ma
BU3HAYEHO MepPMiH «MpPAaHCNOPMHaA iHgpacmpykmypa». OnucaHo KaAacuyHi mMemoOuyHi nioxoou 00
hopMyB8aHHA OUIHOK piBHA MPAHCNOPMHOI iHpacmpykmypu ma ix Hedoniku. Po3kpumo cymHicme
noHamms «ougpepeHuiayia» ma il 3Ha4eHHA y mpaHcnopmHil 2anysi. Po3anaHymo koegiuieHmu oyiHKu
3a6e3neyeHocmi pezioHie MpaHcnopmHorw iHppacmpykmyporw. Ha 6a3i posenaHymux koegiuieHmie ma
BUXIOHUX CmMamucmuyHux OaHux 6ys8 nposedeHul aHANI3 pe2ioHi8 YKpaiHu 3a pieHem po3sUMKY
mpaHcnopmHoi iHppacmpykmypu. HepigHicme pigHa po3sumky mpaHcnopmHoi iHppacmpykmypu (Hasime
Yy Mexax OOHiel KpaiHu) obymosneHa AK 06'€KmusHUMU (2eoepaghiuHe po3mawly8aHHsA, pecypcHuli
nomeHuyiasn), mak i cy6'ekmusHUMU NpUYUHAMU (echekmuBHe BUKOPUCMAHHA pecypcis, egpekmusHicmeo
pezioHanbHo20 ynpasniHHsA). [lna supiweHHA 0aHoi npobremu 6yna po3paxosaHd iHmMezpasabHA OUiHKaA.
basyrouuce Ha OaHili oyiHYi 058 npakmuyHoi OemMoHCMpauii po3pobneHozo anzopummy, 6yso
npoougepeHyitiosaHo pezioHuU YKpaiHu 3a pigHeM po38UMKY MPAHCNOPMHOI iHGpacmpykmypu.
Bukopucmosyrouu pospobneHull anzopumm, CmMAe MOX/AUBUM ONMUMI3y8amMu ynpassiHHA pO38UMKOM
mpaHcnopmHoi iHhpacmpykmypu negHoi mepumopii.

Knrouoei cnosa: TpaHcnopTHa iHGpacTpyKTypa, AndepeHLiallia Teputopii, WinbHiCTb TPAaHCMOPTHOI
MepeXxi, TpaHCNopTHa 6e3neKa, NPONyCcKHa 34aTHICTb, MaTeMaTYHa MOAESb, iHTerpanbHa OuiHKa.

YepeoHuyeHko KoHcmanHmuH, MupowHukoea Hnusa. «ModenupoeaHue oJuggepeHyuayuu
meppumopuii no ypoeHio pazsumus mpaHcnopmHol UHgpacmpykmypel». B cmamee u3ioxeHol
meopemuyeckue U nhpakmudeckue dcnekmsl OughgepeHyuayuu meppumopuli no YposHI pazsumus
mpaHcnopmHoU uHgpacmpykmypel. Llesibio 0aHHoU pabomei agigemcs paspabomka popmanu308aHHO20
nodxo0a meppumopuasnsHou duggepeHYUAYUU NO YPOBHIO pa3sumus mpaHcnopmHouU UHgpacmpykmypel
Ha npumepe pe2uoHo8 YKpauHel. Packpsimo npobnemamuky u onpedesieHue mepMuHa «mpaHcnopmHas
uHppacmpykmypa». OnucaHel Knaccudeckue memoouyeckue nooxoobl K (hopMUPOBAHUID OUEHOK ypOBHsA
mpaHcnopmHol  UHpacmpykmypsl U ux  Hedocmamku. Packpeima  cywHOCMb  NOHAMUA
«ougghepeHyuayusa» u e2o 3HadyeHue 8 MpaHcNopmHoU ompacau. Paccmompersl KoagguyueHmeol oyeHKU
obecneyeHHOCMU  pe2uoHO8 MpaHcnopmHol  UHgpacmpykmypou. Ha 6ase paccMompeHHbIx
KO3(hhuyueHMos U UCXOOHbIX CMamucmuyeckux OdHHbIX 6bl1 nposedeH aHaAsIuU3 pe2uoHo8 YKpauHsl No
YPOBHIO pazsumus mpaHcnopmHdouU uHgpacmpykmypesl. HepaseHcmeo yposHs pazsumus mpaHcnopmHou
UHppacmpykmypesl (daxe 8 npedesax oOHoU cmpdaHel) 0bycnosneHa Kak 06veKmuBHbIMU (2eoepdguyeckoe
nosoxeHue, pecypcHolli NOMeHYuUads), mak u cybvekmusHbIMU NpU4UHAmu (3¢hpekmusHoe ucnosib3o8aHue
pecypcos, 3¢phekmusHOCMb peUOHANIbHO20 ynpasneHus). [na peweHus OaHHOU npobnemel 6biia
paccyumana uHmezpasnsHas oyeHka. OCHO8bI8AACH HA OAHHOU oyeHKe 0/19 Npakmuyeckol 0eMoHCcmpayuu
paspabomaHHo20 aneopumma, 6bl1u oyeHeHbl pe2uoHbl YKpAauHsl NO YPOBHIO pa3sumus mpaHcnopmHoU
UHppacmpykmypel. icnone3ya paspabomaHHseil aneopumm, CmaHo8umcsa 803MOXHbIM ONMUMU3UPO8AMb
ynpasseHue pazgumuem mpaHcnopmHoU UuHppacmpykmypsi onpedesieHHOU meppumopuul.

