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The authors address the sustainable construction of industrial parks (IP) in the process of its development.
Towards this end, they simulate the life cycles of their operation. To accelerate the development of industrial
infrastructure and ensure the competitiveness of its industrial potential in the age of economic turbulence, a model
of environmentally friendly industrial development is proposed.

The research hypothesis is formulated as the implementation and management of sustainable industrial
construction in the segment of industrial parks as a contemporary type of industrial parks (IPs). The following items
were used as the main sustainability indicators of high-performance development systems applied to the industrial
construction of industrial parks: construction intensity; the cumulative consumption of resources; the duration of
local stages in the life cycle of the industrial construction of IPs; the reduction in the labour costs at the junction
of cooperative relationships; the business continuity of the industrial construction of IPs within the framework of
an ecologically friendly development system; the adaptability of the life cycle of a managing company to external
conditions; the system of tax incentives in IPs and their transformation potential and efficiency; the sophistication
of logistic and transport infrastructures of IPs; the efficiency of life cycle of business projects developed by
the residents of Ips, patterns of public-private partnerships, and the life cycles of ecologically friendly industrial
development of IPs.

A high demand for the development of current theoretical and practical approaches to high-performance industrial
construction of industrial parks predetermines the relevance of this area of research. The evolvement of the IP
market allows to establish the national industrial infrastructure to ensure the accelerated launch of competitive
business projects. In this regard, models of industrial development of the innovative segment of industrial
construction become a tool of state control focused on augmenting the country’s competitive industrial potential
and, hence, they assume high nation-wide importance for the national economy.

The research objective. The develop methodological approaches and practical recommendations for simulating
the life cycles of industrial parks, the accelerated reproduction of their real estate based on the models of
ecologically friendly industrial development and sustainable growth.

The object of research. The evolving national market of industrial parks as a special innovative market segment
of construction focused on the accelerated and high-capacity industrial construction of IPs.

Results. An update of the problematic modernization of the industrial construction market of industrial parks as
an innovative segment of the construction market in a turbulent economy; generalization of domestic and
international experience in the field of sustainable development of territories based on models of eco-industrial
parks, “green” construction and certification of projects; methodological author's approach to functional structuring
and criteria-based assessment of managerial-engineering reliability, sustainability and efficiency of the life cycles
of eco-development of industrial parks; modeling of multivariate and situational indicators of criteria-based
assessment of the sustainability of the life cycles of eco-development of industrial parks.
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a system of business partners with the main per-
formers — the management organization. It attracts

The relevance of the research is determined by
the importance of identifying current trends in
the industrial construction of industrial parks in
Russia as an innovative segment of the construction
market, and the formation of predictive measures of
state regulation of accelerated high-performance in-
dustrial construction. Formation of an industrial infra-
structure capable of ensuring the accelerated launch
of competitive business projects involves the elabora-
tion of models of sustainable industrial development.
IP industrial construction should be considered as
a kind of national strategy to accelerate the socio-
economic national development.

The IP industrial construction market can be
identified as a special variety of professional activity
of a property developer. In this case, a specialized
corporate target alliance of participants is formed as

to the partner alliance the residents, construction,
logistics, transport, operational, service, resource
companies and state as well as municipal authori-
ties. The emergent qualities of corporate business
partnership in industrial construction for the creation
of industrial parks are resulting from the integration
of business processes for the implementation of
special purpose investment projects and resident
programs.

IP industrial construction should be attributed to
the actively developing innovative segment of
the construction market. The establishment of this
segment of construction is an effective case of
the national strategy of stabilization and acceleration
of socio-economic industrial growth in a turbulent
economy. The IP market ensures accelerated
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P> reproduction of large industrial real estate facilities to implement

investment projects and resident programs, which provides a high-
speed increase in the competitive industrial potential of the regional
territories. One of the significant reasons for such acceleration to
ensure the industrial competitiveness of the country is the applica-
tion of the management concept of the entire life cycle of IP indus-
trial construction. Among the main goals of the management com-
pany are actual structural and functional tasks — pre-investment
feasibility studies of IP construction programs and modernization of
state incentive strategies, with consideration to preparatory and
main periods of construction, operation, renovation and liquidation.

IP industrial construction should be considered as a variety of
the national strategy to accelerate the socio-economic growth of
the country. This allows to generate specialized organizational and
economic mechanisms for accelerated construction and efficient
operation of industrial real estate facilities of residents using
the methodology of sustainable industrial development.

Special attention is required to monitor and develop functioning
organizational structures of IP management based on specialized
corporate alliances and organizational and economic mechanisms
of their interaction in the life cycles of industrial parks development
and operation. The establishment of a partnership alliance is initi-
ated by the management company, as the executor of the state in-
dustrial acceleration policy, at all stages of the life cycle of IP indus-
trial construction. This management body is integrated into
the public-private partnership system, is established by regional
state structures and is responsible both for the investment attrac-
tiveness of IP for residents and for the effectiveness of all stages of
the life cycle, that is, the final efficiency of the entire partner busi-
ness system of the industrial park.

