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port for urbanized territories

Noskov L.S., Borozdina S.M.

The growing importance of the Arctic Zone of
the Russian Federation and the Northern Sea,
particularly in enhancing various aspects of
the national construction industry and achiev-
ing the objectives of national and economic
security, motivates the scientific community to
study the specific characteristics of the region
more thoroughly

Telepneva O.A., Kuznetsov A.l.

The article highlights the relationship between
the Russian Federation and the Arab Repub-
lic of Egypt at the field of nuclear energy, their
agreement of cooperation in the construction
and operation of a nuclear power plant in
Egypt, examines the difficulties encountered
in the implementation of the project, and also
describes and systematizes the results and ef-
fects of the project

Zubakhin N.A., Akristinii V.A.

This paper is devoted to the features of con-
struction-technical expertise conducting
connected with an unauthorized reconstruction
Selezneva ALl

The article examines the problem of small
town degradation and substantiates the ne-
cessity of applying a new managerial ap-
proach — the producer model — for their
sustainable development

#4 /2025



#4 /2025 MexxayHapoHbIN Hay4HO-TEXHUYECKUIA XXypHarn HeoBmX1UMOCTb: SKOHOMMKA, ynpaBneHne

O0®UUMANBHBIA PASAEN

uDC 332.72

u Yaskova N.Yu.

Development prospects for the real estate
sector in various economic segments

Investment and construction projects in real estate sector are currently undergoing significant changes. Not only
serving but also influencing the development of production and consumption sectors, real estate must rapidly re-
spond to new and dynamically changing needs. The opportunities offered by new technological structures are
driving these changes. Their potential makes it possible to reformat the technological processes of investment
and construction activities in order to create conditions for their self-sufficient development and increased effi-
ciency. Meanwhile, in the context of the transition to the post-industrial stage of development, it is impossible to
ignore the emergence of the knowledge economy, the experience economy, the network economy, the bioec-
onomy, the generational economy, and other economic segments. They have new properties and characteris-
tics. Consequently, it is not only a question of the degree of receptivity of the real estate sector to technological
innovations. The search for completely new real estate formats that allow the structuring of living space to solve
fundamentally new development tasks, as well as support business activity in the demanded segments of crea-
tive technologies, is becoming increasingly relevant. The future that is currently being built is impossible without
the synthesis of ideas and meanings of development of many economic segments, materializing in real estate
with new properties. Identifying and defining ways to solve problems that have never arisen before in the real es-
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tate sector is becoming a pressing task in forming a preventive approach to the deepest restructuring of the real

estate sector.

Keywords: development goals, economic segments, investment and construction activities, real estate sector,

project approach, structured space

INTRODUCTION

The new challenges facing humanity today en-
compass all spheres of human activity. These
include threats to the existence of biological
species as a result of the development of genetic en-
gineering, virus modification, and the accelerated
spread of genetically modified products without con-
sideration of the long-term consequences, and grow-
ing conflict in all strata of society, and the correction
of lifestyle models with increasing virtual effects,
and new network-type communication mechanisms,
and the segmentation of not only creative industries,
but also economic approaches. In addition, modern
humans are surrounded by a material world with rap-
idly changing properties (air, earth, and water are
changing their composition, which cannot but affect
physical and mental health), and the multiplicity of in-
terests and aspirations is continuously and rapidly
clustering society. It is divided, fragmented, and in-
terest groups are formed that contradict each other
to one degree or another. Their regulation is a non-
trivial task of an interdisciplinary nature.

In the current reality, it is becoming extremely
important to guide people, channel their abilities in
a constructive direction, and create a comfortable
external and internal environment for their develop-
ment. In a poly-saturated information environment,
without an awareness of the full range of opportuni-
ties and strategic norms, the choice of a model of
life is increasingly becoming random, emotional,
and short-lived, without taking into account not only
the long-term consequences but also the real value
for a particular person. Everything that flashes by in
the information environment is increasingly offered
in the virtual format of the experience economy [1].

Offers are professionally “packaged”, embellished,
and in reality are far from always being as attractive
and useful. The choice is staged and turned into ex-
citing actions. This is probably only the beginning,
and humanity will continue to improve the mecha-
nisms of the experience economy with its inherent
information and exhibition capabilities. Neverthe-
less, this does not negate the importance of direct
contact with real goods, benefits, or the environ-
ment. As practice shows, it is not only not dying out,
but is growing stronger, which predetermines
the need to reformat the real estate sector, including
the establishment and development of relatively
new exhibition formats in the sphere of the experi-
ence economy.

