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Cluster model of construction and economic
development in the conditions of urban housing
stock restoration in DPR

The features of the introduction of new approaches to creating a comfortable urban environment, taking into ac-
count the social and economic conditions for the restoration of housing and social infrastructure in the Donetsk
People's Republic are considered. The existing experience of implementing programmes for the formation of
means and methods of housing policy to overcome the consequences of military operations, accidents and ca-
tastrophes is summarized. The analysis of the theoretical and methodological foundations of the formation and
development of organizational models during construction and restoration work is carried out. It is shown that
when solving the tasks of restoring the housing stock in the DPR, the principles and methods of production and
investment planning, modern practices of integrated development of territories, improving the quality and comfort
of the urban environment, updating dilapidated and emergency housing stock are in demand.

Special attention is paid to the aspects of organizational and economic management of the rehabilitation and de-
velopment of the housing sector, the construction funds of which consume significant amounts of resources and
energy. The purpose of the study is to substantiate the cluster management model for the implementation of soft-
ware solutions for creating a comfortable urban environment in conditions of uncertainty of the production and
resource potential of the liberated territories. The special internal conditions of the region and the measures of
state support necessary to ensure investment activity on the basis of improving the mechanism of public-private
partnership are considered.

The practical results of the development of settlements in the liberated territories, the restoration of housing and
social services, the development of housing and communal services and infrastructure facilities are present-
ed. The formation of conditions for a comfortable urban environment based on a cluster management model in
the conditions of reconstruction and development of the housing sector reflects the strategy of the Programme
for the socio-economic development of new regions for 2023-2025 and is an important component of the indus-
trial revival of Donbass as part of the Russian Federation.

Keywords: restoration of housing stock, cluster management model, economic development, production and re-
source potential of the region

relevance is the analysis of the features of the life
cycle of urban real estate objects related to the pro-
vision of vital activity and restoration of infrastruc-
ture in new regions under martial law?®.

roblem statement. Improving the mechanism
Pof investment attractiveness is the most impor-
tant tool for implementing sustainable devel-
opment in the field of housing construction and ur-

ban real estate management" 2. The formation of ur-
ban development reflects the opportunities, needs
and problems of socio-economic development char-
acteristic of various historical periods of urban devel-
opment. Until 1995, the concept of real estate was
absent in Soviet and Russian legislation, due to state
ownership of land and fixed assets. The develop-
ment of market relations in the country required
the justification of the term urban real estate, which
includes a set of property rights in the construction
and reconstruction of buildings and structures,
the development of land plots corresponding to
them.

As a subject of market relations, urban real es-
tate goes through all stages of its life cycle: inten-
sive growth, stabilization, stagnation and crisis. In
the absence of catastrophic influences (man-made,
anthropogenic and natural) and armed conflicts,
the processes of transition of urban real estate from
one stage to another occur naturally. Of particular

At various times, solving problematic issues in
a crisis situation required the development of pro-
grammatic measures aimed at overcoming emergen-
cy circumstances, taking into account the socio-eco-
nomic and political significance of the consequences
of a state or regional scale.

The critical situation caused by the defeat in
the Russian-Japanese war of 1904-1905 and the rev-
olutionary actions of 1905-1907 contributed to re-
forms to stabilize the situation, which went down in
history as the “Stolypin” programme for the transfor-
mation of Russia [1]. Appointed Prime Minister in
1906, P.A. Stolypin proposed a systematic approach
to the reorganization of land ownership, implemented
in legislative and regulatory acts prepared by minis-
tries and departments at the beginning of the twenti-
eth century. The intensive development model includ-
ed the transition of peasant farms from communal
home ownership to the formation of a wide stratum of
landowners, stimulating entrepreneurship, attracting

1 Strategy for the development of the construction industry and housing and communal services of the Russian Federation for the period
up to 2030 with a forecast up to 2035. URL: trategiia-razvitiia-stroitelnoi-otrasli-i/ (accessed: 02.15.2024). (rus.).

2 The standard of integrated development of territories. URL: tandards/printsipy-kompleksnogo-razvitiya-territoriy/ (accessed: 02.17.2024). (rus.).

3 The State programme “Restoration and socio-economic development of the Donetsk People's Republic, Luhansk People's Republic,

Zaporizhia region and Kherson region”. URL: https://noctaHoBneHve-npasutenscTea.pd/gosudarstvennaya-programma-vosstanovlenie-i-soczialno-
ekonomicheskoe-razvitie-doneczkoj-narodnoj-respubliki-luganskoj-narodnoj-respubliki-zaporozhskoj-oblasti-i-hersonskoj-oblasti/ (rus.).
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investment, infrastructure development and modernization of agricul-
ture.

In the early 20s of the twentieth century, the consequences
of the devastation and famine of the civil war period and the policy of
“war communism” were largely overcome thanks to the adoption of
emergency measures of the new economic policy, initiated by
V.I. Lenin [2]. The acute phase of the housing crisis was accompa-
nied by measures to abolish private property and expropriate urban
real estate. At the same time, the housing stock management is be-
ing reformed, and the regulatory framework for housing and con-
struction cooperation is being formed. The need for extreme atten-
tion to the housing issue was dictated by the implementation of
the state industrialization plan, which stimulated the growth of
the number of urban cities and towns. To a large extent, by granting
broad rights and measures of state support, housing and rental co-
operative partnerships have managed to expand housing construc-
tion, restore war-torn housing and provide living conditions for work-
ing families.

The radical restructuring of the entire economy in a military
manner required the maximum concentration of funds, construction
materials and equipment at important military-industrial facilities.
The increase in the scale of reconstruction work was aimed at reviv-
ing heavy industry, meeting the needs of the army and the material
level of the population in the frontline and liberated areas. The initial
programme for the restoration of Donbass represented the priority
measures for the restoration of the coal industry of the Donetsk de-
posit (1943) [3].

The post-war reconstruction of the housing stock in the liberat-
ed territories was hampered by limited resources and the need to
build industrial housing construction plants. The practice of hous-
ing construction included emergency measures for the restoration
of destroyed multi-storey buildings and the construction of predom-
inantly low-rise buildings based on a standard layout. In 1955,
the era of Soviet monumental classicism (“Stalin's Empire style”) in
the design of buildings and structures ended. At the same time,
there has been a transition from room-by-room accommodation,
due to an acute shortage of housing, to family-by-family occupancy
of apartments. This became possible as a result of the transforma-
tion of the entire design and construction system. The serial design
model, worked out in low-rise construction, was distributed for
the construction of four- and five-storey residential buildings.
The industrial base of housing construction has allowed to increase
the production volumes of prefabricated reinforced concrete struc-
tures and house-building plants using conveyor and cassette tech-
nologies.

The housing sector is highly vulnerable in extreme circum-
stances caused by earthquakes, leading to disruption of the normal
activities of the population, loss of life, destruction and destruction
of property. The strongest Tashkent earthquake led to the destruc-
tion of over 2 million square metres of living space, 236 administra-
tive buildings, about 700 retail and catering facilities, 26 municipal
enterprises, 181 educational institutions. The maximum strength of
the earthquake reached 8 points. The houses made of mud bricks
that have been preserved since pre-revolutionary times were
the most destroyed. The relatively small number of victims (8-13
dead and several hundred injured) for a city with a million people is
associated with the predominance of vertical (rather than horizon-
tal) seismic vibrations, which prevented a complete collapse of
even dilapidated adobe houses. The implementation of priority
measures made it possible to provide shelter to more than 300
thousand residents before the onset of the winter period. By

decision of the government, a panel house construction plant was
delivered to Tashkent from the French firm Camus, which produced
building structures for five and nine-storey houses taking into ac-
count seismic conditions. In general, during the liquidation of
the consequences, more than four million square metres of housing
were built, of which more than 1 million 800 thousand square me-
tres were built by builders of the Union republics and soldiers-build-
ers. More than 60 thousand apartments have been restored,
schools, cultural and administrative buildings have been built.

The 1988 Spitak earthquake had severe consequences as a re-
sult of several factors. Powerful tremors destroyed almost the entire
northern part of the republic in half a minute, covering an area with
a population of about 1 million people. In the epicenter of the earth-
quake, the intensity of the tremors reached 10 points on the 12—
point MSK-64 scale. The catastrophic events revealed omissions in
all parts of the seismic protection of the republic, gross errors in
the design, construction and operation of multi-storey buildings,
a low level of training in the field of response and management dur-
ing crisis situations. Rescue operations were carried out in winter in
mountainous areas with aftershocks of intensity from 3.5 to 5 points.

According to official data, 25 thousand people died, 140 thou-
sand became disabled, and 500 thousand lost their homes. In total,
21 cities were affected by the disaster, as well as 324 villages, of
which 58 were completely destroyed. Approximately 9 million
square metres were damaged. Hundreds of schools, hospitals and
kindergartens have been destroyed or have fallen into disrepair.
600 km of highways, 10 km of railways were put out of operation,
230 industrial facilities were completely or partially demolished
(about 40 % of the industrial capacity of the republic). The total
damage from the earthquake amounted to 12 billion rubles. 45
thousand builders came to Armenia to carry out restoration work.
Until 1992, 500 thousand square metres of housing and social fa-
cilities were built. International financial assistance provided by in-
dividuals and foreign organizations from more than 100 countries
played a significant role.

When man-made accidents and natural disasters occur, crisis
phenomena occur in the socio-economic life of the regions. After
the Chernobyl disaster at the nuclear power plant in 1986, a 30-kil-
ometres exclusion zone was formed. 200 thousand km? were ex-
posed to radioactive contamination. In total, 90,784 people were
evacuated from 81 settlements in Ukraine by mid-August 1986.
About 25 thousand people were evacuated from 107 settlements in
Belarus.

To accommodate the resettled people, in accordance with gov-
ernment resolutions, more than 11 thousand manor-type houses,
more than 600 social and household facilities were built for the rural
population, 3.5 million m? of territories were landscaped, 1,400 km
of roads, 600 km of gas pipelines, etc. were built and repaired.

In the period from 1986 to 1992, more than 526 thousand peo-
ple took part in the work to eliminate the consequences of the dis-
aster. Of these, the military personnel amounted to about 340 thou-
sand people. More than 10 thousand pieces of equipment were
used. About 200 billion Soviet rubles were spent on eliminating
the consequences in the period from 1986 to 1990. There was
a need to substantiate the legal problems associated with the de-
velopment of the categories of “environmental refugees” and “envi-
ronmental disaster zone”. The provisions of State programmes for
the elimination of the consequences of the Chernoby! disaster have
been fixed at the legislative level.

In foreign practice, the experience of economic reconstruction
of the European reconstruction programme, known as the “Marshall
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Plan”, is of interest*. The transition programme was developed in
view of the emergency situation in order to provide material and fi-
nancial resources to the participating countries, create strong inter-
nal and external ties of an integral Europe, and maximize the use of
their own resources of national economies. The tasks solved within
the framework of the Marshall Plan had very specific implementa-
tion mechanisms by providing assistance under the grants of
the Programme. The priority areas for the use of grants from
the Programme were investment projects for the restoration of na-
tional economies in Western Europe.

The analysis of the features of mobilization and investment
models of the economy of crisis situations indicates the need for
a comprehensive consideration of the dangers, risks and threats
associated with vital activity and restoration of infrastructure, which
determines the relevance of the study of trends in the revival and
development of new regions under martial law.

The purpose of the work is to substantiate the theoretical and
methodological provisions of the formation of a cluster model of
revival and development in the conditions of uncertainty of
the housing sector of real estate in the aftermath of a period of local
military conflict.

To achieve the purpose of the study, it is necessary to systema-
tize the features of the external and internal environment that affect
the risk management of investment and construction projects and
determine the tasks of technical and economic protection:

e perform an analysis of the current state of the level of eco-

nomic security in the field of housing construction;

e dentify areas for improving software solution models for
the formation of a management structure and flexible plan-
ning in conditions of uncertainty;

e develop the structure of indicators for scenario management
of technical and economic security, taking into account
the life cycle of the housing stock.

As follows from the above, the housing sector is subject to
the crisis effects of emergencies and disasters that have a negative
impact on the implementation of investment and construction pro-
jects. The adaptation of the principles, methods and formats of syn-
chronization of production and investment potential should provide
for operational and flexible management, modern practices of hori-
zontal network interaction in the conditions of restoration of new
regions.

Analysis of the problem status. Changes in the external en-
vironment in recent years are associated with legislative, regulatory,
technical and economic aspects of regulating housing construction
and creating conditions for a comfortable urban environment'.
The standard of integrated territorial development reflects a set of
principles for improving the current regulatory framework in the field
of urban planning, creating functionally diverse, compact and safe
cities with modern buildings, comfortable housing and high trans-
port accessibility?. Relevant regional regulatory legal acts have

been adopted regulating the specifics of urban planning activities
in order to form investment opportunities for housing construction
on the territory of the Donetsk People's Republic. The investment
policy formed by the state is aimed at improving the directions,
forms and methods of developing investment attractiveness,
the active participation of responsible developers in the restoration,
construction and bringing the housing stock of new regions to
the all-Russian level.

The theoretical and methodological basis of the research is
the fundamental provisions and principles of economic theory, cy-
bernetics, special methods of information modelling of the life cycle
of capital construction facilities, system analysis and process ap-
proach, business continuity, real estate management, anti-crisis
management of construction and rehabilitation of housing in emer-
gency situations and disasters. At the same time, the concept of
facility management (FM) unites many disciplines focused on im-
proving the efficiency and productivity of the economy, on ways to
interact with the anthropogenic environment®. The organization of
housing construction includes requirements for registration, collec-
tion, analysis and synthesis of relevant data necessary to improve
the work of the organization®. The business continuity organization
provides for the installation, implementation and maintenance of
a formal documented risk assessment process for the systematic
identification, analysis and assessment of the risk of destructive
incidents’. The scenario analysis of the alternative life cycle costs of
real estate objects involves a comparison of initial and operational
costs, options for the use of energy-efficient technologies and ma-
terials [4].

Publications are devoted to the development of investment
methods and models, which draw attention to various aspects of
improving the mechanisms of efficiency of housing construction.
The analysis of the institutional foundations of regional public-pri-
vate partnership as an instrument of socio-economic policy in
the field of housing construction is presented in [5]. According to
the authors®, the assessment of the investment attractiveness of
a real estate object in the pre-investment period makes it possible
to reduce risks by justifying an integral indicator that takes into ac-
count the weighting coefficients of internal factors characterizing
the real estate object. In [6], investment activity in housing con-
struction is proposed to be considered as a set of subjects and
objects of investment, investment projects, sources of investment
and investment processes. The priority tasks of real estate manage-
ment are related to achieving maximum efficiency in the use of real
estate in the interests of the owner [7].

The conclusions of the study® allow us to systematize and di-
vide the essential features of the concept of “investment attractive-
ness of an enterprise” into four groups: as a condition for the devel-
opment of an enterprise; as an investment opportunity; as a set of
indicators of production activity and as a comprehensive assess-
ment of the effectiveness of investments.

4 Magomedov R.Sh., Tatevosyan G.M. The programme for the restoration of Europe 1948-1951 (Marshall Plan): the experience of economic reconstruction. URL: https://
cyberleninka.ru/article/n/programma-vosstanovleniya-evropy-1948-1951-gg-plan-marshalla-opyt-ekonomicheskoy-rekonstruktsii/viewer (accessed: 02.17.2024). (rus.).

5 GOST R ISO 41001-2023. Real estate management. Management systems. Requirements, including the guidelines for use, FSBI “Institute of Standardization”. Moscow,

Standartinform Publ., 2023; 34. (rus.).

6 GOSTR 55048-2012. Quality management systems. Special requirements for the application of GOST R ISO 9001-2008 in construction, FSUE VPO MGSU. Moscow,

Standartinform Publ., 2013; 30. (rus.).

7 GOST R ISO 22301-2014. Business continuity management systems. General requirements, JSC “Scientific Research Center for Control and Diagnostics of Technical Systems”.

Moscow, Standartinform Publ., 2015; 38. (rus.).

8 Nikishina O.V., Morgunova T.A. Assessment of the investment attractiveness of real estate. URL: https://cyberleninka.ru/article/n/otsenka-investitsionnoy-priviekatelnosti-

obektov-nedvizhimosti-1?ysclid=It4dcjibwy407064739 (accessed: 02.17.2024). (rus.).

9 Tolkachenko O.Y. Classification of approaches to determining the investment attractiveness of an enterprise. URL: https://cyberleninka.ru/article/n/klassifikatsiya-podhodov-k-
opredeleniyu-investitsionnoy-priviekatelnosti-predpriyatiya?ysclid=It4de3ai9g21020401 (accessed: 02.17.2024). (rus.).
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In general, as follows from the publications of a number of au-
thors [8-11], investments in housing construction change in accord-
ance with the cyclical development of the economy, have a high
level of reliability, with a low degree of profitability. The dynamics of
investment in housing in Russia in the period from 2018 to 2021
confirms the growth in investment volumes. At the same time,
the gradual increase in the key rate of the Central Bank of the Rus-
sian Federation is a deterrent to mortgage lending.

Investment attractiveness is associated with an increase in
profitability due to the economic benefits of using an integrated
management system based on an object-oriented model of a con-
struction object or a complex of construction objects (BIM — Build-
ing Information Modelling). In conditions of uncertainty, BCM (Busi-
ness Continuity Management) standards and practices are in
demand, providing for the analysis of financial risks of investment
and construction enterprises caused by internal factors in case of
violations of the normal functioning of business processes’. In [12],
it is proposed to perform risk analysis of investment and construc-
tion organizations, taking into account internal factors grouped into
four main categories: the final product; the production process;
subjects of construction production, as well as information data of
capital construction facilities.

The study of construction and the real estate market during
the crises of 2009 and 2015, the current recession in the economy
and housing [13], identified the need for innovative transformations
that transformed the entire housing sector based on the application
of programme-targeted development methods and cluster con-
struction models [14-17].

Strengthening the regulatory functions of the state is aimed at
the formation and development of innovations and investments in
housing construction, overcoming crisis phenomena in the context
of the formation of a non-market (neoliberal) risk management mod-
el of economic entities [18].

The dynamics of the formation of non-market relations is char-
acteristic of the post-crisis restoration of urban housing stock in
the implementation of the national project and state programmes
for the comprehensive renovation of residential buildings in the re-
gions of the Russian Federation. Relocation from dilapidated (wear
of structures up to 65-70 %) and emergency (50 % of premises and
load-bearing structures) buildings is aimed at the development of
housing and communal infrastructure by attracting investments
within the framework of a public-municipal-private partnership [19].
The management of the housing stock (dilapidated and dilapidat-
ed) in the urban infrastructure environment presents the possibili-
ties of financial, organizational, industrial and economic activities
for the development of the innovative potential of urban real estate
reproduction based on the cluster model of the “competitive dia-
mond” proposed by M. Porter [20]. Thus, the technology of cluster
development in construction is based on the interaction of cluster
participants, which allows the formation of information and analyti-
cal flows to expand innovation and investment attractiveness of
housing construction and create a comfortable urban environment.

The strategy’ divides the subjects of the housing stock of
the Russian Federation into 5 main clusters according to the signs
of differentiation of measures to support housing construction: clus-
ter 1 (dynamic), cluster 2 (with a lack of demand), cluster 3 (with
a lack of supply), cluster 4 (stagnant), cluster 5 (depressed).

A review of literary sources allows us to focus the tasks of re-
searching investment activity in housing construction in new re-
gions on substantiating the structural relationship between subjects
and objects of investment, innovative and investment projects,

sources of investment using the methodology of programme-target-
ed and flexible organizational models of real estate management in
conditions of overcoming the consequences of a local military con-
flict [21].

The paradigm of investment attractiveness of real estate ob-
jects, in the context of this study, represents a cluster of profitability
indicators of the head developer-developer and specialized devel-
oper-investors in the process of urban real estate reproduction, re-
lated to the justification of effective solutions for life cycle project
management in conditions of uncertainty caused by the emergency
situation of a local military conflict.

Research methodology. As is known, the theory of risk man-
agement assumes an integral system of knowledge, which is char-
acterized by a logical dependence and relationship between in-
come and financial stability within certain risk boundaries in order
to achieve the goals of the business entity.

A conceptual economic and mathematical model of the pro-
cess of investment and reproduction of spatial and territorial devel-
opment (PTD,,) of urban real estate revitalization can be represent-
ed by a conditional probabilistic and functional dependence:

PH(r) = Uv,vv,l,/{Pw}’{T/}’ {h/ }’ {Q'J}’ V' T Z’ R’ tE{—[}' (1)

where Py, — the appearance of the system in time ;
w, i, ] — the number of hierarchy levels depending on the se-
lected scenario of the development city types from 1 to N;
{Pu} {Ti}, {h} — a subset of the functional and reliability state
of the geosystem by type of work on the cluster object;
{Q; } — many environmental factors (unmanageable);
V — multiple structural factors (manageable);
T — the life cycle of reproduction of a geosystem (subsystem);
Z — the set of parameters of the considered cluster territory;
R — cumulative investment risks (internal and external envi-
ronment);
te{T} — a variety of time parameters on the life cycle T of real
estate revitalization (0.1).

The solution of equation (1) consists in presenting the depend-
ence of the generalized criterion for the effectiveness of the organi-
zational and economic stability of the life cycle of real estate revi-
talization P,(f) of spatial and territorial development PTD,, in
an explicit analytical form with the construction of an algorithm for
sequential factor accounting. The area of effective solutions, taking
into account the total investment risk, is the value of the profitability
indicators of the head developer-developer and specialized devel-
oper-investors in the process of urban real estate revitalization. At
the same time, the total costs associated with the development,
implementation and operation of the megaproject (cluster facilities,
cluster portfolios and cluster territories) will be minimal, and the or-
ganizational and economic stability of the system P, will be maxi-
mum.

The total number of functional local subsystems of the spatial
and territorial development of integrated development (F,) will be
defined as the union of three functional areas of Dkz, consisting of:
functions-stages FDE, ; — urban value; functions-tasks f; — con-
struction capacities (enterprises of the urban investment and con-
struction complex); functions-objects — investment and construc-
tion facilities in the form of territorial real estate cluster portfolios
(Pnk).

The scientific and methodological basis for evaluating the ef-
fectiveness of construction and restoration of urban real estate revi-
talization facilities is its decomposition into class-portfolios, class-
objects by types and types of construction and organizational
forms of reproduction and achieving on this basis an accelerated
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start of operational work and, accordingly, the commissioning of
both a separate queue and a cluster-territory as a whole.

The application of the decomposition method makes it possible
to apply intensive methods of construction and installation work,
increase the economic reliability of construction and the effective-
ness of the territorial reproduction system of urban real estate revi-
talization (TRSURR). The effectiveness of TRSURR is affected by
special measures taken directly by the alliance of organizations
(consortium) involved in the implementation of the megaproject and
improving the technical and economic indicators of the main par-
ticipants (or preventing their deterioration under the influence of
passive trends in economic dynamics). The process of implement-
ing measures of this type can be called active fortification or active
fortifiers. They can be organizational (O-fortifiers) and technical (T-
fortifiers).

The methodological scheme for assessing the economic effi-
ciency of the integrated programme cycle of spatial and territorial
development of PTD,, revitalization of urban real estate is shown in
Figure.

The analysis of reserves for the development of the urban envi-
ronment is carried out in three stages:

The first stage consists in identifying reserves by their types
using indicators that most accurately express the natural measure
of use of this type of reserves.

The second stage of the analysis consists in a summary as-
sessment of the identified external and internal reserves of spatial
and territorial restructuring of urban real estate funds. It should be
noted that the cost expression of reserves is used both in assessing
the economic efficiency of the programme cycle Py, and for cor-
recting cluster portfolios (monoprojects) of urban real estate E,;.

The third stage of the reserves analysis forms the initial basis for
adjusting the PTD,, strategy of urban real estate. The information
base of the adjustment should be structured according to cluster
portfolios, projects, participants and owners.

In general, the integral effect of development programmes for
the restoration and development of urban real estate is defined as
the total effect of all stages of the programme cycle, taking into ac-
count the corrective effect of administrative resources and the total
costs (contributions) of all participants. Based on the results of
the TRSURR analysis, activities are being built to strategically focus
all participants in the cluster reproduction of urban real estate in
the conditions of the DPR martial law. The main indicators of
the sustainability of urban real estate development systems are:
the intensity of construction; the level of consumption of aggregate
resources; the duration of local life cycle stages [22].

Results. Currently, favourable conditions have been created
for the implementation of innovative approaches to the reproduction
of residential buildings and infrastructure development in the con-
text of the formation of a non-market economy. In order to develop
investment housing construction, in accordance with the require-
ments of legislation on participation in shared-equity construction,
regional regulatory legal acts regulating the specifics of urban de-
velopment activities have been adopted. In the Donetsk People's
Republic, active work is underway to attract reliable real estate de-
velopers to the territory of the region, special conditions have been
created for preferential mortgages at 2 % and a mechanism for
subsidizing project financing up to 3 % for developers. Work has
been completed on more than 18 thousand sites. By the end of
2023, 53 more than 4 thousand apartment buildings were built and
restored, almost 2 thousand social facilities, more than 2 thousand
km of roads were repaired.

The implementation of the Programme?® is aimed at ensuring
the restoration and development of the housing stock, harmoniza-
tion of strategic planning according to priorities, goals, tasks, ac-
tivities and deadlines for their implementation, targets, financial and
other resources, as well as making management decisions at
the regional level on accelerated socio-economic development.
The foundation of the innovative potential of reproduction can be
the definition of the value of the sixth cluster of “revitalizing (viable)”
housing, working out the actual situation, requirements of technical
and economic protection, reserves of spatial and territorial restruc-
turing of urban real estate funds in the areas of construction, hous-
ing and communal services, urban environment.

The analysis of housing construction crises in emergency situ-
ations and disasters presented by the authors is intended to sub-
stantiate a viable trajectory of urban real estate reproduction in
the aftermath of a local military conflict. The cluster model of hous-
ing “revitalization” and the formation of a comfortable urban envi-
ronment is based on the use of the following principles:

e methodology of the investment portfolio of development,
which reflects the system of factors of sustainability, continui-
ty and efficiency of spatial and territorial development of re-
production of residential real estate based on intelligent sys-
tems;

e system-structural analysis of construction and restoration
work in emergency conditions;

e scenario identification of reserves of spatial and territorial re-
structuring in the conditions of reproduction of urban con-
struction.

The cluster initiative to create a regional scientific, technical and
technological complex “Donbasstechnoresurs” in the field of con-
trol, quality and safety, technical and economic protection meas-
ures for capital construction facilities was presented in the decision
of the international scientific and practical conference “Donbass-
Resource-2011”, which was held at the Azov State Technical Uni-
versity (Mariupol, September 19-23, 2011) [23]. The experience of
cooperation between contractors and specialized organizations,
construction industry enterprises, design and scientific organiza-
tions, universities is still in demand today to promote innovative de-
velopments in housing construction.

Conclusions. The construction industry occupies a significant
share in the Russian economy and is one of the drivers of its devel-
opment. In 2023, the contribution of the construction complex to
GDP amounted to about 13.4 %. The sustainable development of
the construction industry is taking place against the background of
stabilization of the socio-economic development of the country,
growth of gross domestic product (GDP) by 3.6 %. About 16 % of
the working-age population of the country is involved in the work of
the industry. At the same time, the share of construction in GDP is
consistently at least 5 %, and together with the housing and com-
munal complex — almost 13 %.

The challenges of housing quality and affordability associated
with achieving the average Russian standard of living in new re-
gions by 2030 necessitate the innovative and investment develop-
ment of engineering and construction life support systems for urban
real estate. In the conditions of urban real estate reproduction, cru-
cial importance is attached to integral indicators of organizational
and economic stability in relation to the revitalization of housing
development, taking into account regional peculiarities.

The socio-economic development of Donbass is connected
with the formation of the Novorossiysk Joint-Stock Company of
Coal, Iron and Rail Production, approved on April 18, 1869 by
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Analysis of the investment attractiveness of the territories of the region, assessment of the to-
tal potential and expansion of opportunities for the sale of urban real estate

(-

Formation of a system of initial indicators of the urban programme for all types and phases of
cluster portfolios and projects based on the scenario of the selected type of city

(-

Filling in the basic analytical matrix of the economic efficiency of the integrated programme
cycle for the implementation of urban real estate for incoming projects and performers

(-

Qualitative and quantitative analysis of the contributions of each participant in the programme
4 cycle according to the stages of its implementation, the cluster portfolio and the projects
in the mono-project

(-

Restructuring of the revenue side of the programme cycle by mono-project and participants,
5 taking into account the actual contribution to the revitalization of the projects included
in the programme

(-

Identification and analysis of investment risks, entry and exit of participants from the urban
6 megaproject programme, assessment of changes in the composition and contribution of par-
ticipants

(-

Making the necessary changes to the set of indicators of the programme cycle, broken down

’ by cluster portfolios, projects, participants and owners of the megaproject
8 Assessment of the actual state of the indicators of the economic efficiency of the programme

cycle, a controlling system, structuring of initial information for strategic focus

The sequence of stages of the analysis of spatial and territorial development of urban real estate

Emperor Alexander Il. The concentration of production and capital
served as the beginning of the formation of the South Russian in-
dustrial district and created conditions for the cluster development
of the territory of modern Donbass and Krivoy Rog. In this regard,
the cluster model of housing “revitalization” and the formation of
a comfortable urban environment is a necessary condition for spa-
tial and territorial development of housing real estate reproduction,
which will ensure the beginning of stable growth in the socio-eco-
nomic and industrial development of the DPR.
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KnactepHass mopenb CTpouTenbCcTBa

M SKOHOMMYECKOro pa3BUTUA B YCIIOBUSAX
BOCCTaHOBJIEHUSI FTOPOACKOrO XWUJINLLHOIo
c¢oHpa AHP

PaccmoTpeHbl 0CO6EeHHOCTN BHEQPEHUS HOBbIX MOAXOAOB K CO-
30aHuI0 KOMJPOPTHOM FOPOACKOM cpefpbl C YHETOM CoumanbHbIX
N 9KOHOMUYECKMX YCMOBUI BOCCTAHOBIEHMS XWUIbA U coumanb-
HOWM MHApacTpykTypbl B [loHeLkor HapogHor Pecny6nuvke. O606-
LLEH CyLLEeCTBYIOLLMIA ONbIT peanu3aummn nporpamm hopMmpoBa-
HWSA CPeACTB U METOOOB XWUJIMLLHOWM NOSIUTUKW ANS NPeodosieHns
NOCNEeACTBUN BOEHHbIX ENCTBUIA, aBapuin u KatacTpod. Bbinon-
HEH aHanM3 TEOPETUKO-METOLONOMMYECKNX OCHOB (DOPMMPOBa-
HWUA 1 Pa3BUTUA OPraHU3auMOHHbIX MOAENEN NMPU CTPOUTENBHO-
BOCCTaHOBUTENbHbIX padoTax. [okasaHo, YTO Npu peLleHun 3a-
Oad BOCCTaHOBNEHUS XunuiHoro oHga B IHP BocTpe6oBaHb!
NPVHLUMBI U METOAbI MPON3BOACTBEHHOIO U MHBECTULIMOHHOIO
niaHNPOBaHWs, COBPEMEHHbIE NPAKTUKM KOMMIEKCHOIO pa3Bu-
TUS TEPPUTOPUIA, MOBLILLEHWS Ka4ecTBa U KOMJopTa ropoackomn
cpefnbl, 0OGHOBNEHNA BETXOrO N aBapUMHOIO XMIoro hoHaa.