Clarification of the problematic situation and consideration of its
essential content make it possible both to confirm the relevance of
the chosen field of research, and to focus on promising managerial-
engineering, economic and organizational mechanisms for impro-
ving IP industrial construction.

Research has revealed that the legal framework for the deve-
lopment and operation of IP is determined by the Federal Law “On
Industrial Policy”" and by a number of Orders of the Government of
the Russian Federation? 2 [1]. The focus on accelerated rates of in-
dustrial construction makes it possible to reduce the regulatory
terms of investment cycles for the capital construction facilities two-
fold, and the timing of the launch of residents' business projects
and reaching their project capacity is significantly reduced com-
pared to traditional local schemes of such construction.

The investment appeal and economic efficiency of the indus-
trial parks projects are confirmed by the data of analytical reports
provided by the Association of Industrial Parks*. It has been ascer-
tained that the main trend of the Russian industrial parks market is

a steady increase in their number, an increase in the number of
residents, jobs and investments [2-4].

Some authors point out [5] that the economic feasibility of IP de-
velopment has passed the stress test due to the pandemic period of
2020-2021, and Western sanctions against Russia related to Ukraine,
but studies conducted on the number of residents and jobs in indus-
trial parks show that, on the contrary, there is no negative dynamics.

The author's research suggests that there is a steady growth
in the number of national industrial parks from 80 in 2013 to 334
in 2020. The annual growth rate of jobs is 18.4 %, resulting in an in-
crease from 56,773 to 185,395 in 2020. A steady increase
in the number of IP residents from 958 to 3,498 with an average
annual growth of 20.3 % is provided. The total value of investments
in industrial parks amounted to 1.6 trillion rubles in 2020, twice ex-
ceeding the statistics of 2013.

As the analysis has demonstrated, one of the most important
trends in domestic and global economic development is the use of
the concept of sustainable development®. Similar domestic sustain-
able development goals have been approved for Russia. This is
confirmed by the report of the Analytical Center under the Govern-
ment of the Russian Federation “On the goals of sustainable deve-
lopment of Russia” [6].

The Government of the Russian Federation has updated the pri-
ority of sustainable development on the basis of Order of the Go-
vernment of the Russian Federation No. 1587 of September 21, 2021
and specific Order No. 1912 of July 14, 202187, Criteria in the field of
financing sustainable development projects are approved here, offi-
cial terminology in the field of implementation of sustainable develop-
ment projects is given, the institutional state development tool —
the State Development Corporation “VEB.RF” — has been approved.
According to federal legislation?, it is assigned the function of
a methodological center in the field of preparation and implementa-
tion of investment projects of sustainable development with contribut-
ing of non-budgetary funds to competitive projects.

Industrial construction is a priority of sustainable development.
This is confirmed by the Order of the Government of the Russian
Federation No. 1912-r dated July 14, 20217. No doubt, the variety of
the industrial development market in the segment of the construction
of industrial parks is a sphere of transformation into sustainable in-
dustrial IP construction. This circumstance determines the relevance
of theoretical and practical simulation of sustainable industrial con-
struction of industrial parks based on eco-development models.

The performed studies of the mechanisms of sustainable deve-
lopment [7] implementation, taking into account modern regulatory
requirements of town-planning [8], prove the emergence of a new
evolutionary stage in the development of industrial construction, in-
cluding one via construction of industrial parks based on the simu-
lations of eco-oriented reproduction of industrial real estate.

1 On Industrial Policy in the Russian Federation : Federal Law of December 31, 2014 No. 488-FZ.

2 About Industrial (Industrial) Parks and Managing Companies of Industrial (Industrial) Parks : Order of the Government of the Russian Federation as of August 4, 2015 No. 794.

3 About strategic planning in the Russian Federation : Order of the Government of the Russian Federation as of October 30, 2014 No. 1119 and of August 11, 2015 No. 794,
FZ-172 of June 28, 2014.

4 Association of industrial parks of Russia. URL: https://indparks.ru/upload/iblock/5b4/Blok2021_WEB_4.compressed.pdf (Accessed August 23, 2022).

5 Sustainable development goals. URL: https://www.un.org/sustainabledevelopment/ru/sustainable-development-goals/ (Accessed August 23, 2022).

6 On approval of criteria of sustainable development projects (including “green”) in the Russian Federation and requirements to the system of verification of sustainable development

projects (including “green”) in the Russian Federation : Order of the Government of the Russian Federation as of September 21, 2021 No. 1587. URL: http://government.ru/docs/all/136742/

(Accessed August 23, 2022).

