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METOAOAOTIYHI OCHOBU CTAAOTO PO3BUTKY INIASEMHUNX IHOPACTPYKTYPHUX OB'€KTIB
B YKPAIHI: ITIPOBAEMMU I ITEPCITEKTHBU

The objective of this paper is to create methodological bases for the sustainable development of underground
Infrastructure projects with account of certain factors to substantiate elasticity and stability, when conducting
technological processes on the underground space development. The analysis of modern methods and tooling
for the formation of the urban designing system with the implementation of mixed-use schemes in Ukraine,
made it possible to defermine that the project financing is a promising form of the capital investment into the
most profitable sectors of the state economy orinto private business. The analysis of modern methods of planning
and designing of urban infrastructure systems has made it possible to substantiate the promising directions for
development of the underground space use with application of the innovation model of sustainable development
through the implementation of designated programs of high-tech modernization and renovation of the economic
complex. Based on the analysis of modern planning methods for infrastructure facilities, an innovation system
of the country is proposed, which is being formed by stages in order to create sustainable urban designing with
the implementation of mixed-use schemes with a high density in Ukraine, and with subsequent steady functioning
of this infrastructure. The practical relevance is in the definition of universal innovation policy, as a combination
of basic principles and directions for creating the effective state mechanisms of market relations, as follows:
formation of the regulatory and legal framework in the field of innovation activity; ensuring the interaction
between science, education, production, financial and credit sphere in the development of innovation activities;
technology transfer and financial support. The scheme for the regulatory innovation mode has been substantiated
by means of which the economic growth in the country is stimulated within the framework of the appropriate
established system of incentives and constraints.

The high requirements for reliability, durability and safety of underground infrastructure facilities (UIF)
predetermine the necessity to develop a reliable geomechanical interaction support of an underground structure
or an underground part of an infrastructure facility with an enclosing massif. This requirement is an essential
element in the process of designing, construction and operation of the UIF, and the large-scale goals facing the
underground complexes show its necessity and expediency.
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EKOHOMIYHA HAVKA

Meroro poboru € CTBOPEHHS METOAOAOTTYHHX OCHOB CTaAOI0 PO3BHTKY ITIA3EMHHX IHPPACTPYKTYPHHX IIPO-
€eKTIB 3 ypaxyBaHHSIM IIeBHHX YHHHHUKIB OOrpyHTYBaHHSI eAadCTHYHOCTI Ta CTIHKOCTI IpH IIPOBEAEHHI TEXHOA0-
rigYHHEX [IporeciB Ha MIA3€MHOMY OCBOEHHI IPOCTOPY. AHAAI3 Cy4dCHHX METOAIB Td IHCTPYMEHTIB (hOopMYyBaHHS
cHcTeMH MICTOOYAYBaHHA 3 BIIPOBAAKEHHSIM CXeM 0araroilcbOBOro BHKOPHCTAHHA B YKpaiHi A03BOAHB BH3-
HaYHTH, I[JO IIPOEKTHEe YIHAHCYBAaHHS € IEPCIEKTHBHOK (OPMOF0 KamTiTaAbHUX IHBECTHIIH y HAHOIABII IPH-
OyTKOBI ceKTopu YKpainu, eKOHOMIKY Aep>KaBH a00 IpHBaTHHI Oi3HeC. AHAA I3 Cy4dCHHX METOAIB MAaHyBaHHS
Ta IPOEKTYyBaHHS CHCTEM MICbKOI IHQ)PaCTPYKTYPH A03BOAHB OOIPYHTYBaTH I€PCIEeKTHBHI HAIIPSIMH DO3BHT-
Ky BHKOPHCTaHHS ITIA3€MHOI0 IPOCTOPY i3 3aCTOCYBAHHSIM IHHOBAI[IHHOI MOAEAI CTAA0ro pO3BHTKY IINSIXOM
peanizagii BH3Ha9eHHX IIPOrpamM MOAEPHI3aI[ii BHCOKOTEXHOAOTTYHOI0 i OHOBAEHOI0 rocrioAdpcbKoro KOMmAeK-
cy. Ha ocHOBI aHaAI3y cy4acHHX METOAIB IT\aHYBaHHST 00 €KTIB IHQPaCcTPyKTypH IIPOIOHYETHCI IHHOBAL[IHHA
crcreMa KpaiHu, IKa (popMy€eThCS MIOETAITHO 3 METOI0 CTBOPEHHS CTIHKOIro MicTO0YAYyBaHHS 3 BIIPOBAAKE€HHIM
cxeM 3MIMIaHOT0 BHKOPHCTAHHS 3 BHCOKOR IIABHICTIO B YKpAaiHi, Ta 3 MIOAAAbIIHM CTIHKHM (DYHKIIOHY BaHHSIM
giei ingppacrpykrypu. IlpakTu4Ha aKTyaAbHICTb IIOASTa€ y BH3HAYEHHI YHIBepCAaAbHOI IHHOBALIHHOI ITOAITH-
KM, SIK CYKYIIHICTh OCHOBHHX IIPDHHIHITIB Ta HAIIPSIMIB CTBOPEHHS e(heKTHBHHX AEP)KaBHHX MeXaHI3MIB DHHKO-
BHX BIAHOCHH: ()OpMYBaHHSI HOPMaTHBHO-IIPABOBOI 0a3n y cgpepi IHHOBaLIHHOI AIFABHOCTI; 3a0e311eYeHHS B3a¢€-
MOAII HayKH, OCBITH, BHDOOHHY0I, PIHAHCOBO-KPEAHTHOI cqhepH y pO3BHTKY IHHOBALIHHOI AISABHOCTI; Iepe-
Aaul TeXHOA orif Ta piHaHCOBOI mIATpuUMKH. OOTPYHTOBAHO CXEMY PErYASITOPHOIO IHHOBALIHHOIO PESKHMY, 3a
AOIIOMOro0 IKOi eKOHOMIYHE 3pOCTaHHA B KPAiHI CTHMYAKETHCS B PAMKAax BIAIIOBIAHO BCTAHOBAEHOI CHCTeMH
CTHMYAIB [ 00MeKeHb.