Kniouesnble cnoea: TpaHCNopTHaA VMHOPACTPYKTYpa, AnddepeHumnauma TeppuTopui, NIOTHOCTb
TPAHCMNOPTHOW CeTU, TPAHCNOPTHas 6€30MacHOCTb, NPOMYCKHasA CNOCOOHOCTb, MaTeEMaTUYeCKas Mogerb,
WHTErpasibHas oLeHKa.

Introduction. The transport system has
significant importance for the modern
economy, because  other industries
productivity and, as a consequence, the
financial welfare of the state depends on it.
The role of transport systems is constantly
growing, especially during the
implementation of large-scale international
integration plans.

Transport infrastructure refers to the
framework that supports transport system.
This includes roads, railways, ports and
airports. The inequality of transport
infrastructure level of development (even
within one country) is caused due to both
objective (geographical location, resource
potential) and subjective reasons (efficient
use of resources, effectiveness of regional
management).
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Literature review and problem
statement. In modern scientific researches,
"transport infrastructure" is interpreted in
several aspects [1-5]. However, none of the
considered approaches takes into account
the impact of integration processes on
transport infrastructure.

A general definition of transport
infrastructure is formulated as a connecting
element between production and
consumption, which includes networks of
connections of all modes of transport and
facilities serving vehicles and
communications (stations, airports, ports,
etc.). It is also recommended to consider the
transport infrastructure as a system of
infrastructure by types of transport. Analysis
of scientific research about transport
infrastructure showed a variety of approaches
to the assessment of its development level.
Namely: the concepts of "transport network
density" [6], ‘“carrying capacity" [7],
"transportation timing" [8] and "transport
infrastructure provision". Most of the modern
methods  of  transport infrastructure
assessment, however, do not include
transport safety and geographical location
indicators.

Unfortunately, each approach analyzes
only one factor, ignoring other indices that
could potentially affect the overall level of
transport infrastructure. The lack of
integrated assessment could lead to a
misinterpretation of the real level of
development and, as a consequence,
inefficient management of transport system.

The aim and objective of research. The
aim of the study is to develop a formalized
approach of territorial differentiation by
transport infrastructure level of development
on the example of Ukrainian regions.

Presentation of the main material. The
differentiation of transport infrastructure (TI)
should be considered as a process of
distribution of transport infrastructures on
the basis of integrated quantitative
assessments of their level of development.

The classic approach to transport
infrastructure assessment is the analysis of
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regions provision with transport
infrastructure, which is based on coefficients
of Engel, Goltz, Uspensky, Vasilevsky [8]:

Ky = ——, (1)

KG = ) (2)

Ky = s/——=, (3)

L

Ky = SeHa 0
where K — Engel coefficient;
K - Goltz coefficient;
Ky - Uspensky coefficient;
Ky - Vasilevsky coefficient;
L — the length of roads in the region;
S — area of region;
H — population;
N — number of settlements;

t - the total weight of freights transported to
the territory;

Q - total weight of products produced on the
territory.

However, this method has disadvantages,
such as: a region with a large area loses to a
country with a smaller area in advance; the
geographical factor is not taken into account;
etc. Therefore, during territorial analysis,
these coefficients must be supplemented. It is
recommended to take into account transport
network density coefficients [8].