7 The national goals and the main directions of sustainable (including “green”) development of the Russian Federation : Order of the Government of the Russian Federation of

July 14, 2021 No. 1912-r. URL: http://government.ru/docs/42795/ (Accessed August 23, 2022).

8 About the state corporation of development “BOB.P®” amended and revised, in accordance with the Federal Law No. 332-FZ of July 2, 2021 “On amendments to certain legislative
acts of the Russian Federation and recognizing void Part 11 of Article 8 of the Federal Law.” On the innovation center Skolkovo : The Federal Law of May 17, 2007 No. 82-FZ. URL: http://pravo.
gov.ru/proxy/ips/?docbody=_&firstDoc=1&lastDoc=1&nd=602263689 (Accessed August 23, 2022).
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The literature review has shown that in the IP industrial con-
struction market segment, there is now a trend for the construction
of environmentally oriented industrial parks. Among others, the pa-
per of AV. Dubovchenko is interesting, analyzing the subject of
the development of eco-industrial parks [9], and the article by
V.I. Tochka and S.V. Rantner [10] studying issues of environmental
aspects of industrial park management.

The global priority of sustainability and “greenness” determines
the need for the creation of models and state strategies to boost
the competitive industrial potential of the country based on IP eco-
development models.

This type of industrial construction market is a specialized sort of
project financing and public-private partnership. It is established that
modern national trends in the development of industrial potential de-
termine the strategic vector of high-performance reproduction of in-
dustrial real estate in industrial parks as a special set of industrial in-
vestment projects and sustainable development programs.

The identification of the problematic situation updates the theo-
retical and practical need to improve the prevailing models of eco-
evelopment of IP industrial real estate from the perspective of sustain-
able development projects. The task of developing industrial parks in
Russia that operate on the principles of a closed-loop economy or
a cyclical economy is quite justified and acceptable. This type of eco-
nomic doctrine requires compliance with the principle of resource re-
newal based on the concept of effective waste management. A transi-
tion from a simplified procedure involving the collection, sorting and
disposal of waste to a complex sustainable business system is re-
quired. It should include both the design of industrial products in in-
dustrial parks, and at the same time the renewal of production resour-
ces. The procedures of eco-industrial parks should include waste
management, their cyclic processing, taking into account the projec-
ting of the service life, the principles of waste reduction and the pro-
duction of by-products. Such a business approach in the functioning
of IP considers waste as a valuable secondary resource. In this regard,
the experience of China [11] and the achievements of this country in
the field of eco-industrial parks functioning are interesting. Traditional
industrial parks do not focus on creating an industrial ecology. In eco-
industrial parks, on the contrary, the activities of industrial enterprises
of various industries are considered. At the same time, benefits are
generated from the exchange of resources based on the closed value
chains while reducing waste, reusing it and increasing environmental
efficiency. The priority of such eco-IP is the use of the principles of
“clean” production, industrial ecology and circular economy. It has
been identified that typical eco-industrial parks of the People's Repub-
lic of China include both industrial production, research, residential
and business zones, and a service area. The application of the waste
management principle and the exchange of by-products are manda-
tory. China's waste management practice using innovative sources of
financing for these types of “green” projects is very interesting. They
actively attract non-budgetary resources issuing “green” bonds, loans
or credit lines. China has a program National Demonstration Eco-
Industrial Park, created in the early 2000s. As of 2020, there are 55 na-
tional eco-industrial parks in the country and 52 more eco-industrial
parks are under development. This experience is undoubtedly interes-
ting for implementation in Russia [12, 13].

The issues related to the development of eco-industrial parks
both in Russia and abroad are the promotion of a “clean” city,
“clean” territories, “clean” industries, “clean” investment projects
and investment programs, as well as the intensification of the imple-
mentation of domestic and international environmental manage-
ment standards in all development areas.

These prerequisites determine the need to improve the accele-
rated industrial construction of all types of industrial facilities, including
industrial parks and industrial zones as “clean” territories, “clean” pro-
ductions etc. It is this approach that should be ensured when structu-
ring sustainable territorial business systems of IP industrial construc-
tion as a special type of models of ecological industrial development.

In Russia, this field of activity began to develop rapidly rela-
tively recently. The need for nationwide “clean” standards in all
types of activities is becoming more and more obvious every year.

The scope of problems of such “clean” sustainable develop-
ment reinforces the need to model and manage the entire life cycle
of IP eco-development. Currently, there is no unified eco-develop-
ment assessment system neither in design, construction, nor in
operation. There is also no unified legal framework for the large-
scale implementation of the eco-development principles, “green”
and “clean” cyclical construction in the investment and construction
sector. The problematic issues of this approach include the inevita-
ble increase in the cost of “green” industrial construction projects
boosted by supplementary eco-development standards require-
ments. This necessarily requires new approaches to the definition
of project efficiency, taking into account the “green” construction.