Bucoki BHMOrH A0 HaAIHHOCTI, AOBrOBIYHOCTI Ta Oe3MeKH MiA3eMHHUX 00 eKTIB iHgpacTpykTypu (ITIO) 3y-
MOBAIOIOTh HEOOXIAHICTB PO3POOKH HaAIHHOIO0 reOMexXaHIYHOro B3acMOAII MiA3eMHOro CIIOPpyAH a00 mia3eMHOT
YacTHHH 00 €KTa IHPYPACTPYKTYPH 3 OI0POAXXYIOYHM MaCHBOM. L] BHMOra € CyTTeBHM eAeMeHTOM y rponeci
npoeKTyBaHHA, OyAIBHHITBa Ta ekcriayaranii ITIO, a macitabHi Ifial, [0 CTOSATH MEPEA ITIA3eMHHMH KOMIIA €K-

camHu, CBIAYaTH PO HOro HeOOXIAHICTB i AOIJIABHICTb.

Key words: underground infrastructure facilities, innovation policy, sustainable urban design of infrastructure
systems, "sustainability" and "elasticity" of long-term design solutions.

Ka10406i ca08a: nidzemmi ingppacmpyxmypui o6 exmu, innobayitina noaimuxa, cmane micvie npoexmybanus ingpa-
cmpyxkmypruux cucmem, " cmitikicmy" 1" npyxuicmv" dobzocmporobux npoexmuux pimenv.

FORMULATION OF THE PROBLEM

The infrastructure and institutional foundation
governing the business investment into the large-scale
infrastructure projects are essential elements of the
investment attractiveness of any country. At the same time
the necessity arises to develop and substantiate these
projects for major cities of Ukraine, taking into account the
rational use of underground space, the existing volumes of
ground water and military operations in the country, which
cause a threat to the economic, technical, technological and
information security of the country. When planning such
projects, it is also reasonable to take into account the
architectural integrity of cities.

ANALYSIS OF RECENT STUDIES

AND PUBLICATIONS

Underground Infrastructure Facilities (UIF) function
as a dynamic terminal through which the geotechnical
systems and ecosystems interact and influence each other.

ccounting for the impact of this mutual dependency is
important for assessing the stability of infrastructure
projects, since this is the basis for decision-making in the
implementation of civil construction.