Transport network density coefficient is
the ratio of total roads length in the region to
the area of region (formula 5) and population
(formula 6):

(4)

1000L
1000L

Density of roads in relation to: the area of
region and population (formula 7), density of
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cargo transportation by road (formula 8), GBP p sAT (10)
. AT = ——,
(formula 9): sar S 4 SRARvaR
dir = —— (7)
s VSRAR It is worth to be included another
T approach to transport infrastructure level
dsf{‘ _ S (8) assessment, which is based on traffic safety
s JSR « NF index in transport network [9].
Accident rate:
AT 106z
SRyR _ S [=_ % 11
dsar = Teor 9 SEEs Lol (11)

where S4T- density of highways;
SR _ area of region;
AR — population;
Nf - range of transportation of goods by
road;
VR- GDP.
Then the formula of integral assessment

where z - number of accidents per year;

N - average daily traffic intensity in both
directions;

L - the road length.

Using formulas (1-11) and statistical data
[11-15], the coefficients of transport
infrastructure level of development of
Ukrainian regions were calculated:

of road density:

Table 1. Transport infrastructure level of development assessment

Region
S c
c
= )
E’) c% '05)7 = S
. S > 2 c p S 2 -;')) =
Criterion =) 73 e S = > o = S
D = (0] > 2 () = c >
v o @ o @ - < 8 o
& = S = = % % = | B
© S < = £ = x S =
c =3 = c T S O e S
o e o [} (=} o i) < [
& o = (&) = o m &) &)
Kr 0,0242 | 0,0348 | 0,0439 | 0,0446 | 0,0424 | 0,0498 | 0,0328 | 0,036 | 0,047
K; 11831 | 1,4694 | 1,3309 | 1,4903 1,297 | 1,0768 | 1,2999 1,386 | 1,395
Ky 0,9045 1,174 1,6462 | 1,5807 | 1,6521 | 1,8136 | 1,134 1,146 | 1,495
Ky 11095 | 1,1228 | 1,4768 | 1,0877 | 0,8555 | 1,4537 | 1,4434 | 1,273 | 1,374
dg 262203 | 317140 | 343750 | 305006 | 312750 | 395051 | 234981 | 381084 |309524
dy 22255 | 3810,8 | 56185 | 6531,0 | 5734,8 | 62719 | 4587,8 | 35716 |6987,2
diar 11 1.3 14 1,9 2,0 23 11 23 | 14
asea 239 | 232 274 30,2 382 | 424 | 170 | 388 | 20,2
S
asart 006 | 009 | 009 | 016 | 019 | 018 | 008 | 017 | 007
S
dSAT 0,35 0,49 0,56 0,85 0,99 0,98 0,43 0,80 0,45
1 0,03 0,09 0,09 0,06 0,05 0,08 0,15 0,12 0,11
The next step is the formation of an infrastructure level of development for

integrated  assessment  of  transport territorial differentiation. It is possible to use
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the apparatus of decision-making theory in “alternatives” should be understood “certain
conditions of uncertainty in order to conduct regions” (table 1), the calculated coefficients
this procedure. It is recommended to use (formulas 1-11) — as expert assessments.

Savage's criterion (C_S). In this case, by

Tij = MAX1<j<m @ — Qjj (12)

F =min;<;<mMaxi<j<ntij = MiNy<icmMaX<j<sn(MaX1<i<m@j — Q;;) (13)

To conduct the assessment, it is necessary
to develop a table (table 2) of relative values
from table 1.

Table 2. Relative values of transport infrastructure level of development

Region Assessment
Kg K Ky Ky dgar I

Donetsk region 0,4859 0,7941 0,4983 0,5796 0,3535 0,2000
Prydniprovskyi region 0,6988 0,9873 0,6472 0,7603 0,4949 0,6000
Northeastern region 0,8815 0,8938 0,9074 0,8626 0,5657 0,6000
Central region 0,8956 1,0000 0,8716 0,9844 0,8586 0,6000
Northwestern region 0,8514 0,8705 0,9107 1,0000 1,0000 0,4000
Podilsk region 1,0000 0,7240 1,0000 0,9303 0,9899 0,3333
Black Sea region 0,6586 0,6964 0,6251 0,6811 0,4343 1,0000
Carpathian region 0,7410 0,7834 0,6318 0,8125 0,8081 0,8000
Capital region 0,9337 0,9873 0,8241 0,9770 0,4545 0,7333