One of the factors restraining the development of ecological
construction, including industrial, is the cost of certification. This
undoubtedly increases the costs of “green” capital construction
projects. Most developers in Russia do not consider these addi-
tional costs appropriate. In addition, “green” standards require
the eco-friendly construction materials, which also increases the in-
vestment cost of eco-development. In this regard, stimulating
the priorities of the expansion of “green”, “clean” industrial con-
struction in Russia becomes the top priority. The statement of re-
search objectives in the field of ensuring the competitiveness of
“green” construction with a circular economy, as well as competi-
tive ecosystems of industrial construction and eco-development of
industrial parks, becomes a national economic problem.

A review of the performed domestic research studies on
the subject of eco-development, “green” construction [14-18], as
well as foreign sources of information [19-27], indicates a profound
lack of elaboration of the issues studied. The review confirms
the prospects of structuring eco-oriented life cycles of sustainable
industrial eco-development IP models, the relevance of assessing
their value and managing this type of value, taking into account
the economy of closed cycles.

Domestic practice of ecological, “green” development in our
country is at the start. Whereas in such countries as the USA it oc-
cupies already 20 % of the market, and in the European countries
about 15 %, in Russia it doesn’t exceed 1 %. The relevance of
the research is determined by the importance of identifying current
trends in the industrial construction of industrial parks in Russia as
an innovative segment of the construction market, and the forma-
tion of predictive measures of state regulation of accelerated high-
performance industrial construction.

THEORETIC RESEARCH APPROACHES

When simulating the life cycle structure W, of industrial park (IP)
industrial construction projects in the eco-development system
GD,, itis necessary to use the principles of functional system mo-
deling. This suggests using as functional constituent of GD;, a func-

tional four-dimensional space consisting of subsystems:
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1. Firstly, a set of specialized functions-tasks Q, focused on
the target results of ensuring integrated sustainability of both cer-
tain stages of the GD,,, life cycle and the entire W,.

Various types of sets of local g; functions form particular sub-
systems of the GD,, eco-development, implemented at different
stages T of the GD,, life cycle. Ultimately, the integrated set of T/
forms an integral life cycle of eco-development in the form of
the continuance of T,.

In the most general form, the integral value of Q; is equal to
the sum of the local functions of g, (1), which concurrently means
the functional synthesis of an integral GD,, system that strives to
ensure maximum effectiveness D according to the reliability criteria
s of the D type.

Q,=Xq,=q,+q, +...+q,=f(GD,)— D, (max). ()

The following nine basic GD;, subsystems are suggested as
separate local functions for the formation of GD,, subsystems:

GD,,; — environmental management functions for the implemen-
tation of IP eco-management, monitoring and environmental optimi-
zation of design solutions in the life cycles of T, and development of
qualification requirements of sustainability according to the GD
criterion for their assessment implementation and optimization;

GD,,, — functions of ensuring infrastructure reliability and ex-
ternal environment quality;

GD;ps — functions of ensuring reliability in the field of architec-
tural, space-planning and design solutions of IP;

GDp, — functions of ensuring reliability in the field of comfort
(aerothermal, light, acoustic) and the indoor environment;

GD;ps — functions of ensuring reliability in field of sanitary pro-
tection quality and recycling, implementation of closed cycle eco-
nomy;

GD,,s — functions of ensuring reliability in the field of rational
water use and regulation of wastewater disposal,

GD,,; — functions of ensuring reliability in the field of energy
saving and energy efficiency (Reduction of heat energy consump-
tion for heating and ventilation of building; reduction of heat energy
consumption for hot water supply; reduction of electricity consump-
tion; reduction of specific total primary energy consumption by en-
gineering systems; use of secondary energy resources);

GDps — functions of ensuring reliability on environmental pro-
tection in the process of industrial construction and the subsequent
demolition of capital construction facilities in order to minimize
the impact of materials used in construction, waste generation du-
ring construction works, as well as the implementation of measures
to protect and restore the environment during construction;

GDpe — functions of ensuring the life safety in terms of provi-
ding backup infrastructure for power, water and heat supply, as well
as other elements of industrial, transport, social and logistics infra-
structure of IP.

The implementation of the entire set of GD,,;_g tasks forms
the structuring of the GD,, integrated system at all stages of T, local
functional tasks of industrial eco-development.

In this study, the authors consider the implementation of par-
ticular local functional tasks. The entire set of functional tasks of
GDp1_o in the process of their implementation forms the integrated
sustainability of industrial IP construction in the GD,, system at all
stages of the IP development system life cycle.

In the criteria simulation of the local and complex efficiency of GD,,
sustainability processes, it is suggested to apply the methodological
apparatus for the formation of sustainability effeciency through

ip1

the organizational and technical reliability of GD;, processes. At
the same time, we also consider it necessary to use indicators to mini-
mize the total ownership cost of a portfolio of industrial real estate,
considered as part of IP for residents who may be owners and tenants.