The mining industry has an extensive experience in the
construction and long-term usage of underground space.
One of the factors that put the grakes on the widespread
development of the underground urban space is the lack of
reliability in structural supports of underground structures.
In spite of the great achievements in the designing and
construction technology of such facilities, they do not
always meet the requirements of long-term usage [1].

The world experience of progressin advancegl countries
and companies shows that their success is based on the
application of an innovation model of sustainable
development through the implementation of designated
programs of high-tech modernization and renovation of the
economic complex. Therewith, the highest indicators of

quality, timeliness and efficiency of implementation of
construction investment projects and programs for the
development of industrial systems in the USA, Japan, Russia
and the EU countries are today achieved through the use of
project management, engineering and project financing.
Their use as compared to methods of organization and
management of the complex objects construction, tra-
ditional for the Ukrainian economy, makes it possible to
reduce labour costs and the project duration by 10—20%,
and the total cost by 8—15% [3]].

Africanscientist Thabang Mokoaleli-Mokoteli devoted
his research to the protection of investors and the removal
of danger for themf4]. This will enable the Ukrainian audit
firms to provide their services to African businesses; Olaumi
D. Avolusi, in his research, was looking for the influence of
foreign direct investment on the development of African
countries [5]; R. Safarov, A. Panischev engaged into
numerous modelling investment of risks.

The well-known domestic and foreign scientists
K.A. Bardyish [6], P.P. Batenko, P.N. Zavlin, A.V. Oni-
shchenko [7],D.K. Pinto [8], M.L. Raza [9], R.B. Tyan[10],
V.D. Shapiro and others, studied the issues of organization
and management of projects in the field of construction.

SETTING OBJECTIVES
Analysis of the formation strategy of underground
infrastructure facilities in Ukraine and the formation of
institutional conditions for the formation underground
infrastructure facilities (UIF)

CONTRIBUTION OF THE MAIN MATERIAL
The high requirements for reliability, durability and
safety of underground infrastructure facilities (UIF)
predetermine the necessity to develop a reliable
geomechanical interaction support of an underground
structure or an underground part of an infrastructure
facility with an enclosing massif. This requirement is an
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essential element in the process of designing, construction
and operation of the UIF, and the large-scale goals facin
the underground complexes show its necessity anﬁ
expediency.

The geomechanical supporting of the UIF on the
territory under consideration solves the following tasks:
creation of the long-term (for a calculated periodf stability
of underground facilities, geomechanical control over the
stress-strain state of the host rocks; determination of the
underground facility influence on the environment and
engineering structures, both during construction and
operation, as well as in the period of reconstruction and
especially liquidation. The main purpose of the
geomechanical support of the UIF is to prevent emergencies

uring the underground space development, to increase
safety and efficiency of mining operations, to ensure the
integrity and standard operation of buildings, structures and
engineering networks that fall within the zone of their
geomechanical influence, as well as environmental
protection.

The UIF are defined as the space under the urban areas
that provide direct services to the city (for example, sewage
disposal, groundwater flow, metro operation, or geothermal
energy). The UIF include the rocks and soils formed
geologically, as well as man-made structures of different
origin and determine the four main resources, namely, space,
materials, water and energy. These resources have different
degree of recovery, depending on their use and the rate of
extraction.

But, as a result of the rapid change in the conditions
of economic management, Ukraine has standards and
organizational-economic mechanisms for a project and
program-oriented and goal-oriented approach to solving
the tasks of the industrial and construction state complex
development through the construction of new,
reconstruction and technical upgrading the existing
enterprises and other facilities, which require further
improvement.

Analysis of the experience of economically developed
world countries in the direction of UIF use, taking into
account their legislative base, as well as maintaining the
stability of surface soils showed that the need to create a
way to the future sustainable use of underground space,
given the high density of the surface construction, and the
pursuit of economic growth are identified now. Asa result,
a large-scale study and substantiation of the planning and
designing processes for underground infrastructure projects
in addition to the underground space in less developed
(rural) regions has begun.

