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Assessment of Transport Infrastructure Development Level of Ukraine

Abstract. The purpose of the article is to create a basic model of conducting an analytical assessment of infrastructure
development efficiency. The basic model allows assessing the level of current infrastructure condition which provides production
and social dimension of its stable development. The article substantiates the necessity of conducting an analytical assessment of
infrastructure development level which identifies its weaknesses and determines the potential of improving its performance
indicators. Integral estimation of road infrastructure efficiency is proposed. To assess the problems of infrastructure development
provision the comparative analyses within the proposed model are made as well as with the Data envelopment analysis (DEA)
method. The results of the research allow discovering the causes of harmful phenomena in the system of management and
development, identifying major trends and prospects of development.
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YJK 656.13

Jlecik 1. M., KaH/JU/JaT EKOHOMIYHUX HAYK, [IOLEHT, AOLEHT KadeapHu eKOHOMI4HOI Teopii i cycnmisbHUX
Hayk, MuKo/1IaIBCbKUM HalliOHA/JIbHUM arpapHui YHiBepcuTeT, MukoJaiB, Ykpaina

OniHka piBHA pO3BUTKY TPAaHCIOPTHOI iHPpaCTPYKTypH YKpaiHu

Anomayisa. IlidsuwenHs poai iHppacmpykmypu 6 iHMeHCUBHOMY pO3BUMKY C8imo8oi eKOHOMIKU nog'ssaHe 3i
361/1bWEHHIM CNONCUBY020 NONUMY HA SIKICHE MpaHcnopmHe cnoJyyeHHs. Pozgumok mparcnopmuoi iHppacmpykmypu cnpusie
mMop208e/1bHO-eKOHOMIYHUM BIOHOCUHAM, YMBOPHYU KAHAAU BUPOOGHUYUX KOMYHIKayili ma coyianbHoi Mo6inbHOCMI K
nepedymogu 00 3p0CmMaHHs pieHs Hcumms ma do6po6ymy, momy Had3euUaliHo 8AHCAUBO Us8UMU HeJO1IKU ma 3anponoHy8amu
KOHCMpPYKMuUBHI piwleHHs, AKi chpusmumymbs eheKmu8HoMy po38UMKy pieHsi mpaHchopmuoi iHppacmpykmypu, 8paxosyrouu
HasigHi Modcaugocmi. Memoro docaidsiceHHst € cmeopeHHs 6a3080i Modei 0151 nposedeHHs1 aHaAIMU4HOT OYiHKU piBHS po38UMKy
mpaHcnopmHoi iHgppacmpykmypu, ska 00360.4s€ gusHavumu ii nomouHuill cmaH, eidcmedxcumu Hanpsimu HopmyeaHHs
B8UPOGHUY020 MA COYiarbHO20 8UMIPY cmabiabHocmi pezioHie YkpaiHu. 06rpyHmMoeaHo HeobxidHicmb NposedeHHs AHAATMUYHOT
oyiHKu pieHs pozsumky mpaHcnopmuoi iHgpacmpykmypu. [Iposedeno ananiz ocmaHHix docaidxceHs ma ny6aikayitl, sakuil
deMoHCcmpye naopanizm dymMok wodo Mmemodosiozii npogedeHHs1 OYiHKU NOKA3HUKI8 po38umkKy ma 6odHouac odHocmatiHicms y
Heob6XxidHocmi 3a6e3neveHHsi SKICHO20 pigHsl IHpacmpykmypu sk nepedyMosy cmanozo po3sumky. BusHaueHo skicHi ma
KiAbKICHI nokasHuku po3sumky mpaHcnopmtoi iHdpacmpykmypu 3a daHumu 24 pezioHie KpaiHu 3a donomozor modesai
iHmezpasvHoi oyinku. [IpogedeHo nopigHsIbHULL aHAAI3 po38UMKY THHpacmpyKmypu 8 pamkax 3anponoHo8aHoi iHmezpaabHoi
Modesi ma aHa.iz 3 eukopucmauHsim memody Data envelopment analysis (DEA), sikuil ausigue po36ijxcHocmi, Wo cgiduums npo
sapiamusHicmb Memodie oyiHkuU. Peaysbmamu docaidnceHHs: 003801uUAU 8Usi8UMU He2amu8Hi meHOeHYil, a makoxc susHavumu
nepcnekmueu po3gumKy mpaHcnopmHoi infppacmpykmypu, siki maroms 6ymu cnpsiMo8aHi Ha akmueizayito 3a/ayveHHs y chepy
MamepianbHo20 8UPOOGHUYMBA OKPeMUX pez2ioHI8, mum camuMm 36iAbWyrYU MepumopiansbHy MoOiAbHICMb B8UPOGHUYUX
¢akmopis, efpekmusHicms opeaHizayii eKOHOMIYHO20 npocmopy ma nepcnekmugHe 30ilICHeHHs BHyMpPIWHb0 MepumopianbHo20
nodiay npayi, 3a6e3neyeHHs1 HaAEHCHUX YMO08 Hcummsi Adell.