2. Secondly, the research paradigm applied provides for the ne-
cessity and possibility of considering the life cycle of industrial eco-
development IP as a functional and reliable system consisting of
separate life cycle phases or stages of the industrial status of eco-
development T, the sum of which forms an integral monolith T, of
the GD,, life cycle. In the most general form, the entire T, life cycle
equals to the fractional sums of T, which is shown in (2).

To=3T7. )

Thus, the basics of the structuring of stages and their duration
within the life cycles of industrial eco-development IP are determined
by the rational expediency of singling out separate T, stages, which
are formed as functions-stages responsible for a separate discrete
target function of the entire T, structuring. The number of /-j stages is
the subject of forecasting and methodological modeling. It is sug-
gested to simulate the structure of life cycles W, through the singling
out of local functions-stages (w'7), i.e. W, = w7 . Hereby:

T,(w,)=X(1 (w")). (3)

3. Thirdly, it is suggested to use eight levels of managing indus-
trial eco-development IP (¢4_g) when simulating organizational
structures of sustainability regulation:

¢, — international level of sustainability management of indus-
trial ecosystems of IP construction;

, — state level of sustainability management (national);

¢, — state level of sustainability management at the regional
level of constituent entities of the Federation;

¢, — municipal level of sustainability management;

5 — level of sustainability management of individual specia-
lized IP projects;

s — level of sustainability management of IP withing the frame-
work of special economic zones;

¢, — procedural sustainability management of IP based on
corporate, national and international standards;

(g — sustainability management as the expanding eco-deve-
lopment system based on business partnership and integrated ini-
tiatives;

(p,— business process level of sustainability management of IP
investment projects.

4. Fourthly, the spatial-temporal functional organization of IP
reproduction processes in industrial eco-construction requires sin-
gling out of a special functional type of capital construction facilities
in the form of territorial specialized systems by types of cluster port-
folios of reproducible industrial real estate (Q¥). This is predeter-
mined by the specialization of IP residents’ activities and the tar-
geted territorial specialization of the IP themselves.

The presented four-component elements of the research para-
digm of theoretical and practical simulations of methodological ap-
proaches and recommendations for structuring the life cycles of ac-
celerated industrial construction and the efficient functioning of
industrial parks based on sustainable eco-development model, al-
lowed us to develop a fundamental functional GD,, model. The au-
thors define it as an integral dynamically adaptive structure com-
posed of consolidated interacting local functional-target subsystems
presented in formula (4), controlled by four main criteria of mini-max:
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where E,;"" — the organizational and economic reliability of W, life
cycles of IP industrial construction indicator that demonstrates
a maximizing tendency; E;g,] — the organizational and economic
reliability of operation of an industrial eco-development system in-
dicator that demonstrates a maximizing tendency; R,',Z — the over-
all GD,, sustainability performance indicator that demonstrates
a maximizing tendency; Ch.. — total cost of ownership of indus-
trial real estate for IP residents’ indicator that demonstrates a mini-
mizing tendency.

Thus, taking into account the formulated research paradigm, it
is determined that to simulate the structure of the life cycle stages
of an industrial eco-development W, type IP, it is necessary to iden-
tify four target functional subsystems GD,;:

* sustainability function-task Q,;

e functions-stages w'/ on structuring common life cycles — W,;

e functional-stages of sustainability management — @,_g;

e the functional types reproduced a cluster-portfolios of the in-

dustrial real estate Q,.

The quantitative assessment of the criteria applied to organiza-
tional and economic reliability of GD,, life cycles is methodically de-
fined by the authors as the extent of mutual compliance between key
investment and construction decisions consistently designed by
both the IP management company and residents at various stages of
the GD,, life cycle. Other criteria assessments were also accom-
plished within the framework of the initiative study and are based on
existing methodological approaches to their calculation, with view of
the specifics of the subject of study. To determine the integral values
of organizational and technical reliability, sustainability and efficien-
cy, the authors used the T. Saati method and the theory of reliability.
Within the framework of this approach, an appropriate methodologi-
cal apparatus has been worked out for the quantitative assessment
of all accepted criteria of GDj, functioning.

The authors' methodological approaches represent their re-
search position, do not pretend to be complete and are intended for
further testing and elaboration.

RESULTS

One of the particular results of the study is the implementation
of conceptual clarifications in relation to the accepted subject of
research. In the most general form, it is proposed to identify
the concept of industrial eco-development of industrial parks as
a system of professional activity in the field of accelerated high-
performance industrial construction, consisting of a specialized
management company and residents involved in public-private
partnership, with targeted activities based on sustainability func-
tions-tasks, functions-stages of structuring life cycles, functional
levels of sustainability management and functional cluster portfolios
of reproducible industrial real estate facilities, regulated by indica-
tors of reliability, sustainability, performance and cost of ownership.