According to formulas (12-13) a table of
r ; was formed (table 3):

Table 3. Table of 7y;

Region Assessment
Kg K¢ Kg Ky Kg 1

Donetsk region 0,5141 0,2059 0,5017 0,4204 0,6465 0,8000
Prydniprovskyi region 0,3012 0,0127 0,3528 0,2397 0,5051 0,4000
Northeastern region 0,1185 0,1062 0,0926 0,1374 0,4343 0,4000
Central region 0,1044 0,0000 0,1284 0,0156 0,1414 0,4000
Northwestern region 0,1486 0,1295 0,0893 0,0000 0,0000 0,6000
Podilsk region 0,0000 0,2760 0,0000 0,0697 0,0101 0,6667
Black Sea region 0,3414 0,3036 0,3749 0,3189 0,5657 0,0000
Carpathian region 0,2590 0,2166 0,3682 0,1875 0,1919 0,2000
Capital region 0,0663 0,0127 0,1759 0,0230 0,4455 0,2667

Then the territorial differentiation of
regions (table 4):
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Table 4. Territorial differentiation of Ukrainian regions

Place Region Integrated assessment (1 - Cs)
1 Carpathian region 0,6318
2 Central region 0,6000
3 Northeastern region 0,5657
4 Prydniprovskyi region 0,4949
5 Capital region 0,4545
6 Black Sea region 0,4343
7 Northwestern region 0,4000
8 Podilsk region 0,3333
9 Donetsk region 0,2000

According to the results, the Carpathian
region is the most developed region of
Ukraine, and the Donetsk region is the least
developed.

Conclusions. The developed algorithm
allows to estimate the level of transport
infrastructure by integrated assessment.
During the evaluation, it is possible to
determine the factor with the greatest impact

on the overall result by region. Improving the
quantitative indicators that form the most
influential qualitative assessment would lead
to an increasement of the overall assessment.
Thus, using the developed algorithm, it
becomes possible to optimize the
management of transport infrastructure
development of a particular territory.
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CIRCULAR PROCUREMENT MANAGEMENT IN THE CIRCULAR
ECONOMY SYSTEM

Davydenko Volodymyr, Harmash Oleh, Ovdiienko Oksana. «Circular procurement management
in the circular economy system». The article is devoted to the analysis of the possibilities of using the
instruments of the circular economy. The article describes the theoretical and practical aspects of the circular
economy. The article highlights the classical approaches to resource management in the system of a circular
economy. Methods for managing the cyclicity of production and consumption are analyzed. Provides extensive
explanations on how to manage production and consumption cycles. The main reasons that lead to the
occurrence of resource losses are considered. The analysis of the basic tools and methods that can be applied in
the implementation of the circular economy is carried out. The possibilities of obtaining benefits from the
introduction of a circular economy are considered. The role of circular purchases in the system of circular
economy is considered. The main directions of improvement in the circular procurement management system
are determined. Critical aspects in the procurement management system have been identified. The analysis of
the state of waste management in Ukraine has been carried out. The possibilities of using modern methods of
circular procurement management have been analyzed. These are the classic circular procurement models. The
main advantages of using circular procurement methods are proposed. Provided recommendations for further
research in circular procurement management.