Oco60€e BHUMaHWE yOeneHo acnektaMm opraHM3aLnoHHO-3KOHO-
MWUYECKOro ynpasiieHnsa BOCCTaHOBJIEHUA N Pa3BUTUA XXUIULLIHO-
ro CEKTOpa, CTPoUTESIbHbIE (hOHAbI KOTOPOro NOTPe6nsAT 3Ha-
ynuTesibHble 06bEMbI PECYPCOB 1 3Hepruu. Llenbio nccnegosanus
ABNAETCA 060CHOBAHME KNacTepHON MoAenun ynpasneHvsa ans
peanusaunm NporpaMMHbIX PeLLeHNn co3[aHns KOMMOPTHOM
rOPOACKONM cpenbl B YCMOBUAX HEOMNPeOeneHHOCT! NPON3BOACT-
BEHHO-PECYPCHOro noTeHumnana oCBO60XAEHHbIX TEPPUTOPUNA.
PaccmoTpeHbl ocobble BHYTPEHHWE YCIIOBUS PETMOHA U MEpbI
rocyfapCTBEHHOM Noadep XKy, He0b6XoAMMble Ans obecneyveHns
WHBECTULMNOHHOW aKTUBHOCTM Ha OCHOBE COBEPLUEHCTBOBAHUSA
MexaHu3mMa rocygapCTBEHHO-4aCTHOrO NapTHEPCTBA.

lMpepcTaBneHbl NpakTUieckue pesynsTaTthbl PasBUTUSA HAaCeNEHHbIX
NMYHKTOB OCBOBGOXAEHHbIX TEPPUTOPWIA, BOCCTAHOBIIEHUS XXMNIIOMO
doHAa n coumanbHoW capepbl, Pa3BUTUA XXUINLLHO-KOMMYHarb-
HOro X03ancTBa U 06BLEKTOB MHPPACTPYKTYpbl. DopMUpoBaHue
YCIIOBUIA KOM(POPTHOW FOPOACKOW Cpefbl Ha OCHOBE KIlaCTEPHOM
MOZEenNM ynpasneHysl B yCNOBUSAX BOCCTAHOBEHUS U Pa3BUTUSA XK-
JIMLLIHOrO CeKTopa oTpaxaeT ctpaternto NporpaMmmbl coLpanbHo-
3KOHOMMYECKOro Pas3BUTUS HOBbIX PerMoHoB Ha 2023-2025 rofbl
W ABNAETCA BaXXHENLLEN COCTaBNAOLLEN MHOYCTPUanbHOro BO3po-
xaeHus [loH6acca B coctaBe Poccuiickon ®epepaumn.

Knro4deBble cnoBa: BOCCTaHOBIIEHNE XNII0ro ¢hoHA[a, Knactep-

Hasi Moferb yrnpaBeHus, SKOHOMUYECKOE pa3BUTHe, MPOU3BOA-
CTBEHHO-PECYPCHbIVi TOTEHUMATT PETMOHA
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Evaluation of factors influencing the choice
of developer strategy in urban spatial-
territorial redevelopment projects

The main stage of formation of the programme of spatial redevelopment of urban real estate in the tasks of
the developer is the development of its components: RCR (hereinafter, residential and commercial real es-
tate) + HIR (hereinafter, historical industrial real estate) + OCAH (hereinafter, objects of cultural and architec-
tural heritage).

In recent years, the construction of multi-apartment housing on the territory of the Russian Federation has
been carried out at a tremendous pace. The outskirts of cities are overgrown with entire residential areas of
new buildings. As a rule, when implementing the idea of “affordable housing”, developers first of all think about
their own benefits, without paying due attention to what problems such urban development generates. Untend-
ed wastelands between multi-storey colossi, remoteness of cultural and leisure facilities, formation of “traf-
fic jams” on the way to the places of work of the population — all these are often features of modern cities.
Megacities have exhausted the possibility of expanding residential development by using historical areas for
new construction projects, former large production sites have already passed the period of renovation and de-
velopment in the conditions of post-industrialization.

The paper considers the main tasks of the process of determining the market for an urban spatial and ter-
ritorial redevelopment project. An algorithm for the formation of factors including the selection of the territo-
ry and the determination of the attractiveness of the territory for investment of investment assets is present-
ed. The paper reflects the potential capabilities of the developer, assesses the dangers and opportunities with

the cross-influence of the strengths and weaknesses of the developer.
Keywords: housing construction, integrated development of the territory, redevelopment, developer, models,

projects, algorithm, factors
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PART I. FORMATION OF FACTOR SPACE
OF REDEVELOPMENT PROJECTS
IMPLEMENTATION

ne of the most common ways of organizing

housing construction is the integrated de-

velopment of territories. Integrated devel-
opment of territories has become one of the most
important directions of socio-economic develop-
ment of Russia, since balanced development of
territories is the most important factor in improving
the level and quality of life of the population,
the basis for the development of productive forc-
es [1].

The main prerequisites for the emergence and
development of the mechanism of integrated territo-
rial development (ITD) [2, 3]:

1) problem of resettlement of dilapidated and

emergency housing in the regions of Russia;

2) large number of industrial areas whose eco-

nomic potential is not being used;

3) transport, social, and commercial infrastruc-

ture of Russian cities needs to be updated;

4) in case of spot construction, there is a prob-

lem of shortage of places in preschool insti-
tutions and schools;

5) providing a new level of urban environment.

The main reason for the growing demand for
such projects is to reduce the cost of construction
due to scale. The great advantage of integrated
development of territories is the opportunity to cre-
ate an entire district within a single project, which
has a positive effect on the infrastructure of
the city as a whole. At the same time, there are

a number of factors influencing the choice of a de-
veloper's strategy when implementing projects in
the historical part of the city, namely [4-6]:

e constraining aspects of the investment attrac-
tiveness of historically developed buildings
(high costs with the demolition of the HIR and
the reconstruction of OCAH);

¢ investment risks taking into account the pos-
sibilities of the urban environment (outdated
transport and complex infrastructure);

* the requirements of the municipality for
the implementation of the concept of sustain-
able development of the historical settlement
(provision of housing for the resettlement of
residents from dilapidated stock);

¢ internal resources and project payback;

¢ organizational and economic sustainability of
the real estate revitalization life cycle of
the programme (the requirement for urban
normalization of pace and profitability);

e political and psychological factors affecting
the cost of RCR;

e the state of political stability and, as a result,
positive or negative expectations of market
participants;

¢ the degree of public confidence in the bank-
ing system, the real estate market, and
the prospects for the development of the city
and the country.

A. The main groups of indicators affecting

the positive performance of the developer (Fig. 1)
[7-10]:
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Creation of the concept
of sustainable development
of the territories of a historically
developed city

\ 4

Formation of the mission
and vision of the future
of the historical city center

Creation of a comprehensive
urban planning model
of urban space within
the boundaries
of the historical settlement
of the city

\ 4

Finding these funds <

Determination of the funds
required by the developer
for the implementation
of the programme

The ability and expedi-
ency for the developer to
meet these needs

A

Fig. 1. The main tasks of the process of determining the market for an urban spatial-territorial development project

1) market characteristics of the new architecture and the crea-
tion of a new ecological civilization;

2) involvement of the population in socio-economic processes;

3) competition indicators related to the economic processes of
housing and communal services, transport and social rela-
tions;

4) characteristics of the environment, preservation of the his-
torical environment and clarification of the subject of protec-
tion of the historical settlement of the city providing cyclical
dynamics of the ascending type of the expanded reproduc-
tive city as a system of “nature — society — man”.

PART Il. THE SCHEME OF SELECTION
OF TERRITORIES FOR THE REDEVELOPMENT
OF URBAN REAL ESTATE

Redevelopment of historical buildings or territories with such
buildings can be divided into full and partial® 2 [11]:

1. Complete redevelopment.

This type carries with it a complete renovation of the territory
and the real estate objects standing on it. The main criterion of this
type is the change in the category of the intended purpose of
the land plot, through the approval of the urban planning zoning
document (Rules of land use and development), the approval of
the redesign and restoration project in the Department of Cultural
Heritage for compliance with security requirements. This type in-
volves combining marketing analyses, creating a concept for
the project. A land plot is used here [12].

2. Partial redevelopment.

This type carries with it the change of urban facilities with mod-
ernization. There is no change in the category of the intended pur-
pose of the land plot. The project is being created in view of the al-
ready existing target purpose. In this form, the existing land plot
and the facilities operating on it are used [13].

Thus, in order to preserve the proposed historical building, it
needs to be given the status of an ancient, cultural heritage or his-
torical monument by going through the following stages.

Stage 1. Submit an application for an object to the authorities
that are engaged in the preservation of cultural heritage in a certain
area. Consideration of the application takes place within one month,
and then an examination is appointed and, based on the results,
an examination will be appointed to assess the historical and cul-
tural value of the object.

Stage 2. State historical and cultural expertise. The main criteria
for determining the value of cultural heritage are a comprehensive
examination of the object to establish physical and moral deteriora-
tion, as well as a formalized determination of the value of the object
in the context of the table of Order No. 478 “Approval of Criteria for
historical and cultural value of objects with signs of a cultural herit-
age object located on the territory of the city of Moscow”. This is
a system of logical actions of an expert from those assessments
that correspond to the qualities of the object.

Stage 3. According to the results of the examination, a conclu-
sion is drawn up, which indicates the place of the examination, in-
formation about the studies carried out, indicating the methods
used, facts and information that were established due to the analy-
sis, substantiation of the conclusion of the examination, etc.

Stage 4. The decision of the department on the assignment of
the protected status of the OCAH. With a positive conclusion of
the state historical and cultural expertise, the building receives
a protected status, is included in the unified register, the owner re-
ceives a passport of the cultural heritage object and an information
sign is installed on the building. The owner is responsible for
the preservation of the object (mainly expressed in the requirement
to pay and carry out restoration work), the definition of a protected
area (capital construction and some activities that may harm
the cultural heritage object cannot be undertaken on this territory).

There is a large amount of research and development on pro-
ject portfolio management systems and models from both Russian
and foreign scientists. Basically, these models can be divided into
two categories: single-criteria and multi-criteria.

Single-criteria models are divided into several types, including
linear, nonlinear, dynamic and graphical. Within the framework of

1 The official portal “RS63.ru”. URL: http://rs63.ru/rs-invest/661566/ (accessed: 02.20.2024).

2 The official portal “Business Quarter”. URL: http://ekb.dk.ru/news/promyshlennomu-severu-goroda-dobavyat-zhilya-236974733 (accessed: 02.20.2024).
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such models, the selection process for projects in the portfolio usu-
ally includes the following stages:

1. Definition of the basic criterion.

2. Evaluation of projects based on this criterion.

3. Analysis of the results.

4. Choosing the project with the best indicator for inclusion in
the portfolio.

Among single-criteria models, the most common:

1. Discounted Cash Flow (DCF) method. This method is based
on the calculation of the net present value (NPV) of projects. NPV
takes into account the cash flows of the project and reduces them
to the current value using discounting. Projects with a positive NPV
are considered potentially profitable and can be included in
the portfolio using the DCF method.

2. Internal rate of return (IRR) method. This method determines
the internal rate of return of the project, that is, the discount rate at
which the NPV of the project is zero. Projects with an IRR exceeding
the discount rate are considered profitable and can be included in
the portfolio.

3. Payback Period Method. This method determines the num-
ber of years or the period of time required to return the initial invest-
ment in the project. Projects with a shorter payback period are con-
sidered preferable and can be included in the portfolio.

4. Priority Ranking Method. In this method, projects are ranked
according to certain criteria or importance. For example, projects
can be evaluated by strategic importance, market potential, or
other factors, and projects with a higher priority rating can be in-
cluded in the portfolio.

Single-criteria models are easy to use and can be applied for
initial analysis or for simple economic systems. However, they do
not take into account the synergistic effect arising from the imple-
mentation of projects in the portfolio, and do not take into account
all the risks associated with the simultaneous implementation of
projects in the portfolio.

Multi-criteria asset portfolio management models provide
a more complete and comprehensive view of portfolio solutions.
They take into account not only profitability and risk, but also other
relevant criteria such as liquidity, the degree of synergy between
projects, compliance with strategic goals and resource constraints.

The advantages of multi-criteria models include:

1. Consideration of multiple criteria. Multi-criteria models allow
you to take into account and evaluate the importance of sev-
eral criteria at the same time, which allows you to make more
informed and balanced decisions.

2. Consideration of the synergetic effect. Multi-criteria models
take into account the interaction and synergy between pro-
jects in the portfolio, which allows you to evaluate and opti-
mize their combined effect and results.

3. Taking into account a wide range of risks. Multi-criteria mod-
els take into account various types of risks associated with
projects, including financial, operational, market and strate-
gic risks. This allows for a more comprehensive analysis and
decision-making that takes into account risks at different
levels.

4. Flexibility and adaptability. Multi-criteria models allow you to
change the weights and priorities of criteria depending on
changing conditions and preferences of the receiving party.
This provides flexibility and adaptability in asset portfolio
management.

5. More accurate and informed decisions. Multi-criteria models
provide more accurate and informed results, allowing

decisions to be made that better reflect the goals and inter-
ests of stakeholders.

The “PortfolioSelection” model proposed by H. Markowitz has
become one of the most popular multi-criteria models. Within
the framework of this model, assets are considered as random
variables, and it is based on the use of quantitative criteria that are
based on probability theory and statistics. At the same time,
the mathematical expectation in the model is a measure of expect-
ed profitability, and the variance acts as an indicator of the level of
risk. To achieve this, historical information about market perfor-
mance is used, taking into account its cyclical nature.

There are several other models in managing a portfolio of de-
velopment projects, which can also be useful depending on
the characteristics and needs of a particular company. Some of
these models include:

1. BCG Matrix Portfolio Model (Boston Consulting Group). This
model is used to classify projects in a portfolio based on their po-
tential growth and market share. It allows the company to determine
the strategic prioritization of projects, identify “stars” (high growth
potential and market share), “question marks” (high growth poten-
tial, low market share), “milking cows” (low growth potential, high
market share) and “dogs” (low growth potential, low market share).
This helps the company balance its portfolio and allocate resources
for the most promising projects.

2. Gartner Portfolio Model. Developed by Gartner Analytics,
this model helps companies analyze and classify projects in a port-
folio based on their strategic importance and potential value. Pro-
jects are evaluated according to criteria such as strategic impor-
tance, growth potential, innovation and technological complexity.
The Gartner model helps companies make decisions about project
priorities and resource allocation in accordance with their strategic
goals.

3. McKinsey/GE Portfolio Model. This model was developed by
McKinsey & Company and General Electric and is used to evaluate
and classify projects in a portfolio based on their growth potential
and risk. Projects are evaluated according to criteria such as mar-
ket potential, technical complexity, competitive advantage and ex-
pected revenue. The McKinsey/GE model allows companies to
make decisions about portfolio composition and project priorities
based on more extensive analysis.

Each of these models has its own characteristics and advan-
tages, and the choice of a specific model depends on the specific
situation and needs of the company. It is important to analyze and
choose the model that best suits the strategic goals and the level of
complexity of the company's projects.

As a result of the previous stages, the city's territories were as-
sessed for the presence of legal restrictions for housing construc-
tion, classified by type (vacant and built-up) and spatial potential
(high, medium and low-attractive), evaluated according to the crite-
ria of feasibility of construction.

The first stage in the selection of territories is the compilation of
a summary table (Table 1) of the collected information with the assign-
ment of points to each parameter. When summing up, it is necessary
to sum up all the points and divide them by the number of parameters.

Based on Table 2 it is possible to determine the attractiveness
of the territory for investment assets.
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Table 1. The algorithm for the formation of factors that include the selection of the territory

1. Type of territories

v Built-up (1 score)

v Free (4 scores)

2. Spatial potential

For built-up
v Highly attractive (4 scores)
v/ Medium attractive (2 scores)

For free
O Highly attractive (4 scores)
[J Medium attractive (2 scores)
[ Low attractive (1 score)

Criteria for the feasibility of construction
A. Infrastructural provision
3. Social infrastructure

4. Preschool institutions

O Provided (4 scores)

I Not provided (1 scores)
6. Polyclinics

O Provided (4 scores)

[ Not provided (1 score)

5. School facilities
O Provided (4 scores)
[ Not provided (1 score)

Engineering infrastructure

7. Water supply
[J High degree of provision (4 scores)
[0 Medium degree of provision (3 scores)
[J Low degree of provision (2 scores)
[J Not provided (1 score)
9. Power supply
[T High degree of provision (4 scores)
[0 Medium degree of provision (3 scores)
O Low degree of provision (2 scores)
[ Not provided (1 score)
11. Heat supply
[T High degree of provision (4 scores)
[J Medium degree of provision (3 scores)
[J Low degree of provision (2 scores)
[ Not provided (1 score)

8. Water disposal
[J High degree of provision (4 scores)
[0 Medium degree of provision (3 scores)
[J Low degree of provision (2 scores)
[ Not provided (1 score)
10. Gas supply
[T High degree of provision (4 scores)
[0 Medium degree of provision (3 scores)
[ Low degree of provision (2 scores)
[ Not provided (1 score)

12. Recreational infrastructure
[ Provided (4 scores)
[ Not provided (1 score)

13. Availability of public transport
[T High degree of provision (4 scores)
[0 Medium degree of provision (2 scores)
O Low degree of provision (2 scores)

B. Legal status

14. Form of ownership of land plots
[J Federal (4 scores)
[0 Regional (3 scores)
O Municipal (2 scores)
[ Private (1 score)

15. Territorial zones
[ Permitting housing construction (4 scores)
[ Changes required for housing construction (1 score)

C. The readiness of the territory for construction work

16. Engineering and geological conditions
[J Favourable (4 scores)
[J Relatively favourable (2 scores)
[0 Unfavourable (1 score)
18. The need for reclamation
I Yes (1 score)
I No (4 scores)
20. Availability of objects to be withdrawn
I Yes (1 score)
I No (4 scores)

17. Negative anthropogenic impact
[T Weak (4 scores)
[ Medium (2 scores)
[ Strong (1 score)
19. The presence of dilapidated and emergency housing
[JYes (1 score)
[T No (4 scores)

D. Public utility

21. Density of functions
[T High (4 scores)
[ Medium (2 scores)
I Low (1 score)

22. Users' perception of the territory
[ Positive (4 scores)
I Neutral (2 scores)
[T Negative (1 score)
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> Table 2. Matrix for determining the attractiveness of the territory To choose the optimal strategy of the developer in the imple-
mentation of urban spatial and territorial redevelopment projects,
>3 Attractive it is necessary to create a matrix of the influence of strengths and

weaknesses, opportunities and dangers (Table 4).
2<A<3 Medium attractive At the final stage, the evaluation of the effectiveness of the man-
agement strategy of the developer-developer in the cluster territory

<2 Low attractive shown in Fig. 2 is carried out.

PART 3. THE MATRIX OF POTENTIAL
OPPORTUNITIES OF THE DEVELOPER

After choosing the territory, it is necessary to determine the com-
bination of factors that create dangers and opportunities for the de-
veloper (Table 3).

Table 3. Assessment of threats and opportunities

CONCLUSIONS

The developed algorithm for determining the attractiveness of
the territory and evaluating the potential capabilities of the devel-
oper allows us to assess the main factors influencing the positive
performance of the developer-builder in the cluster territory.

Factors The relative importance The degree of impact on the devel- Calculation The size of N
of the factors opment strategy the threats/opportunities

Microenvironment factors

1. Internal corporate relations 5 +50 5% (+ 50) +250

2. Relations with suppliers 5 +10 5% (+10) +50

3. Relations with intermediaries 2 0 2%0 0

4. Relations with competitors 5 +30 5% (+30) +150

5. Relationships with partners 5 +50 5% (+50) +250

6. Relationships with contact audiences 4 -10 4* (-10) -40
Macroenvironment factors

1. Demographic 4 +10 4* (+10) +40

2. Technological 4 +40 4* (+40) +160

3. Socio-political 3 -40 3% (- 40) -120

4. Economic 5 -30 5% (- 30) —-150

5. Cultural factors 1 +10 1* (+10) +10

6. Natural 1 0 10 0

Table 4. Cross-influence matrix of strengths and weaknesses of the developer, opportunities and threats

Opportunities Threats
Strengths Total
1 2 3 4 5 Total 1 2 3 4 5 Total

1. The quality of the sold construction products +3 +3 +3 - - +9 +3 +3 - - - +6 +15
2. Promotion of services in the market +3 +3 +2 - - +8 +2 +3 — - - +5 +13
3. Development of partnerships +3 +2 +2 - - +7 0 +2 - - - +2
4. Signs for a specific organization +9
5. Signs for a specific organization
Weaknesses - - - - - - - - - - - -
1. Innovation 2 | -2 | - 5o s || =] ®
2. Systemic opportunities to attract investments -3 0 -1 -4 0 -2 -2 -6
3. Signs for a specific organization
4. Signs for a specific organization
Total +4 +6 +5 +15 +5 +3 +8 +23
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i Identify behavioural events 1 Levels of organizational activity: behavioural events —
1 related to performance effectiveness — organizational consequences
% Change: reaction frequency | 2 Time
3 Identify existing
i behavioural 3 Predecessor — Behaviour — Consequence
! opportunities based
on functional analysis
i Develop an intervention Consider the variable characteristics of the environment:
— 4a . . .
strategy 1) structure; 2) processes; 3) technology;
4) groups; 5) task
Apply the appropriate b 1. Positive reinforcement.
strategy 2. Negative reinforcement.
3. Punishment. F--mn
Change: depict the frequency 4. Quenching. 1
No of the reaction after 4a 5. Combination 3
the intervention !
N
Is the problem ;_ l'\:/lodelhlng.
solved? . Formation
Yes
Maintain desirable Reinforcement schedules:
) 4d )
behaviour 1. Continuous.
\L 2. Intermittent.
Evaluate the performance 5 3. Self-reinforcement
improvement
Fig. 2. Evaluation of the effectiveness of managing the developer-builder strategy in the cluster territory
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OueHka pakTopoB, BO3AENCTBYHOLLMUX
Ha BbIGOp CTpaTernm 3acTpomLumKa

npu peanusayum NPOeKTOB rOPoOACKOro
NPOCTPaHCTBEHHO-TEPPUTOPUASIBHOIO
peneBenonmeHTa

OCHOBHbIM 3TanoM hopMMPOBaHWS NPOrpaMMbl TEPPUTOPUANBHO-
NPOCTPaHCTBEHHOIO PeeBesioNMEHTa ropoACKON HEABVKMMOCTH
B 3afja4ax 3acTpouLLmKa SBMSETCA Pa3BUTVE €€ COCTaBNAIOLLMX:
XXKH (nanee xwunas n kommepyeckas HegmkumocTs) + UIMH (ga-
nee ucTopuyeckas npoMbiLLneHHas HeasmxunmocTb) + OKAH (pa-
nee 06beKTbI KyNbTYPHOIO N apXUTEKTYPHOro Hacneaus).

B nocnepgHune rogbl CTPOUTENIbCTBO MHOMOKBAPTUPHOIO XWUibA
Ha TeppuTopumn Poccuickon depepaumm BegeTcs KonoccanbHbl-
MU Temnamu. OKpavHbl FOPOAOB 3apacTalT LesbIMU XUIbiMU
MaccuBamun HOBOCTpoek. Kak npaBuno, peanuays nget o «ao-
CTYMHOM XMWnbe», 3aCTPOMLLMKM B NEpBYto o4epeb 3afyMblBa-
10TCS1 O COOCTBEHHOW Mosb3e, He 06pallas [OMKHOro BHUMaHWSA
Ha TO, Kakne nNpobnembl reHepupyeT Takoe ropofcKoe pasBu-
Tne. HeyxoxXeHHble NycTbipy MeXay MHOrO3TaXHbIMU Konocca-
MM, YOANEHHOCTb KYNbTYPHO-A0CYroBbIX 06bLEKTOB, 06pa3oBa-
HMe «NpoboK» MO NyTN K MecTam paboTbl HAceNeHns — Bce 3TO
3a4acTy 0CO6EHHOCTU COBPEMEHHbIX FOPOJOB.

lopopa-meranonucel ncHepnany BOSMOXHOCTb pPacLUMPEHUS XU-
NON 3aCTPONKM MYyTEM NCMONb30BAHUA UCTOPUYECKMX PaiOHOB
LNSi HOBbIX CTPOUTENbHbLIX NPOEKTOB, GbIBLUME KPYMHbIE NPOU3-
BOACTBEHHbIE NJOLLAAKM YXKe MPOoLUSIM Nepuos pEHOBaLMK 1 3a-
CTPOMKW B YCNOBUAX NMOCTUHAYCTpUann3aumm.

B cTaTbe paccMoTpeHbl OCHOBHbIE 3a4a4m NpoLEecca onpeaeneHms
pbIHKa NPOEKTa FOPOACKOro NPOCTPaHCTBEHHO-TEPPUTOPUATBHOO
penesenonmeHTa. MNpeacrasneH anropytMm opMmnpoBaHus ak-
TOPOB, BKJIOYAOLLMX HA OT60P TEPPUTOPUM U ONpedeseHne npu-
BNEKATENBHOCTU TEPPUTOPUM L)1 BNOXKEHWSI UHBECTULIMOHHBIX aK-
TMBOB. B ny6nukaumm oTpaxeHbl NoTeHUMaNbHbIE BO3MOXHOCTHU
3acTpoviLLMKa, NPON3BEAEHA OLIeHKa ONacHOCTEN U BO3MOXHO-
CTel Npy NEPEKPECTHOM BIIMSIHAM CUJTbHBIX U CrabblX CTOPOH 3a-
CTPOMLLMKA.

KntoyeBble cnoBa: CTPOUTENIbCTBO XWUJlbs, KOMIJIEKCHOE pa3-
BUTME TEpPPUTOPUN, PEAEBESIONMEHT, 3aCTPOULLNK, MOZEH,
MPOEKTbI, a/iIrOPUTM, GhaKTOPbI
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Methodological aspects of the formation and
reengineering of an integrated management

mechanism for investment and construction

activities of large enterprises

In current conditions, the system of mechanisms and approaches of corporate management is of crucial im-
portance in ensuring the effectiveness and long-term sustainability of the functioning of subjects of investment
and construction activities (ICA) in the context of macroeconomic instability and uncertainty of various factors of
the external and internal environment. Scientific understanding and systematization of the elements of the prob-
lems of formation and implementation of corporate management approaches allow us to form a holistic view of
the complex of methodological dilemmas and strategic alternatives in the field of formation of corporate manage-
ment models of ICA. In the practical aspect of corporate management, the considered problems are overcome
on the basis of a multidimensional mechanism of intra-corporate coordination. In accordance with these prereq-
uisites, an effective corporate management system can be implemented only on an integrated basis, taking into
account the variety of aspects and the complex nature of the functioning of corporate investment and produc-
tion systems of ICA. The results of the process and organizational and functional modelling of investment and
production activities of corporate structures allow us to identify key areas for the formation of integration mecha-
nisms within the framework of ICA corporate management system. The implementation of the principle of self-re-
production within the framework of the formation of an integrated corporate management system of ICA requires
the development and implementation of approaches to the continuous optimization of the mechanisms of the cor-
porate management system and their adaptation to changes in the conditions of external and internal operating
environments. At the technological level, the implementation of the concept and tools of controlling can be car-
ried out on the basis of using a wide range of functions and tools of corporate engineering and reengineering of
production, technological, organizational and managerial processes of functioning and functioning of the corpo-
rate model. The implementation of these approaches to the formation and development of an integrated corpo-
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he system of mechanisms and approaches of ® problems of determining the optimal size of
management is of crucial importance in ensur- the company and scaling of activities;
ing the effectiveness and long-term sustaina- e problems of substantiation of optimal devel-
bility of the functioning of subjects of investment and opment directions;
construction activities in conditions of macroeco- ) . )
. . ) ) ® problems of choosing metrics for evaluating
nomic instability and uncertainty of various factors of ) .
) ) the effectiveness of functioning;
the external and internal environment [1]. i )
At the same time, currently the most significant * problgms of a@guntlng gnd forecasting un-
place in the investment and construction complex C_ert?'hty and risk |n.plann|ng. o
of the Russian Federation is occupied by large en- Scientific understanding and systematization of
terprises and associations implementing a set of the elements of the problems of formation and im-
functional areas of investment and construction ac- plementation of management approaches allow us
tivities (ICA) [2, 3]. to form a holistic view of the complex of methodo-
In accordance with the general provisions of logical dilemmas and strategic alternatives in
the methodology of management and development of the field of formation and management of ICA mod-
economic systems and, in particular, enterprises and els.
organizations engaged in industrial and commercial Exogenous dilemmas — relate to various as-
activities under market management mechanisms, pects of interaction and mutual influence of the in-
the construction and implementation of management vestment and production system and the external
mechanisms both on the scale of a separate produc- environment of its functioning:
tfon and economic unit anq on the sclale.of associa- « Competition — Partnership;
tions and structures of various organizational nature ) .
) . . ® Delegation — Integration;
are associated with overcoming the common prob- o o
lems of choosing optimal development alternatives * Localization — Globalization;
and their combinations [4-8]. The most general as- * Borrowing innovations — Developing innova-
pects of this issue should include: tions;
e problems of reconciling the interests of vari- e Price-based competition - Quality-based
ous stakeholders; competition. >
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Endogenous dilemmas — concern aspects of the internal
organization of the investment and production system and
the mechanisms of its management:

e Short-term performance — Long-term performance;

e Sustainability — Economic growth;

e Conservatism — Innovation;

® Process orientation — Project orientation;

e Diversification — Specialization;

e Diversity — Unification;

e Integration — Differentiation;

® Autonomy — Subordination;

e Flexibility — Rigidity.