Kamwwuoei caoea: mpancnopmua ingpacmpykmypa,; po3sumok; egpekmugHicms,; iHmez2panbHa OYiHKa; NOPIBHANbHUU
aHaniz; DEA.

Formulation of the problem. An excellent Analysis of recent research and publications. The
infrastructure level provides equally high opportunities authors believe that having efficient and effective
both at the regional level and in the country as a whole.  transport infrastructure (e.g. bridges, roads, railways,
For many countries, transport infrastructure is one of the  airways, and tunnels) in place is essential for supporting
main sources of budget filling, so it should be given high  the economic and social well-being of an economy.
priority. For Ukraine, which is in a very favorable Delivering, managing, and maintaining transport assets
geographical location, an appropriate level of transport that are resilient and adaptive to changing environmental
infrastructure could play the same role in the country's  conditions have become a priority for many governments
economy as ports in Singapore. Assessment of the current  worldwide [1].
state of the transport infrastructure of Ukraine will To support trade, stimulate economic growth, create
determine its potential and indicate its shortcomings. jobs and conditions favorable to the economic situation to

prosperity, Europe needs a well-developed transport
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network. Transport is the basis of the European
integration process and is closely related to the creation
of the internal market, which promotes employment and
economic growth [2].

The paper Marzieh Reisi et al. highlights the role of
spatial data infrastructures in decision support systems
for uncertainty analysis and promoting smart cities and
resilient environments [3].

Yang, L. et al. believe that it is necessary to examine
the mechanism and conflicts of the complex transport,
spaces, and humans system, to choose suitable strategies
to design, and to critically assess the alternative plans for
the sake of making sensible decisions [4].

The authors in their study seek to gain a better
understanding of the interplay of transport pricing,
transport service provision, cost recovery, together with
explicit consideration of equity in a unified fashion. To do
so, they carry out a simulation analysis, as theoretical
results in second-best contexts are not clean and depend
on assumptions on relevant parameters [5].

The vulnerability analysis of infrastructure exposed to
natural hazards has become a key area of research due to
the critical role that infrastructure plays for society and
this topic has been the subject of significant advances
from new data and insights following recent disasters.
Transport systems, in particular, are highly vulnerable to
natural hazards, and the physical damage of transport
assets may cause significant  disruption and
socioeconomic impact [6].

Features of the socio-economic state depend on the
basic characteristics of the country at the time of
assessment, and the stage of its development. For
Ukraine, the already existing asymmetry is an inhibiting
factor, a characteristic feature of which is a different level
of well-being, with the country's remoteness from
assessment criteria, standards, and world average values,
hyperbolized by the post-crisis state of the country [7].

Rapid response to the changeability of external factors

capable of their complex interrelationship to provide
sustainable economic development of both particular
regions and the whole country are available [8].

Formulation of research goals. The study's primary
goal is to conduct the comparative analyses of road
infrastructure objects by the method of integral
assessment using of which will establish the basic model
of sustainable infrastructure development's analytical
assessment. The attainment of this goal determines the
solution of the following issues:

— justification for the comparative analyses of
infrastructure development as one of the problematic
aspects and identifying competitive advantages of
infrastructure in Ukraine;

— application of the method of integral assessment in
determining qualitative indicators;

— application of the basic mode to map out trends and
prospects of sustainable infrastructure development.