IP industrial eco-development models allow for accelerated in-
dustrial construction and the establishment of corporate target alli-
ances of business partners (residents, management company,
construction, logistics, transport, operational, etc. companies)
united by the process of ecological and sustainable reproduction of
industrial land and property real estate complexes.

At the same time the target criteria for the efficient accelerated
industrial construction of large complex industrial facilities in IP are

the maximum ecological and economic efficiency, productivity, reli-
ability at a minimum total cost of the industrial real estate ownership
for various residents.

The most important trends of the national market for the con-
struction of industrial parks features a steady increase in this market
segment with an average annual growth of about 23 % per year
over last 8 years. At the same time industrial parks were established
in 66 regions, which means a twofold increase compared to 2013.

It's a fact that the market capacity of the national market of in-
dustrial construction of IP increased from 789 billion rubles in 2013
to 1,700 billion rubles in 2021 featuring a total growth index of 2.1
times for this period and an average growth index of 14.2 % per
year.

The steady trend of development of industrial parks is also
backed by both growth in the number of jobs, and total area of in-
dustrial parks in operation. The analysis shows that the number of
jobs rose from 16,315 in 2013 to 41,627 in 2020 with average an-
nual growth rate of about 20 %. Also, the total areas of existing
parks demonstrate an average annual increase of 24 %. It grew
from 56,773 ha in 2013 to 165,395 ha in last year.

A study of industrial parks by their types showed that in Russia
there is a predominant development of industrial parks of the green-
field type — it is about 60 %.

Most industrial parks are private in Russia (about 70 %). The ef-
ficiency of IP investments is in line with the ratio of infrastructural
costs to production investments that equals 1 to 10.

The study of statistic data proves the success of the national
market of industrial parks. It is assumed that its current growth may
be limited to 310, and this number will meet the current demand for
this type of industrial construction.

Moreover, a promising trend in the development of IP is the de-
velopment of ecological industrial parks in Russia, functioning on
the principles of a closed-loop economy. For these purposes, it is
necessary to elaborate a special national standard and test it in one
of the Russian regions.

When adding the life cycle sustainability indicator to the GD,,,
structuring methodology, authors pilot-tested it at Severny Almaz
industrial park in the East Siberian region at the early stages of its
design.

Itis assumed that GD,, performance and the mini-max criterion
adherence can ensure the maximally efficient sustainable accele-
rated industrial construction of IP. It means that efficiency, reliability,
integral sustainability is maximized, and cost of ownership of indus-
trial real estate in IP is minimized for residents. For initial testing,
the authors focused on the criteria of organizational and economic
reliability of life cycles as variety of the sustainability index GD,,,.

When calculating the organizational and economic reliability of
the life cycle of industrial eco-development IP, calculations are
made at various stages of W,. At the same time, the unit indices of
the E;" of the GD,, system at the final stage of commissioning W"
always dissipate (decrease) compared to the unit base value at
the zero stage. Four stages are used in calculations — from
the stage of prospective preparation of industrial construction IP W,
land development IP W', investment and construction development
IP W' to the operational development IP cycle W".

As a methodological basis for Ej" calculations related to
the life cycles of industrial construction, indicators of the intensity of
construction and installation works are calculated with regard to
their mutual correspondence (I-lI-IlI-1V). The correspondences
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P> system was defined via 2 components. Firstly, through indicators of

the terms of construction T. Secondly, through the indicators of
the value of investments V. The obtained values can be illustrated
by the following calculations with L2, system (ll1-I1) data:

£y [T]={7(0)[W]=5.25 years| /{T(0)[W"] =7.75 years| = 0.72;

£y [V]=(v(0)[w']} /{v(0)[w"])=0.85;

£ [w'"]=072-0.85=0.61.

Thus, the reliability according to the indicator of organizational
and economic reliability for the first stage of the construction life
cycle of the Severny Almaz industrial park in terms of construction
intensity was 0.61.

Additionally, the integral efficiency of GD,, was calculated using
the T. Saati method, a synthesis of seven local subsystems: organi-
zational and economic reliability of construction in GD,,; business
activity; potential capacity; innovation; system performance; profi-
tability; environmental potential of IP investment projects. Eventually,
the final efficiency of P, for the first stage of industrial construction
was estimated at 2.822, which is illustrated by the formula (5):

Rppiy=0.9-1.1-1.2-1.1-1.8-1.25=2.822. ®)
According to the calculations, the actual complex efficiency
was 2.912, which confirms the efficiency of GD,, management.
The pilot-testing of this technique is experimental and incom-
plete due to problems in collecting some data. The interpretation of
the obtained results and the essence of the methodology require
further elaboration and doesn't aspire to be complete.