In the practical aspect of management, the considered prob-
lems are overcome on the basis of a multidimensional mechanism
of coordination, the main directions of which are:

e coordination between levels and individual functional areas
of management, in particular, between planning and control
activities;

e coordination by type of activity, including investment, pro-
duction, financial, etc.;

e coordination between investment objects in their target
quantitative, qualitative and time parameters, including in
terms of agreeing on the timing of achieving investment re-
sults for individual objects (projects, assets) as part of
the investment portfolio;

e coordination of levels and elements of infrastructure, includ-
ing in terms of information support for management.

In accordance with these prerequisites, an effective manage-
ment system can be implemented only on an integrated basis,
taking into account the variety of aspects and the complex nature
of the functioning of investment and production systems of ICA.

The results of process and organizational and functional mod-
elling of investment and production activities of structures allow us
to identify key areas for the formation of integration mechanisms
within the framework of the ICA management system (Fig. 1):

e integration at hierarchical levels of management of the in-

vestment and production system;

e integration by object areas of management — elements of
the total potential;

e integration of organizational and functional elements and
project management infrastructure;

e integration according to the elements of the process model
of the functioning of the investment and production system.

The implementation of the principle of self-reproduction within
the framework of the formation of an integrated management sys-
tem of ICA requires the development and implementation of ap-
proaches to the continuous optimization of the mechanisms of
the management system and their adaptation to changes in
the conditions of external and internal operating environments.

As a modern integrated approach to providing a system of sup-
port, optimization and development of management mechanisms
aimed at improving management efficiency, coordinating the inter-
action of management systems at all organizational and managerial
levels and monitoring their effectiveness, it is advisable to consider
controlling as an actual scientific and methodological management
concept, which includes the processes of setting goals and targets,
planning, information modelling, management accounting, informa-
tion support, monitoring, control, plan-based analysis in order to
develop optimal solutions that make it possible to best achieve

Elements
of the process model

Hierarchical levels
of management

Integrated
management

mechanism
for ICA

Elements

]

' Organizational and
of the aggregate potential !

I

I

functional elements

Fig. 1. Diagram of the directions of integration of the ICA man-
agement system

the results of strategic development based on innovative methods
of analysis and management of projects and processes [9, 10].

At the technological level, the implementation of the concept and
tools of controlling can be carried out on the basis of using a wide
range of functions and tools of corporate engineering and reengi-
neering of production, technological, organizational and managerial
processes of functioning and functioning of the corporate model.

Modern engineering management systems are aimed at en-
suring accounting, analysis and forecasting of the parameters of
the managed system, modelling management impacts, and sup-
porting effective management decision-making [11-15], including:

e getting information about the status of the control object;

e identification and analysis of problem areas and optimiza-

tion reserves, forecasting the development of trends;

¢ defining the goals of management decision — making;

e selection and justification of criteria for the effectiveness of

management decisions;

e modelling of a complex of alternative solutions;

e analysis of development scenarios depending on manage-

ment decision — making;

e formulation of conditions for choosing the optimal (rational,

pragmatic) solution;

e specification of the decision for delegation purposes.

The development of reengineering mechanisms is based on
an intensive management initiative aimed at identifying and imple-
menting reserves to improve the effectiveness of the corporate
management system and the effectiveness of the investment and
production system as a whole.

Prerequisites for the formation and implementation of reengi-
neering mechanisms are an understanding of the need for an ur-
gent response to external influences, the development and imple-
mentation of solutions aimed at meeting consumer needs,
ensuring clear and consistent communication in order to effec-
tively manage processes and projects in conditions of limited re-
sources.
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The process of implementing reengineering mechanism gen-
erally includes the following stages:

1) development of a reengineering strategy;

2) development of a detailed reengineering project (roadmap);

3) implementation of solutions;

4) evaluation of the results of reengineering.

The main subject-functional areas of integrated reengineering
based on controlling methods and tools, identified on the basis of
process and project modelling of ICA at various stages of develop-
ment of structures, are presented in Table.

Subject-functional complex reengineering based on ICA controlling

The implementation of these areas of reengineering within
the framework of an integrated management system can be imple-
mented on the basis of an organizational and managerial mechanism
of an adaptive ICA performance management model based on
the infrastructure of integrated reengineering (Fig. 2).

The implementation of these approaches to the formation and
development of an integrated management system for large enter-
prises engaged in investment and construction activities can contrib-
ute to strategic stability and efficiency growth in the context of dy-
namics of factors of the external and internal operating environment.

ject- i ject-functional
Subject-functional Main directions Subject-functio Main directions
areas areas
« Corporate strategy; * Business planning;
o Corporate business model development strategy; ¢ Financial modelling;
o Investment strategy: e Due Diligence, M&A support;
« Geographic expansion strategy: Investment o Preparation of documents and support in obtaining
Strategic lannin state support measures;
‘g o Export strategy; P g PP
planning ) « IPO support and attracting a strategic investor;
o Regional strategy;
Industry strategy o Preparation of investment memoranda;
. .
Business assessment
o Strategic asset development strategy; *
o Master territory planning « Competition analysis;
o Brand portfolio management strategy;
o Corporate organizational and functional model; * Marketing strategy;
o Organizational structure; g » Gustomer Path (CJM);
Competitive .
Organizational o Development of the project management system; strategy * E-commerce;
modelling and « Corporate management system; o Digital loyalty programmes;
structuring o Management system for goals and performance o Pricing;
benchmarks; o Sales promotion;
o Agile business transformation o Sales and operations planning (S&0P)
o Optimization of the ICP project management;
o Analysis of markets and industries, development .
trends: o Construction control;
o Confirmation of the sales plan; * Cost reduction programme;
. « Comparative analysis with industry entities, including Opgrgponal * Project office management,
Analytical block international ones: activities « Optimization of business processes;
« Price analysis and forecasting; e Supply chain management;
o Audit of sales channels; o Optimization of purchases;
o Research on consumer preferences e Increased productivity
« Resource management strategy; o Digital transformation strategy and roadmap;
« Strategy and roadmap; o Development of customer experience in the applica-
o tion of digital solutions for elements of the customer
o ESG transformations; path;
Resource * Preparation of documents for obtaining financing for N « Development of solutions based on artificial intelli-
provision and green” projects; PIQIYT . gence and big data:
i ; ; i ransformation
Z:\S/Lali)nar?\fnt * ESG diagnostics and recommendations for ESG de- o |dentification and optimization of bottlenecks of indi-
P velopment; vidual digital/IT projects;
* Support n receiving of ESG rating; o Preparation of an application for government support
o Communication strategy; for digital transformation;
e Carbon footprint assessment o Development of a digital initiative management model
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Fig. 2. Diagram of the organizational and managerial mechanism of the adaptive performance management model of ICA based on the in-

frastructure of integrated reengineering
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MeTopgonornyeckue acnekrbi
chopmMMpOBaHUA N PEUHXXUHUPUHTA
MHTErpMpoBaHHOro MexaHu3ma ynpasJieHus
MHBECTULMOHHO-CTPOUTENLHOW
AEeATeNbHOCTbIO KPYNHbIX NpeanpuaTUn

B akTyanbHbIX yCNOBUSAX CMCTEMa MEXaHM3MOB M MOAXO[0B
ynpaBneHns UMeeT onpegensiollee 3Ha4eHne B 06ecneveHum
3(phEKTUBHOCTN 1 AONIFOCPOYHOW YCTOMYMBOCTU (DYHKLIMOHMPO-
BaHWA Cy6bEKTOB NHBECTULIMOHHO-CTPOUTENBHOW AEATENBHOCTH
NPy MaKpOIKOHOMMNYECKON HECTABUILHOCTN N HEOMPERENEeHHO-
CTU pasnnyHbIX HaKTOPOB BHELLHEN W BHYTPEHHEN cpedbl. Hayy-
HOEe OCMBbICNEHVE N CUCTEMATM3ALNA ANEMEHTOB NPO6NeMaTUKn
hopMUPOBaHMA 1 peannaaumm Noaxofos yrpaeneHns no3sonsoT
chopmMmMpoBaTh LIeNIOCTHOE MpeAcTaBneHne 0 KOMMNIeKce MeToao-
NOTNYECKNX AUNEMM M CTpaTEermyecknx anstepHaTue B 061actu
chopmupoBaHus 1 ynpasneHuns cyébektammn n mogensmu MCO.
B npakTuieckom acnekTte ynpaBneHns paccMoTpeHHas npobie-
MaTuka npeofonieBaeTcs Ha OCHOBE MHOMOMEPHOro MeXaHu3-
Ma koopauHaumn. B cooTBeTCTBUM C AAaHHBIMU NPEANockIIKaMmu
3(PheKTUBHBIN MEXAHWU3M YNPaBIIEHNS MOXET ObiTb peann3oBaH
TOJIbKO HA UHTErPUPOBaHHOW OCHOBE, YYMTbIBAKOLLIEN MHOroobpa-
31e acrneKToB U KOMMNEKCHbIN XapakTep yHKLMOHUPOBaHUSA Tep-
puyTOpManbHO-BOCNPON3BOACTBEHHbIX cucTtem VICH. Pesynbratsl
NPOLECCHOro U OPraHn3aLMOHHO-MYHKLMOHaNBEHOr0 MOAENNPO-
BaHMWS MHBECTULMOHHO-NPON3BOACTBEHHOM AeATENbHOCTM MO3BO-
NAT ONPeAenvUTb KIoYeBble HAaNpaBieHus NHTerpaLumn B pam-
kax hopmypoBaHua MexaHuama ynpasnexduna NCO. Peanusaumsa
npUHLMNa camoBOCTNPOM3BOACTBA B paMKax hopMupoBaHuUs MH-
TEerpupoBaHHOro mexaHuama ynpasneHus VMCL TpebyeT pas-
paboTKn M BHEAPEHUSA NOAXO[O0B K MOCTOSHHOW ONTUMU3aLunn
W agantaumn K U3MEHEHWsAM YCMOBUA BHELUHEN N BHYTPEHHEWN
cpep, PyHKUMOHNpoBaHUA. Ha TexHONormM4eckom ypoBHe peanu-
3aumsa KOHLENUMU N MHCTPYMEHTapua KOHTPOMIMHIa MOXET Bbl-
MOMHATLCSA HA OCHOBE UCMONb30BaHUSA LUMPOKOro PyHKLMoHana
N NHCTPYMEHTapUA MHXUHUPUHIA U PEUHXMHVPUHTA NPOU3BOA-
CTBEHHO-TEXHONOMMYECKUX 1 OPraHM3aLOHHO-yNpaBieHYeCKnx
npoueccoB. Peannsaumns ykazaHHbIX NoAX0A0B K (DOPMMPOBaHUIO
1 Pa3BUTUIO MHTErPYPOBAHHOIO MEXaHN3Ma YrpaBneHns KpynHabl-
MU NPEeANPUATUAMU, OCYLLEECTBASIOLLUMN MHBECTULIMOHHO-CTPOU-
TENbHYI0 AEATENBbHOCTb, MOXET CMOCO6CTBOBATL CTPATErNYECKON
YCTOMYMBOCTU U POCTY SPPEKTUBHOCTU B YCIOBUSAX ANHAMUKMN
(haKTOPOB BHELLHEW U BHYTPEHHEN cpefibl (DYHKLMOHUPOBaHUS.

Knro4eBble cnioBa: MHBECTULIMOHHO-CTPOUTE TbHAS AEATENIbHOCTb,
WUHTErpupoOBaHHbIN MexaHU3M yrpaBrieHus, yrpaBieHe, Mexa-
HU3M, PEVHXWUHUPUHI, METOZOOMMHYECKUE ANTIEMMbI, CTpatTernye-
CKoe pa3BuTue, YCTONYNBOCT.

CIMNCOK NCTOYHUNKOB

1. Bechur B.P., Kagvpos B.B. KopriopatnBHoe ynipasneHne. M. :
UH®DPA-M, 2017. 272 c.

2. Benuzh A.A., Bolotin S.A., Dadar A.H., Budanov I.V., Butyrin A.Yu.,
Doan Z.H. et al. Construction management and real estate
development. Part I: Construction management. 4th ed. rev. and exp.
/ P.G. Grabovyy (ed). Stockholm : ASV Construction, 2020. 672 p.

3. Avilova I.P., Naumov A.E., Thuong Le.V., Belyakov S.I.,
Bolotin S.A., Butyrin A.Yu. et al. Construction management and
real estate development. Part Il: Real estate development. 4th ed.
rev. and exp./ P.G. Grabovyy (ed). Stockholm : ASV Construction,
2020. 608 p.

4. [Jo6pombicrioBa C.A. CoBpeMeHHbIe rnoaxoabl K YrpaBieHUo Kop-
ropaTUBHbLIMYM OpraHN3aumsMm CTPOUTESIbHOIo Komrnekca // Hana-
XecT-¢pmHaHcbl. 2004. Ne 9 (117). C. 51-53. URL: ovremennye-
podhody-k-upravieniyu-korporativnymi-organizatsiyami-stroitelnogo-
kompleksa

5. Myxamertwumra I'.C., HawknHa M.O., bukbaysa A.U., Cagu-
Ha O.M. CoBeplLLieHCTBOBaHWE KOPIOPaTUBHOIO YrpaB/ieHs NPoeK-
Tamu B CTPOUTESIbHBIX OpraHn3auusx // BectHuk Antavickovi akage-
M SKOHOMUKM 1 npasa. 2023. Ne 2-2. C. 237-240. DOI: 10.17513/
vaael.2719

6. pabosbii K.I1. Hay4Hble noaxoab! noBbILLEHNS] 3PEKTUBHOCTHN
opraHn3aynm CTPOUTESIbHOro bu3Heca B paMKax KOpriopaTuBHOIro
ynpaBneHus // HeaBumxmmocTs: skoHoMuKa, yrpasneHve. 2009. Ne 2.
C.40-44.

7. OnneHrevim M.[. Vicrionb3oBaHne KOMMYHUKATUBHbIX MEXaHU3-
MOB B yrpaB/ieH1N CTPOUTESbHbIMU Kopriopauusamu // SKoHoMu4e-
ckoe Bo3poxpaeHne Poccun. 2012. Ne 2 (32). C. 101-106. URL:
https://elibrary.ru/petenj

8. Maromepgos M.I"., [Nasro4eHko E.N. CucTtemMHbIVi TOAXOA K yrpas-
JIEHWIO B3aUMOAEVICTBMNEM YHaCTHUKOB MHBECTULIMOHHOIO npoLecca
B cTpouTesibCTBe // BecTHyk [JarectaHcKoro rocyapCTBEHHOMO Tex-
HUYeckoro yHmBepcuteTa. Texuundeckue Hayku. 2018. T. 45 (2).
C. 209-219. DOI: 10.21822/2073-6185-2018-45-2-209-219

9. CepsevinHr. OpraHn3ayus, akcneptnaa, ynpasnaenve. Yacts 1.
OpraHu3aLOHHO-TEXHOIOMMHECKMY MOLY/Tb CUCTEMbI CEPBEVIMIHIA :
y4ebHuk. M. : MICY, ACB, 2016. 272 c.

10. ®ponos b.A. OpraHn3ayysi coanaHCPOBaHHOV CUCTEMbI MTIaHN-
POBaHUSI U KOHTPOJIIMHIA B WHTErpPUPOBaHHbIX CTPYKTypax //
OKOHOMUH®O. 2005. Ne 4. URL: https://cyberleninka.ru/article/n/
organizatsiya-sbalansirovannoy-sistemy-planirovaniya-i-kontrollinga-
v-integrirovannyh-strukturah-1

11. BnaceHko B.A. O60cHoBaHWe KOHUenTyasibHbIX OCHOB (hop-
MWPOBaHNS HHOBALMOHHBIX CTpaterni Ha MUKpo- 1 Me30ypoB-
He // ®IC: DuHaHckl. OkoHomuka. Ctpaterus. 2018. T. 15. Ne 8.
C.71-76.

12. Konowmsbiyes [J.A. OCHOBHbIe napameTpbl KOHKYPEHTOCNOCO6-
HOCTU COBPEMEHHbIX CTPOUTESbHbIX npeanpuaTuii Poccuu // lNpo-
6nembl Haykn. 2017. Ne 24 (106). URL: https://cyberleninka.ru/
article/n/osnovnye-parametry-konkurentosposobnosti-sovremennyh-
stroitelnyh-predpriyatiy-rossii

13. PomaHeHko O.A. BO3MOXHOCTU (hyIHAHCOBOIO MHXUHUPUHIa
B (hOpPMUPOBaHUN KOPrIOPATUBHOW CTPATErn: NCTOPUHECKIMI OMbIT
MeXyHapOo[HbIX KOMaHwuii // BECTHUK capaToBCKOro rocy4apCTBeH-
HOro coymasbHo-aKkoHomm4eckoro yHuBepcuteta. 2020. Ne 2 (81).
C. 93-97. URL: https:/elibrary.ru/gexfkj

14. Bexnposa O.H., bapkanos C.A., TpugoHosa M.C. SgpgpexTns-
HOCTb MHXUHUPUHIa B ¢hOPMUPOBAHNN KOHKYPEHTOCMHOCOGHOCTYU
cTpoutensctea // Becthuk KOYpl'Y. Cepusi: KoMnblOTEPHbIE TEXHOIO-
rvm, yrpasnexHve, pagnoanektporuka. 2021. T. 21. Ne 3. C. 90-99.
DOI: 10.14529/ctcr210309

15. aBpurnoBa E.E. [Novnck a¢hgheKTNBHBIX METOLOB CO3A[aHNs Mpo-
WU3BOACTBEHHbIX MOAENEV MaHnpoBaHns v yrpasrienuns // BectHuk
Bomxckoro yHuBepcuteta um. B.H. Tatumwesa. 2010. Ne 16. URL:
https://cyberleninka.ru/article/r/poisk-effektivnyh-metodov-sozdaniya-
proizvodstvennyh-modeley-planirovaniya-i-upravieniya

06 aBTope: BensikoB Ceprenn MropeBu4 — kaHampat SKOHO-
MWYECKMX HayK, OOLUEHT Kadedpbl opraHu3aumm CTPOUTENbCT-
Ba M ynpaBlieHNs HeABMXMMOCTHLIO; HauuoHanbHbIi uccnepno-
BaTeNnbCkui MOCKOBCKMUIA rocyfapCTBEHHbIN CTPOUTENbHbIN
yHusepcutetr (HWY MICY); 129337, r. Mockea, fpocnas-
ckoe uocce, a. 26; PUHL, ID: 587836, Scopus: 39763951700;
BelyakovSI@mgsu.ru.

For citation: Beliakov S.l. Methodological aspects of the formation
and reengineering of an integrated management mechanism for
investment and construction activities of large enterprises. Real
Estate: Economics, Management. 2024; 1:21-25.

Ona uutupoBanusa: benskos C.M. Methodological aspects of
the formation and reengineering of an integrated management
mechanism for investment and construction activities of large
enterprises. // HepBWXNMOCTb: 9KOHOMWKA, ynpasneHve. 2024.
Ne 1. C. 21-25.



#1/2024 MexxayHapoHbIN Hay4HO-TEXHUYECKUA XypHarn HeoBmX1UMOCTb: 3KOHOMMKA, ynpaBneHne

JKOHOMMKA N MEHEAXMEHT HEABUXXUMOCTH

26

UDC 338.22

m Simionova N.E.
Simionov R.Yu.

Risk management in large-scale projects:
principles, management tools, resuits

At the current stage of economic relations development, taking into account external challenges, certain prereg-
uisites have been formed for the application of project management in the activities of individual business enti-
ties, as well as at the level of executive power. The analysis of the results of the implementation of national, fed-
eral, regional and departmental projects has shown that the application of the methodology and tools of project
management has yielded positive results in solving both economic and social problems. At the same time, state,
regional and sectoral problems were identified, which can be avoided with a properly organized risk manage-
ment system in projects. The existing risk management standards contain the principles on which the risk man-
agement system in projects should be based, but they need to be linked to the conditions of national and oth-
er projects, which are characterized by scale, long implementation period and a large number of participants.
The organization participating in the project has its own risks, which the risk management system is focused on,
but getting into the new system of interaction of organizations, additional risks arise. According to the research-
ers of this problem, new mechanisms are needed not only in each organization, but also an integrated system
covering all project participants. The authors believe that one of the possible risk management tools in large-
scale projects can be considered a scenario approach to project planning, which will allow the most reasonable
formation of financial reserves in the risk management system. It will ensure more effective risk management by
building their hierarchical structure in the form of a decision tree with consideration of alternatives to risk expo-
sure. In the risk management system, it is necessary to provide for the process of improvement as an actualiza-
tion of risks, taking into account the dynamics of factors of the external and internal environment of the project.
Keywords: project activities at the present stage, management problems, risk management principles, stand-
ards, identification methods, effective management system
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t the present stage of the development of
Aeconomic relations, certain prerequisites
have been formed for the widespread dis-
semination of project management, which is reflect-
ed not only in the implementation of the methodolo-
gy of project management at the level of economic
entities, but also at the level of public administration.
Such prerequisites include:
¢ need to find directions and mechanisms for
advanced changes in products, technolo-
gies, and marketing, which complicates man-
agement processes;
importance of ensuring resource conserva-
tion and resource efficiency is increasing, es-
pecially for resource-intensive industries,
which refers not only to the stage of creating
and implementing innovations in various
spheres of economy and public life, but also
to subsequent applications of innovations;

high degree of validity of the planned trans-
formations is required not only from the stand-
point of commercial, but also social, budget-
ary and economic efficiency, which requires
purposeful consideration of a fairly wide
range of environmental factors of a particular
project;

project management ensures transparency
and openness, the ability to adjust the trajec-
tory of planned changes in a timely manner,
including through organizational autonomy of
the project and maximum concentration of
managerial efforts to achieve goals;

* project management defines the centers of re-
sponsibility for the project as a whole and its

individual subsystems, and provides for maxi-
mum formalization of management processes.

Risks are inherent in current management ac-
tivities at enterprises, but in the process of imple-
menting projects and programmes, regardless of
their subject area and scale, risks increase. This is
due to the following reasons:

e project planning horizon is long-term and this
increases uncertainty and the likelihood that
environmental factors will change and affect
the management processes and results of
projects and programmes;

® any project is inherently innovative, since nov-
elty is one of the key features of the project,
and innovations are inherent in many risks,
including the risk of their commercialization;

e company implementing the project may not
have sufficiently developed a mechanism for
project management and updating
the change control system if it is necessary to
consider new options for further implementa-
tion of the project.

The situation becomes more complicated if
government projects and programmes are imple-
mented by many participating organizations. Hav-
ing their own risks, which the risk management sys-
tem is focused on, getting into a new system of
interaction between organizations, new risks arise
and new mechanisms are needed not only in each
organization, but also an integrated system cover-
ing all project participants.

Effective risk management requires compliance
with the principles that are disclosed in GOST R ISO
31000-2019, focused on the activities of enter-
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prises, but these principles can be transferred to the management of
large projects that go beyond the boundaries of one organization [1]:

1. The presence of the adaptability property of risk manage-
ment, which allows you to adjust to the dynamics of the external
and internal environment of the organization, changing goals. It is
obvious that the project goals are defined at the very first phase,
but in large projects, a mechanism for updating goals should be
formed if the implementation conditions change radically.

2. Involvement of stakeholders in the risk management process.
Given that regional, federal, and departmental projects involve
a large number of participating organizations, many risks can be
identified in the early phases of the project and taken into account
within the contractual relationships of the participants, but negative
dynamics that were not identified in the conceptual phase are not
excluded.

3. Basing on high-quality, up-to-date and accessible informa-
tion that reduces the uncertainty of forecast expectations of project
implementation results.

In relation to projects, the basics of risk management are set
outin GOST R 56275-2014 “Risk Management. A guide to the good
practice of project risk management”, which sets out the basic prin-
ciples [2]:

e risk management is considered as an integral part of the or-
ganizational processes of the project, including the develop-
ment of project strategy, planning, change management, thus
covering decision-making processes at each stage of
the project lifecycle;

e risk management is based on information about the results of
experiments, reports on completed work, existing experi-
ence, recommendations from stakeholders, forecasts and
expert assessments; possible limitations of information
should be taken into account;

¢ risk management should be transparent to all decision-mak-
ing stakeholders;

¢ risk management system should be dynamic and sensitive to
changes, as new risks arise, previously envisaged risks
change, and some risks disappear.

Project management creates advantages in achieving the goals
of transforming the activities of enterprises, industries and various
spheres of public life by maximizing the concentration of manage-
ment resources on meeting project deadlines, budgets and indica-
tors of qualitative transformations. But it is precisely these strictly
defined project frameworks that create additional risks.

Scenario approach to planning [3]

Risks can be significantly reduced and managed more effec-
tively if they are taken into account at the planning stage within
the framework of the scenario approach. As an example of this ap-
proach, we can cite activities within the framework of the “Strategy
for the development of the construction industry and housing and
communal services of the Russian Federation until 2030 with a fore-
cast until 2035” [3]. This document initially considers two develop-
ment options: a risk-free and a risk-free scenario. Some indicators
projected for 2030 are presented in Table.

As can be seen from the above indicators, the gaps between
the level of indicators planned under the risk-free and risk-free sce-
narios are significant. To reduce this gap, risk management meas-
ures are needed and these measures have a scale commensurate
with the level of deviations. This approach is also important from
the standpoint of the impact of achieving indicators on other areas
of the economy and public life.

The results of monitoring individual national projects allow us to
conclude that despite a fairly effective project management mecha-
nism, clearly identified processes and control points, certain risks
have arisen that are not provided for by the risk management sys-
tem, in particular [4, 5]

e deadlines for the development and conduct of state expertise
of design documentation for construction facilities are violat-
ed, which leads to late conclusion of contracts with general
contractors, violation of construction deadlines and, as a re-
sult, violation of project deadlines;
late payment of completed construction works, which violates
the financial stability of contractors, the inability of organiza-
tions to update fixed assets, introduce advanced construction
production technologies;

lack of the required number of contractors in a particular re-
gion, which leads to an increase in construction costs and
a violation of the deadlines for the completion of work in
the project;

formal approach to the development and formation of a num-
ber of project targets, the lack of calculation methods, the in-
ability of quantitative values of project indicators to reflect
qualitative changes in the system; targets either have too high
a level of aggregation.

When forming an integrated risk management system for invest-
ment and construction projects implemented in the territories of
advanced development, the following risk structure is proposed,
focused on the subject vectors of management [6]:

e country risks;

Indicators Unit of measurement Risky scenario Risk-free scenario

The volume of industrial and civil construction

Million square metres 26.2 34.3
Reduction of the share of falsified building materials used in capital con-
struction

% 30 50

Decrease in the share of imported building materials used in capital con- ” 20 25
struction °
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e regional risks, in particular, the lack of qualified personnel,
which echoes the risks of many national projects;

e municipal risks, including risks of land development in the use
of municipal lands;

* risks of management companies' activities.

The following risks are additionally considered [7, 8]:

¢ regional peculiarities are not taken into account when imple-
menting projects, in particular, taking into account the exist-
ing infrastructure when setting targets and allocating federal
budget funds;

e there is no clear mechanism for attracting and controlling ex-
tra-budgetary sources of financing;

e presence of resource constraints, in particular, with planned
large-scale construction within the framework of federal pro-
jects, there are risks of availability of building materials;

® shortage of highly qualified personnel in the health care sys-
tem, preschool education, sports, construction specialties;

e risks of a lengthy procedure for replacing the executors of
government contracts (if necessary).

Risks have also been investigated in relation to individual pro-
jects, which confirms the existence of common problems. In par-
ticular, within the framework of the management of the national pro-
ject “Culture”, measures have been identified and proposed to
manage the following risks [8]:

e |egislative issues related to the shortcomings of the legislative

framework itself and its changes;

e macroeconomic factors related to a reduction in economic
growth;

® managerial issues related to the imperfection of management
tools in projects;

e financial, expressed in insufficient financing of projects, lack
of financial reserves.

The success of national projects is due to the fact that manage-
ment covers all phases of the life cycle. At the same time, it is nec-
essary to take into account the following factors, which will ensure
the achievement of project goals [7]:

e clear interaction between different levels of government and
local governments, constant monitoring, ensuring interaction
between the state and businesses involved in public-private
partnerships;

e increasing the role of local budgets in the allocation of finan-
cial resources;

e operational and complete information support of the project
implementation processes.

The project planning system already creates good prerequi-
sites for reducing risks. To reduce the impact of uncertainty and
risks in projects implemented by executive authorities, the following
mechanism has been established [9]:

e status of the control event of the project is determined in
the schedule, where the project blocks are highlighted and
the result of the control event is described, qualitative and
quantitative assessments of the impact of the result on achiev-
ing the project goals are given;

e risk management system has indicators — a description of
the factors whose influence will lead to a violation of the tim-
ing of the control event (the forecast horizon is 3 months); two
types of indicators are provided: deviation is critical for
the project, deviation is uncritical,

e schedule of control events has been developed (the forecast
horizon is 12 months), which contains planned, forecast and

actual indicators, and events that do not fit into this schedule
are taken into account as other problems and risks with com-
ments on their possible impact on the project parameters.

The scale of the project is a source of risk in cases where
the detail of individual processes is insufficient and indicators turn
out to be too aggregated for operational risk management [10].

The project result is focused on a certain group of consumers
and a long-term project is inextricably linked with the risk that con-
sumer preferences change. Given this fact, it is necessary to make
adjustments in the management process based on feedback from
consumers, customers, and the target audience [11].

The way to identify risks is to develop a risk structure, which is
a hierarchical system of potential sources of risk. This approach
helps the project team to fully take into account the sources of indi-
vidual project risks associated with each contractor. Another ap-
proach is also possible: risks are displayed in the form of a simple
list of risk categories. As an effective risk management tool, the op-
tion of identifying them based on building a decision tree is also
considered. This allows us to consider risks systematically, clearly
structure, visualize their relationship, and consider management
alternatives. This is important for organizations that participate in
several projects simultaneously [12].

Considering the methods of reducing the risks associated with
the investments of project participants, in particular, a group of risks
associated with the construction of capital construction facilities is
identified [13]:

® risks of misuse of funds;

e risks of increased costs for the construction of facilities;

e risks of possible regulatory and regulatory restrictions on con-
struction, including land use;

® risks of increasing the construction time.