Keywords: circular economy, circular procurement, waste management, resource management,
production cycling management.
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Jasioenko Bonodumup, Fapmaw One2, OsdieHko OKcaHa. «YnpaesniHHA YUPKYyAapHUMU
3aKynKkamu, 6 cucmemi YUPKYNAPHOI eKoHOMiKu». Cmammsa npuceadeHd aHANi3y Moxausocmel
BUKOPUCMAHHA IHCMpPYyMeHmMIig YUPKYIAPHOI eKOHOMIKU. Y cmammi suknadeHi meopemuydHi i npakmuyHi
acnekmu YupKysapHOI eKoOHOMIKU. BuceimneHo knacuuyHi nioxodu 00 ynpassiHHA pecypcamu 8 cucmemi
YUpPKYNIApHOI ekoHoMiKu. [poaHanizosaHi Memodu ynpassiHHA YUKAIYHICMI0 8UPOBHUUMEA | CNOXUBAHHA.
Hadani po3wupeHi noacHeHHA Wo0o Memo0i8 ynpasiiHHA UUKIIYHICMIO 8UpOBHUYUMEA i CNOXUBAHHA.
Po3anaHymo ocHosHi npuyuHu, AKi npu3eodaMb 00 BUHUKHEHHA pecypcHux empam. [IlposedeHo aHanis
6a308ux iHCmpymeHmie ma mMemodis, AKi MOXymes 6ymu 3acmoco8aHi Npu 3anpo8aodXeHHIi UUPKYSIapHOI
€KOHOMIKU. P0o32/1AHYMO MOX/1U80CMIi OMPUMAHHA nepesaz 8i0 3anpo8adKeHHsA YUPKYSIAPHOI eKOHOMIKU.
Po3znadaemebca ponb YUPKYSIAPHUX 3aKYNOK, 8 cucmemi UUPKYAPHOI eKoHOMIKU. BusHadaromecsa ocHoBHI
HanpsamMKu 800CKOHAIEHHA 8 cucmemi ynpassiHHA YUPKYIApHUMU 3akynkamu. bynu susHaveHi kpumuyHi
acnekmu 8 cucmemi ynpaeniHHA 3akynkamu. [IpogedeHo aHania cmay ynpassiHHA 8i0xo0amu 8 YKpaiHi.
lMpoaHanizo8aHo MoOXauBoCMi BUKOPUCMAHHA Cy4acHUX memodie ynpassiHHA UUPKYAAPHUMU 3aKyNnKamu.
3asHayeHi Knacu4Hi mMooeni YUPKY/IApHUX 3aKyNnoK. 3anponoHOBAHI OCHOBHI nepesdzu 8i0 3acmocy8aHHsA
mMemooie UUPKYNAPHUX 3aKynok. HaoaHo pekomeHdaui nodadnsuwiux 00CnioxeHb 8 0671acmi ynpassiHHA
UYUPKYTAPHUMU 3aKYNKAmMu.

Knroyoei cnoea: unpKynapHa eKOHOMIKa, LMPKYNAPHI 3aKyNKK, yNpaBiHHA Bigxoaamu, yrnpasniHHA
pecypcamu, ynpasniHHA LMKNIYHICTIO BUPOOHMLTBA..

Jasudenko Bnaoumup, Fapmaw Oneez, OedueHko OKcaHa. «YnpaesneHue YUPKYNAPHbIMU
3aKynKamu, @ cucmeme YUpPKYAAPHOU 3KOHOMUKU». Cmames nocgaweHda aHaausy 803MoxHocmel
UCNO/Ib308AHUA UHCMPYMEHMO8 UYUPKYJIAPHOU 3KOHOMUKU. B cmamee u3noxeHol meopemuyeckue U
npakmuyeckue dcnekmeol YupKysapHoU 3koHomuku. OceewjeHbl Kaaccuyeckue nooxodbl K ynpassieHuro
pecypcamu 8 cucmeme YUupKy/apHoU 3KOHOMUKU. [IpoaHanusuposaHsl Memoobl ynpasaeHuUs YUKTUYHOCMbIO
npou3goocmea u hompebneHus. [pedocmasnieHsl pacupeHHble NOACHeHUA OMHOCUMEbHO Memooos
ynpasneHusa YUKIUYHOCMbIO Npou3800cmaad u nompebsieHus. PaccMompeHbl 0CHOBHbIe NPUYUHbI, KOMopble
NpusoodAM K 803HUKHOBEHUIO pecypcHbix nomepe. [TposedeH aHanu3 6a3o8bix UHCMPYMeHmMo8 U Memooos,
Komopble Moz2ym 6bimb NpuMeHeHbl Npu BHEOPEHUU UYUPKYIApPHOU 3KOHOMUKU. PaccmompeHol
B803MOXHOCMU NOJIyHeHUs npeuMyujecms om sHeOpeHUs UUPKYAAPHOU 3KOHOMUKU. Paccmampusaemcs
POJIb YUPKYJIAPHBIX 3AKYNOK, 8 cCUCMeme YUPKYAAPHOU 3KoHOMUKU. Onpedesisiomcs OCHOBHble HaNpasieHus
cosepuieHCMB0OBAHUA 8 cuCmeMe ynpassieHus UUPKYAAPHbIMU 3aKynkamu. buliu onpedesieHbl Kpumudeckue
acnekmel 8 cucmeme ynpasseHus 3akynkamu. [IposedeH aHAnU3 COCMOAHUA ynpasjieHus omxo0amu 8
YkpauHe. [IpoaHanu3uposaHvl B803MOXHOCMU UCNOJ/Ib308AHUA COBPEMEHHbIX Memo0do8 ynpassieHus
UUPKYNIAPHLIMU  3aKYNKAMU. YKa3aHHele Kidccudeckue MOOeU YUPKYIAPHBLIX 3aKynok. [lpednoxeHel
OCHOBHble npeumMyujecmed OmM NpPUMEHeHUs Memo0O08 UYUPKYIAPHbLIX 3dKynok. [pedocmasnieHHbIx
pexkomeHOayul danbHelwux uccie0os8aHuli 8 06;1acmu ynpasaeHus UUPKYAAPHbIMU 3aKynKamu.