DISCUSSIONS

The research has proven the relevancy and complexity of theo-
retical and practical task to simulate the development of the na-
tional market of industrial construction of IP from the viewpoint of
eco-development and sustainable development. In this regard, this
diversity determines the multiplicity of the evolution of the methodo-
logical approach.

Debatable issues are the following.

1. The relevance of updates in the field of national stan-
dards applicable to ecological industrial parks and the correspon-
ding models of eco-development IP. It is also necessary to provide
for the upgrade of industrial parks in operation into the ecological
ones using a closed-loop economy.

2. The need to upgrade GD,, models corresponding to four
types of industrial parks: a private park of greenfield type; a private
park of Brownfield type; state park of greenfield type; a state park
of Brownfield type; mixed models.

3. The application of the theory of organizational and techni-
cal reliability and efficiency of the industrial construction IP life cyc-
les requires further adjustments from the modeling positions in GD,,
of its individual subsystems and the mechanism of their integrative
synthesis in a single indicator.

4. Performance indicators of the ecological and economic
efficiency of the IP cyclical economy, as well as the relevance of
the formation of specific models of efficiency and productivity, re-
quire update at the national and international level of standards for

the verification of industrial construction to assess the “greenness”,
reliability and integrated sustainability of IP life cycles.

5. We assume that a promising area of research is the need
for more detailed studies on the theory of the ownership cost of in-
dustrial real estate for IP residents in the early pre-investment pha-
ses of the feasibility study of industrial parks construction.

The controversial issues mentioned in this article reflect only
a small part of the problems of the development of IP industrial
construction management methodologies. The authors express
confidence that these studies will provide an opportunity to develop
a creative approach for all interested parties to the issues in focus.

CONCLUSIONS

The research conducted has proven the importance of stu-
dying issues of the industrial construction development of industrial
parks based on simulating life cycles of their functioning as sustain-
able models of industrial development. This will ensure accelerated
development of industrial infrastructure in order to create competi-
tive industrial potential in a turbulent economy. Perfecting the indus-
trial parks market allows to establish national industrial infrastruc-
ture ensuring the accelerated start of competitive business projects.
In this regard, studies on modelling government tools to regulate
the growth of competitive industrial potential of the country, gain
high national economic significance.

The author's vision of the national market of industrial parks
growth is proposed, the author's methodology of eco-industrial de-
velopment is elaborated. This enables to identify potential for ac-
celerated industrial construction of IP. Undoubtedly, the establish-
ment of corporate target alliances of business partners (residents,
management company, construction, logistics, transport, opera-
tional, etc. companies) united by the process of ecological and sus-
tainable development will ensure stabilization of national economy
in the context of present-day challenges.

The studies performed made it possible to specify the concept
of industrial eco-development of industrial parks as a system of
professional activity for accelerated and high-performance sustain-
able industrial construction. We consider very perspective to model
activity of a specialized management company, residents and
public-private partnership system based on sustainability func-
tions-tasks, functions-stages of structuring life cycles, functional
levels of sustainability management and functional cluster portfolios
of reproducible industrial real estate, regulated by integral indica-
tors sustainability and cost of ownership.

It is quite evident that author's vision of sustainable develop-
ment enables to generate an additional eco-development value
chain for the state regulating systems, managing companies and
resident investors who would benefit from the accelerated con-
struction of large industrial real estate facilities featuring the envi-
ronmental priority of cyclic economy.
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POBaHUs NpPOMbILLIEHHOro cTpouTenscTBa U B cucteme 9Ko-
[eBenonMeHTa; afanTMBHOCTb (PYHKLIMOHMPOBAHUS XN3HEHHOrO
LMKNa ynpasnsioLLei KOMNaHnn K BHELLIHMM YCIOBUAM; Hannyve
cucTeMbl Hanorosbix npedeperHunn B UM; cteneHb pasBuToCcTn
NOTUCTUYECKUX N TPaHCMOPTHBIX MHpacTpykTyp WI1; pesynbra-
TUBHOCTb XXMU3HEHHbIX LIMKIOB 6U3HeC-NpoekToB pe3naeHTos UM
1N Mofenen rocyfapCTBEHHO-YaCTHOrO NapTHEPCTBA, U XU3HEH-
HbIX LMKIOB MPOMBILLINEHHOr0 3KoAesenonmenTa IP.