An analysis of various statements about stability has
shown that planning of infrastructure projects, in addition,
the UIF is an important medium for the implementation of
both economic growth and social progress. First of all, we
define that both economic growth and social progress should
not occur at the expense o?the environment (e.g., depletion
of groundwater level, the quality of rivers, air quality and
excessive carbon emissions), and thus it emphasizes the
complexity associated with the desire to realize sustainable
construction.

It is clear that any project cannot be implemented
without appropriate funding. In order to recover the do-
mestic economy as a whole and its main strategic sectors —
the fuel and energy complex, the metallurgical industry and
agriculture — the signigcant investments will be required
(based on foreign experts' studies results, $ 2.5—3.5 trillion
is needed per year) [11]. Therefore, as the experience of
highly developed countries shows, for the gradual and
effgective recovery of the domestic economy, a considerable
attention should be paid to a new method of financing the
large-scale high-risk investment projects, as well as to
project financing.

However, the constant changes in the domestic
legislation, financial and political instability in the country
are responsible for searching the new directions of the
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Fig. 1. The number of enterprises engaged in innovation
activities

Froject finance development and the creation of conditions
or preferential treatment for both domestic and foreign
investors in order to implement sustainable urban designing
of UTF with implementation of mixed-use schemes with a
high density in Ukraine.

And also use two main approaches of designing:
sustainable approach, with the implementation ofmixeg—
use schemes with a high density in Ukraine and
comprehensive approach to consideration of the investment
project, given its viability, efficiency, availability of
adequate resources, the presence of risks, and the like. One
of the important factors that, in our opinion, put the brakes
on the development of project financing in Ukraine, first of
all, are the restrictions of the National Bank on the volumes
of investment, the lack of provisions on project financing in
the Law on Budget for 2018.

The NBU should establish a system of mandatory
reservation for those commercial banks (institutional
investors) who actively engaged in investment lending, and
check comprehensively the money spent. And, secondlg , the
stimulation of realisation of sustainable urban designing with
the implementation of mixed-use schemes with high-density
in Ukraine is constrained by the development of this type of
financing under the current unfavourable investment
climate.

The general indicators characterizing the innovation
activity in Ukraine have a tendency to an increase in the
number of innovation enterprises and the volume of
expenditures on innovation activity, but, at the same time,
there isno realstructural change and modernization of the
economy (Figs. 1, 2).

Among the reasons for the lack of innovation de-
velopment is complex business environment in Ukraine.
According to the World Bank rating, Ukraine ranks 183th
in the world in terms of indicators characterizing the ease
of doing business [12]. The most problematic components
of this rating are the tax system, the introduction of
international trade, the property registration, the setting
up and closing of businesses on the territory of Ukraine [13].

The main purpose of the state innovation policy is to
create social and economic, organizationaFand legal
conditions for effective reproduction, development and
utilization of the scientific and technical potential of
Ukraine, ensuring the introduction of modern environ-
mentally friendly, safe, energy- and resource-saving
technologies, production and sales of new types of compe-
titive products.

e basic principles of state innovation policy are:
orientation on the innovation way of development of the
Ukrainian economy; determination of state priorities for
innovation development; formation of tgﬁ legal and
regulatory framework in the field of innovation activity;
creation of conditions for preservation, development and
use of domestic scientific-and-technological, as well as
innovation potential; ensuring the interaction between

18
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Fig. 2. The volume of industrial enterprises expenditures
on innovation, min. UAH

science, education, manufacturing, financial and credit
sphere in the development of innovation activities; effective
use of market mechanisms to promote innovation activity,
support for entrepreneurship in the research and production
sphere; implementation of measures to support of
international scientific and technological cooperation,
technology transfer, protection of domestic productsin the
domestic market and its promotion to the external market;
financial support, the implementation of favourable credit,
tax and customs policy in the field of innovation activity;
assistance in development of innovation infrastructure;
information assurance of subjects of innovation activity;
training of personnel in the fieIld of innovation activity [14].