Knioyesble cnoea: UVPKYNApHas 3KOHOMMKA, LMPKYNAPHbIE 3aKynKuW, YrnpaBneHne oTxodamu,
ynpaBieHue pecypcamu, ynpaseHne LUKIMYHOCTbIO NPOV3BOACTBA.

To date, a lot of research have been
devoted to the circular economy. An

Introduction. As economic development
grows, more and more countries around the

world are joining the debate about the
circular or closed-cycle economies.

The relevance of an implementing the
circular system of the economic processes
management in the economy contributes to
the use of resources as long as possible,
obtaining maximum value from the goods
consumption, and in the future, the
restoration of goods and materials from
which they were made.

important area for investigating is the chance
for obtaining additional profits by enterprises,
which is possible due to the minimizing
materials related costs and the raw materials
recycling.

The circular economy is not limited to the
task of the waste recycling at the end of the
product life cycle, but also provides
opportunities for innovation and social
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development in the economic relations
system.

The circular economy is considered as an
economic model in which both the results
and the processes of the resourcing and the
production are planned and organized in a
way to maximize a human well-being and the
efficiency of an ecosystems [1].

The business’ transition to a circular
model should take place by organizing
interaction in resource provision on a
cascading basis, in which waste from one
production is a raw material for another, thus
reducing the amount of the generated waste,
its reusing and recycling. This approach
provides the considerable economic benefits,
even despite the need for significant
investments in the information interaction, as
well as the creating of the efficient and high-
quality waste management systems [2].

One of the circular economy tools is the
circular procurement. The necessity to use
special technologies for minimizing the use of
new material and energy resources and to
increase the utilization of secondary raw
materials has begun to appear already at the
product creation stage. Due to this approach
a closed-cycle supply chain could be created,
which would provide additional income.

Analysis of recent research and
publications. The urgency of an exploring
the circular approaches implementation is
due to the limited global resources and the
increasing of its consumption.

Research and development in the circular
economy field focus mainly on some topical
issues of logistics, production and processing
technologies and provided in the works of W.
Stahel, R. Lifset, G. Pauli and others [3-8].

Local researchers and scientists in the
circular economy field mainly refer to the
analysis of foreign experience.
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The purpose and objectives of the
paper. The purpose of this article is to
consider the approaches for the introduction
and management of the enterprise’s circular
processes as a component in the circular
economy system.

Main materials and results. Circular
economy can be considered as a concept
based on the flow-process understanding of
the nature of production, distribution, trade
and consumption of goods in the socio-
economic system and, accordingly, the
turnover of resources and energy within this
system [9].

The circular economy model involves the
implementation of new approaches and
methods, based on "smart" resource savings
and goods reuse. This procedure assumes
that companies should completely reconsider
the management strategy of both the
production and sales flows.

The introduction of this model was
provoked by an increase in waste volumes
worldwide. This trend increases
environmental pollution and resource
consumption.

The situation with waste in Ukraine is
becoming dangerous. Almost 53 million m3
of household waste was generated in 2019
(excluding data from Autonomous Republic
of Crimea and the city of Sevastopol), that
corresponds to the more than 10 million tons
of garbage, which are disposed of in 6,000
landfills with a total area of almost 9,000
hectares [10].

Thereis a need to introduce and maintain
methods of circular economy in our country,
considering the information from the State
Statistics Service of Ukraine (Table 1) [11].