For effective risk management, it is necessary, first of all, to fo-
cus on the sources of risk and events that have caused negative
consequences, rather than on the consequences themselves. It is
necessary to take into account the hierarchical risk system of a par-
ticular project: first, risks that can affect the project as a whole
(deadlines, costs, targets) are identified, and then those inherent in
individual stages and types of work [14].

Considering large-scale projects implemented at the state lev-
el, including in the context of radical changes in economic relations
on the world market, it is proposed to focus on the following
risks [15]:

e economic risks can be minimized if the priorities in the eco-
nomic policy of the state are correctly set, dictated by
the need to implement an anti-crisis development scenario;

e socio-political risks are reduced if the society has an under-
standing of the importance of the projects being implemented;

e information risk management is focused on maximizing pub-
lic awareness of the importance of national project goals and
ways to achieve them.

In order to improve the risk management processes for the im-
plementation of national and federal projects, it is proposed to use
an approach based on the application of the Deming cycle [16]. In
this case, the management process includes 4 stages:

e planning (risk identification, risk assessment and risk man-

agement plan);

® implementation (continuous monitoring based on the control
card);

® mandatory annual monitoring;

® improvement (updating of risks depending on the completion
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of activities and dynamics of external and internal factors of
the project).

Based on the available points of view on the problem, it can be
concluded that the problems of risk management in projects re-
quire further consideration and the search for new tools. This ap-
plies not only to risk identification methods at the project planning
phase and consideration of alternatives, but also to establishing
a hierarchical relationship of risks, developing a mechanism for up-
dating the system.
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NpoeKTax: NPUHLMNbI, UHCTPYMEHTbI
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TOB nokasaJl, YTo NpUMeHeHne METOLOSIOMMU U MHCTPYMEHTapUs
NPOEKTHOro ynpaBneva Aano nosfioXXutesibHble pesyanaTbl B pe-
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LLIMM KOJIMYECTBOM YYaCTHUKOB. OpraHn3aumsi-y4acTHUK NpoekTa
MMEeT COOCTBEHHbIE PUCKWN, Ha KOTOpPbIe OpUeHTUpoBaHa cucTemMa
PUCK-MEHEMKMEHTA, HO, Nonaaas B HOBYHO CUCTEMY B3aMMOLENCT-
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Mbl He TOJIbKO B KaXXO0M OpraHn3aumm, HO TakxXe MHTerpupoBaHHas
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Basic principles and formation stages
of the system of relations between participants
of the investment process under risk conditions

The investment process of construction and operation of real estate objects constantly requires taking into ac-
count the interests of all its participants and the need to establish stable relationships between them. In the con-
text of the implementation of such processes, various organizational and technological situations arise, when
the nature of their functioning and development sharply changes, which determines the shift of interests of
each of the sections of the investment process, as well as the directions of their functioning and development
in the housing market, taking into account the accumulated experience and potential. This determines the need
to form such a system of relationships between participants in the investment process that will ensure minimum
risks in the creation of the final product, aimed at stabilizing the entire construction industry and processes, re-
ducing the influence of the external and internal environment. The research methods used in the work are theo-
retical analysis, empirical study with subsequent generalization and systematization of the obtained data, in ad-
dition, the main scientific approaches were used: “dialectical’, “systemic”, “dynamic”, “variant”, “balance” and
“modelling”. The object of the study is the main stages of the investment process, including the stages of pre-de-
sign, design, construction and operation, as well as participants in these processes. The procedure for forming
a system of relationships between participants in the investment process based on the use of basic investment
principles in order to increase the effectiveness of this system in various organizational and technological situa-
tions and the influence of various types of risk is considered [1, 2]. The use of various mechanisms in the field of
rational forms of organization of material production in the activities of enterprises for their effective management
and construction of real estate at the stages of the life cycle will increase the stability and reliability of their work
under the influence of risks and uncertainty factors of construction production.

Keywords: participants of the investment process, investor, investment strategy, stability, sustainability, reliability, pro-
duction process, organizational and technological situation, relationship system, risks, stages, factors, life cycle stages
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INTRODUCTION

The number of participants in the investment
process is significant and their functions and
interests are diverse, while the customer (in-
vestor) is usually the center of the investment pro-
cess. It determines the interaction with all other ele-
ments of the current system and performs the func-
tions of a controller and operator of the entire course
of operation and development of the process and
project implementation. Numerous uncoordinated
actions between participants in the construction pro-
cess determines the presence of a difficult problem
to implement, which leads to a longer project imple-
mentation period, an increase in the duration of con-
struction, as well as a deterioration in the quality of
work, an increase in various types of costs at
the stage of operation of the project. Given this situa-
tion, there is a need to adjust methods and ap-
proaches in the implementation of construction pro-
jects based on the formation of a reliable and sus-
tainable system of relationships between all partici-
pants in the investment process. It also requires
the allocation of responsibilities during the imple-
mentation of projects for various purposes. The need
to solve this problem within the framework of the for-
mation of a system of relationships between all par-
ticipants in the investment process and the rational
use of investment principles will create the basis for
reliable and sustainable development of construction
enterprises and production processes in the con-
struction of real estate, which determines the rele-
vance of this research [3, 4].

MATERIALS AND METHODS

The research methods used in conducting re-
search are theoretical analysis, empirical study, fol-
lowed by generalization and systematization of the ob-
tained data. In addition, the main scientific approaches
were used: “dialectical”, “systemic”, “dynamic”, “vari-
ant”, “balance” and “modelling”. The object of
the analysis is the organizational and technological
scheme of the functioning and development of invest-
ment processes for the construction of real estate in
a risk environment. The basic principles of investment
and the stages of forming a system of relationships
between participants in investment processes at all
stages of the life cycle of the construction of real es-
tate in the housing market are considered. The theo-
retical and methodological basis of the research is
the scientific publications of foreign and domestic sci-
entists and practitioners devoted to the research of
the problems of forming a system of relationships be-
tween participants in investment processes, the provi-
sions of economic theory and management. Statistical
and other information sources, materials characteriz-
ing the specifics of production and economic activi-
ties of the main participants of the process and their
relationships in risk conditions, expert opinions, legis-
lative acts and other regulatory and legal documents
in the construction industry formed the empirical basis
of the studly.

RESULTS

The system of economic relations finds its man-
ifestation in various aspects of the activities of
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enterprises, which is characterized by deep and superficial, epi-
sodic and cyclical, long-term and short-term processes. The main
condition for the effective functioning of these processes is
the availability of necessary investments, which makes it possible
to consider them as a category that has an objective dialectical,
systemic character. At the same time, investments include the fol-
lowing main functions that allow construction organizations to de-
velop and function effectively: regulatory, distributive, stimulating,
indicative, etc.

The implementation of these functions allows you to control
the development of all production processes and develop such
regulatory mechanisms, the provision of which guarantees the on-
set of a stable and balanced state in the investment and construc-
tion sector of the complex, and also allows you to give it a stable
and rational development based on the growth of the investment
potential of enterprises in the region.

The interaction of all participants in investment and construction
activities is aimed at obtaining the maximum possible income from
the use of tangible and intangible assets. The effectiveness of their
activities is conditioned by the need to take into account a number
of features necessary to ensure: the timing of construction and
the investment cycle; the quality and reliability of facilities under
construction; prices of construction projects; innovative construc-
tion technologies (through building codes rules and standards); fi-
nancial technologies (through the financing procedure and liability
regime); information technology (through analysis, control and ad-
justment); organizational technology (through the organization of
production and management); legal technology (through the con-
tract system).

The implementation of investment projects involves the interac-
tion of a number of participants — an investor, a developer, a cus-
tomer, a contractor, a design organization and an operating organ-
ization. The difference in the approaches and activities of each of
the participants often leads to contradictions between them, which
weaken the results of the project, or slow down or block this con-
struction project at any stage.

The investor/developer/customer is not always the same person,
which also adds to the number of participants in the process and
often negatively affects the timing and quality of the final product.

In addition, with the introduction of bank financing of residential
investment projects using escrow accounts, the role of the bank
acting as the actual creditor of the investor/developer has increased
significantly. In fact, banking organizations have become another
participant in the investment process, participating in the selection
of design and general contracting organizations and determining
the terms of contracts with them. In addition, each of the partici-
pants pursues their own goals and interests during the implementa-
tion of the investment project, but there is no clear and understand-
able system of relationships for everyone, each participant sees it
in his own way and this often leads to negative consequences up to
the suspension of the project.

At the same time, the investor (developer, customer) in this sys-
tem is the main link that must ensure stable connections between
all sections, determine their goals and objectives, create all
the necessary conditions for their stable operation in all production
processes and phases of the investment cycle. First of all, it affects
the investment and information resources of production, on which
the entire course of functioning and development of production pro-
cesses depends, as well as labour resources with their accumu-
lated potential, on which the stability of the internal environment of
enterprises depends [5, 6].

The conducted analysis of foreign and domestic experience on
this problem has shown that the production and social spheres cre-
ated on the territory of different regions have a large accumulated
potential and large capacities of objects, and the level of invest-
ment activity of potential investors in some regions is low, there is
a sufficient number of qualified personnel and specialized depart-
ments of enterprises for real estate objects.

At the same time, investors should ensure conditions for mobi-
lizing all internal reserves of participants at all stages of the produc-
tion process based on the formation of a stable and stable system
of relationships between them and the development of an effective
appropriate investment strategy based on the implementation of
the following basic investment principles:

1. The principle of investment efficiency. It is aimed at ensuring
that any investment in the process always brings a certain income.
At the same time, the subsequent investment of real estate provides
less income than the previous investment due to the formation of
various types of losses and risks in the process, and vice versa.

2. The principle of “putty”. Its essence is determined by
the fact that the number of degrees of freedom in the course of
making organizational, technological and managerial decisions in
the process of investing decreases as part of the implementation of
specific options for the construction and investment of real estate.
This is due to the need to ensure sustainable and reliable develop-
ment of processes in the external and internal environment of their
functioning.

3. The principle of combining material and monetary valua-
tions. It is reduced to the necessity to take into account in one uni-
fied system various indicators and parameters of the activities of
enterprises and participants in the investment process when they
implement specific tasks (production, economic, social, environ-
mental, etc.). This principle is aimed at ensuring stable relationships
between participants in the formation of a reliable system.

4. The principle of adaptation costs. It is aimed at ensuring that
the effect of investing in production processes during the construc-
tion of real estate comes after a certain period of time, the amount
of which depends on the conditions of specific situations of their
development and the reliability of the established system of rela-
tionships between participants in their construction.

5. The principle of the multiplier. It comes down to the fact that
obtaining the effect of investing in the construction industry of
the regional complex creates the necessary conditions and causes
corresponding effects in other related sectors of the national econ-
omy, and vice versa, which affects the creation of a stable system
of relationships.

6. “Q-principle”. Determines, when choosing a specific invest-
ment option for real estate and the activities of enterprises and
other participants in the investment process, the most effective
conditions for their investment and implementation in this option are
determined from among all other alternative options, which also
contributes to the formation of stable relationships between all par-
ticipants.

Based on the above, the activity of the investor (developer, cus-
tomer) and other participants at all stages of the investment cycle is
a rather lengthy and complex process and therefore must be car-
ried out taking into account a certain perspective. The formation of
the directions of this activity, taking into account the perspective, is
the process of developing an investment strategy [7, 8].

The complexity of this process also lies in the fact that when
forming such a strategy and system of relationships, an extensive
search and evaluation of all possible options for organizational,
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technological and investment solutions that most fully correspond
to the goals, image of the company and the tasks of its develop-
ment is underway. A certain difficulty in forming a strategy also lies
in the fact that it is not static, but requires constant periodic adjust-
ments when creating a system, taking into account the influence of
environmental factors and the presence of various types of losses
and risks in the system.

The formation of the strategy is based on forecasting the hous-
ing market situation in the external environment of solutions that
most fully correspond to the image of the company and the tasks of
its development. The complexity of forming such a strategy also lies
in the fact that it is not static, unchangeable, but requires constant
periodic adjustment taking into account changing factors of the ex-
ternal and internal environment, which also affects the process of
forming a stable and reliable system for all participants in the con-
struction of a real estate object.

The main process of forming a stable system of relationships
between participants in the investment process includes several
stages:

1. The initial stage of the development of the system and strat-
egy is reduced to determining the general period of its formation.

2. The formation of the main strategic goals by the investor and
the establishment of a relationship with all participants in the invest-
ment process. The formation of strategic goals should be linked to
the stages of the life cycle and the goals of the production and
economic activities of companies.

3. The development of effective ways to achieve and imple-
ment the strategic goals of production and economic activity is car-
ried out in two main directions: the development of strategic direc-
tions of activity; the development of the formation of a system of
relationships between participants and investment resources.

4. Development of strategic directions. Investment activity and
the formation of options for a system of relationships between par-
ticipants are based on taking into account the interests of all par-
ticipants in general throughout the entire development of the invest-
ment process and each of them individually. They are carried out by
generating the necessary investment resources. The process of
forming investment resources is an important component in the sys-
tem, aimed at ensuring uninterrupted investment activity in the stip-
ulated volumes, the most efficient use of basic production resourc-
es in the long term.

5. Development of a strategy for the formation of investment
resources and a system of relationships between all participants.
This stage of strategy development in the formation of a system of
relationships provides for the establishment of a sequence and
deadlines for achieving individual goals and strategic objectives. In
the process of this specification, external and internal synchroniza-
tion in time is ensured.

6. Evaluation of the developed strategy for the formation of
a system of relationships between participants in production pro-
cesses.

Thus, the development of an investment strategy in the formation
of a system of relationships between participants makes it possible to
make effective organizational, technological and managerial decisions
related to the functioning of the entire company in the face of changes
in external and internal factors determining this development.

The formation of uncertainty and risk factors in the construction
system under the influence of the external and internal environment
leads to the fact that the production processes of construction and
operation of real estate objects significantly deviate in time and
space from their normal, stable functioning and development.

There are three known ways to assess the accounting of uncer-
tainties: checking the sustainability of the project; adjusting project
parameters and economic standards; a formalized description of
uncertainty.

Uncertainty refers to the incompleteness or inaccuracy of infor-
mation about the conditions for the implementation of an investment
project (IP), including the costs and results associated with these
conditions. The uncertainty associated with the possibility of ad-
verse situations and consequences during the implementation of
the project is characterized by the concept of risk.

When evaluating projects, the following types of uncertainties
and investment risks are considered the most significant, namely:
the risk associated with instability of economic legislation and
the current economic situation, investment conditions and profit
use; foreign economic risk (the possibility of restrictions on trade
and supplies, border closures, etc.); the risk of adverse socio-eco-
nomic changes in the country or incompleteness or inaccuracy of
information on the dynamics of technical and economic indicators,
parameters of new equipment and technology; fluctuations in mar-
ket conditions, prices, etc.; uncertainty of natural and climatic con-
ditions, the possibility of natural disasters; industrial and techno-
logical risk (accidents and equipment failures, manufacturing
defects, etc.); uncertainty of the goals, interests and behavior of
participants; incompleteness or inaccuracy of information about
the financial situation and business reputation of participating en-
terprises (the possibility of non-payments, bankruptcies, failures of
contractual obligations).

When implementing the strategy, it is necessary to accurately
identify the conditions and factors of the external and internal envi-
ronment that have the greatest impact on the functioning, stability,
reliability and sustainability of the development of production pro-
cesses and the formation of a system of relationships between par-
ticipants in the construction of real estate [9-11].

Factors of the external environment:

1. Economic. One of the main groups of factors influencing
the development of production processes and enterprises. Com-
modity prices, the floating exchange rate of the national currency,
the inflation rate and interest rates on loans are important indicators
reflecting the state of the national economy.

2. Political. Along with economic factors, they have an impres-
sive impact on the development of enterprises. The inflow of invest-
ments from foreign investors depends on the current political situa-
tion in the country.

3. Social. Cultural and demographic factors existing in a coun-
try or region often determine the boundary between profitability and
unprofitability of construction organizations and other participants
in the construction of real estate.

4. Environmental. The state is paying more and more atten-
tion to the environment, and in this regard, companies in
the housing market have to adapt to these changes. The quality
and environmental friendliness of building materials, the location
of the facilities being built, etc., force companies to pay an im-
portant role to ecology in the strategic planning of many devel-
oping industries.

5. Legal. This group of factors includes the degree of legal
regulation of contractual relations, the composition of existing laws
and regulations, guarantees for the safety of enterprises, clarity of
wording of legal norms, etc. These factors determine the legality of
the conclusion and quality of performance of contractual relations,
the legality of business transactions, the possibility of resolving dis-
putes and other conflict situations.
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Factors of the internal environment:

1. Technological. Scientific research has a significant impact
on the development of the enterprise, allows to improve technolo-
gies, increasing competitiveness. The level of technological devel-
opment makes it possible to build production business processes
rationally, which directly affects the efficiency of enterprises.

2. Organizational. A system that allows the rational use of human
resources, finances of the organization, equipment, labour items,
building areas of the organization, financial and information resources.

3. Personnel. The personnel potential of the company's employ-
ees, the level and quality of tasks that can be solved by the com-
pany's personnel determine its competitiveness in the market and
stability.

4. Management. Management efficiency provides the basis for
the stable development of the real estate construction process and
the possibility of creating a stable and reliable balance to take into
account the impact of negative environmental influences, the alloca-
tion of resources necessary to achieve strategic goals in a short time.

5. Investment. Factors showing the degree of investment attrac-
tiveness of the business and the implementation of the overall strat-
egy. At the same time, the stability and sustainability of the estab-
lished system of relationships between participants in the construction
and operation of real estate objects, their financial condition increas-
es the likelihood of attracting additional capital for the implementa-
tion of construction projects.

The normal mode of functioning of the created system of rela-
tionships between all participants in the investment process is char-
acterized by the main criteria of their condition: reliability; stability;
sustainability.

These criteria complement each other and do not exist in isola-
tion from each other. In their unity, they form a complex character-
istic of the participant's position in the market within the framework
of the normal mode of its functioning.

Typical signs of the participants' conditions and development
are characterized through a system of quantitative and qualitative
indicators. The composition of these indicators should ensure
the specifics of the participant's functioning and its focus on identi-
fying emerging cause-and-effect relationships under risk condi-
tions. These include: parameters of the organizational and techno-
logical level of construction production, characteristics of business
and investment activity, profitability of production, indicators of
the organizational structure and management regulations.

The generalized indicator of organizational and technological
stability of the system participant's activity in the production pro-
cesses of construction and operation of real estate objects can be
defined as a share according to the following calculation formula:

E

ots:K'Kas(\1 7sz)£Lrv (1)
where K is a coefficient that takes into account the reliability of cal-
culations; K, is the coefficient of a comprehensive assessment of
the activity of a participant in the system; V,, is the coefficient of
variation of private estimates of the indicators of economic activity
of a participant in the system; L, is the required level of risk neces-
sary for the sustainable functioning of participants in the formation
of a system of relationships according to options.

CONCLUSION

Conducting research on this problem allowed us to identify
the main scientific and practical approaches that allow us to form
a stable and reliable system of relationships between participants

in the process of construction and operation of real estate, as well
as to develop appropriate measures and recommendations to in-
crease the use of their potential, which allowed us to formulate and
make the following general conclusions and suggestions:

® recommendations have been made on the implementation of
the investment strategy of the construction complex;

e conditions and groups of factors of the external and internal
environment of the enterprise that influence the activities of all
participants in the formation of a stable system of relation-
ships between them are identified;

e stages of formation and selection of a strategy have been de-
veloped in order to stabilize and sustainably develop all pro-
duction processes at the stages of the life cycle of construc-
tion and operation of real estate objects, taking into account
the ranking of external and internal factors.

The further development of the overall strategy for the formation
of a stable and reliable system of relationships between partici-
pants has its logical continuation in the analysis of a set of legisla-
tive, legal and economic standards that will ensure the effective-
ness of construction projects, solve the problems of unfinished
construction based on the transition to innovative and technological
innovations, digital technologies and more.

At the same time, the state, when developing a long-term strat-
egy for the development of the construction industry, should rely on
the needs of all participants in construction activities, from develop-
ers to the population purchasing residential premises.
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OCHOBHbI€ NPUHLUUNBI U 3Tarbl
chopMUpPOBaHUS CUCTEMbI B3aUMOOTHOLLIEHUIA
MeXnay Y4acTHUKaMU MHBECTULIMOHHOIO
npotiecca B yCNOBUSIX pUCKa

MHBECTULIMOHHBIN NPOLIECC BO3BEOEHNSA U SKCMyaTaumm o6bek-
TOB HEABWKUMOCTM MOCTOSIHHO TPEBYET y4eETA MHTEPECOB BCEX Er0
YHaCTHMKOB W HEO6XOAMMOCTW YCTAaHOBEHWS YCTOMHUBBIX B3aNMO-
OTHOLLIEHWI MeXay HMMWU. B ycnoBusx peanuaaumm Takmx npoLiec-
COB BO3HMKAIOT pasnnyHble OpraHn3aLnoHHO-TEXHONOrNYecKme
CUTYyauun, KOrga pes3ko MeHseTCs XapakTep ux yHKLMOHMPOBa-
HWSI U PasBUTUSA, YTO OMpPedensieT CMEeLLEHNE MHTEPECOB KaXAoro
U3 y4aCTKOB MHBECTULIMOHHOIO MpoLecca, a Takxe HanpaeneHus
nX PYHKLIMOHMPOBAHWUS U Pa3BUTUSA HA PbIHKE XWMbS C y4ETOM Ha-
KOMJIEHHOr O OMbITa, NoTeHuuana. 3To onpeaenseT He0OXoANMOCTb
(hOpPMMPOBaHMSA TaKON CUCTEMbI B3aUMOOTHOLLIEHWI MeXAy y4acT-
HUKaM1 MHBECTULMOHHOIO NpoLiecca, kotopas 06ecneynt MUHN-
MarnbHbI€ PUCKN MPU CO3[AaHUN KOHEYHOW MpOoAyKUWW, Harpas-
NEHHOW Ha CTabunuaaunio BCEro CTPOUTENILHOTO NPOU3BOACTBA
1 NPOLIECCOB, CHKEHUE BMUSIHUS BHELLHEN W BHYTPEHHEN Cpeabl.
MeTogamu nccnegoBaHus, NPUMEHSEMbIMU B paboTe, ABMAOTCS
TEOPETMHECKUIA aHann3, SMNUPUHECKOE U3YHEHUE C Nocnenyto-
LM 0606LLIEHNEM U CUCTEMATU3ALMEN NONYHEHHbBIX AaHHbIX, KPO-
Me TOro, 6bINN NCMONb30BaHbl OCHOBHbBIE Hay4YHbIE NOAXOAbI: «Au-
ANEeKTUHECKU», «CUCTEMHBIN», «AUHAMUYECKUA», «BapPUAHTHbIN»,
«6anaHcoBbIN», «MofenupoBaHune». O6LEKTOM NCCNENOBAHNA SB-
NAOTCS OCHOBHbIE 3Tanbl MHBECTULIMOHHOIO MpoLiecca, BKIoYato-
Lpe aTanbl NpearnpoekTHOW NPopaboTKM, NPOEKTUPOBAHUS, CTPO-
nTenbCTBa 1 3Kcniyatauuu, a Takxe y4aCcTHUKN 3TUX NpoLeCcCoB.
PaccmoTpeH nopsgok hopMupoBaHma CUCTEMbI B3aMMOOTHOLLIE-
HWUA MeXAy y4acTHMKaMMn MHBECTULIMOHHOIO MpoLecca Ha OCHOBE
MCNONb30BaHNA 6a30BbIX MPUHLMIMOB MHBECTMPOBAHWSA C LIESbIO
NOBbILLEHVS 3MEKTUBHOCTN 3TON CUCTEMBI B YCIIOBUSAX pa3nmy-
HbIX OPraHN3aLUMOHHO-TEXHOMOMMHYECKUX CUTYaLMI U BIIUSHNSA pas-
NNYHBIX BUAOB pycka [1, 2]. MNpuMeHeHne pa3nmyHbIX MEXaHU3MOB
B 06/11aCTV paunoHanbHbIX (OOpM OpraHvM3auuM MaTepuanbHOro
NPON3BOACTBA B OEATENBHOCTY NPEANPUATUN AN 3DEKTUBHOIO
MX yNpaBieHus 1 BO3BEAEHNSA 06BEKTOB HEABUXMMOCTM Ha 3Ta-
nax >XW3HEeHHOro LMKa NO3BOMUT MOBbLICUTL YCTOWYMBOCTb U Had-
€XXHOCTb MX paboThbl B YCMOBUSX BANAHWNSA PUCKOB U (DaKTOPOB Heo-
NpeaeneHHOCTN CTPOUTENbHOMO MPON3BOACTBA.

Knro4yeBbie cnoBa: y4acTHUKN MHBECTULMOHHOIO rpoLecca, NH-
BECTOp, UHBECTULMOHHAS CTpaTernsi, CTabuibHOCTb, yCTONYU-
BOCTb, HAZJEXXHOCTb, MPOU3BOLACTBEHHbIV MpoLecc, opraHu3aym-
OHHO-TEXHOJIOMMYECKas CUTyauusi, CUCTEMa B3aUMOOTHOLLIEHNM,
PUCKU, 3Tarbl, aKTOPbI, ITarbl XU3HEHHOIO LUMKIAa
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Development of a methodology for property
valuation using the retrospective method
of correlation-regression dependence

The conducted research is based on information databases of real estate objects, where an important problem
is that while there is a large amount of data, on the one hand, they are used for market research and mass val-
uation of real estate, but on the other hand, due to the lack of sufficient information or tools, do not allow to re-
flect the market situation fully.

The paper shows the analysis of the use of data collection and processing of real estate data in different coun-
tries, research results and opportunities in the use and implementation of real estate data depending on the pric-
ing factors.

This paper considers economic and mathematical methods of evaluating the data set in the assessment of real
estate objects, including the use of artificial intelligence. The reasonable confirmation of the hypothesis that
the use of retrospective information of the most similar and comparable objects of analogues on price-forming
factors for the assessed real estate object allows to determine the current market value using the retrospective
method of correlation-regression dependence is carried out. The substantiation is given on the example of cal-
culation of the market value of an arbitrarily selected real estate object. The conducted research partially dis-
plays the change in the value of the property object from the time factor based on the processing of the data
set. As one of the price-forming factors are real indices of change in prices of real estate objects on the basis of
several data sources. The conclusion summarizes the results of the study and the advantages of the method for
the valuation of real estate objects, including the determination of cadastral value by the mass valuation method.
Keywords: real estate classification, information systems, digital platforms, open data, data aggregators, cadas-

tral valuation, real estate valuation, database, real estate objects, information bases

- -
.
—
e

Akhmetgaliev

Timur Aleksandrovitch,
Postgraduate student, co-researcher
of the Department of Expertise and
Real Estate Management; Kazan
State University of Architecture and
Engineering (KSUAE);

1 Zelenaya st., Kazan, 420043, Rus-
sian Federation; ID RSCI: 1079329,
ResearcherlD: rid75143, ORCID:
0000-0001-6207-8290, Research-
Gate: https://www.researchgate.
net/profile/Timur-Ahmetgaliev;
timur280991@list.ru

A"

INTRODUCTION

and in other countries there are many different

databases, advertisement archives, printed
publications and many other sources of adver-
tisements. When assessing commercial and res-
idential real estate, a number of pricing factors,
availability of property classification with GIS dis-
tribution by information layers and other impor-
tant information are also important. The analysis
of information databases, aggregators of the mar-
ket of real estate objects showed that there is
a sufficient amount of information, including
a large amount of data. For example, from global,
such as the impact of the crises of 2008, 2014,
changes in prices for the main segments of real
estate during the pandemic COVID-19 in 2020,
the degree of impact of foreign policy factors
such as “special military operation” and imposed
sanctions, and local and regional factors:
the construction of public gardens, parks, infra-
structure development, and others. In this case, it
is necessary to process the array of data, and not
just processing, but with certain criteria to be
systematic and interconnected with each other
on prices, offers of real estate objects. To pro-
cess the data set many authors have developed
and presented various methods of market analy-
sis in many segments of real estate, where
the most common are the method of correlation
and regression analysis, the method of discrete-
spatial parametric modelling, the method of ge-
ocoding. For example, the problem of carto-
graphic support of land and property geoservic-

I n the property offer and rental market in Russia

es and Rosreestr geoportal, especially in the ter-
ritory of smal.rural settlements, unfortunately, was
not solved. However, in Russia there is an experi-
ence of works, where the possibilities of using
commercial databases are disclosed [1]. Accel-
eration of information processing at the stage of
recognition and identification allowed to revalue
real estate objects in real time mode [2]. If prop-
erty valuation is based on the availability and
quality of information, information technology is
the most concrete and fruitful prospect in valua-
tion studies [3].

The use of economic and mathematical meth-
ods in the process of analyzing the real estate
market allows making managerial decisions aimed
at increasing the affordability of housing and tak-
ing into account the interests of the majority of
the population living on the territory in question [4].

The purpose of this study is to confirm the au-
thor's hypothesis about using retrospective infor-
mation of the most similar and comparable ana-
logue objects in terms of price-forming factors for
the appraised property, which will allow determin-
ing the current market value using the retrospec-
tive correlation-regression method. The essence
of the method of correlation and regression analy-
sis is the acceptable formalization of the relation-
ship between changes in the prices of real estate
objects and changes in any of its characteris-
tics [6]. This method does not require absolutely
reliable object-analogues [6].

Thus, the hypothesis is based on the fact that
regardless of the chosen period of data analysis
up to the valuation date, it is possible to determine
the current market value of the valuation object.
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RESEARCH METHODOLOGY

The objectives of the study are:

e research of data array techniques in the assessment of real
estate objects, including with the use of artificial intelli-
gence;

e calculation of the market value of a randomly selected
property using the retrospective correlation-regression
method.

RESULTS OF THE STUDY OF METHODOLOGIES

The hypothesis was based on a retrospective correlation-
regression method, where the key difference is the use of his-
torical information on properties. The basis for this particular
historical information and the development of this method was
also provided by the research of a scientist from the Czech Re-
public [7].