One of the most important challenges of the pre-
sent time is the problem of choosing the target priori-
ties of the activities of all contractors in social devel-
opment. This task is much broader than the solu-
tions offered by the experience economy. The cho-
ice of possible exciting activities is dictated by
fashion, imitation, sometimes protest, and, as re-
search shows [2-4], is rarely a conscious prefer-
ence. Understanding oneself, society, and nature,
based on the correct analysis of reliable information
and the application of methodological tools, is
the subject of the knowledge economy. We empha-
size that there is currently a truly unprecedented
struggle among economic segments for the time of
consumers of knowledge and goods/services.
The resolution of this contradiction is seen in the im-
plantation of a number of formats of the experience
economy into the processes of the knowledge
economy. This refers not only to educational games
and teaching methods, but also to educational
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Fig. 1. Economic segments of the real estate sector

spaces in the real estate sector. As shown in Fig. 1, it is the real
estate sector that has a unifying character.

Revolutionary changes in social real estate: schools, educa-
tional institutions, hospitals, clinics, parks, public areas, etc., clear-
ly demonstrated the intentions of the Russian government in regard-
ing the priorities of capital investment policy. The materialization of
opportunities for economic segments to ensure the advanced de-
velopment of people and society, citizens and the country, poses
new challenges for the real estate sector, and perhaps the most
important of these is overcoming conservatism in relation to real
estate and searching for prospects for its modernization in all eco-
nomic segments and at all stages of the life cycle.

MATERIALS AND METHODS

With regard to the methodological support for determining
the development horizons of various economic segments in a spa-
tial-temporal context, we note the need to answer the following
questions:

e determining the place and role of the real estate sector in
solving the priority tasks of forming and developing economic
segments;

e researching the basic principles of the concept of developing
specialized spaces in the real estate sector;

e studying approaches and emerging experience in ensuring
the effective functioning of real estate objects in various eco-
nomic segments;

e development of basic requirements for the spatial structuring
of the real estate sector in the context of creating a unified
balanced economic space in the country.

The problematic nature of the real estate sector development in
various economic segments and the nature of the tasks set prede-
termine the use of an interdisciplinary approach. Classical econom-
ic analysis [5, 6], assessment tools [7], methods of forecasting and
risk assessment [8-10], and, in general, the established and ap-
plied economic dogma are unable to answer many of the questions
that arise. The application of economic theory to explain and evalu-
ate non-economic behavior has proven to be clearly insufficient
and unpromising. And this was felt first and foremost in practice.

Spaces structured according to the laws of the market economy
clearly contradicted the scale of events and the content of pro-
cesses. Responses to the challenges of time concerning the forma-
tion of the knowledge economy, the experience economy, the net-
work economy, etc., were clearly delayed, reducing the ultimate
effectiveness of measures and processes. In developing methodo-
logical approaches to the theory of sustainable development [11],
it should be borne in mind that its cyclical nature is inherent in all
phenomena and processes. The real estate sector is no exception.
The cycle of economic development of specialized real estate in
various economic segments is shown in Fig. 2.

We emphasize that the ultimate goal of each cycle of economic
development is to build a unified, balanced, and sustainably devel-
oping economic space for the country. In other words, monitoring
the mutual correspondence, proportionality, and adaptability of all
subsystems of the real estate sector becomes the most important
methodological requirement for organizing the management of real
estate development.

In addition to the proposed development logic, it is of paramount
importance to clarify the role of the state. The methodology and eco-
nomic model of non-interference by the state in the development
of the real estate sector has also failed, resulting in the formation of
a real estate structure that lags behind modern development goals.
In this regard, it should be recognized that state intervention in
the development of the real estate sector was necessary not only to
eliminate the “snowball” of unfinished housing construction that
arose at the turn of the century, but also to transform the transport
infrastructure, create a comfortable living environment, etc. The cor-
rectness of J. Keynes' postulates [12] at the current stage of the life
cycle of social development has been confirmed. This fundamental
conclusion required clarification and specification of the composi-
tion, structure, and scale of the state's use of real estate manage-
ment methods. In particular, methods of goal setting, grouping,
structural-dynamic analysis, content-analysis, predictive and fore-
sight tools, assessment approaches, semantic comparisons, etc.
make it possible to identify in a timely manner the main aspects and
horizons of development of economic segments of the national econ-
omy and, on this basis, to refine the tasks of strategic maneuvering
and operational transformation of the real estate sector.
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RESEARCH RESULTS