Based on the above stated purpose of the innovation
policy, there is an orientation of innovation policy, which
arises depending on the existing conditions and set tasks.
Thereof, four directions are distinguished: the innovation
policy of 'technological push’, the innovation policy of
'market orientation’ (based on the fact that the state plays
a secondary role in this policy, the main participants are
directly business entities that carry out innovation activity
on their own initiative); the innovation policy of 'social
orientation' aimed at the involvement of the public, as the
driving force of innovation development; innovation policy
aimed at changing the structure of the economic mechanism.

The combination of these policies with the priority
distribution of industries of application is the universal
innovation policy. However, in the present conditions of
economic reforms, it is necessary to intensify the public
activity, to create conditions for the formation of non-
ﬁovernmental organizations and unions, which will have a

irect interest in the modernization of the economy and
initiate innovation development, and make proposals on
changes in the institutional environment of innovation
policy. It should be noted that, compared with European
ones, Ukrainian innovation networks of business support
infrastructure have quite a low level of interaction both
within networks and between them. The Ukrainian
constituents of infrastructure to support the business and
innovation do not unite in the network, since they mostly
do not even know about them.

The financing of science based on a residual principle,
the lack of incentives for innovation activity and state
support of high-tech enterprises, imperfect legislation, total
corruption of government officials has led to extremely
negative structural changes in the economy, namely, the
increase in the share of raw production, low-technology
industries and the decline in the share of high-technology
industries.

One of the forms of innovations development in the first
stages is the creation of Science Parks at universities of the
country. Therewith, the Article 65 'On Higher Education’
of the Law of Ukraine states that 'the main purpose of
scientific, scientific and technical, as well as innovation
activity is to obtain new scientific knowledge through
research and development and their direction to t%e
creation and implementation of new competitive
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technologies, types of equipment, materials, etc., in order
to provide the innovation development of society, the
training of innovation type of specialists'. The Article 66 of
the Law of Ukraine defines the conditions for the creation
E)IfSI])usiness incubators, technological Science Parks, etc.

However, the administration of researchinstitutions and
universities do not have weighty incentives to intensify their
research activity in the framework of the Science Parks and
is counting on the old contractual form of work for clients,
the number of which decreases with time. An alternative
form of contractual form of work performance is the
formation of Science Parks at universities, where 'start-ups'
were carried out.

It should be noted that the innovation policy
management system in Ukraine covers a large number of
different ministries, agencies and committees, is
uncoordinated, therewith, there isno governing board that
as a sole representative could be responsible for innovation
policy. The Ministry of Science and Education is responsible
for the development and implementation of national polic
in the scientific, technological and innovation sphere, as weﬂ
as the implementation of innovation policy, which is also
included into the tasks of the Ministry of Economic
Development and Trade.

The National Academy of Sciences, sectoral ministries
form their own innovation ci)olicy, create tools for
implementing the scientific and practical results of their
research, have a system of research institutes, sources of
funding (their budget), material base and manpower. It is
necessary to coordinate the activities of the bodies that
implement innovation policy into a single strategy, where
each ministry, committees, and institutions are responsible
for the stages of economic modernization, the
implementation of innovation policy and the consolidation
of their functions by legislative regulation. For this purpose,
it is advisable to assign the Ministry of Economic
Development and Trade as the coordinating authority and
consolidate this with the legislative regulation. It is
necessary to define as a separate chapter in the Law of
Ukraine 'On Innovation Activity' the role and functions of
the Ministry for coordinating the activities of government
bodiesin the implementation of innovation policy.

To form an innovation policy, it is necessary to use a
regulatory regime scheme. This scheme is as follows:
'interest — regime — interest'[15] (Fig. 3).

I |——RRi={(G:S::R:P) — | I’

Fig. 3. To form an innovation policy, it is necessary to use
a regulatory regime scheme. This scheme is as follows:
'interest — regime — interest’

where: RRi — the regulatory regime for innovation
policy as a system;

G — aset of purposes that are planned to achieve with
the introduction of this regime;

S — aset of subjects prone to the effect of this regime;

I — a set of rules, regulations, restrictions and con-
ditions (necessary and sufficient) that are required to achieve
the purposes declared, since the rules determine the nature
of the 'game’, establish a means of relationship between the
subjects, and introduce restrictions on the use of resources
and strategies in the struggle to achieve economic purposes
or approval of economic power in the market;

R — a set of resources, which are involved into the
implementation process of the innovation regime;

P — aset of policies or strategies aimed at achieving
and implementation of objective goals.