Table 1. Household and similar waste management

2011 2012 2013 2014* | 2015* 2016* 2017+ | 2018* | 2019*
Collected HSW, thsd.t | 10356,5 | 13878,0 | 14501,0 | 10748,0 | 11491,8 | 11562,6 | 11271,2 | 11857,2 | 11792,7
Removed HSW, thsd.t | 7030,0 | 9362,7 | 9504,4 | 5893,8 | 6233,0 | 6089,5 | 6469,0 | 71712 | 7099,0
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incl. to specially 43215 | 51751 | 51785 | 33979 | 41943 | 42081 | 44175 | 48858 | 5043,6

equipped dump

Incinerated HSW for 1540 | 1499 | 1476 | 1490 | 2543 | 2573 | 2444 | 2055 | 1985

energy recovery, thsd.t

Incinerated HSW

without energy 98,5 78,6 2,9 3,8 2,1 2,0 1,2 1,0 1,0

recovery, thsd.t

Utilized HSW, thsd.t 745 57.4 9.4 3.8 4.0 6,5 16,5 16,7 0.1

incl. composted 37 0,0 0,4 0,0 8,2 79 0,0
Wastes per capita

Collected HSW, kg 2266 | 3043 | 3187 | 2500 | 2685 | 2710 | 2653 | 2805 | 2806

Removed HSW, kg 1538 | 2053 | 2089 | 1371 | 1456 | 1427 | 1523 | 1697 | 1689

incl. to specially 946 | 1135 | 1138 | 790 | 980 | 986 | 1040 | 1156 | 1200

equipped dump

Incinerated HSW for 34 33 32 35 5.9 6,0 5.8 49 47

energy recovery, kg

Incinerated HSW

without energy 2,2 1,7 01 01 0,05 0,05 0,03 0,02 0,02

recovery, kg

Utilized HSW, kg 16 13 0,2 0,1 01 0,2 0,4 0,4 0,00

* Data exclude the temporarily occupied territory of the Autonomous Republic of Crimea, the city of Sevastopol and a part
of temporarily occupied territories in the Donetsk and Luhansk regions.

The disappointing results shown in the
table 1 indicate an increase in waste volumes

each year. However, recycling or reuse
remains at a low level (Table 2) [11].

Table 2. Waste generation and management

Volume of waste
. ) Total volume of
disposed of in
Volume of Volume of : waste accumulated
Volume of o specially : o
thsd.t generated incinerated . during operation, in
recycled waste designated : .
waste waste laces and specially designated
praces places and facilities
facilities
2014 355 000,4 109 280,1 9447 203 698,0 12 205 388,8
2015 312 267,6 92 463,7 11347 152 295,0 12 505 915,8
2016 295 870,1 84 630,3 1106,1 157 379,3 12 3939231
2017 366 054 100 056,3 1064,3 169 801,6 12 442 168,6
2018 352 333,9 103 658,1 1028,6 169 523,8 12972 4285
2019 441 516,5 108 024,1 1059,0 238 997,2 15 398 649,4

* Data exclude the temporarily occupied territory of the Autonomous Republic of Crimea, the city of Sevastopol and a

part of temporarily occupied territories in the Donetsk and Luhansk regions.
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The frequency of the procurement can be
reduced by the extension of the products’ life
cycle. At the same time, the costs of waste
removal and disposal are reduced, as the
volume of waste is diminished. And according
to this governance at macro level faced the
situation when the need to introduce the
model of circular economy and its toolkit is
obvious.

The development of the circular
economy can be traced in relevance with the
areas of expansion of the tool "R", as the basis
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of the business model of methods of cyclical
production and consumption management
(Fig. 1).

One of the principles is to use the product
or function which is needed instead of
owning it. This format involves the
establishment  of relations  between
enterprises and consumers, the active use of
instruments of lease and loan, i.e. the
transition to a form of service, in contrast to
the existing principle of "purchase and sale".

Refusal from excessive use of products

Intensity of product use

Reduce resource usage

Resource reuse

Repair and maintenance

Renewal

Key cyclical approaches

Remanufacturing

Use the product for other purposes

Obtaining secondary raw materials

VIVIVIVIVIVEVIVIV Y

Recovering materials or getting extra energy from them

Figure1 — Methods of managing the cyclical nature of production and consumption
(Built by the authors based on [8])

The process of product sharing
determines the possibilities of efficient use of
tangible and intangible resources, in order to
save costs. In addition, for some products,
manufacturers are actively implementing the
principle of sharing parts and components. As
an example, a charger with a universal
connector, or batteries.