An analysis of a database for property valuation in the UK is
presented where data is extracted, filtered and combined through
a three-stage process from various publicly available sources [8].
In Italy, an AVM model with machine learning capabilities is pre-
sented, where the most important tool to achieve this goal was
the use of a structured real estate database [9]. Researchers from
Germany proposed that a non-linear modelling method can be
used in property valuation to value properties in an inactive mar-
ket [10]. Researchers from Bosnia and Herzegovina adapted
a market value estimation model where one of the input parame-
ters is the age and expected life of the structure [11]. Mamdani
output system based on expert knowledge has many advantages
in property valuation, has a high level of subjective factors based
on human perception (according to researchers from Turkey) [12].
A number of scientists from Moscow propose to provide for
the creation of an information subsystem of mass assessment of
all real estate objects owned by the city of Moscow and located on
the territory of the city [13]. Researchers from Perm proposed
the concept of neural network modelling of the processes of mass
valuation and scenario forecasting of the market value of residen-
tial real estate objects [14]. Domestic researchers in their articles
presented the concept of online notary with the use of Rosreestr
and registration of transactions [15], IT-platform of real estate
property management [16], the project “System City” on services
in the sphere of commercial and residential property [17], a num-
ber of recommendations for innovative start-ups in construction
and real estate related objects [18].

Developed by S.G. Sternikmethodology of static interpola-
tion spatial-parametric forecasting based on DSPM allows to fill
in the missing data in unrepresentative clusters and in clusters
with missing sample [19]. With the help of TechnoCad-Online
software complex it is possible to obtain general data of SPC
(State Property Cadastre) about cadastral block, to find out nec-
essary information about land plots on the basis of thematic
maps [20]. For example, scientists A.N. Kochurko, A.Y. Khoronz-
hevskaya developed the programme “Comparative method of
assessment” allows to store, add, change, delete normative and
reference information, information about objects-analogues.
The obtained result is saved in a file with the extension xls, de-
signed to work in Microsoft Office Excel [21].

To test the hypothesis, the author studied the experience of
using MS Excel to solve the problem of cost estimation using
the method of correlation and regression dependence on the ba-
sis of a linear multifactor model [22].

CALCULATION OF THE MARKET VALUE

OF AN ARBITRARILY SELECTED PROPERTY USING
THE RETROSPECTIVE CORRELATION-REGRESSION
METHOD

The retrospective correlation-regression method was per-
formed in the following sequence:

1. Determination of the segment of the selected appraisal ob-
ject.

2. Selection of objects-analogues that are most comparable in
terms of price-forming factors.

3. Selection of the type of regression model f(x).

4. Estimation of model parameters.

5. Regression model construction.

6. Checking the adequacy of the model.

7. Calculation of the market value of the appraised object as of
the date of collection of object-analogues.

8. Calculation of indices of change in prices of real estate objects
from the date of offer of objects-analogues as of September 1, 2022.

9. Calculation of the market value of the assessed object as of
September 1, 2022.

Step 1. Arandomly selected property at the address: 33/1 Pravo-
Bulachnaya St., Kazan, Republic of Tatarstan, where the main price-
forming factors are: location, location relative to the traffic artery, total
area, number of floors, state of finishing. Each price-forming factor is
assigned a coefficient of significance, except for the total area, as
the above mentioned coefficients are qualitative attributes. Table 1
presents the adopted significance coefficients for the pricing factors.

Step 2. For the price-forming factor, such as location, the coeffi-
cients are also not entered, as the objects-analogues in the compara-
ble central district of the city and location relative to the transport main
are selected as the objects-analogues. According to the data of data-
base sampling as of two dates (analogues as of January 1, 2018 and
as of February 28, 2021, valuation date: September 1, 2022), the se-
lected objects-analogues differ in the date of offer, area, floor area and
state of finishing. Characteristics of the appraised object and the ob-
jects-analogues by price-forming factors (materials of the author).

Table 1. Significance coefficients of price-forming factors of
the objects-analogues

Pricing factor Factor characterization Significance factor

1 storey and above 2

Number of storeys
1 storey and above +

basement (ground floor)

1 line 2
Location in relation
to the motorway
Neighbourhood 1
High-quality renovation 3
Finishing condition Standard finish 2
Unfinished 1

Source: compiled by the author.
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> Step 3. A multiple linear regression equation was chosen as that can be explained by the regression relationship. If the coefficient

the type of regression model for the function f(x): of determination is close to one, the model explains almost all variabil-

ity of the relevant variables. In practice, if R2 values reach values of 0.9

y=(ag+axX; +ax,+... +ax,) b, (1)

Table 2. Regression statistics and analysis of variance

where y is the value of the resultant trait obtained by substituting

the corresponding values of the factor traits into the regression Data Model data as of Model data as of

equation; 01.01.2018 02.28.2021
Xy, Xo, ..., X, are factor attributes;

ao, ay, ..., 4, — model parameters (model coefficients);

Regression statistics - -

b — price change index from the bid date to the valuation date. R-squared (determined

Step 4. Table 1 presents the pricing factors and assigns signifi- from d.ata from t_he "data 0.80 0.94
cance coefficients based on the principle that if the object-ana- anal}fSl;/regressmn
logue is better in any pricing factor, a higher coefficient is assigned. add-in in excel)
Based on the above-mentioned qualitative characteristics, a score Analysis of variance - -

table of price-forming factors of the appraised object and objects-

. ) . X F-observed (determined
analogues was drawn up (author's materials). Since the objects-

using data from the “data

analogues were used as market analysis, which are actually offers, . - 6.02 19.11
) . : ) analysis/regression
a 10 % discount for bargaining was applied to all offer prices of add-in in excel)
objects-analogues. In this case, the dependent variable is the value — .
of the market value of 1 sq. m of the area of the objects-analogues, F-critical (determined = FRASPOBR(0.05; 4; | = FRASPOBR(0.05; 4;
the other characteristics are qualitative. using excel function = 6) = 4.53, where 0.05 | 5) =5.19, where 0.05
Step 5. Multiple linear regression was constructed using FRASPOBR (probability; | is the probability; 4 is | is the probability;
the “data analysis/regression” add-in in excel, where the input inter- degree of freedom 1; Fhe number °f_ factors | 41is 'fhe number of-fac—
val for Y were the values of the area according to the objects-ana- degree of freedom 2)) in the regression tors in the regression
logues, and for X the input interval were the values of price-forming model constructed; | model constructed;
factors (total area, number of floors, location in relation to the motor- 6 is the number of 5 is the number of ob-
way and state of finishing). observations minus servations minus
Step 6. The criterion that characterizes the adequacy of the re- th? number of factors th? number of factors
gression model is called the coefficient of determination — R2 (Ta- minus one minus one
ble 2), it indicates the percentage of variance of known market data Source: compiled by the author.
Table 3. Calculation of the market value of the object as of 01.01.2018
ignifi f all val . 8Q.
Slgm !cance Obtained values by for- Sum of all values, rub Sq, m by Area of the as- Market value
- coefficients of : the formula for each variable ) )
- Coefficients mula for each variable sessed object, | of the appraised
the assessed 2 A A 42 Y=(ay+aX; +aX, +... +aX,), sa.m obiect. rub
object 0 8K 3p o + Ak rub. sg. m & JOGL, Tub.
Y-intersection 8,041.40 - 8,041.40
Variable x; 2.11 3,209.80 6,783.31
Variable x, 5,075.93 1.00 5,075.93 71,878.24 3,209.80 230,714,768
Variable x, 0.00 2.00 0.00
Variable x, 25,988.80 2.00 51,977.60
Source: compiled by the author.
Table 4. Calculation of the market value of the object as of 02.28.2021
Obtained values b Sum of all values, rub.
Significance coeffi- y, sq. m by formula for Area of the as- Market value of
- ; formula for each vari- ) ) )
- Coefficients cients of the as- each variable sessed object, the appraised
. able ay; a.xy; X, ... + .
sessed object va Y =(ap+aX; +ax, + sg. m object, rub.
wn +...+3,X,), rub. sq. m
Y-intersection 21,225.70 - 21,225.70
Variable x; -3.57 3,209.80 -11,443.66
Variable x, 12,209.80 1.00 12,209.80 70,423.30 3,209.80 226,044,716
Variable x, 0.00 2.00 0.00
Variable x, 24,215.73 2.00 48,431.46

Source: compiled by the author.
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Table 5. Calculation of the average value of price change indices from 01.01.2018 to 09.01.2022, from 02.28.2021 to 09.01.2022
Number Date Average value of retail and office property in Kazan | Value of the price change coefficient as of 09.01.2022
1 09.01.2017 70
1.6607
2 09.01.2022 116.25
3 - - 1.051
- Average value - 1.3558
1 09.01.2020 69.5
1.6727
2 09.01.2022 116.25
3 - 1.041
- Average value 1.3566

Source: compiled by the author according to the data™ 23 4.

Table 6. Calculation of the final value of the assessed object using information as of 01.01.2018 and as of 02.28.2021

Date of evaluation/ Market value Value of price change coefficient Market value as
Number roposal as of the valuation date. rub as of 09.01.2022 relative of the valuation date — Deviation of results
prop - U to the valuation date 09.01.2022
1 01.01.2018 230,714,768 1.3558 312,807,086
2 02.28.2021 226,044,716 1.3566 306,648,178
Offer price of the appraised g:zrctptr;i?nm it:tz aazzgal;iid
Number - object without adjustment - J . g 5.32 %
for bargaining, roubles haggling adjustment
gaining, (10 %), rub.
09.01.2022-
3 10.05.2022 330,000,000 1.0000 297,000,000

Source: compiled by the author.

and above, the model is considered very high, and sufficient at values
corresponding to the interval 0.70-0.89. According to the Chaddock
scale, the obtained values of the coefficient of determination are 0.80
and 0.94, which indicates a strong direct correlation.

The Fisher coefficient is used to indicate the probability of er-
roneously concluding that there is a strong interdependence. If
the F-observed is greater than the F-critical, then there is a relation-
ship between the variables. The observed values of Fisher's coef-
ficient (Table 2) are greater than the critical values, accordingly,
the regression equations obtained are correct for calculating
the value of the building being valued.

Step 7. Having obtained the regression dependence coeffi-
cients, it is possible to calculate the market value of the appraised
object according to formula (1) by substituting the values of the bal-
listic characteristics of the appraised object as of the relevant dates
of the market analysis (Table 3, 4). The final market value is deter-
mined as the product of the total area by the received value of
1sg. m. rub. of the object on the relevant dates.

Step 8. Price change indices from the bid dates to the valuation
date (09.01.2022) were calculated using data from several sources,
where the average value was determined (Table 5).

Step 9. The final value of the appraised property as on 09.01.2022
using data as on 01.01.2018 and 02.28.2021 was calculated by multi-
plying the market value calculated in Step No. 7 by the average of
the change in price indices calculated in Step 8 (Table 6).

DISCUSSION OF RESULTS

Table 6 presents the results of the calculation of the market
value of the property using the objects-analogues as of January 1,
2018 and as of February 28, 2021, as well as provides information
on the actual supply on the market of the object of study®. As can
be seen, in the column market value on the date of assessment
September 1, 2022 is within the acceptable range of prices in
the amount of 5.32 %, which is calculated as the maximum value
divided by the minimum, minus one unit multiplied by 100 %. In
practice, the maximum allowable range, according to the survey
data, is (+/-) 17-20 %, and may reach 30 % in an inactive market.

Accordingly, the conducted research and the result of the dis-
crepancy between the variants of calculations using the objects-
analogues on different dates of offer speaks about the confirmation
of the hypothesis, where the use of retrospective information of
the most similar and comparable objects-analogues on

1 Information portal of real estate (database of objects, statistics, market analysis). Statistics of the property market. URL: tatistika-rynka (date of reference: 01.17.2024).

2 Monitoring of prices of real estate objects, land plots, rental rates in the Republic of Tatarstan as of 09.01.2017. 2017. Pp. 1-22. URL: appraisers-rt.rf/results-of-monitoring/ (date

of reference: 01.17.2024).

3 Monitoring of prices of real estate objects, land plots, rental rates in the Republic of Tatarstan as of 09.01.2022 2022. Pp. 1-45. URL: appraisers-rt.rf/results-of-monitoring/ (date

of reference: 01.17.2024).

4 Monitoring of prices of real estate objects, land plots, rental rates in the Republic of Tatarstan as of 09.01.2020. 2020. Pp. 1-62. URL: appraisers-rt.rf/results-of-monitoring/ (date

of reference: 01.17.2024).

5 Information about the object offer “Sell non-residential building, 3,300 m?”. 2022. URL: https://tatarstan.move.ru/objects/6875901981/# (date of reference: 01.17.2024).
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price-forming factors for the assessed property allows to determine
the current market value using the retrospective method of correla-
tion-regression dependence.

CONCLUSION

Availability of current and retrospective information databases
of real estate objects is one of the great advantages today for ana-
lyzing information and determining the market value of real estate.
The presented retrospective method of correlation-regression de-
pendence with the use of price index coefficients justifies the pos-
sibility of using information databases for the current date. Accord-
ingly, the essence of this method is that regardless of the date of
selected objects-analogues to the valuation date for the object un-
der study, the result will be the market value at the current date
within the acceptable range.

This method can be applied for mass valuation of real estate,
including the determination of cadastral value with the addition of
various variants of price-forming factors, as part of the develop-
ment of the methodology of valuation and management of real es-
tate objects of various functional purposes. The advantage of this
method, when building the model, is the possibility to use objects-
analogues, where price-forming factors can be maximally compa-
rable, i.e. correction factors are close to the minimum value.
An additional bonus when using this method is the availability of
market information in passive markets with undeveloped economy,
where there are 2-3 offers per year.
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MO ABNSIETCA, Y4TO NPW HANNYMKN 60SLLLIONO KONNYECTBA AAHHBbIX,
OHW, C OHOW CTOPOHbI, UCMONb3YOTCA ANS UCCNEA0BAHNSA PbIHKA
N MaccOBOW OLEHKW HeABWXMMOCTU, OHAKO C APYroW, B CBA3N
C OTCYTCTBMEM AOCTATOYHOrO KONMNYECTBa MHAOPMaLK MW UH-
CTPYMEHTOB, HE NO3BONSAIOT B NOSIHOW Mepe oTobpaxaTb KOHb-
IOHKTYPY pbIHKA.

CrtaTtba oTO6paxaeT aHanM3 UCNofib30BaHMA AaHHbIX c6opa
1 06paboTKM MHGOPMALNN OOBEKTOB HEABMXUMOCTHU B pasnuny-
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HbIX CTpaHax, pe3ynbTaTbl UCCIeQOBaHUN U BO3MOXHOCTM Mpu
MCMOSIb30BaHWMMN U BHEAPEHWUM AaHHbIX 06 06bEKTAX HEABUXKUMO-
CTW B 3aBUCUMOCTW OT LIEHOO6pa3yoLLmMX PaKTOpOB.

B paHHOM cTaTbe pacCMOTpPeHbl 3KOHOMUKO-MaTeMaTUu4eckue
MeTOobl OLleHKN MaccuBa OaHHbIX MPpU OLUeHKe 00bEKTOB HeaBwu-
XWMOCTHW, B TOM YUCIIE C UCTMOSIb30BAHNEM UCKYCCTBEHHOIO UH-
TennekTa. MpoBeaeHo 060CHOBaAHHOE NOATBEPXAEHNE TUNOTE-
3bl O TOM, YTO MCMNOJSIb30BaAHNE PETPOCNEKTUBHOWM MHGOPMaLK
Hanbonee aHanoOrn4YHbIX U COMOCTaBUMbIX O6BHEKTOB aHasno-
roB Mo LieHoo6pasyLwmm akTopam Ans oLeHBaemMoro 06b-
eKTa HeJBMXXMMOCTU MO3BOJIIET ONPeAeNnUTb TEKYLLYIO PbIHOY-
HYI0 CTOMMOCTb C UCMOSb30BaHNEM PETPOCNEKTUBHOrO MeToaa
KOPpPEensaLUNOHHO-perpeccmMoHHon 3asncumoct. O60cHoBaHne
NPUBELEHO Ha MpUMepe pacyeTa PbIHOYHOW CTOMMOCTU MpPO-
M3BOJIbHO BbIGPAHHOr0 o6beKTa HefBMXUMOCTU. [poBeaeH-
HOe uccriefoBaHne YacTUYHO 0TOGPaXaeT UBMEHEHUE CTOUMO-
CTW 0O6bEKTA HEOBMXXUMOCTU OT (hakTopa BPEMEHM Ha OCHOBE
06paboTKn MaccuBa AaHHbIX. B ka4ecTBe ogHOro na LeHoob6pa-
3yOLLMX (DaKTOPOB BbICTYNAIOT peanbHble MHAEKChl U3MEHEHNSA
LeH 06bLEKTOB HEABMXUMOCTN Ha OCHOBE HECKOJbKMUX NCTOYHM-
KOB [aHHbIX. B 3aknio4eHun npuBegeHbl UTOrM NPoOBEAEHHOrO
ncecnenoBaHus U NpenMyLLiecTBa MeTofa Afsl OLEHKM 0ObEKTOB
HEeLBMXUMOCTW, B TOM YucCne ANs onpeneneHus KagacTtpoBown
CTOMMOCTU METOOM MacCCOBOW OLIEHKM.

Knro4eBble cnoBa: Knaccughvkaymsi HEABMXUMOCTU, MHGbopMma-
LMOHHbIE CUCTEMBI, UNGHPOBbIE NNATEHOPMbI, OTKPbITbIE AaHHbIE,
arperartopsbl aHHbIX, KagacTpoBas olyeHKa, oleHKa HeLBUXU-
MoCTH, 6a3a [aHHbIX, 06 bEKTbI HEABUXNMOCTU, MHGDOPMAaLMOH-
Hble 6a3bl
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Analysis of the mechanism for the introduction
of innovative products in the lift industry

The paper points out that in order to increase the level of residential safety and energy consumption, as well as
for further development of multi-storey construction it is necessary to introduce new innovative technologies in
the lift industry. The paper studies the organizational and economic mechanisms by which the replacement of
lifts used up their service life to modern, i.e. complying with the requirements of TR TS 011/2011 energy-effi-
cient lifts in the existing building. Notes the use of administrative method for this, i.e., prohibition of operation of
lifts that do not meet the standards of TR TS 011/2011 after 25.02.25 year. This measure stimulates the collec-
tion of funds from the owners of premises in apartment buildings and provides assistance of the Government of
the Russian Federation and the regions to provide deferral of payments for the installed lift and payment of inter-
est on the loan for the purchase of domestic innovative equipment in the period until the crisis of 2022. As a re-
sult of these measures in the 1st quarter of 2023 there was a significant increase in production of domestic mod-
ern lifts compared to the same period of 2022. It is noted that the supply of lift equipment under the new economic
mechanism in the crisis, i.e. with 50 % payment and 50 % interest-free installment payment for 5 years, which in-
creased in 2023 the purchase of lift equipment for replacement in apartment buildings. The paper has sugges-
tions for the development of the domestic lift industry to include in the development of lift construction financing
through a programme of “green bonds”, which is a debt financial instrument to raise funds for the environmental
project; in addition, to introduce advanced innovative technologies in the domestic lift industry to conclude an off-

Savostina
Alla Alekseevna,
Postgraduate student of

set deal with the leading lift manufacturer.

Keywords: lift, innovative technology, safety level, lift industry, green bonds

roduction of innovative products increases
P the efficiency of the company and is a source

of competitive advantage [1, 2]. Slow intro-
duction of innovative technologies in production
leads to technical lagging behind foreign lift manu-
facturers [3]. At the same time strict safety require-
ments are imposed on the operation of lifts and
the operation period in the Russian Federation is set
at 25 years, during which deficiencies from the im-
plemented innovative solutions can appear, which
can lead to a decrease in the level of safety in
the operation of the lift [4]. Modern innovations in
the lift industry, which use advances in electronics,
computer technology, material science, make it
possible to manufacture small-sized gearless
winches with high control accuracy, which reduces
noise, vibration, accuracy of stopping on the floor,
smoothness of movement, which contributes to
the comfort of the trip, because the passenger does
not feel overloads, as well as reducing the load on
the load-bearing mechanisms of the lift, which con-
tributes to increasing their service life; in addition, it
allows you to increase the speed of the lift. Addition-
al advantages are the reduction of electricity con-
sumption for operation, as well as reducing the size
of the machine room or generally being able to do
without it, therefore, new computer technologies
have improved the quality of lift operation and mini-
mized energy consumption'. In addition, modern lift
control systems organize optimal movement of
the lift group at any changing passenger flows in
the building, provide an opportunity to perform self-
diagnostics and transmit to the dispatcher console

the nature of the malfunction, go independently into
shutdown mode, etc. All this contributes to increas-
ing the level of comfort and safety of living in a mul-
ti-storey building.

The main obstacle to the introduction of innova-
tive developments in the lift industry, in the author's
opinion, is the lack of monetary resources to imple-
ment these transformations. Due to the different fi-
nancial capabilities of the Russian regions and
the limited federal budget of the Russian Federation
it is necessary to develop organizational and eco-
nomic mechanisms for the implementation of so-
cially oriented programmes for the replacement of
lifts, based on the principle of mutual benefit of all
stakeholders, taking into account the peculiarities of
a particular region [5]. This paper analyzes
the measures for the introduction of innovative de-
velopments in the lift industry, i.e. the gradual intro-
duction (mastering) of new GOSTs (technical
regulations)?.

Scientific novelty lies in the study of financing
and management mechanisms for the introduction
of innovative lift products in crisis conditions, in or-
der to further develop an organizational and eco-
nomic mechanism to improve the efficiency of lift
manufacturing enterprises.

Since all over the world there is a rapid introduc-
tion of innovative technologies, and to domestic man-
ufacturer to be more competitive in the global market
and to ensure their own sustainable development. In-
dustrial manufacturers and the state of the Russian
Federation need to solve the problems of rapid tech-
nological and organizational transformation to new

1 Tall Buildings and Lifts. URL: https://fenix.tecnico.ulisboa.pt/downloadFile/395144589718/Thesis_Final.pdf

2 2025 — “Final stop” for lifts that do not meet the requirements of technical regulations. URL: http://fkr27.ru/press-center/novosti-

fonda/2646/
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innovative technologies [6]. Let us consider the main activities carried
out in the Russian Federation to introduce (or contribute to the intro-
duction of) innovative products in the lift industry. In modern conditions
of technological progress, it is not enough to rely solely on market
mechanisms, it is necessary to support the state policy [7]. The active
position of the state in the innovation process can greatly accelerate
the pace of development of industries®. The main administrative docu-
ment that forces domestic lift plants to introduce innovative products
and owners to finance the replacement of lifts is the order of the Coun-
cil of the Eurasian Economic Commission“.

The main programme, from the funds of which the replacement
of lifts, which have reached the end of their useful life, is the capital
repair programme. Since 2014, apartment owners with the help of
capital repair contributions themselves form the fund at the ex-
pense of which their building will be subsequently repaired®.

The problem of installation of new innovative lifts in existing
apartment buildings under this programme is the insufficient level
of savings, which does not allow to replace old lifts in a timely and
one-time manner in all apartment buildings. To solve this problem,
pilot projects on accelerated replacement of lifts were developed.
The programme of accelerated replacement of lifts began to oper-
ate in 2017. According to it, the supplier of lift equipment supplies
the lift, and the payment is received in installments of up to 36
months, as funds are accumulated through contributions from resi-
dents (tenants)®. The programme and short-term regional capital
repair plans have increased the number of renewed lifts: in 2016—
2020, about 74.7 thousand lifts were replaced in the country. How-
ever, the high cost of interest limited the possibility of participation
in the programme for many capital repair operators’.

To improve the mechanism, the Government of the Russian
Federation adopted Resolution No. 2202 (dated 21.12.2020), ac-
cording to which the state will compensate the interest costs, and
the installment payments are increased to 7 years. In 2021, 1.35 bil-
lion rubles were allocated for these needs. The state support was
provided to apartment buildings under the following conditions: all
lifts with expired service life should be replaced in the building, and
the new equipment should be domestically produced with energy
efficiency class not lower than B2. However, in 2022 the Ministry of
Finance of the Russian Federation did not provide funding for
the renewal of the lift fleet in apartment buildings [8].

The Commission of the lift industry together with the associa-
tion “Russian Lift Society” (hereinafter — RLS) with the participation
of the Association of Regional Repair Operators (hereinafter —
ARRO) and with the support of the Ministry of Construction of Rus-
sia developed a project of accelerated replacement of lifts for own-
ers of special accounts, allowing to replace lifts at a fixed price

(interest-free) installments with the possibility of installment pay-
ment of 50 % of the replacement cost for up to 5 years®.

The budget deficit forces regional authorities to purchase new lifts
within the framework of the capital repair programme in installments.
From January to mid-March 2023, regional authorities within the frame-
work of the capital repair programme purchased 4.8 thousand lifts for
the total amount of 17.1 billion rubles to replace obsolete equipment,
which is 3.6 times more by 2022, but January — March 2021 was pur-
chased 5.5 thousand lifts (for the amount of 13.4 billion rubles)™. Since
the beginning of 2022, due to difficulties with the supply of compo-
nents from abroad, the cost of lift equipment has increased on average
by 30-40 %. The regions, which increased the purchase of new lifts,
managed to do it due to the interest-free installment of their payment,
and before the European sanctions, such a mechanism of mutual set-
tlements was almost never used. Now the interest-free installment is
also actively used in other industries!'.

Implementation of innovative developments in the domestic lift
industry is also promoted by the import substitution programme in
the Russian Federation. At the present time the strategy of innovative
development of the Russian Federation is aimed at import substitu-
tion and creation of Russian technologies and production of appro-
priate materials and structures, corresponding or surpassing foreign
analogues in their characteristics [9]. Thus, according to the Resolu-
tion of the Government of the Russian Federation No. 1485 in Sep-
tember 2021 lifts produced in the territory of the Russian Federation
will receive support from the Ministry of Industry and Trade if they
score the required number of points'. Points are assigned depend-
ing on the number of elements that make up a lift manufactured at
Russian enterprises. Moreover, if by the end of 2022, lift manufactur-
ers had to achieve an indicator of at least 100 points, then starting
from 2024 at least 130 points. The maximum number of points that
can be scored according to the approved methodology in this Reso-
lution 135, thus stimulating the gradual transition to its own innovative
production. In addition, state support measures such as preferential
taxation began to be used.

The Government of the Russian Federation in 2023 by order
No. 1937-p included lifts in the approved list of high-tech products
to provide tax incentives for procurement’. The characteristics of
high-tech equipment according to this order include:

e the presence of a lift control system;

e availability of a frequency converter, etc.

Resolution of the Government of the Russian Federation in 2023
by the order No. 1083, according to which in the list of equipment,
the supply of which is advanced in the amount of not less than 80 %
of the contract price in public procurement delivered lifts'.

3 McKinsey and Company Innovation in Russia is an inexhaustible source of growth. URL: https://www.mckinsey.com/

4 Regulation of the EEC Council No. 33 of 17.10.2022 “Approval of the list of measures to optimize the mandatory requirements of the Eurasian Economic Union to products,
including in terms of their mandatory conformity assessment with the established requirements”. URL: https://www.alta.ru/tamdoc/22s00033/ (rus.).

5 Methodological Recommendations and NLA of the Housing and Utilities Fund. URL: https://cpT.pdp/napravieniya-deyatelnosti’kapremont/metodicheskie-rekomendatsii/ (rus.).

6 The project of lending for accelerated replacement of lift equipment in residential buildings has become a priority departmental project of the Russian Ministry of Construction.
URL: https://www.minstroyrf.gov.ru/press/proekt-kreditovaniya-uskorennoy-zameny-liftovogo-oborudovaniya-v-zhilykh-domakh-stal-prioritetnym-ve/ (rus.).

7 In 2017-2021, sales of lifts in Russia increased by 20.6 %: from 39.4 to 47.5 thousand pcs. URL: https://marketing.rbc.ru/articles/13409/ (rus.).

8 Resolution of the Government of the Russian Federation of December 21, 2020 No. 2202. URL: http://publication.pravo.gov.ru/Document/View/0001202012230016 (rus.).

9 All-Russian webinar on accelerated replacement of lifts for special accounts. Moscow, 2022. URL: http://rlolift.ru/ru/press/news/sendvalues/more/1158/

10 Lift Commission. URL: https://www.minstroyrf.gov.ru/openworld/obshestvennyj-sovet/working-committees-and-contacts/the-commission-lifts/

11 Lifts follow with all stops. URL: https://www.kommersant.ru/doc/5888068 (rus.).

12 Resolution of the Government of the Russian Federation of September 3, 2021 No. 1485 “On Amending Section VI of the Annex to the Resolution of the Government of

the Russian Federation of July 17, 2015 No. 719”. GARANT.RU Information and Legal Portal. URL: https://base.garant.ru/402705193/ (rus.).
13 Order of the Government of the Russian Federation of July 20, 2023 No. 1937-p. GARANT.RU Information and Legal Portal. URL: https://www.garant.ru/products/ipo/prime/doc/407315604/ (rus.).
14 Resolution of the Government of the Russian Federation of 30.06.2023 No. 1083 “Amending the Resolution of the Government of the Russian Federation of 24.12.2022 No. 2411”.

GARANT.RU Information and Legal Portal. URL: https://base.garant.ru/407126014/
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The research revealed that the following set of measures is neces-
sary for the implementation of the Programme of accelerated replace-
ment of lifts:

1. In practice, an effective organizational and economic mecha-
nism for the purchase and subsequent installation of modern innova-
tive lifts is the mechanism of interest-free installments or the state com-
pensates the interest for the loan for the supply of lifts.

2. Limited funds of the state and regions of the Russian Federation
at present make it necessary to search for new organizational and fi-
nancial mechanisms for the introduction of lift innovative products.

3. For additional attraction of funds to use a loan with the help of
“green bonds” programme, for development and installation of ener-
gy-efficient (class A) and oil-free (environmentally friendly) lifts.

4. To the lift manufacturer supplying innovative lift equipment in
interest-free installments to the region of the Russian Federation with
limited financial resources, to provide tax benefits, to provide favoura-
ble long-term contracts.

5. If lift Russian manufacturers are currently technologically unable
to produce some lift components, such as frequency converter, gear-
less winch, panels for high-speed lifts, etc., then to conclude offset
deals for the life of the lift with leading foreign lift manufacturers.
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Methods of increasing the input capacity
of industrial housing construction enterprises

Input capacity of the industrial housing construction enterprise (IHCE) reflects the maximum volume of finished
construction products that the enterprise is able to produce over a period of time. It is expedient to increase the in-
put capacity of IHCE by intensification of its production. It becomes possible with a deep understanding of work
of its production system (PS), and taking into account its peculiarities: firstly, due to the complexity of formulat-
ing and solving in analytical form the problem of making an optimal decision within the framework of production
management, it is advisable to resort to the variant approach. This approach implies the use of various manage-
ment strategies and tactics depending on the specific situation, operating conditions and objectives of the en-
terprise; secondly, production technologies and its material and technical base are constantly updated following
the progressive development of scientific and technical progress. Consequently, there is the emergence of more
and more advanced forms of organization and management of production processes, as well as changing meth-
ods of planning business processes of the enterprise; thirdly, the production system of IHCE should be analyzed
systematically. The system approach to production analysis is a methodology that allows analyzing production
processes as a single interconnected system rather than as a set of individual elements or operations. Growth of
input capacity during intensification of IHCE production by various methods, including by increasing labour pro-
ductivity, adapting the means of labour and proper adjustment of production flows, in which specialization, pro-
portionality, parallelism, directness, continuity, rhythmicity and automation are achieved. This in turn increases
the input capacity of the enterprise.