Outline of the main research material. A method of
integral assessment created by Sazykin V. L. is considered
for the best possible estimate of the comparable points
[9]. This makes it possible not only to identify the best one
in the group but also to estimate more accurate rating for
each point.

The experts use various indicators that could cluster by
certain criteria for analytical assessment of the
infrastructure development level. The exclusivity of the
assessment of transport infrastructure is that it analyzes
diverse and interrelated indicators simultaneously. The
basic model, in turn, reflects economic and social
indicators. Applying the model of integral assessment is
aimed at similar points.

Let's apply the method of integral assessment that
allows a more accurate assessment of the best one among
the compared objects on the example of road
infrastructure.

Let’s form the group of points serving as input data for
further calculations (table 1).

is possible if independent infrastructure industries
Table 1 A system of indicators reflecting the level of the road infrastructure development
Indicator Comparative review
P1 Gas stations, un.
P2 The length of public roads, thousand km
Ps Road haulage, million ton-kilometres
P4 Cargo transportation, million ton
Ps Carriage of passengers by road transport (buses) inter-city, thousand
Ps Carriage of passengers by road transport (buses) international lines, thousand

Source: compiled by author

It should be noted that data from 24 regions of Ukraine were used for comparative analyses of road infrastructure

indicators (table 2).
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Table 2 Objects for comparative analyses of road infrastructure indicators

No Regions No Regions
R1 Vinnytsia region Ri3 Mykolaiv region

Rz Volyn region Ria Odesa region

R3 Dnipro region Ris Poltava region

R4 Donetsk region Ri6 Rivne region

Rs Zhytomyr region Ri17 Sumy region

Re Zakarpattia region Ris Ternopil region

Ry Zaporizhzhia region R19 Kharkiv region

Rs Ivano-Frankivsk region Ra0 Kherson region

Ro Kyiv region R2; Khmelnytskyi region
R0 Kirovohrad region R22 Cherkasy region

Ri11 Luhansk region Ra3 Chernivtsi region
R12 Lviv region Raa Chernihiv region

Source: compiled by author

After forming the group of objects and the group of = comparison, the unit of measurement called 'an average
indicators that would be used for comparison, let's fill in  reference value' was introduced. It was obtained by
the table of absolute deviations with the value of dividing the indicator in Ukraine on the whole by the
indicators necessary for the calculation. Since we chose  number of the regions researched, with the deletion of
the value reflecting the highest possible level for other segmentation (Table 3).

Table 3 Absolute deviation of the logical group indicators from an average reference value (Ma), of road infrastructure in

Ukraine
. Indicator
Regions
P1 P2 P3 P4 Ps Ps

R1 35,75 2,40 -1219,80 -21,03 2160,26 -77,05
R, -101,25 -0,80 -232,55 -36,83 4486,36 80,25
R3 200,75 2,60 2135,15 274,17 2019,86 -78,25
Ra -43,25 1,50 -877,25 62,47 -2238,34 -40,85
Rs -41,25 1,80 -1885,2 -6,93 216,46 -72,75
Re -30,25 -3,20 2070,25 -41,43 -2494,84 6,75

R, 19,75 0,20 -1503,30 -19,53 -947,94 -86,95
Rs -96,25 -2,50 -1516,50 -38,23 275,06 55,95
Ro 192,75 2,00 3346,35 6,07 3396,86 -83,05
R0 -77,25 -0,40 -1420,80 -1,03 -3300,84 -97,95
Ri11 -175,25 -2,20 -2520,40 -45,53 -4266,44 -43,05
R12 101,75 1,60 2314,75 -24,43 8357,86 306,75
Ri3 -25,25 -1,80 -1346,10 -28,93 -1554,74 -71,55
Ria 133,75 1,50 825,95 -21,23 2055,26 13,75
Ris 22,75 2,30 -270,05 121,57 -2491,84 -79,35
Rie -97,25 -1,50 -848,05 -33,13 3377,46 -37,35
R17 -112,25 0,20 -2112,60 -37,53 -2013,94 -92,65
Ris -84,25 -1,60 -1621,80 -31,83 1213,76 -64,45
Rio 232,75 2,80 1551,050 -17,43 -532,94 102,65
R20 -61,25 -1,60 -1631,90 -36,23 -1054,04 -94,65
Ra1 -30,25 0,50 -899,85 -16,73 -762,84 -93,05
R22 -17,25 -0,60 478,05 -7,53 -2270,24 -97,95
Ra3 -92,25 -3,70 -1577,40 -43,23 -2749,24 -55,85
Raa -91,25 0,60 -1730,60 -38,33 -2692,94 -29,35
Ma 270,25 6,60 3002,85 50,23 4977,34 97,95