Reuse of the product for initial or other
purposes involves the search for alternative
solutions to simplify service, and possibly
provide the product with multifunctional
properties.

Another approach is to maintain and
repair the product to extend its life cycle. A
special role is played by the possibility of easy
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widening of the product potential, in case of
obsolescence of its functional properties.

Progressive is the processing of used
products to create new raw materials or
goods. The development of such a cyclical
process will not only create new types of
commodities, but also generate additional
jobs.

Along with the challenges of creating
favourable conditions for the circular
economy introduction there is the problem of
lack of proper attention to other tools that
acting as service elements of the gradual
formation of new economic approaches.
Namely, circular procurement.

The purpose of the circular procurement
sustainability ensuring is to create long-term
economic values for all stakeholders involved
in the sale of goods and services on the
market.

The circular  procurement model
launching could provide an opportunity to
create "zero waste" conditions and the
involvement of a significant part of the
industry in this process, which would lead to
the formation of a circular economy as a
whole.

Circular procurement is a part of
sustainable procurement, which is based on
such principles of sustainability as recovery
and cyclical use of resources.

Circular procurement can be defined as
the process of purchasing of the goods, works
and services by customers that helps to
minimize energy and material losses in supply
chains and also to avoid negative impacts on
the ecosystem of the environment [12, 13].
This process involves the purchase of
competitively priced goods, which increase
the life cycle of products, their preservation
and reuse.

Any manufactured products must be
designed for durability, maintainability and
recycling. After its main consumption
purpose, the product must be reusable, have
the ability to disassemble components,
materials and raw materials that can be
reused in new production.
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The main approaches to circular
procurement are not only reducing the costs
on raw materials and diminishing waste
volumes, but also establishing the conditions
for closed production cycles and products.

There are different views on circular
procurement in the scientific community, but
today focus is put on three main models [12].

First model is based on the following
processes. The supplier undertakes to buy
from the customer the products previously
provided to them. It could be realised after
the expiration of the warranty period at a
certain, agreed price. This approach creates
the preconditions for products careful
treatment by the customer and eliminates the
need to address issues related to disposal.

Second model contain requirements
according to which the customer sells the
product after using to a third parties for
further partial or full use. It is possible that in
this model a third party will give the product
other properties or create a new product.

Third model assumes that ownership
remains with the manufacturer or supplier. In
this case, the customer buys the service, not
the product itself, or simply rents it. In this
model the supplier will be fully responsible for
maintenance and repair. The supplier and the
customer are directly interested in this form of
cooperation, namely, to minimize tangible
and intangible costs within the agreements.

Any model of cyclic purchases usage
allows to reduce customers’ financial
expenses. On the contrary, none of these
models can guarantee a closed product cycle,
as it is necessary to take into account market
conditions and existing actors. These models
are only a guide for modelling relationships in
procurement.

Along with the application of these
models, there is a need to use circular tools
and environmental requirements for the
efficient use of resources and at the same
time, to meet the needs of all participants in
the supply chain.

In the process of circular procurement, it
is important to figure out clear requirements
concerning the proper use of the materials,
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the maintenance of the product in suitable
state and conditions, as well as further action
with the product after its expiration date.

Based on the analysis of the studied area,
the use of circular procurement allows to
achieve significant economic and social
benefits:

— significant savings, by reducing the
volume of purchases of new products and raw
materials;

— reduction of waste volumes due to
their transformation into new raw materials;

— reducing the use of imported raw
materials;

— the possibility of using the saved
resources in the development of lean
production.

Conclusions. The lack of the necessary
capacity for waste disposal in Ukraine, as well
as the significant advantages of using circular
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procurement in the field of resource, labour
and energy savings, determine the feasibility
of reorienting efforts to support these
approaches. This should be facilitated by the
interaction of business and government,
which  will simultaneously reduce the
pressure on the environment, cut back
resource consumption and create additional
jobs.

The national economy should promote
the formation of innovative solutions to
ensure a harmonious social basis for
sustainable development. Restructuring of
the national economic system according to
the principles of the circular economy can
help to solve global and domestic problems
with waste management by reducing
production and distribution chains and
increase their efficiency in terms of resource
use.
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