Keywords: industrial housing construction enterprises, production system, input capacity, production intensifica-

tion, labour productivity, potential, flow production
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INTRODUCTION

The input capacity of an industrial housing con-
struction enterprise as one of the states of po-
tential intensity of its production system (PS) [1]
reflects the maximum volume of finished construction
products that the enterprise is able to produce over
a period of time [2, 3]. Increasing the input capacity
of IHCE can be achieved using two approaches: ex-
tensive and intensive. The first direction is provided
and is characterized by the growth of finished con-
struction products output at the expense of quantita-
tive increase of living labour and means of labour
without changing the technical characteristics and
production technology. The second — at the ex-
pense of qualitative changes in the elements of pro-
duction and technological processes by improving
the technique and technology of production. This pa-
per considers the methods of intensive increase in in-
put capacity as the most effective.

IHCE PRODUCTION INTENSIFICATION

Intensification of IHCE production is a system-
atic application of scientific and technical achieve-
ments in its economic activity, contributing to the in-
crease of efficiency of its production system. To
make optimal decisions on intensification of PS,
the management of the enterprise should have
an understanding of all production processes, suf-
ficient for complex analysis of PS as a whole and its
individual components through a system of relevant
indicators, which can be subsequently compared
with those of the leading enterprises of the industry.

When considering methods of intensification of
IHCE production, it is necessary to take into ac-
count the peculiarities of its PS functioning.

Firstly, due to the complexity of formulating and
solving in analytical form the problem of optimal
decision-making within the framework of production
management, it is advisable to resort to the variant
approach. This approach involves the use of vari-
ous management strategies and tactics depending
on the specific situation, conditions of activity and
objectives of the enterprise [4]. The main advan-
tages of using the variant approach include man-
agement flexibility, adaptability to changing condi-
tions of external and internal environment, the ability
to switch between different management strategies.
At the same time, the variant approach requires
high qualification, the ability for deep analysis and
strategic thinking from the managerial level.

Secondly, production technologies and its mate-
rial and technical base are constantly being updated
following the progressive development of scientific
and technological progress. As a consequence,
there is the emergence of more and more advanced
forms of organization and management of produc-
tion processes, as well as changing methods of plan-
ning business processes of the enterprise.

Thirdly, the production system of IHCE should
be analyzed systematically. The system approach
to production analysis is a methodology that allows
analyzing production processes as a single inter-
connected system rather than as a set of individual
elements or operations. Within the systems ap-
proach, each element of the production process is
not considered by itself, but in the context of how it
affects other elements and the system as a whole
[5, 6]. The whole production process is considered
as a unity that has its own goals, structure, functions
and regularities of development. In the framework of
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the system approach, the production system is usually differentiat-
ed into subsystems and elements, between which vertical and
horizontal links are established.

The intensification of IHCE production can be carried out in
various ways, among which are the increase in labour productivity,
adaptation of labour tools and improvement of production flows.

INCREASE IN LABOUR PRODUCTIVITY

The main directions for increasing labour productivity at pro-
duction facilities are improving the qualifications of the enterprise's
personnel and improving their working conditions.

Professional development of employees involves improving
their professionalism by acquiring new and deepening existing
knowledge. For this purpose, both internal (coaching, mentoring)
and external (lectures, seminars, trainings) methods can be used.

Improving the working conditions of employees involves ensur-
ing their physical and mental comfort, which, in turn, leads to a re-
duction in their fatigue — the process of decreased productivity
due to the performance of hard and long work. Mental comfort is
ensured by friendly relations within the team, its cohesion, as well
as the availability of recreational infrastructure. Physical comfort is
ensured, first of all, by the creation of a microclimate at the enter-
prise that meets all regulatory requirements. Secondly, it is ensured
by introducing technologies that reduce physical strain into produc-
tion practice. Advanced solutions in this direction include industrial
exoskeletons [7-9] (Fig.).

ADAPTATION OF THE MEANS OF WORK

Adaptation of means of labour, as a part of the enterprise po-
tential, is aimed at increasing their compliance with the characteris-
tics of manufactured products, selected production technology and
capacity of private technological processes in order to increase
overall productivity.

As arule, it is carried out in the form of technical re-equipment
of the enterprise. Technical re-equipment of an industrial housing
construction enterprise is a process of renewal and modernization

of the technical base of the enterprise. It may involve the acquisition
and introduction of modern equipment, improvement of process
automation systems, as well as the introduction of innovative pro-
duction technologies. The application of technical re-equipment is
aimed at increasing the efficiency and productivity of work, improv-
ing the quality of products, optimizing costs and improving working
conditions for personnel.

IMPROVEMENT OF PRODUCTION FLOWS

Flow production is the main way of production organization at
the enterprise of industrial housing construction. It is based on
the principles of specialization, proportionality, parallelism, direct-
ness, continuity, rhythmicity and automation [10]. Its advantages in-
clude increased productivity, reduction of time and costs of work,
better organization of labour and the possibility of using modern
technologies.

Specialization of a production flow is characterized by the in-
volvement of a group of production elements of a given flow in
the performance of specific operations only. This allows for more
efficient utilization of production elements due to optimal modes of
their operation.

Process flow proportionality is the consistency and coherence
of interrelated operations during the production process. This
means that each step in the process must be balanced and co-or-
dinated with the other steps. For example, if one operation is per-
formed faster than the next, this can lead to a build-up of produc-
tion and unnecessary downtime. On the other hand, if one operation
is slower, it can cause delays in the entire process. To determine
the proportionality of the entire process, the ratio of the private to
the total cycle of the process line should be used. The time required
to complete the process Ty, is determined by the formula:

C(t gt E) Zt
BT R ¥
where ty, tg, tc, tp — duration of operations of the stage process,
min; R* — cyclicity coefficient.

Then the ratio of partial cycles over the whole process will be

equal to:

Tt/jq’ :1_[Tti?’+TtCR'+m+TtDR’]' )
tp tp tp tp

Parallel production flow refers to the simultaneous execution of
several operations during the production process. That is, different
elements of a product are processed in different areas or produc-
tion lines and then combined to create the final product. This helps
in improving the efficiency of production by speeding up the pro-
cess and increasing output per unit of time.

Parallelism is the parallel execution of works of a dismembered
technological process. It allows to reduce the duration of the techno-
logical cycle. Parallelism of operations at technological stations is
mandatory when i, , ... I exceeds the value of r cycle of the line.
The number of parallel stations is equal to the multiplicity coefficient:

t, t t

=A4+B4 +L2. (3)
r r r

K

mit

Cycle is the time interval between the production of two products.
With actual time Fp, min, and line capacity N, m3, cycle ris equal to,
min/ms:

(4)
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Straightforward production flow means that the production
process is organized in such a way that manufactured products
pass through the production stages sequentially, without gaps.
That is, the items of labour move along the production line in one
direction, from the beginning to the end. This helps to minimize
the time and resources spent on moving items of labour between
operations.

Continuity of production flow means that the production pro-
cess is organized in such a way that production operations are car-
ried out without interruption or delay [11]. That is, as soon as one
operation is completed, the next one begins, so that the objects of
labour move uninterruptedly along the production line. This reduces
downtime costs and increases overall labour productivity.

The rhythmicity of the technological process determines
the output of products strictly according to the schedule and at
certain intervals. Rhythmicity is assessed by the correspondence
of the duration of the technological cycle of a stage process to
the tact, rhythm and pace of the complete process, which predeter-
mines the best conditions for its management [12]. If one group of
operations is performed simultaneously at two or more stations,
then the time interval required to perform n operations will be called
the rhythm R, min/m?:

R=rn; (5)

(6)

One of the main conditions for rational organization of a pro-
cess is its synchronization, i.e. equalization of the duration of pro-
cess execution. In case of full synchronization 4, t5, ... {p are equal
or multiple of K, cycle and such a process is intermittent-flow. In
the case when:

t,#R; t; #R, ...t, #R, (7)

the multiplicity condition can be written:

R
t, =K, rtAt,=—=xAt,;
r
R
ty =K rtAty=—+At,; (8)
r
R
t, =K, rtAt, =—*At,,
r

where At; — time is shorter than a cycle r.

Production flow automation is the application of various kinds of
automatic systems and equipment at each stage to reduce human
involvement, increase productivity, efficiency and quality of output.
It may include the use of software for planning and control, includ-
ing artificial intelligence [13—15], robots for physical work, automat-
ed systems for transferring products between workstations, auto-
mated machines for quality control, and so on.

CONCLUSION

Deep understanding of IHCE production system operation al-
lows to intensify its work — to increase the degree of correspond-
ence of the enterprise potential characteristics to the characteris-
tics of its product; to increase labour productivity by increasing
the qualification of personnel and improving working conditions; to
establish production flows properly, in which specialization,

proportionality, parallelism, directness, continuity, rhythmicity and
automation are achieved. This in turn increases the input capacity
of the enterprise — its maximum achievable capacity to produce
finished construction products.
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MeTopb! NOBbILLEHUA BXOAHOW MOLLHOCTHU
npeanpuaTUA UHRYCTPUANbHOIO
AOMOCTpPOEHUs

BxogHas MOLLHOCTb NpeanpusATUS MHAYCTPMaribHOro [OMOCTPO-
eHus (OCK) oTpaxaeT MakcMMarsbHbIli 06beM FOTOBOW CTPOU-
TEeNbHOW MpoAyKLMK, KOTOPbIA NPeanpusaTne cnocobHO Npous-
BECTU 3a onpeneneHHbI Nnepunog BpeMeHN. MoBbiLLaTh BXOAHYHO
mMowHocTb [ICK uenecoobpas3Ho nyTeM MHTEHcudukaumm pabo-
Tbl ero 1C. MHTeHcudukaumsa nponssoacTea JCK — nnaHomep-
HOe BHeApEHUe B ero NPakTUKy OOCTUXXEHUIN HayYHO-TEXHNYe-
CKOro nporpecca, obycnasnuBaloLLlee Jy4Llee UCMnob30BaHne
NPOV3BOACTBEHHbLIX PECYPCOB U POCT IPPEKTUBHOCTN NPOUN3-
BoacTBa. OHa CTaHOBUTCS BO3MOXHA Mpuv rMy60KOM MoHUMa-
HUWM paboTbl ero NPon3BoAcTBeHHON cuctemsl (M1C) n yyete ee
0CO6EHHOCTEN: BO-NEPBLIX, N3-32 CIOXHOCTU (POPMYSIMPOBaHUS
1 PELLIEHVS B aHANNTMYECKOM BUAe 3aJadyun NpUHATUS onTuMarnb-
HOrO PELLEHMS B paMKax yrnpaBfieHUsi MPON3BOACTBOM LIENECO-
o6pasHo npuberaTe K BapMaHTHOMY nogxoay. HaHHbIi Nogxon,
npegnonaraeT UCMNOMb30BaHWE Pa3fINYHbIX CTpaTern n Tak-
TVIK yNpaBneHns B 3aBNUCUMOCTU OT KOHKPETHOW cuTyauuu, yc-
JIOBUI OEATENIBHOCTU U Lienen npeanpusaTusi; BO-BTOpbIX, TEX-
HOMOrMM NPOM3BOACTBA M €ro MaTepuanbHO-TEXHMYecKasn 6asa
NOCTOSIHHO OGHOBIAOTCSA BCed 3a NOCTynaTesibHbIM Pa3BUTU-
€M Hay4HO-TEXHMYEecKoro nporpecca. Bcnegctemne atoro Ha-
6nogaeTcs nosiefieHne Bce 605ee CoBEpLLEHHbIX (hOpM opra-
HU3auun 1 ynpaeneHns npoueccamu NpoM3BOACTBA, a Takxe
M3MEHSIIOTCA METOAbI NIaHMPOBaHNS 6U3HEC-MPOLECCOB Npeq-
NpUATUS; B-TPETbUX, NPOM3BOACTBEHHYO cuctemy [CK Heo6-
XOAMMO aHanM3npoBaTtb cucTeMHO. CUCTEMHBIM NOAX0A K aHa-
N3y NpoM3BOACTBa — 3TO METOAOJIOrUs, KoTopas No3BonseT
aHanuManpoBaTb NPON3BOACTBEHHbIE MPOLIECCHI KaK eAMHYIO B3a-
MMOCBA3aHHYIO0 CUCTEMY, @ HE Kak Habop OTAENbHbIX ANIEMEHTOB
unu onepaunin. B pamkax cuctemMHoro nogxoga kaxgbli ane-
MEHT MPON3BOACTBEHHOIO NpoLiecca paccmaTpuBaeTcs He caMm
no ce6e, a B KOHTEKCTE TOr0, Kak OH BMUSIET HA OpPYr1e anemMeH-
Thbl U Ha CMCTEMY B LienioM. POCT BXOQHOM MOLLIHOCTY NPW UHTEH-
cudmkaumm npouaeopctea ACK pasnuyHbiMM MeTogamu, B TOM
yucne 3a CYET NOBbLILLEHNS NPOM3BOANTENBHOCTH TPyAa, apan-
TMPOBaHWSA CPEeACTB TpyAa M NPaBUiIbHOW Hanagku Npou3Boa-
CTBEHHbIX MOTOKOB, B KOTOPbIX AOCTUralTCa cneunanvsaums,
NponopLMOHaSIbHOCTb, NapanfenbHOCTb, NMPAMOTOYHOCTb, He-
NPEpPbIBHOCTb PUTMUYHOCTb M @aBToMatuaaums. 3T0 B CBOO O4e-
pefb MOBLILLIAET BXOAHYIO MOLLHOCTb NPEAnpUaTHs.

KnroyeBsie cnoBa: npegnpuaTua nHA4yCcTpuaslbHoro JOMocCTpo-
©HUA, NMpon3BoACTBeHHas cucteMa, BxogHas MOLLHOCTb, MHTEH-
CMdJI/IKaL[l/IH npon3BoAcTtsa, npon3BognTesibHOCTb TpyAa, NoTeH-
ynars, rnoTo4Hoe rpon3BogcTeo
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Factor space for construction
of pile foundations in permafrost soils

Factor space is a method for determining the relationship between internal and external factors affecting the con-
struction process. Internal factors are the processes controlled by the developer or investor during the realization
of a construction project. Internal factors include: planning, controlling, intensity, quality, cost and operational reli-
ability. External factors are conditions that cannot be influenced by the developer or investor during the realization
of a construction project. External factors include: natural conditions, permafrost degradation and infrastructure.
Analyzing the factor space in the construction of pile foundations on permafrost provides construction companies
with the opportunity to achieve the following objectives:
1. Identification of the main factors: factor space analysis allows to identify the main aspects that have the great-
est influence on the technological process. .
2. Interrelationships between factors: factor space analysis helps to explore the interrelationships between differ- |
ent factors and understand how they interact with each other.
3. Process Optimization: factor space analysis helps to identify opportunities for optimizing processes, materi-
als and resources. This helps in improving the efficiency and quality of pile foundation construction, achiev-

ing better results. Stoyanov Igor Petrovich,
4. Risk Management: factor space analysis helps to identify potential risks associated with various factors and de- postgraduate student of the Depart-

velop strategies to mitigate or avoid them. This allows for better management of risks associated with unpre- ment of Construction 0rgan|zgt|on

dictable permafrost characteristics and other factors affecting the foundation construction process. and Real Estate Management;

Moscow State University of

Civil Engineering (National
Research University) (MGSU); 26
Yaroslavskoe shosse, Moscow,
129337, Russian Federation;

Thus, factor space analysis in permafrost pile foundation construction is an important tool for developing optimal
strategies and making informed decisions that contribute to successful project implementation.
Keywords: permafrost soils, factor space, pile foundations

Researcher|D: KCJ-5121-2024,
INTRODUCTION Factor space is a method that allows to deter- ORCID: 0009-0008-7644-4149;

mine the relationship between the factors affecting Goga.stoyanov.99@mail.ru
the construction process [7].

The main purpose of this paper is to construct
a factor space, to determine the internal and exter-
nal factors affecting the construction of pile founda-
tions in permafrost soils.

Permafrost soil — soil that has been frozen con-
tinuously for three or more years'.

Finding nickel, tin and carbon deposits in the Arc-
tic zone, as well as using the Northern Sea Route to
transport cargo from Asia to Europe, opens up
prospects for the development of Russia's northern

regions. INTERNAL FACTORS

In order to implement the tasks set in the RF Gov-
ernment Resolution No. 484 dated March 30, 2021, Internal factors — processes controlled by
active development of the Arctic zone and improve- the developer or investor during the realization of
ment of construction technologies are required to in- a construction project.

Internal factors affecting pile foundations for in-
dustrial tanks in permafrost soils:

crease the efficiency of work production? [1].
Pile foundations for industrial tanks in perma-

frost soils are critical structures, the design and ® planning, controlling;
construction of which require special attention. Due e intensity;
to the ambiguous behaviour of the foundation struc- e quality;
tures during operation, it is necessary to continu- ® cost;
ously monitor and improve the technology to ensure e operational reliability.
their reliability® [2, 3]. Planning during the construction period involves
The construction of pile foundations for indus- defining objectives, project management techniques
trial tanks in permafrost soils is a reliable and cost- and strategy development, and monitoring the reali-
effective solution that offers advantages over block zation of the objectives. This includes determining
and strip foundations. They provide high reliability the project's resources, schedule, budget, and re-
and durability in operation, making them the pre- quirements, and developing programmes to achieve
ferred choice* [4-6]. them. Control involves continuous monitoring of
1 SP 25.13330.2020. Foundations and foundations on permafrost soils SNiP 2.02.04-88. Introduced on 12.30.2020. Moscow,
Standardinform Publ., 2021. (rus.).
2 Resolution of the Government of the Russian Federation No. 484 dated 03.30.2021. Approval of the State Programme of the Russian

Federation “Social and Economic Development of the Arctic Zone of the Russian Federation” (rus.).

3 Alexeev A.G. Geotechnical monitoring of permafrost soils : study guide. Moscow, ASV Publ., 2019; 112. URL: https://www.rosmedlib.ru/
book/ISBN9785432303318.html (rus.).

4 Manual on the organization of construction production in the conditions of the Northern Zone. Moscow, Stroyizdat Publ., 1978; 113. (rus.). >
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Fig. 1. External factors in the construction of pile foundations on permafrost soils

the plans and taking corrective action when necessary to achieve
the objectives. All of this helps to manage the construction process
effectively, reduce the risks of delays and budget overruns and im-
prove the quality and efficiency of construction work [8].

Construction intensity is a key indicator of the effectiveness and
efficiency of the construction process. It is determined by the amount
of work performed at the construction site over a certain period of
time. Increasing the level of construction intensity allows to achieve
a reduction in the time of work, reduce costs and increase the profit-
ability of the project. Various methods and technologies are used to
achieve this goal. Important factors are the use of modern equip-
ment, careful planning and organization of work, optimization of lo-
gistics and other approaches.

The concept of quality in construction reflects the degree to which
the work performed meets the needs of the customer and complies
with the stated requirements, standards and regulations. High quality
in construction implies defect-free execution of work, compliance with
project deadlines and budget, as well as the use of quality materials
and technologies. Excellent quality in construction also includes meet-
ing the customer's expectations and ensuring the safety of the facility.

The concept of cost in construction refers to the total amount of
financial resources required to complete a project. This includes
the cost of materials, labour, equipment acquisition and use, and
other costs including permits and taxes. Costing in construction is
important for planning and controlling the project budget, as well as
for making financial management and cost optimization decisions.

Operational reliability is the property of an object to remain op-
erable for a certain period of time or operating time under specified
conditions of operation and maintenance [9, 10].

EXTERNAL FACTORS

External factors are conditions that cannot be influenced by
the developer or investor when implementing a construction project.

External factors affecting pile foundations for industrial tanks on
permafrost soils (Fig. 1):

¢ natural conditions;

e permafrost degradation;

e infrastructure.

Analyzing the factor space in the construction of pile founda-
tions on permafrost allows construction companies to achieve
the following objectives [11]:

1. Identify the main factors that have the greatest contribution to
the technological process. This helps to identify the main aspects
to be considered in project planning and management.

2. Explore the interrelationships between different factors and
understand how they influence each other. This enables construc-
tion companies to more accurately predict possible impacts and
make informed decisions to optimize the foundation process.

3. Optimize factors to improve construction efficiency and qual-
ity. Factor space analysis helps to identify opportunities to optimize
processes, materials and resources to achieve better results.

4. Manage the risks associated with various factors. Factor
space analysis helps to identify potential risks and develop strate-
gies to mitigate or prevent them.

The factor space for the construction of pile foundations in per-
mafrost conditions is presented in Fig. 2.

External factors

Planning > " l€«—  Natural
2 = Period of works
controlling conditions
¢ A
\
e -
® _____5 | Intensity
% — Organizational v
R and technological
] TR .
S___ 5 reliability in the construction @cture
= alue
g I of pile foundations in
= ) permafrost soils
£ —> o |
c —>» Qualit
£ y A
—> Y Y

Permafrost
degradation

Structural and
technological solutions

Operational
reliability

Fig. 2. Factor space for construction of foundations for industrial
tanks in permafrost conditions
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CONCLUSION

Creating a factor space for the construction of pile foundations
in the conditions of permafrost soils makes it possible to optimize
the design, ensure safety, increase reliability and improve durabili-
ty. By conducting a thorough analysis and study of the factor space
arising in the construction of pile foundations, it becomes possible
to effectively manage risks and successful implementation of
the construction project.
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ro NpocTpaHCcTBa NMO3BONSAET BbIABUTb OCHOBHbIE AaCMEKTbI, KO-
TOpble 0Ka3bIBaKOT HaMbOsMbLLEE BAUAHNE Ha TEXHOMOrMYECKUN
npotecc.
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4. YnpaBneHue puckamu: aHanu3 (pakTopHOro NpocTpaHcTBa
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Implementation of NPP-1200 Nuclear
Megaprojects Abroad Using Preferential
Rules of Flow Construction

The construction of an individual project or a complex is characterized by a number of interrelated factors, which
are determined by the technological, volumetric and design characteristics of the construction process, as well
as by planning, financial, organizational and technical conditions.

The optimal construction of objects and complexes is based on the organization of all processes in optimal terms,
taking into account perfect technology and mechanization with a rational combination of construction, installation
and commissioning works, ensuring minimum cost of construction. The optimal variant of construction of nucle-
ar power facilities is selected by comparing a number of variants that differ in the means of mechanization and
technology used for certain types of works, duration of construction and assembly works, start and end dates of
works, method of construction of facilities, technological sequence of works, degree of combination of construc-
tion and assembly and commissioning works, and applied methods of works production.

The experience of design and construction of start-up complexes shows that in the construction of industrial fa-
cilities, on-site preparatory and main construction and installation works are performed sequentially. According
to the requirements of the norms for the preparatory works, the capital investments are mainly planned to be dis-
tributed evenly, which is irrational, as it leads to a decrease in their efficiency and delays the construction period.
In the course of preparatory works at the site, the character of the distribution of capital investments by time pe-
riods can be different.

As the practice of NPP construction shows, in case of combined sequential execution of preparatory and main
construction and installation works at the site, the following options are possible: 1) less intensive accumulation
of volumes at the beginning of the preparation; 2) equal distribution of capital investments over the whole prep-
aration (if preparatory and main works are performed sequentially); 3) accelerated accumulation in the middle
part and deceleration of this process at the end of the preparation, or more intensive accumulation of volumes at
the beginning and deceleration of this process in the middle and at the end of the preparation (if preparatory and
main works are combined).

When considering the possible combinations of preparatory and main construction and installation works, it is
necessary to take into account the reduction of the total construction period of the nuclear power complex both
due to the combination of the preparatory works among themselves and due to their combination with the main
works.

Keywords: NPP-1200 construction flows, on-site preparatory works, critical path, preference rules, installation
methods, different options of construction organization
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PART 1. DETERMINATION
OF THE DURATION OF THE MAIN
CONSTRUCTION FLOW

on the j-th facility; N; denotes the resources of
the i-th work on the j-th facility; S; — shows the front
usage of the i-th work on the j-th facility; K; is the co-
efficient of work overlap on the j-th facility.

Since the absolute values of these quantities
vary within sufficiently large limits, in order to estab-
lish a general pattern we considered the change in
B with respect to AT? (B shows the ratio of current
costs to the estimated cost of the preparatory work

carried out on site).
) Processing the data of B in relation to AT allows
to obtain the dependence B = f(AT? ):

The experience of the construction of the NPP—
1200 shows that, as a rule, the preparatory, construc-
tion and installation works are carried out sequentially
at the site. In this case, the critical path of construction
of such nuclear power complexes is determined by
the sum of the duration of these stages' (1, 2]:

T=T+T°

where T¢ is the (d) duration of the preparatory works
at the site;

T° is the duration of the main construction, in-
stallation and special works.

Technologically, the possible duration of on-site
preparatory works is determined by the following
formula:

B =1.4907 —0.0193AT" + 0.00002(AT™, 3)

where AT? is the duration of construction and installa-
tion works within the time interval from the maximum
technologically possible duration of work perfor-
mance to the minimum one (AT = T2 -T2 y[3].
Determination of the optimal duration of in-situ
preparation works by the graphical-analytical meth-
od is labour-intensive, so we use the analytical meth-
od to solve this problem. The optimal duration of site

preparation works includes the construction of

7%= f(t,, AN, S, K), ()

g e T

where t; is the duration of the /-th critical path work
on the j-th facility; A; is the turnover of the i-th work

1 Rosatom Group Capital Construction Project Management System. URL: https://atomsro.ru/wp-content/uploads/file/OPORTAL/
AtomStroyStandart-2014/Vasilev_SUP_conf.pdf
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temporary infrastructure according to the construction plan (site
structures, dewatering, dams, etc.), which can be determined using
the first derivative B of the possible duration of works AT equal to
zero:

dp
dAT*

+0.0004AT~0.0193 =0. (4)

Having carried out the necessary transformations, we obtain
the formulas for determining the optimum duration of the prepara-
tory works on site:

To=Tg,+0.482(T0, ~T4); (5)

min

T =0.482% +0.518% . (6)

The established dependency (3) allows, given the estimated
cost of preparatory works on site S¢, to determine the reduced cost
for each option of their performance in the interval of possible dura-
tion according to the formula:

3= sd[1.4907 —0.0193A T+ 0.00002(AT¢) Z]. (7)

The maximum and minimum possible duration of on-site pre-
paratory works is determined on the basis of a typical organiza-
tional and technological model. When determining T¢ ., of sequen-
tial execution of on-site preparatory works, the minimum number of
resources to be provided for the scope of the works and the mini-
mum number of shifts of their performance shall be assumed, and
when determining T¢,;,, the maximum number of resources to be
provided for the scope of the works and the maximum number of
shifts of their performance shall be assumed.

The final duration of the preparatory works at the site is deter-
mined after the creation of a specific model of their performance,
taking into account the resources used according to the chosen
option and all the technological and organizational links established
by the typical organizational and technological model [4].

For a nuclear megaproject it is important to determine the most
expedient solutions for the construction of the NPP as a whole
rather than for separate sets of works or facilities during the con-
struction of power stations. Therefore, it is necessary to take into
account the influence of changes in the duration of on-site prepara-
tory works on the duration and cost of construction of the nuclear
power complex as a whole?.

The change in the duration of the preparatory works leads to
a change in the total duration of the cost of construction of the nu-
clear power plant. The total effect (loss) depending on the change
in the duration of the construction of the nuclear power plant as
a whole is determined by the following formula:

E=ACT+AS  +AF + AR + L +1,, (8)

where ACY AS® AF% AFSshows the (ch) changes in costs depend-

ing on the period of construction of the nuclear power plant, the (d)
duration of the period of capital investment diversion of the active
part of the fixed assets, and the period of fixed assets utilization;
L’; is the effect (loss) due to the (p) production of additional prod-
ucts, determined by the formula:

oo EKT-T,) (©)

P T,
121+ Enp)

where E,, is the discount factor, which is determined taking into ac-
count risk factors (using the example of Akkuyu NPP-1200, risk-free
rate (8.25 %), legal risks (2 %), background risks 2.2 %, economic
risks 2.2 %, technical risks 3.2 %, total 17.65); K is the capital in-
vestment in the construction of the nuclear power megaproject; T,
T, is the critical path of the construction of the (n) nuclear power
megaproject according to the reference and comparable options,
respectively; T, is the duration of the capacity development of
the project; L, is the economic effect of shortening the construction
period of the nuclear megaproject due to the change in the sum of
moral wear and tear during the design and construction period,
which can be determined as follows:

L =C(T

m o

-T"), (10)

o

where c is the coefficient of initial wear (management, m) of the de-
sign solutions; T,, T are the planned and actual construction times
of the power plant respectively; t is the indicator of the degree of
increasing obsolescence.

The construction density coefficient of the nuclear power
megaproject is determined by the ratio of the total area of the plant,
the areas occupied by common facilities, auxiliary structures, work-
shops and utilities to the total area allocated to the nuclear power
center. The area occupied by utilities is determined by their length
and the standard width of the right of way using the formula:

T, +T

K = = com T T

g = <0.57 (according to the Code of Rules),  (11)

npp

where K, is the area utilization coefficient; T, is the area of the plant
(p); Tom is the area of common structures, auxiliary facilities, work-
shops and waste areas; T, is the area of communications; N, is
the total area of the nuclear power station determined by the master
plan.

The beginning of the main works on the construction of the first
of the considered facilities of the nuclear power megaproject is de-
termined by the formula:

ti=tl+t!, (12)
where tf is the total duration of the first group of the preparatory
works; t,‘f_l is the duration of the second group of preparatory
works at the first unit of the complex.