Source: calculated by author based on State Statistics of Ukraine [10]

The next stage of our calculation is to find the Ma—Pi
deviation of the comparative values from the average Ri = a 100, (1)
reference value, in percentage, in consideration of the
sign, the value obtained on a formula:

where Ri — the deviation when compared the average
reference value to a selected indicator, in percentage;
Ma — an average benchmark;
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Pi —the value of an individual indicator.

In doing so, the calculated by us indicator Ma reflects
the value of the highest level (the average reference
value).

As there are indicators whose value is “less equal best”
(for example, the number of accidents) for a particular
group of objects considered while researching the road
infrastructure, the formula would be as follows:

R; = =22 100, 2)

a

After all values Ri was found, let’s calculate the
outcome indicator — the object’s rating ®, on a formula:

R ==, Ri 3)

where n —is the number of objects in the group.

If the indicators in the group are not considered to be
equal it is necessary to use the formula which has the
form:

R = Z?lei * Vi, (4)
where Vi is the normed values of all indicators, thus the
sum of all values is 1.

After a comparison of the values obtained, we have

the deviation from the average reference value, as a result
of improvement or deterioration for each object (table 4).

Table 4 Standardized deviations of indicators’ values from the average reference value of the objects’ ratings (Ma) of the
road infrastructure in Ukraine, %

Regions The name of the criterion The algebraic sum Benchmark
of standardized
P1 P2 P3 P4 P5 P6 deviations

R1 13,2 36,3 -40,6 -41,9 43,4 -78,7 -68,2 -11,4
r2 -37,5 -12,1 -7,7 -73,3 90,1 81,9 41,4 6,9
R3 74,3 39,4 71,1 545,8 40,6 -79,9 691,3 115,2
R4 -16,0 22,7 29,2 124,4 -45,0 -41,7 15,2 2,5
R5 -15,3 27,3 -62,8 -13,8 4,3 -74,3 -134,5 -22,4
R6 -11,2 -48,5 68,9 -82,5 -50,1 6,9 -116,4 -19,4
R7 7,3 3,0 -50,1 -38,9 -19,0 -88,8 -186,4 -31,1
r8 -35,6 -37,9 -50,5 -76,1 5,5 57,1 -137,4 -22,9
r9 71,3 30,3 111,4 12,1 68,2 -84,8 208,6 34,8
R10 -28,6 -6,1 -47,3 -2,1 -66,3 -100,0 -250,3 -41,7
R11 -64,8 -33,3 -83,9 -90,6 -85,7 -43,9 -402,4 -67,1
R12 37,7 24,2 77,1 -48,6 167,9 313,2 571,4 95,2
R13 9,3 -27,3 -44,8 -57,6 -31,2 -73,0 -243,3 -40,6
R14 49,5 22,7 27,5 -42,3 41,3 14,0 112,8 18,8
rl5 8,4 34,8 -9,0 242,0 -50,1 -81,0 145,2 24,2
R16 -36,0 -22,7 -28,2 -66,0 67,9 -38,1 -123,2 -20,5
R17 -41,5 3,0 -70,4 -74,7 -40,5 -94,6 -318,6 -53,1
R18 31,2 24,2 -54,0 63,4 24,4 -65,8 -214,2 -35,7
R19 86,1 42,4 51,7 -34,7 -10,7 104,8 239,6 39,9
R20 22,7 24,2 54,3 72,1 21,2 -96,6 -291,2 -48,5
R21 -11,2 7,6 -30,0 -33,3 -15,3 -95,0 -177,2 -29,5
R22 -6,4 -9,1 15,9 -15,0 -45,6 -100,0 -160,2 -26,7
R23 -34,1 -56,0 -52,5 -86,1 -55,2 -57,0 -341,0 -56,8
R24 -33,8 9,1 -57,6 -76,3 -54,1 -30,0 -242,69 -40,5
Ma 270,3 6,6 3002,8 50,2 4977,3 98,0 X X

Source: compiled by author

The deviations are calculated to fulfill the function of
standardization (rationing), since the calculations may use
indicators different in meaning (intensive, extensive,
absolute, and others). The algebraic sum of standardized
deviations calculated for each object is the overall rating
for this object. It characterizes to what percent the object
deviates from the average, noting that the rating of the
object for comparison is zero. The overall rating in the

result of division into the number of the indicators makes
it possible to calculate the average reference rating for
each object.