AKTyanbHOCTb AaHHOM 06/1acTv MUCCnegoBaHU npegonpepens-
eTcs 3HaYUTENbHOW BOCTPEOOBAHHOCTLIO NMPO6ieMaTvkn pasBu-
TVS OEeVCTBYIOLLMX HAy4HO-NPaKTUHECKMX MOAXOAOB B 0651acTh
BbICOKOMNPOW3BOAUTESILHOrO  MPOMBILLSIEHHOIO  CTPOUTENbCTBA
MHAYCTpManbHbIX Napkos. opmnpoBaHMe pbiHKa MHOYCTpUarnb-
HbIX NMapKOB MO3BOJIAET CO3AaBaTh HALMOHANbHYIO NPOMbILLIIEH-
HYIO0 MHOPACTPYKTYpPY, KOTOpas ob6ecrneyvBaeT YCKOPEHHbIN 3a-
NyCK KOHKYPEHTOCMOCO6HbIX GU3HEC-NPOeKToB. B aTon cBA3w,
Moaenn npombllUieHHOro aesesionMeHTa MHHOBaLIMOHHOIO cer-
MEHTa MPOMBbILLIEHHOMO CTPOUTENbCTBA ABMAOTCA MHCTPYMEH-
TapMeM rocyfapCTBEHHOrO PEerynupoBaHusl Mo HapaliMBaHWUIO
KOHKYPEHTOCNOCOB6HOIr0 MPOMBILLSIEHHOMO MOTEHUMana CTpaHbl,
Takum 06pa3om Np1oBPETaloT BbICOKYIO HAPOAHOXO3ANCTBEHHYIO
3Ha4YUMOCTb.
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Llenb unccnepoBaHusi. Pa3paboTka MeTogMyeckux MOAXOdoB
1 MPaKTU4YEeCKUX PEKOMEHAALMI MO MOAENUPOBAHMIO XXU3HEHHbIX
LIMKJI0B YCKOPEHHOrO NMPOMBbILLSIEHHOrO CTpoUTENbCTBa M 3dhdhek-
TUBHOIO Q)yHKLlI/IOHVIpOBaHVIH I/IH,U,yCTpI/IaJ'IbeIX NnapKoB Ha OCHO-
BE MoJesie yCTON4MBOro 3KONOrMYeCcKoro AesenonveHTa.

O6beKT uccnepoBaHus. Pa3BrBaloLLMNCA HALMOHANbHbIN Pbl-
HOK MHBYCTPUanbHbIX MApKOB Kak 0CO6bI MHHOBALMOHHBIN cer-
MEHT CTPOUTENIbCTBA, OPUEHTUPOBAHHbLIN HA YCKOPEHHOE U Bbl-
COKOMPON3BOANTENBHOE NPOMBILLMIEHHOE cTpouTenscTeo WM.

Pesynbratbl. AKTyanu3aums npo6neMHON MOAEpPHV3aUMN PbIH-
Ka MPOMBILLIEHHOrO CTPOMTENbCTBA MHAYCTPUAbHBIX MapKoB
KaK MHHOBALMOHHOIO CErMeHTa CTPOUTENbHOrO PbiHKA B YCMOBW-
AX TYpPOYNEHTHOM SKOHOMUKW; 0606LLEHNE OTEHECTBEHHOIO U 3a-
pYy6EXHOro OfMbiTa B 06/1aCTU YCTOMYMBOrO PasBUTUA TEPPUTO-
pY Ha OCHOBE MOAENEN IKOMOrMHECKUX NHOYCTPUANbHBIX NapKoB
N CUCTEM 3ENEHOr0 CTPOUTENbCTBAa U CepTUdMKALMM NPOEKTOB;
METOANYECKUI aBTOPCKUMA MOAXOA MO (PYHKLMOHANBHOW CTPYK-
TypY3aumn 1 KputepuanbHOW OLEHKE OpraHM3auMoOHHO-TEXHUYE-
CKOW HafIeXXHOCTM, YCTOMYMBOCTM U PE3YNLTATUBHOCTM XKU3HEHHbIX
LIVKII0B 3KOJNOTMYECKOro [eBesionMeHTa MHAYCTpUanbHbIX nap-
KOB; MOAENMPOBaHNE MHOrOBaPUAHTHBIX N CUTYaLIMOHHbIX NMOKa3a-
Tenewm KpUTepuanbHOM OLEHKN YCTOMHMBOCTU XU3HEHHbBIX LIMKITOB
3KONOrMYECKOro AeBenonMeHTa HAYCTpUasbHbIX NapkoB.

KnioyeBbie cnoBa: MPOMBbILLJIEHHOE CTPOUTEJIbCTBO, XU3HEH-
Hble UWKJIbl, UHZYCTpUasibHble [NapkKu, 3KO-UHAOYCTpUualsibHble
rnapku, I'IpOMbILLlﬂeHHbII;I [EeBEJIONIMEHT, 9KOSIOrMHYECKu nese-
JIO[NIMEHT, opraHn3alunoHHO-TeEXHU4YeCcKas HaOeXXHOCTb, yCTOﬁ-
4YNBOCTb, pe3y ibTaTUBHOCTb, BTOPU4Has 3acrpot71Ka, CTpoutesib-
CTBO «C HyIns», KOpﬂOpaTMBHbIﬁ a’libsiHc

bnarogapHocTn. Pabota BblIrosiHeHa npy MogAepXKe rpaqta
PH® Ne 22-28-20511.
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