The time of the combination of preparatory and main construc-
tion works of the NPP is determined by the formula:

At =T —t!=T"—t{-t7 . (13)

The coefficient of the combination of preparatory and main
works during the construction of the nuclear power station can be
determined by the formula [5]:

K ===, (14)

PART 2. DETERMINATION OF THE EFFECTIVE DURATION
OF PREPARATORY WORKS

On the basis of the data on the scope of preparatory works at
the site, peculiarities of the construction site, resources available in
the power generating enterprise, volumetric, design and structural
solutions of the nuclear power complex, as well as a typical model

2 Kulapin A.l. Energy strategy of Russia until 2035 (Ministry of Energy of Russia). Scientific and practical conference “Project direction «Breakthrough»” : materials. 2016. Pp. 1-10.
URL: http://www.innov-rosatom.ruffiles/articles/c4bcf5b1329916e8f5b2b339cd2db098.pdf (Last accessed December 1, 2016).
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of the organization of work production, an extended organizational
and technological model of their performance has been developed.

In order to choose an effective duration of preparatory works at
the site, it is recommended to use the method of subdivision into
subtasks. The process of determination includes the following
steps:

® determination of initial data;

e determination of the search area for the optimal option in
terms of duration;

e calculation of options within the search area and selection of
the optimal option of performance of on-site preparatory
WOrks;

e calculation of a rational combination of site preparation, main
construction and installation works;

e calculation of the duration and cost of construction of the nu-
clear power plant taking into account the selected option.

The search area for the optimum duration of field preparation is
determined as follows. The time interval from T2, to T4 .. is divided
into smaller intervals and then for each of them the costs are calcu-
lated taking into account the time factor.

Based on the data obtained at this stage of calculation,
the search area (interval) for the most effective duration is deter-
mined'.

In addition to the proposed methodology, it is recommended to
use the established dependency (6), which makes it possible to
obtain an unambiguous solution for determining the optimal option
in terms of duration.

The next step is to specify the duration and discounted cost for
each of the options within the established range. The options that
fall within the range of the most effective in terms of duration will be
considered in more detail, since the duration of the scope of pre-
paratory works on site depends on the resources allocated, the in-
tensity and sequence of individual works, the degree of their com-
bination, and technological and organizational constraints.

For each of the considered options we consider a set of various
construction machinery for performance of preparatory works on
the site; on the basis of specific reduced costs of performance of
a unit of works by one or another machine we establish types and
makes of equipment providing performance of works in each inter-
val of the search area.

In the first case, when choosing the type of mechanization op-
tions for each type of work, the equipment with the lowest specific
costs per unit volume are used. The formation of sets of machines
is made from the existing fleet, and the selection is made on the ba-
sis of actual (minimum) costs.

On the basis of the calculations, the specific duration and mini-
mum costs for each of the options in the search area are deter-
mined. The option with the lowest cost is assumed to be the most
effective in terms of duration [6].

In order to determine the value of the overlapping works,
the preparatory works on site are divided into groups, and the works
of the second group are performed in the order of the construction
of the facilities. The works of the second group are carried out first
in order to start the main construction and installation works as
soon as possible and to maximize their overlap with the preparatory
works. It will allow combining the critical path of preparatory works
on site, main construction and installation works without attracting
additional resources in order to reduce the overall construction pe-
riod of the NPP complex.

The on-site preparatory works according to the most effective
variant in terms of duration, taking into account the combination of

works, will reduce the total construction period by the value AT,
which is determined by the formula [7]:

AT = At, + At,, (15)

where Al is the reduction in construction time on the critical path
due to the combination of preparatory, construction and installation
works at the site; At is the reduction in the duration of on-site pre-
paratory works under the calculated option compared to the given
option:

At,=T{-T3. (16)

The order of construction of NPP facilities and groups of struc-
tures is determined according to the (pr) preference rules, which
determine the order of execution of on-site preparatory works.

Due to the fact that for the economy of the country it is impor-
tant to determine efficient solutions not only for individual work
packages and facilities, but for the construction of power stations
as a whole, it is necessary to take into account the impact of the se-
lected efficient option for the performance of the site preparation
works on the total duration and cost of the construction of the nu-
clear power complex.

The most effective option determined in this way will ensure
reduction of the total duration and cost of construction of
the NPP [8].

The experience of development and implementation of effective
options shows that the proposed methodology makes it possible to
select the most effective variant of performance of on-site prepara-
tory works in each specific case, providing the optimal duration of
their performance, as well as combined implementation with
the main construction and installation works, which allows to reduce
the cost of their performance up to 3 % (according to the actual
data of Akkuyu NPP-1200, Turkey) [9, 10].

PART 3. MODELLING THE PROCESS
OF FLOW CONSTRUCTION

At present, deterministic organizational and technological mod-
els do not take into account the probabilistic nature of production.
In these models, none of the activities of the nuclear power plant
depends on other activities, and there is a set of unrelated activi-
ties, for each of which start and end dates are set.

Flow charts (cyclograms, or multiple activity charts) are con-
structed on a plane in a two-dimensional “work — time” coordinate
system. The cyclogram describes the interrelationship of works, but
in case of deviation from the planned duration of construction of
large-scale complex investment and construction megaprojects,
the chart should be recalculated and updated, as in these cases
the assumed flow of works changes. The multiple activity chart is
used when planning the construction of relatively simple standard
buildings and complexes (mainly in housing construction) and lin-
early extended structures.

Matrix organizational-technological models of NPP-1200 in-line
construction allow to present in a relatively simple analytical form
the complex of operations performed by the in-line method.

When modelling construction processes, network models de-
scribing the relationships between works are widely used. However,
only one type of relationship between dependent works is used, re-
flecting their complete priority, whereas in real processes there are
much more complex relationships between dependent works. This
leads to a distortion of the real work organization and technology
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when describing processes. To avoid distortion, special constraints
need to be imposed to account for these relationships. Network mod-
els cannot reflect the requirement of continuity of one or more activi-
ties because they reflect the simultaneous organization and execu-
tion of activities and require revisions of the network configuration for
minor changes. These drawbacks have led to the improvement of
network models through the development of various modifications,
including aggregated organizational and technological models.

PART 4. SELECTION OF THE OPTIMALITY CRITERION
VARIANTS

The choice of the optimality criterion for each particular prob-
lem should meet the requirements of the applied analytical appara-
tus and satisfy the practical needs. When solving the needs of con-
struction planning and implementation, the following factors are
considered as optimality criterion or given duration: minimum or
given duration of construction, minimum labour intensity and cost of
works; minimum costs taking into account the time factor, i.e. taking
into account the effect (loss) resulting from changes in the duration
of construction; maximum profit and planned profit; minimum cur-
rent costs and the difference between the current costs and reve-
nues received from the operation of the commissioned facilities by
the time of full completion of the construction works, etc.

The choice of one or another criterion depends on the level of
the task under consideration, its nature and the construction condi-
tions. The most general criterion, which allows to determine
the economic efficiency of the decisions taken, is “the minimum
labour intensity taking into account the time factor”, as it takes into
account the influence of the time factor in the sphere of construc-
tion and operation of the NPP-1200.

The criterion of minimum labour intensity is preferable for
a number of specific tasks of construction (distribution of the exist-
ing fleet of machines, selection of techniques and options for mech-
anization of construction processes, etc.), but its application caus-
es certain difficulties connected with taking into account the transfer
of past labour (contained in machines, materials, products, etc.),
the possibility of comparing the tasks of labour, workers of different
qualification, etc. The most flexible criterion is the minimum cost of
production. However, its application for workers of different qualifi-
cations is controversial. It can be applied provided that the duration
of construction is respected in the conditions of comparability of
variants, and the duration itself (T) is reflected in the value of pro-
duction costs. The criterion of the minimum actual cost, which takes
into account the construction base, is a more general indicator,
which, together with the construction cost and the efficiency of
the use of the means of production, is a more general indicator that
can be applied in solving higher-level problems that also have
the duration of construction as a constraint. In this case, as in
the previous one, there is no need to take into account the effect of
the time factor, which greatly simplifies the task of finding the opti-
mal variant. The optimality criteria of maximum planned profit and
minimum costs make it possible to take into account the value of
fixed assets and investments. Calculations according to the criteri-
on of maximum planned profit allow us to determine not only
the maximum production of construction products, but also
the maximum volume of construction products obtained by apply-
ing the most economically favorable production solutions, taking
into account capital investments in production [10].

In addition to the above optimality indicators, the general profit-
ability of an energy generating company is applied, which allows
maximizing profit while minimizing the cost of obtaining it. Three

variants of the optimality criterion have been established: the ratio
of profit to construction costs, profit to the fixed assets and profit to
all production assets (fixed and current assets). Experimental cal-
culations on all three variants have shown that the greatest effi-
ciency in optimizing the operation of power generating companies
is achieved by the criterion of profitability, i.e. the ratio of profit to all
production assets.

When solving small specific economic and mathematical prob-
lems and in many economic calculations, various optimality criteria
are used mainly in natural form.

The objective of the problem should be a function of the set
constraints and levels of active actions.

PART 5. SELECTION OF RATIONAL METHODS
OF INSTALLATION OF NUCLEAR POWER PLANTS

Availability of aggregate resources, limits of technical expedi-
ency of saturation of the work front with resources, organizational
feasibility of concentration of construction machines, workers, etc.
should be taken into account. Limitations ensure the fulfillment of
works in a given volume or determine the limits of fulfillment of any
conditions.

Closed, open, integrated and combined methods of installation
are used in the construction of industrial nuclear power facilities.

The closed method is used in the construction of facilities
equipped with technological equipment, the installation of which
must be carried out in closed spaces due to technical requirements.
This method provides for the installation of process equipment and
pipelines after the completion of the building frame of the whole as-
set or in some of its sections. It allows the installation of technological
equipment with operational overhead travelling cranes.

The open method involves the installation of the main process
equipment and pipework in open areas. After completing the instal-
lation of process equipment on a separate section of the structure
or on the entire building as a whole, the installation of building en-
velopes is carried out. Application of this method allows increasing
the number of free accesses to the place of equipment installation,
to increase the degree of convenience of installation, as well as to
use various devices (winches, masts, etc.) instead of heavy cranes.

The integrated method provides for the execution of work on
the arrangement and installation of equipment support structures,
installation of at least one of the sections of process equipment and
piping to be carried out in parallel with work on the construction of
the building.

The combined method is used for projects where some of
the equipment is to be installed outdoors and some cannot, due to
technical specifications, be installed until after the main construc-
tion of the plant has been completed. Equipment to be installed in-
doors includes compressors, pumps, air separation units, etc. This
method can also be used if it is practical to install some of the pro-
cess equipment using operational overhead travelling cranes.
The options available for each of the four methods of building and
plant construction can be characterized. Projects with pavilion-type
buildings can be constructed using any of the four methods listed.
For projects with structures of conventional type, the methods of
construction and variants of technological sequence of works exe-
cution are basically the same as for pavilion-type facilities [11].

Technological equipment in these buildings is usually installed
on monolithic foundations or plinths. The necessity to observe
the process pause for the concrete to gain strength does not allow
to vary the technological sequence, when the equipment
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installation and the construction of foundations and plinths are car-
ried out simultaneously.

When designing NPP facilities, an attempt is made to locate
most of the heavy and high equipment on open sites, which signifi-
cantly reduces the cost of the project. Maintenance of this equip-
ment during operation is carried out from platforms (mainly made of
metal) attached to the structures of the process equipment. In order
to increase the ease of installation during the construction of the fa-
cilities, the installation of the heavy and high equipment should be
carried out first, followed by the installation of the racking structures
and the rest of the technological equipment.

Methods of construction of multi-storey buildings and mixed-type
buildings have their own peculiarities, which are determined by
the number of floors, location of equipment on the intercommunica-
tion floors, height levels, etc. In the case of single-storey buildings,
the work is carried out in horizontal direction, and in the case of mul-
ti-storey buildings in the horizontal, vertical and diagonal directions.

When assessing the different duration options for building
the project, the value of economic effect is determined from the ex-
pression:

E=E, +E,,+E,+E, 17)

where E, . indicates the economic effect of reducing the relatively
constant part of (oc) overhead costs; E;,, is the economic effect of
reducing the period of operation of (fca) fixed and current assets;
E, is the effect (loss) of changing the amount of (d) diverted capital
investments in the construction of the project; £, is the economic
effect of early (¢) commissioning of the nuclear power complex.

PART 6. SELECTION OF THE MOST RATIONAL
OPTION FOR TECHNOLOGY AND ORGANIZATION OF
CONSTRUCTION WORKS

During the development of the statement of the construction
method a special role is given to the selection of the most rational
options of technology and organization of construction works.

The main documents reflecting the planned technology and
organization of construction works of linear or power grid facilities
and energy-efficient complexes are flowcharts and cyclogram-
based models of the construction process.

Existing methods of flow chart development require time-con-
suming and labour-intensive calculations and consider the works
in a disjointed manner; moreover, they do not allow to choose
a single optimal solution taking into account the totality of influenc-
ing factors. In order to select a solution with the help of available
software, it is necessary to formalize the process of developing
time schedules for the construction of an industrial nuclear com-
plex in the following way: a certain industrial complex is given,
consisting of j (j = 1, 2, n) facilities to be built in the planned period,
each of which requires m (x = 1, 2, m) types of work. The task is to
provide a schedule of work execution and to determine the techno-
logically justified and economically feasible duration of construction
of the nuclear power complex, while ensuring the most uniform
alignment of resource consumption by construction companies en-
gaged in NPP construction. To solve this problem, methods of lin-
ear and dynamic programming were used, as well as a number of
exact methods based on Johnson’s algorithm.

The analysis of the applied methods showed the usefulness of
using the modelling method based on preference rules, which is
the most commonly used in the development of construction
schedules, as well as the random object selection rule and

the combination of several preference rules for solving such prob-
lems. The choice of preference rules is complicated by insufficient
and uncertain information on resources at the stage of construction
statement development. Therefore, when evaluating the variant of
the schedule developed according to this preference rule, it is nec-
essary to take into account both the reduction of the construction
period of the nuclear power plant and the uniform distribution of
resources. For this purpose, a dimensionless criterion is used,
which is determined by the formula:

c=al+pP, (18)
T n

s

where T is the duration of construction of the nuclear complex accord-
ing to the accepted sequence of construction, taking into account
the critical path; Ty is the statutory duration of the NPP construction;
P is the number of parallel flows, in which simultaneous types of work
are performed continuously at T; n is the total number of facilities in
the project; a, B are coefficients taking into account the influence of
the NPP construction period and the level of resource consumption.

Since the calculation method for determining the numerical values
of a and B coefficients is unknown, the method of expert judgment
was used for their estimation during the construction of Akkuyu
NPP-1200. As a result, the numerical values of a = 1.63and 8 = 1.0
were determined. Accordingly, after the necessary transformations,
the expression for determining the criterion took the following form:

c=163L 42 (19)
T, n

In order to select the best preference rules according to this cri-
terion, we have developed an algorithm that repeatedly simulates
the process of developing a flow chart. The initial data for it are dis-
tribution functions of the duration of work types identified on the ba-
sis of statistical data taken from the construction method statement.

The developed algorithm provides the following modelling se-
quence (Fig. 1):

o for each preference rule, a number of facilities in the complex

and types of works on them are defined,

e the duration of the types of works on the facilities is calculated
by distribution functions using a pseudo-random number
generator;

e groups of facilities built in parallel facility sequences are or-
ganized according to the analyzed preference rule, taking
into account the constraints;

e the total duration of the NPP construction is determined by se-
lecting the longest duration of one of the parallel facility flows;

* the criterion is calculated;

e after a given number of realizations, the distribution of the cri-
terion is determined and its statistical characteristics are cal-
culated;

e selecting the best preference rules by comparing the mathe-
matical expectations.

The best preference rules are: minimum duration of separate
types of work, construction of the facility without the first type of
work; combination of the equal probability sampling rules and min-
imum duration of construction of the facility.

Subsequently, each of the four selected preference rules is
used to compute and build four variants of the flow chart.

A special algorithm has been developed to solve the task of
building a schedule, the computational sequence of which is shown
in Fig. 2.
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No

GO| Output of results )

Fig. 1. Algorithm of preference rule selection [12]

After entering initial data for each of the facilities, they are sort-
ed according to the given preferency rule. The facilities are includ-
ed in the groups of facilities built according to continuous parallel
flows, taking into account the following constraints:

e work on separate specialized and individual flows in the facil-

ity stream must be continuous;

e a subsequent individual flow cannot start before the previous
one on the same facility is completed;

e the period of implementation of each facility flow, determined
by the date of completion of the last individual flow on the last
installation, shall not exceed the given prescribed period;

e technological constraints;

e the duration of the construction of facilities should be linked to
the terms of delivery of equipment.

The development of an integrated flow is considered complete

when each of the installations not covered by it violates the given
restrictions when attempting to include it in this flow.

(1 | Input of initial data )

Y
| 2 | Ordering objects |

| 3 | Selecting an object to include in the stream |<—

Does
the object

satisfy
the specified
constraints?

No

| 5 | Formation of parallel object streams

Is the for-
mation of
object
streams
finished?

No

Has
the formation
of the plan
been
completed?

No

| 8 | Improvement of the plan |

v

| 9 | Calculation construction time of the complex |

1]

| 10| Resource alignment |

]

| 1 | Calculation of the economic effect |

1]
62| Output of results )

Fig. 2. Algorithm of flow chart calculation

After checking that all the facilities of the given group are cov-
ered by the facility flows, the heuristic procedure of plan improve-
ment is applied, which consists in rearranging the installations in
parallel facility flows in order to reduce the previously calculated con-
struction time of the group of installations. If there is no reduction,
the original plan is adopted. The total duration of construction of
the NPP is determined by the maximum duration of implementation
of one facility flow out of the number of parallel streams considered.

The best plan with the minimum duration is selected from the plans
obtained by applying different preference rules. The resource align-
ment order for the types of works on the facility is assigned (priority of
works). Based on the experience of solving the resource alignment
tasks, technically feasible types of works are assigned.

Depending on the priority for each variant of the construction
duration, chosen in increments of one week (month) from the inter-
val between the calculated and prescribed construction duration,
the earlier start and later finish of all types of works are determined
for all facility flows included in the integrated flow that is on the crit-
ical path.
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In the next step, the installation-specific flows are shifted within
their time reserves, with the first installation flow with the maximum
construction time being shifted to the rightmost position, followed
by the next one with the maximum to the left. The individual instal-
lation flows are shifted, taking into account the distribution of re-
sources, so that the smallest sum of squares of the deviations from
the average level has the minimum of its maximum consumption.

If the order of alignment of work types is not specified, the dia-
gram of resource consumption is smoothed for each of the resourc-
es and ends with the compilation of the overall schedule of resource
distribution for each duration option, taking into account the priori-
ties, after which the best option is selected.

PART 7. CONCLUSION

Resource alignment ends with a summary schedule of re-
source allocation for each duration option from the interval

between the estimated and prescribed durations, after which
the best option is selected on the basis of economic evaluation
(minimum labour intensity). The above methodology has been to
calculate the construction schedule of the nuclear power com-
plex of Akkuyu NPP-1200, Turkey. The estimated cost of con-
struction and installation works on buildings and structures of
this complex was X millio.rubles, with the prescribed construc-
tion period of 60 months (actual not less than 39 months), includ-
ing the preparatory period and works on testing and adjustment
of equipment up to 12 months, but not less than three months.
This industrial nuclear power complex consists of 33 facilities
(buildings of the main production, storage, auxiliary, administra-
tive, and utility facilities).

As a result of the calculations performed in the software pack-
age, an option of the schedule was selected, characterized by
the indicators given in Table.

Determination of the intensity of work of the construction system taking into account the operational readiness factor

Phases of the investment | Stages of the investment ) . . ) Planned intensity Actual intensity
Planning period Loss of time Readiness factor
cycle cycle (man - days) (man - days)
Pre-investment Conclusion of an inter- 4 25 0.62 2,747.00 2,747.00
governmental agreement
Design and estimate doc- 7 25 0.74 2,747.00 2,024.11
umentation
tructi instal-
Construction and insta 6.25 28 0.69 3,652.00 2,522.1
Investment lation work
Technological work 5.6 3 0.65 1,422.00 925.95
Commissioning works 1.5 0.2 0.88 562.00 495.88
Exploitation Operating permit 1 0.2 0.83 563.00 469.17
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Peanusauus aHeproaTomMHbIX
meranpoekToB AQC-1200 3a py6exom

C UCNOJIb30BaHMEM MpaBu NpegnoYTeHus
NPy NOTOYHOM CTPOUTENLCTBE

CTpOMTENLCTBO OTAENbHOrO 06LEKTa MUIM KOMMIIEKCA XapaKTe-
pu3yeTcsi MHOXECTBOM B3aMMOCBSI3aHHbIX (DaKTOPOB, KOTOPbIE
onpegensoTcs KOHCTPYKTUBHO-TEXHONIOFMHYECKUMU U 06 BEMHO-
NNaHNPOBOYHBIMU XapakTepuUCTMKaMu, a Takxe nnaHoBo-gu-
HaHCOBbLIMW W OPraHN3aLMOHHO-TEXHUHECKNMM YCNOBUSIMMU.

OnTnmanbHoe BO3BEAEHNE 0OBLEKTOB M KOMMIIEKCOB — 3TO Op-
raHu3aums ux CTpPOUTENbCTBA B ONTUMalbHbIE CPOKU C Yy4E€TOM
COBEPLLUEHHOW TEXHONIONMN 1 MexaHn3aumu npu Hambonee pa-
LI,I/IOHaJ'IbHOI7I CTeneHn coBMeLLeHUsa CTPOUTESIbHbIX, MOHTaXXHbIX
N NyCKOHanagoyHbIX paboT, 06ecneymBatoLLMX MUHUMAIbHbIE U3-
OepXKu no ctpouTenbcTay. ONTUManbHbIA BApUaHT CTPOUTENBCT-
Ba 06LEKTOB MyCKOBOrO 3HEProaTOMHOro KoMmekca BelbupaeTcs
ryTeM COMOCTaB/IEHNA MHOXXECTBA BApUaHTOB, KOTOPbIE pasnunya-
IOTCA: MPUMEHSEMbIMU CPEACTBAMU MEXaHN3aLUnN N TEXHONOrewn
NPOV3BOACTBA OTAENbHBIX BUOAOB padoT; NPOLOSIKUTENBHOCTLIO
BbIMOSIHEHWNSI CTPOUTESNIbHO-MOHTaXHbIX PaboT; CpokamMu Havana
N OKOHYaHWUs paboT; METOLOM BO3BEAEHNS OGLEKTOB; TEXHOSIO-
rmyeckon nocnenoBaTesibHOCTbIO BbIMOSIHEHUA pa60T; cTeneHbo
COBMELLIEHNSA CTPOUTENbHbIX, MOHTaXHbIX U NMYyCKOHANafo4HbIX
paboT; NPUMEHsieMbIMM METOAaMM NPOM3BOACTBA PaboT.

OnbIT NPOEKTUPOBAHMS 11 CTPOUTENBCTBA MYCKOBLIX KOMMIIEKCOB
NnoKa3blBAET, YTO MPUN CTPOUTENLCTBE NPOMBbILLJTIEHHbIX o6bek-
TOB BHYTPUMNJIOLLAA04HBIE NOArOTOBUTENbHbIE 1 OCHOBHbIE CTPO-
UTEMNbHO-MOHTaXHbIE PA6OThI BbIMOSHAOTCS MOC/eL0BATENLHO.
CornacHo Tpe6oBaHUsIM HOPM Ha BbIMOSIHEHWE MOArOTOBUTESb-
HbIX Pa6OT MIAHMPYETCsi B OCHOBHOM PaBHOMEPHOE pacrpege-
JNieHne KanutalbHbIX BJ'IO)KeHl/Il7l, 4YTO HepaunoHasibHO, NOCKOJ1b-
Ky MPUBOAMNT K CHVDKEHWIO UX 9DEKTUBHOCTU U 3aTArMBAHMIO
CPOKOB CTPOMUTESLCTBA.

B npouecce BbINONHEHNA BHYTPMNIOLLAA0YHbIX MOArOTOBUTENb-
HbIX PaboT xapakTep pacnpefeneHns KanutanbHbIX BIOXEHUN
no nepvoaam BPEMEHU MOXET ObITb Pa3NYHbIM.

Kak nokasbiBaeT npaktuka ctpoutensctea ASC, npu coBme-
LLIEHHOM MOCNefoBaTeNbHOM BbIMONIHEHUWN BHYTPUMNNOLLA[04-
HbIX NOArOoTOBUTENIbHBIX N OCHOBHbIX CTPOUTEJIbHO-MOHTaXHbIX
paboT MOryT 6bITb BapuaHTbl: 1) MeHee MHTEHCMBHOE HapacTa-
HMe 06bLEMOB B Ha4dasne NOAroTOBKW; 2) paBHOMEPHOE pacnpe-
OeneHve KanuTanbHbIX BAIOXEHUA Ha NPOTSXXEHUW BCeW NoAaro-
TOBKM (NpV NocnefoBaTtenlbHOM BbINOMHEHWN NOATOTOBUTENbHbIX
N OCHOBHbIX paboT); 3) yCKOpEeHHOe HapacTaHue B cpefHen Ya-
CTV 1 3aMepfsieHne 3Toro nNpouecca B OKOHYaHWM MOArOTOBKU
nnun 6onee MHTEHCMBHOE HapacTaHne 06LEMOB B HaYane u 3a-
MefaneHve 3Toro npowecca B cepegnHe U B KOHLE NMOArOTOBKM
(Mpu coBMeLLLeHUN NOArOTOBUTESNbHBIX U OCHOBHbIX padorT).

Mpn paccMoTpeHUM BO3MOXHbIX COBMELLEHUIA NMOArOTOBUTEb-
HbIX N OCHOBHbIX CTPOUTEJIbHO-MOHTaXHbIX pa60T cnep,yeT y4un-
TbIBaTb COKpaLLEHMEe 06LLEV MPOOOSIKUTENBHOCTM CTPOUTENbCTBA
NMyCKOBOIr0 3HEProaTtoMHOro KOMMIEKCa Kak 3a CHET COBMeELLie-
HWUSI BHYTPUMIOLLAA04HBIX MOArOTOBUTESBHBIX Pa6oT MeXay Co-
60W, TaK 1 3a CHET COBMELLIEHNS C X OCHOBHbIMM paboTamu.

Kno4eBbie cnoBa: notoku ctpoutesnibctea ASC—-1200, BHyTpu-
rnoLafo4Hble MoaroToBUTESIbHbIE PabO0Tbl, KDUTUHECKUI MyTb,
rnpasuna rnpe[noYTeHusi, MeToAbl MOHTaXa, pas3in4Hble BapmnaH-
Tbl OpraHn3aymnm CTPoUTENIbCTBA
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Educational and technological conditions as
a factor of university environment development

Most universities in our country are multifunctional complexes solving the task of improving the quality of higher ed-
ucation. This task is one of the highest priorities at the present time. One of the conditions for solving this problem
is creation of a special educational environment. Such environment provides training for specialists not only today,
but also in the near future. A modern university is a unique form of organization and development of the education-
al environment, which increases the effectiveness of educational spaces, promotes the unification of education, sci-
ence, research, innovative technologies and business, integrated with the city and industry, increasing regional at-
tractiveness. The higher education practical importance and the value of interuniversity cooperation and partnership
with leading specialized companies is increasing. This explains the significant attention and assistance to the Rus-
sian higher education system rapid transformation by the state and regional authorities in recent years. Howev-
er, changes are also taking place within the university. New educational technologies are emerging at universities,
the educational environment is changing, the material and technical base is being updated, education itself is be-
coming more flexible and adaptive, and the importance of cross-disciplinary links is increasing. At the same time,
the same external environment requires universities to be more resilient and have a more developed infrastructure.
The university has to become a multifunctional environment combining education, scientific activity, innovation and
culture. For this reason, the material space should meet clear functional and technological requirements for the pro-
cesses that will unfold and develop within the university and on its territory, in accordance with the adopted function-
al model of the entire educational complex, as well as be able to adapt to changes. How and with the help of what
tools can these tasks be solved at the current level of development of higher education, architecture, construction?
Keywords: educational environment, educational technologies, material and spatial environment, register of re-
quirements, regulatory and technical documents, regulatory and legal documents, functional and technological re-
quirements
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INTRODUCTION processes based on the effective use of budgetary

funds. And the value of the educational space as
a social system acquires greater significance in
the conditions of generating new development
goals [3]. The need for such changes logically fol-
lows from the processes taking place in society and
the economy. The Fourth Industrial Revolution re-
quires specialists to acquire competencies corre-
sponding to the demands of the digital economy [4].

The concept of technological development of
the Russian Federation until 2030 defines structural
changes in education and science as a challenge
of technological development'. At the same time,
involvement in innovative scientific and technical
projects of a wider audience raises questions about
the proper distribution of resources and the availa-
bility of prospective groups of future innovators?.
Since technological sovereignty in the field of criti-

In the conditions of post-industrial society,
the approach to the organization of the educational
process is changing. The new concept of education
(Education 3.0) implies the integration of traditional
and digital technologies in creating the educational
environment and organizing the educational pro-
cess. Modern education increasingly acquires
the characteristics of Education 3.0, namely, person-
ality-oriented education based on web technologies.
Proficient use of modern computing devices allows
students to largely independently shape their educa-
tional environment, thereby introducing elements of
the concept into their professional training [1].

The concept of “educational environment” itself
is becoming more complex — it is being technolo-
gized, i.e. the introduction of modern learning and
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development technologies; all subjects of educa-
tional activity and external partners interact in
the conditions of informatization, other effective or-
ganizational and technological mechanisms and
tools for this interaction are being built. Educational
activities are always at the center of attention of
the state [2]. It requires organized efforts to create
conditions of comfort and safety for educational

cal and cross-cutting technologies is seen as
the benchmark of technological development, pref-
erence is given, first of all, to natural science and
engineering disciplines in training the personnel
reserve. Unfortunately, at the moment, only 9 % of
students engage in science, participate in startup
accelerators and acquire digital competencies®. In
addition, the ability to engage in scientific and

1 Concept of technological development of the Russian Federation. URL: http:/static.government.ru/media/files/KIJ6A00A1K5 t8Aw93N-
fRG6P80IbBp18F.pdf
2 Report “University campuses and the city: cooperation for the sake of competitiveness”. Center for Strategic Research (CSR). Universi-

ty 2035. VEB.RF. URL: https://www.csr.ru/upload/iblock/3f0/kbpm276p3taubknlizdla3d6ozz0fveOe.pdf

The collection of statistics according to the data of the Short statistical collection Education in numbers 2022, Ministry of Education, Ministry of Lighting,
FSSS, HSE, monitoring of the Russian Technological University. URL: https://monitoring.miccedu.ru/?m=vpo, statistics. “Employment of graduates in the field
of study”, HSE, Moscow Power Engineering Institute, Statistics ANO NTI Platform. URL: https:/platform.nti.work /?ysclid=IshdkafOpj477649224. Materials of
the University 2035 website. URL: https://www.2035.university/
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scientific-technical creativity is not common: the so-called scientific
and technological elite is a small stratum of specialists capable of
implementing innovative and scientific projects. In order for it to
appear in the country, it requires revision of educational and scien-
tific trajectories in universities, popularization of science, as well as
appropriate educational, material and spatial environment*.