Let’s form a discrete vibrational range using the data
obtained.

To that end, let's sort the range in ascending order
(table 5).
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Table 5 The calculation of the central points of analytical assessment of the road infrastructure efficiency in Ukraine

X [x-xj] (x-x?)
-67.07 57.47 3303.33
-56.83 47.23 2231.11
-53.1 43.5 1892.65
-48.53 38.93 1515.9
-41.72 32.12 1031.99
-40.55 30.95 958.19
-40.45 30.85 952.01
-35.7 26.1 681.45
-31.07 21.47 461.16
-29.54 19.94 397.79
-26.69 17.09 292.22
-22.91 13.31 177.28
-22.42 12.82 164.47
-20.53 10.93 119.57
-19.4 9.8 96.13
-11.36 1.76 3.11
2.53 12.13 147.03
6.9 16.5 272.1
18.8 28.4 806.3
24.2 33.8 1142.13
34.77 44.37 1968.29
39.93 49.53 2452.77
95.23 104.83 10988.37
115.22 124.82 15578.89
-230.29 828.69 47634.21

Source: compiled by author

Let’s find out the indicators of the distribution center
to assess the rage of distribution:
Xxitfi

>fi ! )

Mode as the most common value of the sign of these
data items, where x0 - is the beginning of the modal
interval; h - is the value of the interval; f2 is the frequency
respective to the modal interval; f1 is the pre-modal
frequency; f3 is the after-modal frequency:
(f —ff2)+](c11‘ —f3) (6)

2 1 2 3

The median divides the sample into two parts: one half
is the variant less than the median, the other one is more.
Let’s calculate the median (Me) as the value of the sign for
the middle of the ranked (structured) data:

Zfi_sm 1

Me=x0+i+7f—‘, (7)

Where Me is the required median; x0 is the lower limit
of the interval, which contains the median; h - is the value
of the interval; }fi is the sum of the frequencies or the
number of members; Sm-1 is the sum of the accumulated
intervals’ frequencies before the median; fm is the
frequency of the median interval.

X =

Mosz+h

Let's calculate the width of the variation as the
difference between the maximum and minimum value of
the primary data R=Xmax - Xmin

To take into account the differences in all these data
items, let's calculate the average linear deviation.

_ Zlxi—xl+fi
d= fi (®)

Using dispersion, we characterize the limits of spread
about its mean:

_ D(xi—X)%xF;
b= Xfi ©)

The calculations made gives the following results: the
weighted average is 9,6; the mode is absent as there are
several indicators with the same value; the range
comprises the even number of units, thus the median is
identified as an average from two central values -22,6; the
width of the variation is182,3; the average linear deviation
is 34,53. Each value of the range differs from the other one
by 34,5 on average; the dispersion is 1984,8; the average
quadratic is 44,5, so each value of the range differs from
the average value- 9,6 by 44,5 on average.

The analytical assessment of the researched objects of
the road infrastructure in 24 regions of Ukraine illustrates
the level of distribution of the sustainable development
centers. Thus, by the results of the calculations Dnipro
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region, Lviv region, Kharkiv region, Kyiv region, Poltava
region have entered the rating of Top-5 regions formed by

us. They have the positive largest from the average
reference value (table 6).