Thus, with the help of the regulatory innovation
regime, the interest oftl?e innovation development of the
country is ensured within the framework of the
appropriate established system of incentives and
restrictions. A change in each of the components of the
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regulatory regime will contribute to the fluctuation of the
'satisfied interest’ value.

In Ukraine, there isa problem of a gap between the
national innovation programs and regional ones, which
is explained by the diversity of innovation potentials of
eachregion and country as a whole. In order to remove
these o%stacles, it is necessary to define priorities for
both national and regional programs. In most EU
countries, which began their reforms twenty years ago,
it is confirmed that the transition from a regional to a
centralized policy of innovation development is a
complex process and it is difficult for regions to
restructure their innovation policies into the policy of
national programs.

After twenty years of reforms, the EU regional
Erograms are behind the national ones; this fact should

e taken into account when forming the innovation policy
in Ukraine in the process of modernization of the
Ukrainian economy. In the EU countries, there are no
decisions on the possibility of balancing the interests of
regions in a single program, although there are
compromise solutions between the relative advantages of
multi-regional programs (well-funded, no duplication)
and regional programs that are adapted to solving the
regional issues of innovation development and consider
the specifics of regional development [10]. That is, in the
EU a single approach has not been developed to the
coordination of regional programs into a single
government program.

In Ukraine, the regional innovation policy is dependent
and incidental to the state and activities of its industry.
During the period of the economy modernization, the state
of development of regional innovation policy can be
characterized as an initial. It should be noted that the
Government of Ukraine has made a lot of efforts to define
specific purposes and start certain projects, and the steps
have been taken for the development of innovation
infrastructure. However, the infrastructure does not meet
the requirements of investors, there are no necessary
communications, the location of industrial parks is
inconvenient for investors (a long distance from the
commodity market, transport routes, borders, lack of
availability of skilled labourf, the lack of information on the
availability and state of infrastructure development. The
development of regional innovation policy is different in
each region; in the western regions and in the centre, more
attention is paid to the creation of Science Parks and to their
working conditions; in the east — a network of industrial
parks was formed, there were attempts to form free
economic zones of industrial type. Many regions are
experiencing difficulties in attracting investors and the
election of the vector of innovation development. This fact
should be taken into account when forming the national
innovation policy in the context of the economic
modernization.

The innovation system of the country can be formed in
stages in order to create sustainable urban designing with
the implementation of mixed-use schemes with a high
density in Ukraine, and their subsequent use and stable
functioning. Therefore, at the first stage, it is advisable to
build with account of the international experience of the
institutional framework, the sustainable urban designin
with the implementation of mixed-use schemes with a hig
density in Ukraine in view of experience and capabilities of
the country. At the same time, to make certain changes in
the legislative base.

At the second stage, it is advisable to create a plan of
priority areas for the realization of sustainable urban
designing programs with the implementation of mixed-
use schemes with a high density in Ukraine and the
provision of tax and customs benefits to investors. Thus,
in the Law of Ukraine 'On Innovation Activity', there is
also no mechanism for tax benefits to stimulate innovation
activity.

CONCLUSIONS

The analysis demonstrates the existence of significant

experience in the field of geotechnical substantiation of the

ossibility to construct underground infrastructure facilities
FUIF). The construction technologies and engineering
solutions of the underground urban space have already
reached a high level. In the near future, a developed urban
underground infrastructure will be an essential component
of large industrial cities.

e stable UIF development in Ukraine is possible
provided the underground facility compatibility with the
enclosing rock massif and technological features of
construction and operation. The compatibility is based on
the development of specific technical and technological
safety solutionsfor the main stages of the technological cycle
and at each stage of the 'massif-technology-UIF"' system
operation. The technical and technological techniques are
based on the dynamics of the technical system state during
the process of UIF operation.

It is necessary to develop a regulatory framework of
the innovation system of the country in order to create
stable urban designing with the implementation of mixed-
use schemes with a high density in Ukraine, as well as their
subsequent introduction and sustainable operation.
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