THE UNIVERSITY CAMPUS
AND ITS MATERIAL-SPATIAL ENVIRONMENT

The university campus and its material-spatial environment
serve as a vivid example of the complex environment of higher edu-
cation. It is an organized set of multifunctional objects performing
educational, research, innovative, social, and service functions,
unified by infrastructural development issues and a common model
of interaction with the territory of presence?.

The concept of “campus” correlates with the concept of an educa-
tional or educational-technological environment, which is defined as
“a set of organizational and pedagogical conditions related to the pro-
cesses of designing and deploying clearly defined algorithms and
mechanisms of continuous development and self-development of all
participants in the educational process, as well as the educational or-
ganization as a whole as an object of study and practice, assuming
a complex substantive, technological, organizational-practical, and
managerial structure” [3]. At the same time, the educational environ-
ment is not a stable system even for a period, as its transformations are
associated with the constant search for and implementation of new
technologies and methods of organizing the educational process in
practice. If initially it was supposed to be favourable or well appointed,
providing external and internal conditions for achieving the goals of
the educational process, then now it is defined as a set of opportuni-
ties for personal development arising from interaction with its social
and spatial-object environment [5]. In previous publications, the au-
thors also proposed a definition of the educational environment as
a systematically formed space in which interaction of the subjects of
the educational process with the external and internal environment (ar-
chitectural space) takes place, as a result of which the individual char-
acteristics of the student's personality are revealed and enable him to
receive a good education in conditions of fairly free choice of an indi-
vidual educational trajectory. Thus, we see the educational environ-
ment of the university as a complexly organized system, depending on
many factors, a significant part of which is of a material-spatial nature.
It would be reasonable to assume that the corresponding material-
spatial environment (hereinafter MSE) of the university transitions from
additional conditions to basic requirements for ensuring the educa-
tional process.

The elements of the material component of the educational en-
vironment, which includes the educational process, are the building
itself, its spaces, structures and design of premises, engineering
systems and equipment providing internal microclimate, low-cur-
rent networks, functional and technological equipment.

Most accurately, according to the authors, the definition of “el-
ementary” MSE with one function is revealed by the following defini-
tion: a material environment limited by the boundaries of the space
with content (including equipment, facilities, structures and

decoration), providing the necessary and sufficient conditions for
the implementation of the activity (function) envisaged by the edu-
cational technology in this space.

To be fair, there is a lack of research on the impact of MSE on
learners. Until now, the importance of material factors for enhancing
the effectiveness of the educational process has been described
from an economic perspective, taking into account ergonomic prin-
ciples®. Changes in forms and technologies of learning, roles of par-
ticipants in the educational process, are likely to change perceptions
of space, functional zoning, and equipment of universities. Modern
educational technologies are very diverse and significantly differ
from each other in terms of MSE requirements. Among them, we can
highlight: distance learning, the use of AR and VR technologies,
STEM education (Science, Technology, Engineering, Mathematics),
blended learning, mobile and flexible learning, work in virtual educa-
tional laboratories, hybrid interaction formats, project-based learning
(involving students in practical and research tasks both within and
outside the university), and others. Also gaining momentum is ad-
vance training — accelerated professional education, one of the ap-
proaches to which assumes that “the number of highly qualified
workers prepared should exceed the existing demand for them in
order to form the educational-professional potential of society”®.
More startup incubators are emerging (an association that provides
young entrepreneurs with infrastructure, educational programmes,
expert support to develop and successfully launch their startups)’. At
the same time, we cannot forget about research activity. Considering
the current demand for the implementation of scientific and innova-
tive activities at the university, factors capable of influencing person-
al development and increasing the effectiveness of intellectual activ-
ity gain additional weight. Thus, the MSE should meet all the needs
and possibilities of the participants in the educational process, be
technological, transformable, interactive, and multifunctional.

EDUCATIONAL AND TECHNOLOGICAL
CONDITIONS OF THE UNIVERSITY

As already reflected, the modernization of higher education,
the implementation of adaptive, practice-oriented educational pro-
grammes requires flexibility and multifunctionality from the educa-
tional environment, and the introduction of new educational meth-
ods necessitates the reorganization of existing spaces and
the creation of new ones. One of the obstacles on this path is
the lack of mechanisms and rules for determining, forecasting, and
describing the properties and parameters of the created MSE of
the university or even the entire campus. This is especially relevant
considering that this environment will provide conditions for positive
changes in the field of science and higher education, the profile
development of regions, and the country as a whole®.

On the one hand, the properties and parameters of the environ-
ment largely depend on the functional and technological content,
which is most relevant for inter-university campuses, while on
the other hand, they determine architectural, construction, engi-
neering, technological, and other requirements. Some of these re-
quirements may have a functional and technological character,
while others may be normative-technical or even regulatory-legal.

4 Sergeev A.M. Science should be! Moscow International Salon of Education 06.10.2021. URL: https:/scientificrussia.ru/articles/mmso-prezident-ran-a-sergeev-nauke-byt

5 Solovyova E.A. The study of the role of the subject-spatial component in the formation of the educational environment of the university. Psychological Sciences. 2005; 83-95. URL:
https://cyberleninka.ru/article/n/issledovanie-roli-predmetno-prostranstvennogo-komponenta-v-formirovanii-obrazovatelnoy-sredy-vuza/viewer

6 Blinov V.I., Satdykov A.l., Osadcheva S.A., Krasovsky N.A. Advanced vocational training: formation of system-forming components. DOI: 10.22394/2078-838X-2020-4-84-93.

URL: https://edpolicy.ranepa.ru/core-components
7 Materials of the MIPT Startup Studio website. URL: https://ssmipt.ru/

8 The concept of technological development for the period up to 2030. URL: http:/government.ru/docs/48570/
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These requirements regulate the parameters of the MSE provided
at the stage of designing a new, reconstructed, or renovated university
building. Regulation of compliance with these requirements is carried
out during construction and installation or repair-restoration works.
Regulation of maintaining these requirements is carried out during
the operation of buildings. The solution to this problem proposed by
the authors may be the formation of a new type of multicollinear condi-
tions and requirements based on the relationship between the param-
eters of the implemented educational (scientific-educational, educa-
tional-research) activities and the parameters of the MSE.
Multicollinearity is determined by mutual influence: educational activi-
ties determine the conditions and requirements for the MSE, while
the latter, in turn, determines the requirements and restrictions for
the implemented educational activities.

In accordance with the conditions described above, the au-
thors propose to call them Educational-Technological Conditions
(hereinafter ETC). They may include a set of properties and features
of the building, its structures, engineering systems, and techno-
logical equipment that determine the ability to satisfy the need for
physical space corresponding to the conditions of educational ac-
tivities. It is absolutely true that ETC can only be defined and mod-
eled by the university as the functional customer. ETC can be most
vividly represented in the following two examples.

1. In full compliance with the prepared ETC by the university,
designers develop project documentation for the construction of
a new building or for reconstruction with adaptation of an existing
building. This case is analogous to the development of a techno-
logical project in industrial construction.

2. As part of the development of a project for the overhaul of
a university building, the selection of educational processes and
technologies that can be built into certain spaces of the building is
made on the basis of ETC.

From a qualitative point of view, ETC represents a system of
engineering parameters — measures of an effective, safe, and
comfortable educational environment. However, ETC does not aim
to replace normative-technical, regulatory-legal, or sanitary-hygien-
ic requirements. It can be reasonably assumed that ETC may in
the future complement the task of developing project cost estimates
for construction, reconstruction, or major repairs of buildings.

Figure shows the scheme of forming ETC, which, as noted above,
reflects the mutual correspondence of the MSE, educational

infrastructure, represented, for example, by laboratory or educational
equipment, applied educational technologies, and regulated indoor
environment, i.e., microclimate of various functional zones. It should be
noted that in the presented scheme, educational infrastructure partici-
pates in determining ETC indirectly, as they are part of the MSE. From
the scheme, it is evident that the degree of mutual correspondence of
elements of the educational environment, expressed through ETC, cor-
responds to the area of the intersection zone of the elements.

The proposed methodology for applying ETC fully corresponds
to the ongoing transformation in the construction industry, associ-
ated with the transition to a registry-based principle and a system of
parametric regulation, and in the future will allow for the initiation of
the formation of a digital model of university facilities, including
those within campuses, already at the pre-design stage.

PRINCIPLES OF APPLYING EDUCATIONAL
AND TECHNOLOGICAL CONDITIONS

Since the mechanism of ETC is only being proposed to the pro-
fessional community, it is difficult to outline its clear goals, objec-
tives, and areas of application. However, general principles of ap-
plication can already be formulated, including:

e ETC can be applied in describing any zone with one or more

interconnected functions;

e ETC can define functions that are either rigidly fixed or trans-
formable over time;

e ETC can have different levels of detail and depth of content;

¢ ETC should adequately reflect operational, functional, and
technological requirements for zones;

e ETC should include requirements for the location of zones in
the complex, determined by their functional-technological
purpose;

e ETC should contain information on the number of people from
all groups present in the zones;

e ETC should include requirements for providing access for
people with reduced mobility;

e ETC should include requirements for equipping zones with
workstations (including automated, high-tech ones);

e ETC should incorporate data on hazardous technological pro-
cesses;

¢ ETC should have the ability to integrate into the existing func-
tional model of the university, and so on.

A promising direction for the development of ETC is seen in
defining and considering parameters that contribute to improving
the psychological state of learners, regulating and enhancing
the efficiency of processes and communications between function-
al zones, and fully integrating scientific-production functions.

CONCLUSION

Today, there is a rapid transformation of the Russian higher edu-
cation system. Adaptability and resilience have become the main
directions of university infrastructure development. Completely new
educational methods and techniques are emerging, universities are
increasingly integrating into urban environments, and the value of in-
ter-university cooperation and partnership with leading profile com-
panies is increasing®. However, there is no single methodology for
forming functional and technological requirements for the space of
higher education institutions, especially university campuses.

9 The main activities of the Government of the Russian Federation for the peri-
od up to 2024. URL: neOvGNJUK9SQjIGNNsXIX2d2CpCho9qgS.pdf (government.ru)
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The nearest requirements contained in regulatory-technical docu-
ments regulate individual issues of building microclimate and
the placement of basic technological equipment. Therefore, the tasks
of building a general functional model of the university and forming
a set of requirements for each functional zone at the stages of de-
sign, construction, and operation fall on the educational institution
itself. The proposed mechanism for using ETC can be a helpful tool
for universities in their development, especially in collaboration with
designers, contractors, and operating organization.
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Methodological aspects of implementing
an innovative approach to improving
the efficiency of development projects

In this paper, the authors touch upon the issue of competition of development companies and the existing
trends of increasing the competitiveness of development projects in modern conditions.

There are two main approaches to increasing competitiveness. The first organizational approach is to create
an additional organizational unit in the structure of the development company, which is designed to control
the choice of technical solutions for construction projects, as well as to evaluate them in terms of functionality,
cost and efficiency in order to obtain a better development product for the end user without increasing the cost.
The second approach is innovative, it is aimed at increasing the efficiency of the development company's ac-
tivities using modern digital technologies, which are designed to reduce the cost of construction by reducing
deadlines, minimizing the number of errors, speeding up approvals and automating the processes that accom-
pany a development project during its implementation.

In the implementation of the innovation approach, the main directions of innovative digital technology imple-
mentation in construction are listed and their basic description and characteristics are given.

The main advantages that can be achieved through the application of these approaches are identified: reduc-
tion of construction time, improvement of the quality of construction products, and cost reduction. The paper
also describes the main problems and limitations of the approaches under consideration, such as high reg-
ulation of the construction industry, lack of financial resources, imperfect methodology for assessing the ef-
fectiveness of innovative projects, lack of qualified personnel capable of applying and mastering innovations.
Keywords: development, development activity, innovation, innovative development, innovative processes, in-

novative building materials, digitalization, information technology, robotization
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he residential and commercial real estate
Tconstruction market has been actively de-

veloping in recent years, even during
the pandemic the growth of the construction indus-
try was maintained unlike other segments of
the economy [1].

Large federal-scale development companies
that started their operations in Moscow are now
actively expanding into regional markets. Regional
developers are replenishing their land banks in
the regions and trying to enter the capital market,
which will lead to an increase in their competition
in the coming years.

Increasing competition of developers contrib-
utes to the improvement of the quality of develop-
ment projects, but the unstable economic situa-
tion, the rising cost of construction materials and
services, as well as stagnation of household in-
comes reduces the affordability of residential and
commercial property and intensifies competition
between developers in the struggle for custom-
ers' [2].

The time of high margins in the development
business is gradually passing, buyers are increas-
ingly demanding high quality of construction and
the cost of the development product.

In this situation, in order to ensure business
stability and the ability to sustainably resist the on-
slaught of competitors, developers are forced to
develop development strategies, optimize costs
and apply new non-standard approaches to

construction management, seeking to use their fi-
nancial, material and labour resources as econom-
ically and efficiently as possible.

The most progressive developers apply
a comprehensive approach in the implementation
of their development strategy, they not only seek to
optimize their financial strategy and organizational
structure, but also pay great attention to the tech-
nological aspect of development activity increas-
ing the efficiency of technological processes by
introducing digital innovations and achievements
of scientific and technological progress in their ac-
tivities, apply an innovative approach' [2, 3].
The share of companies interested in innovation
activity is rapidly increasing.

Development leaders mainly associate their
development vectors with such areas as:

e reduction of construction time;

¢ introduction and dissemination of energy ef-

ficiency technologies;

* improving the quality of construction prod-

ucts;

e introduction of innovative digital construction

technologies' [3].

The authors consider two main approaches as
the most promising directions for managing time,
construction costs and improving project efficien-
cy — the organizational approach, which consists
in organizational changes to ensure control over
the effectiveness of technical decisions and
the modern approach of increasing efficiency

1 Strategy of innovative development of the construction industry of the Russian Federation for the period up to 2030. URL: https://

minstroyrf.gov.ru/docs/11870/ (date of reference 09.04.2022).
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through the introduction of new digital technologies. In this paper,
we propose to consider the second approach — the innovative
approach to improve the efficiency of a development project.

Advanced developers are adopting innovative digital tools to
help to reduce construction costs by shortening timelines, mini-
mizing errors, expediting approvals and automating processes.

In recent years, one of the main directions of this trend has
been the widespread introduction of information modelling tech-
nologies' [3].

Today information modelling allows to reduce the terms of
verification and acceptance of project documentation to one
week, when before it took on average 10 days.

The amount of documentation to be processed is reduced,
and the reliability and openness of construction control is signifi-
cantly improved.

Designing is accelerated by 2-3 months on average, while
the quality of development of technological solutions becomes
much higher.

Construction time in general has become shorter by an aver-
age of 1-2 months and cost has decreased by 10 %, there is also
a significant reduction in the likelihood of design errors.

However, IMT (Information Modelling Technologies) are not
the only digital innovations that have rapidly burst into and been
applied to the construction industry in recent years.

It is possible to list the main directions of innovative technolo-
gy implementation in construction [4]:

1. Implementation of common data environments in construc-

tion activities.

2. Implementation of digital services to automate the pro-

cesses of executing executive documentation.

3. Advanced visualization of construction production and

product.

4. Utilizing online shopping and mobile applications for de-

velopment purposes.

5. Advanced online analytics and dynamic pricing.

6. Creation of a unified federal information space in the field

of pricing in construction.

7. CRM and process robotization.

8. 3D technology.

| :

COMMON DATA ENVIRONMENT
IN CONSTRUCTION ACTIVITIES

In general terms, a common data environment is a set of tech-
nical means and software designed to provide information ser-
vices to users. The technical means include equipment for data
input, storage, transformation and output.

These systems allow project participants to access project
documents in a single information environment. In CDE it is pos-
sible to exchange documents, view files of all common formats,
flexibly customize access rights, identify the relevance of docu-
ments, conduct verification and electronic approval of documents,
and link all this with scheduling tools [4, 5].

Some real estate developers develop such systems for their
own needs.

Therefore, development company Etalon developed its own
cloud-based common data environment solution called
CONTRUST.

The scenario model of work in CONTRUST CDE is schemati-
cally presented in Fig. 1.

A distinctive feature of the CDE product developed by Etalon
is that each document in the system is assigned an individual QR
code, thanks to which any project participant can check the rele-
vance of the document in real time, which minimizes the risks of
confusion in case of a large number of versions of the same docu-
ment.

In construction, such software products as Autodesk BIM360
Docs, Sarex CDE, Project Point, SIGNAL DOCS, Vitro-CAD, etc.
can also be attributed to ODS products.

DIGITAL SERVICES FOR AUTOMATION OF EXECUTIVE
DOCUMENTATION PROCESSES

Applications and services for debugging and accelerating
the processes of execution of executive documentation appeared
several years ago and have already proved to be a very effective
tool that increases the speed and quality of execution of executive
documentation on the construction site.

Modern systems are able to organize and automate the pro-
cesses of formation of executive documentation (supporting doc-
umentation for supplied materials, certificates of witnessing of
concealed works, executive schemes, online filling of the general
log of works and special construction logs), create registers, con-
trol the relevance of documents and upload information to

.

The administrator

The designer loads
grants access

The reviewer

The approved

The CPE stamps QR drawing is submitted

- the drawing agrees “In Progress” to the construction
to participants .
site
v ./ v

Configures the folder
structure of a com-
mon project and
invites participants

Autoversion of
documents — order
in the storage

Control of comments
and deadlines for
approvals, return for
revision

24/7 access by QR
code on the drawing
to check if it is
up to date

Members are
notified when their
status changes

Fig. 1. Scenario model of operation in CONTRUST CDE
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Fig. 2. Typical scenario model of an application for automation of construction inspection processes

the Customer and to the state construction supervision authorities
online.

The customer gets more complete control over the process of
execution of executive documentation, costs are reduced, access
to executive documentation and risks of its loss are simplified.
Contractors and executors reduce and automate their routine op-
erations, reduce the time spent on execution of performance doc-
umentation, reduce the risks of errors and delay in preparation of
performance documentation.

The Fig. 2 shows a typical scenario model of an application for
automation of construction inspection processes.

Such applications include such software packages as Adept,
CONTRUST, HARDROLLER, Stroyform, BuildDocs, DACON.

VISUALIZATION OF CONSTRUCTION
PRODUCTION AND PRODUCT

Augmented Reality (AR-Augmented Reality) technology is
fairly recent on the market as a product of modelling.

Over time, augmented reality has been used not only for en-
tertainment, but also in construction. With the help of augmented
virtual reality, projects for various construction projects are al-
ready being developed.

The advantages of the augmented reality method are that
the projected model allows visualizing the process of object con-
struction and seeing the object under construction with just aug-
mented reality glasses on the face [6]2.

On the plus side, we can mention:

1. Operational control of deviations of construction progress

from the design solution.

2. Visual inspection of structural solutions.

3. Reduction in the number of changes on the construction

site, as a result of observation and avoidance of deviations
during the construction of the project.

4. Increasing the productivity of workers and engineers.

Sales departments are also actively interested in the technol-
ogy. It can be used to create a complete image of the proposed
real estate object in the mind of a potential buyer, long before it is
built in reality. For this purpose, increasingly sophisticated virtual
visualization and online tours of the construction site are used.

ONLINE STORES AND MOBILE APPS
FOR BUYING REAL ESTATE

Nowadays, almost everything can be bought online, and this
trend has reached real estate sales. A powerful impetus to this
process was given by the pandemic of 2020, when in the condi-
tions of self-isolation and insecurity of personal contacts online
sales allowed developers to maintain the level of apartment
sales [4].

Online sales allow you to save time to make a purchase and
reduce transaction costs, and the virtual reality technology de-
scribed above allows you to remotely select your favourite prop-
erty.

According to the statistics of development companies today
up to 45 % of real estate is booked online, although before 2020
such transactions were rare.

ONLINE ANALYTICS AND DYNAMIC PRICING

Many development companies are already using special cor-
porate data warehouses, collecting BIG Data and creating “data
lakes” (Data Lake). Developers are actively mastering technolo-
gies for obtaining and managing data in different formats: raw,
unordered or, on the contrary, structured or loosely structured, in
a single storage' [2, 4].

This allows them to further engage in effective product analyt-
ics and also becomes the basis for dynamic pricing.

2 Strategy of innovative development of the construction industry of the Russian Federation for the period up to 2030. URL: https://minstroyrf.gov.ru/docs/11870/ (date of reference

09.04.2022).
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Dynamic pricing is a technology for calculating the selling
price of real estate objects according to certain algorithms in real
time, based on demand and market conditions. When used skill-
fully, the technology helps businesses to extract maximum profit
from a product in a particular situation.

The main advantage of the technology is that sales are built
taking into account a large number of external factors. After all,
the balance of supply and demand is fragile and is influenced by
many factors: from the general state of the economy to the ap-
pearance of new housing estates in the area or competitors' pro-
motions.

Dynamic pricing helps not only to maximize profits, but also to
protect against potential losses.

CREATION OF A UNIFIED FEDERAL INFORMATION
SPACE IN THE FIELD OF PRICING IN CONSTRUCTION

The most important achievement in this direction was
the launch of the federal state information system of pricing in
construction (FGIS CS), the final formation of which should be
completed by 2025 [5].

This system today collects, processes and stores the data re-
quired to determine the estimated cost of construction of facilities
financed with budgetary funds.

CRM AND PROCESS ROBOTIZATION

A modern CRM system (from “customer relationship manage-
ment”) is not only a tool for comprehensive communication with
customers, but also an environment for organizing joint work be-
tween management and employees.

In a broad sense, CRM is an online office both for interaction
with clients and for managing tasks and projects within a compa-
ny. This innovation allows you to bring customer service to a new
level, automate the acceptance and processing of applications,
distribution of tasks, mailings, financial accounting and generation
of various kinds of documents.

In the construction business, control of all processes is impor-
tant, and with the help of modern CRM systems, construction
companies track the efficiency of tasks, plan work, generate re-
ports and find new clients.

If the multifunctional CRM for construction in the organization
is synchronized with 1C and BIT Construction systems, in this
case the company has a reliable tool that allows it to make man-
agement decisions in an operational mode and establish a trans-
parent process of interaction with clients and customers' [4, 5].

The system increases company productivity by reducing pa-
perwork and converting processes, including customer interac-
tion, to electronic format.

A peculiarity of the construction industry is the variety of fac-
tors affecting the project realization time and the large number of
involved participants. With the help of automation, it is possible to
take control of each task, plan the work and assign responsible
persons, track the current status of the project and make adjust-
ments if necessary.

The challenge of involving robots in the construction process
remains the most pressing, especially true for companies that ap-
ply information modelling technologies (IMT)3 4.

Due to the fact that in modern construction almost all opera-
tions are performed manually by humans, in practice no even
the most accurate IMT model will be accurately constructed. No
matter how professional the craftsmen-executors are, technical
errors occur.

Already now the construction industry is piloting robotic sys-
tems, so they are used for bricklaying, plastering, carrying and
installing sheet materials, robotic cranes and robots for handling
wooden building materials, robots for demolition of buildings and
structures, 3D printers, drones and others.

In the future, robots will reduce the number of errors and pro-
ject adjustments caused by them, increase the accuracy of instal-
lation and help to follow the technological instructions of the IMT
model and reproduce it as accurately as possible.

They will save time and ensure that construction schedules
are adhered to.

They will help to control the management of the construction
process and significantly reduce the amount of construction ma-
terials. Finally, robots will make it possible to reproduce complex
geometric shapes and forms that were impossible to recreate be-
fore them.

Robots are gradually going beyond the scope of academia,
technology centers, and construction giants and into the real
world of medium and small contractors — they are becoming
more and more affordable.

While the prevalence of robots in construction is not yet uni-
versal, real estate developers and construction companies can
still gain a big advantage over their competitors by increasing
their efficiency with the use of 3D printers, all sorts of specialized
robots, robotic arms and drones.

3D SCANNING IN CONSTRUCTION

Periodic or permanent geodetic measurements made to mon-
itor the construction of a project provide technical and manage-
ment services to clients and investors with objective information
on construction progress, design irregularities, and quantities of
work performed.

3D technology is one of the most promising trends in con-
struction, designed to automate and simplify the process.

In 3D scanning, high-precision equipment “reads” any mate-
rial objects and reproduces their digital copy. This brings the de-
sign to a new level, helps to control the construction process, find
and eliminate deviations from the project at the construction site,
carry out landscaping of the territory, simplifies the process of
monitoring the condition of finished objects, etc.? [5].

If deviations from the project are detected in a timely manner,
a decision can be made quickly to finalize the project or to correct
the deficiencies in the builder's work.

This article considers the main directions of increasing the ef-
ficiency of development activity relevant to today.

Each of them has both positive and negative aspects. The tra-
ditional approach, which consists of controlling the efficiency of
design decisions, has a good result in improving the efficiency of
development projects, but it has certain limitations due to the sig-
nificant regulation of the construction industry and the need to
comply with building codes.

3 The role of 3d scanning in construction site inspection. URL: https://dzen.ru/a/Y5fQCCIVunAcapyC?experiment=931376

4 How robots are changing the construction industry right now. URL: https:/pacs.ru/blog/tekhnologii’kak-roboty-menyayut-stroitelnuyu-otrasl-uzhe-seychas/?ysclid=Ir10rvw3
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At the same time, the modern approach related to the applica-
tion of innovative technologies can also bring a significant effect
in some cases, but is often faced with poorly developed method-
ology, high cost of development and implementation, difficulty in
assessing the effectiveness of innovative projects, lack of a suffi-
cient number of specialists 3D designers, drone operators, robot-
ics engineers, programmers, managers of innovative projects in
the construction industry, etc., as well as a lack of specialists in
the construction industry.

Due to the fact that the construction industry is conservative to
innovations, the implementation of innovations is slower than in
related industries, but this lag carries a significant growth poten-
tial in this direction in the horizon of the next five years.

Summarizing the above, we see that, based on practice, it is
necessary to carefully approach the selection of technical solutions
for construction projects. To control the functionality, cost and effi-
ciency of construction solutions, so that it results in a better devel-
opment product for the end client without increasing the cost.

New technologies are designed to reduce construction costs
by reducing deadlines, minimizing errors, speeding up approvals
and automating processes.

Developers' activity in this direction is increasing every year.
Many market participants are already using the described ap-
proaches, and those who are not using them yet are coming to
realize this necessity or are losing their competitiveness.

In our opinion, the most effective strategy is a combination of
the above approaches — traditional and innovative, it can create
a competitive advantage for the company.

At the same time, the introduction of innovations can bring
developers not only financial, but also scientific and experimental
effect.

MeToauyeckue acnekTbl peanusauum
MHHOBaLMOHHOro noaxopaa K NoBbILLEHUI0
achpchpeKTUBHOCTU fieBEeSIONEepPCKUX NMPOEKTOB

B cTaTbe aBTOpbI 3aTparvBaloT BOMPOC KOHKYPEHLUMM OeBeNonep-
CKMX KOMMaHWi U CYLLECTBYIOLLME TEHAEHLMM MOBbILLEHUS KOH-
KYPEHTOCMOCOGHOCTY AEBESIONEPCKUX NMPOEKTOB B COBPEMEHHbIX
YCIOBUSIX.

Bbigensercs fBa OCHOBHbIX MOAXOAA MOBbILLEHUSA KOHKYPEHTHO-
cTun. [NepBbI, OpraHM3auNOHHbIM NOOXOA, 3aK/YaeTcs B Co3ha-
HUW OOMONHUTESNBHON OpPraHM3auMOHHOW €AUHULbI B CTPYKTYpe
[EBENONEPCKON KOMMaHWW, KoTopasi Mpu3BaHa KOHTPONMpPOBaTh
BbIGOP TEXHNYECKNX PELLIEHWI AN1S CTPOUTESIbHBIX MPOEKTOB, a TakK-
>Ke npoBoanTb UX OLl,eHKy C TOYKU 3pEHUsA (byHKU,I/IOHaJ'IbHOCTI/I, CTO-
MMOCTU 1 3PPEKTUBHOCTU C LIENbIO MOSy4eHUs 6onee Ka4eCTBEH-
HOroO AEBENoNepckoro NpogykTa Ofis KOHEYHOro noTpeéuTens
6e3 yBenM4eHnsi CTOMOCTMU.

BTopoi noaxos — MHHOBALWMOHHBIV, OH HaLemneH Ha NoBbILLEHVe
3(PHEKTUBHOCTY AEATENBHOCTY AEBESIONEPCKON KOMMAaHUU 3a cHeT
NPUMEHEHUS] COBPEMEHHbIX LIMGPOBLIX TEXHOMOTUIA, KOTOPbIE MPK-
3BaHbl CHUXaTb CTOMMOCTb CTPOUTENLCTBA 3@ CHET YMEHbLLEHUS]
CPOKOB, MAHUMM3ALIMM KOTIMHECTBA OLLMGOK, YCKOPEHMS COraco-
BaHUI M aBTOMaTU3ALMN NPOLIECCOB, COMPOBOXAAOLLMX LEBeSiO-
MepCKui MPOEKT B NMPOLIEcce ero peanvsauyu.

an peannsaumm MHHOBaLMOHHOIO noaxona nepe4vuncsieHbl OCHOB-
Hbl€ HanpaBJieHna BHegpeHna MHHOBaUWUOHHbIX uMq)pOBbIX TEXHO-
noruv B CTpouTenbCTBe U AaHO UX rMaBHOE OnnucaHne n xapakTe-
PUCTUKN.

BbIsSiBNIEeHbI OCHOBHbIE MPENMYLLIECTBA, KOTOPbIE MOTYT 6bITb AOCTU -
HyTbl 6narofapsi NPUMEHEHWIO [aHHbIX MOAXOA0B: COKpaLLeHWe Cpo-
KOB CTPOMTESLCTBA, MOBbILLIEHNE Ka4ecTBa CTPOUTENbHOM NMPOYyK-
LW, YMEHbLLEHME CTOMMOCTM. TakxXe B CTaTbe OM1CaHbl OCHOBHbIE

The trends listed in the paper can become key vectors in
the future transformation and sustainable development of devel-
opment activity and the construction industry as a whole.
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