Table 6 Top -5 regions leaders and outsider by the level of development of the road infrastructure in Ukraine

Rating Regions of Ukraine Anti rating Regions of Ukraine
1 Dnipro region 1 Lugansk region
2 Lviv region 2 Chernivtsi region
3 Kharkiv region 3 Sumy region
4 Kyiv region 4 Kherson region
5 Poltava region 5 Kirovograd region

Source: compiled by author

The leader of our rating is the Dnipro region, which
claims to be the economic locomotive of Ukraine. The
region has strong industrial and economic potential, high
population rate which has caused the development of
different types of transport communication. Lviv region is
also the center of industrial and agricultural development.
It is one of the most densely populated in Ukraine, has its
recreation zones, borders on the Republic of Poland in the
west. Kharkiv region and Poltava region also differ by the
level of economic development and border on the Dnipro
region on the north. Kyiv region is a large center of the
development of industrial, economic, scientific progress
with the administrative unit in the city of national
importance, which is Kyiv (the capital of Ukraine).

The anti-rating is headed by the Lugansk region, which
is located on the territory of the military actions since
2014. All the regions from the anti-rating have the same
negative features, like narrow specialization or

orientation of industry on imported raw materials;
outdated technologies; dangerous production, and low
demand as a result. The transport communication
contains transit routes, unlike the top-5 leaders with the
routes of national and international importance.

Subsequently, the methodology for applying (DEA)
model may also be used to compare the level of
development of several infrastructure industries to
identify the most promising ones and to form the strategic
objectives for sustainable development. In our study [8]
the method of Data envelopment analysis (DEA) allowed
a more accurate assessment of the best one among the
compared objects on the example of road infrastructure.
The analytical assessment of the researched objects of the
road infrastructure in 24 regions of Ukraine by the method
of Data envelopment analysis illustrates the level of
distribution of the sustainable development centers (table
7).

Table 7 Top regions leaders and outsider by the level of development of the road infrastructure in Ukraine CRS

Rating

Regions of Ukraine

max Technical Efficiency CRS

min Technical Efficiency CRS

Road haulage

Zakarpattia region

Luhansk region

Cargo transportation

Dnipro region

Luhansk region

Carriage of passengers by road
transport (buses) inter- city

Rivne region

Luhansk region

Carriage of passengers by road
transport (buses) international lines

Lviv region

Cherkasy region

Source: compiled by author based on [8]

Thus, by the results of the calculations Zakarpattia
region, Dnipro region, Rivne region, Lviv region have
entered the rating of max TECRS regions formed by us
those have the positive largest.

Despite the presence of the negative indicators which
put regions into anti-rating, each of them has its features.
At the same time with the critical assessment, the result
may become the base for detecting the regions ready to
develop towards unlocking its potential: recreation
activities, green tourism, organic production, green
energetics. Transport communication as a strategically
necessary component able to provide a high level of
development in any of the potential areas. As to ensure
our conclusions, the Trans-European Transport Network

(TEN-T) policy addresses the implementation and
development of a Europe-wide network of railway lines,
roads, inland waterways, maritime shipping routes, ports,
airports, and railroad terminals. The ultimate objective is
to close gaps, remove bottlenecks and technical barriers,
as well as to strengthen social, economic, and territorial
cohesion in the EU. Besides the construction of new
physical infrastructure, the TEN-T policy supports the
application of innovation, new technologies, and digital
solutions to all modes of transport. The objective is
improved use of infrastructure, reduced environmental
impact of transport, enhanced energy efficiency, and
increased safety [11].
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Conclusions. Thus, the proposed basic model has
allowed allows assessing the level of current
infrastructure condition, identifying the causes of
negative phenomena in a region, indicating the activities
to prevent them. The practical value of the research is that
the given basic model can be used for analytical
assessment of separate indicators and the groups of
indicators but also the region as a whole. The use of the
integral assessment method in identifying qualitative
indicators allows further detailed indicators; their
modification influences the total level of the object
development. Only one element of the system of
infrastructure provision was considered, which except
road infrastructure also includes railway, air, river and sea

transport, utilities infrastructure, electricity and water
supply, information infrastructure (mobile
communication and internet). To make strategic decisions
it is necessary to conduct a complex assessment of all the
above elements. This proves the relevance of the topic
and defines the direction of our further researches.
Research is a conscious and directed effort to increase
understanding and discover new and better ways to
achieve goals. The implementation of innovation in an
industry is determined by factors that accumulate internal
and external capabilities. In turn, investments are
considered to be the most important tool for creating
conditions for economic development countries.
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