A study of various applied aspects of spatial structuring to sup-
port the development of economic segments, based on surveys
conducted by the Department of Investment, Construction Busi-
ness, and Real Estate Management at the Russian Presidential
Academy of National Economy and Public Administration, showed
that only 10 % of respondents answered positively to the question
of whether premises are suitable for education, sports, entertain-
ment, medical treatment, health improvement, etc. This is due to
the fact that in practice, the model of rational choice is most com-
mon. Until recently, its target focus was determined by the eco-
nomic context, often abstracting from the broader task of maximiz-
ing the utility of a particular type of real estate [14]. Disputes about
measuring utility have been ongoing throughout human history [15].
But in essence, no one denies the initial premise of correlating
the expected result (benefit) with the necessary costs. The analysis
showed that the answer to the question lies in the definition of
the metrics. At the same time, it was found that the vast majority
of researchers adhere to the idea of economic efficiency. And as
the common saying goes, “they think about one thing, talk about
another, and do a third”, the concept of fairness or maximizing util-
ity is transformed into the concept of maximizing economic effi-
ciency. Indeed, as has been proven [16], it creates real incentives
to optimize the costs of maintaining, renovating, and capitalizing
virtually all types of specialized real estate belonging to various
economic segments — the knowledge economy, the network econ-
omy, the experience economy, etc. This does not directly contradict
the idea of maximizing the value of existing real estate assets. Nev-
ertheless, as early as 1878, Professor F.I. Enrold created a “Course
on Bridges”, which should be built in a practical, durable, inexpensive,
and beautiful way! At the same time, none of the conditions should
be fulfilled to the detriment of the others! The task of control was
performed at that time by the Ministry of Internal Affairs [17]. In this
context, the role of the state is quite obvious.

Responding to the challenges of modern development, we note
that the growing role of the state in the formation of specialized eco-
nomic segments has economic justification. The process of reorient-
ing capital investments not only towards socially oriented economic
segments, but also towards more economically efficient econo-
mic niches, is accompanied in practice by higher transaction costs.
These are far from always affordable for private business. At the same
time, as operating modes are mastered and the benefits of entering
various formats of economic segments are understood, state regula-
tion takes on institutional forms, and the costs are transferred to non-
state participants. At the same time, only institutions of centralized
strategic planning of spatial development of real estate are capable
of preventing excessive capital investment in a particular economic
segment in a preventive manner. Thus, the consumer economy, rein-
forced by various formats of the experience economy and material-
ized in real estate such as shopping and entertainment centres (SEC),
has clearly overloaded the urban commercial infrastructure. The SEC
facing each other in the cities of Kursk, Saratov, Smolensk, and many
other examples are a case in point.

The importance of establishing an institutional level of real es-
tate development in various economic segments is confirmed by
the fact that they are largely focused on the social sphere. Over
the past five years, the pace of construction, major repairs, and
reconstruction of social facilities has not fallen below 10 % annual
growth'. The pace of replenishment of real estate in the experience
economy has not lagged behind. It covers the spheres of culture
and art, sports, leisure and entertainment, modern media and mass
communications, research and development, tourism and hospital-
ity, etc. State regulation of their development is carried out within
the framework of national projects using development programs.
National projects (“Tourism and Hospitality Industry”, “Culture”,
“Science and Universities”) are currently accompanied by relevant

1 Strategy for the Development of the Construction Industry and Housing and Public
Utilities of the Russian Federation until 2035. Association of Construction Organizations of
Yekaterinburg and the Sverdlovsk Region : Internet portal of the SRO Association. URL:
https://assrtm.ru/upload/files/documents/strategy_str_zhkh.pdf
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strategies, development concepts, detailed roadmaps, etc. They
provide not only deadlines, responsible executors, and specific de-
velopment indicators, but also the necessary capital investments in
construction projects. It should be noted that concepts for the devel-
opment of creative industries, which also affect the manufacturing
sector of the national economy, are being developed simultaneous-
ly [18]. Thus, in 2016, the Strategy for Scientific and Technological
Development of the Russian Federation (No. 642) was approved by
a decree of the President of the Russian Federation. The “Strategy
for Spatial Development of the Russian Federation until 2025” (dat-
ed February 10, 2019, No. 207-r) laid the foundation for the spatial
restructuring of the real estate sector. At the same time, at the time
of its development, new economic segments were just beginning to
form and the necessary structural shifts were not laid down. How-
ever, the principle of clustering was already taken into account at
that time, and a “Map of Russian Clusters” was created?. It included
118 clusters in 37 specialties, covering 4,000 enterprises and
1.5 million employees. It should be noted that it detailed exclusively
the experience economy segment (tourism, media, television and
film industry, publishing and printing, etc.). It was proposed to sup-
port investments in newly created real estate through measures
such as subsidies, information support, and the organization of joint
events to promote new products, services, and promising projects.

Measures to subsidize the development of priority clusters have
been in use since 2012. However, as noted at the St. Petersburg
Forum?, analysis over the past period has proven their formal and
unsystematic nature. Moreover, as foreign experience in the devel-
opment of creative industries convincingly shows, there is a clear
lack of real estate at the “crossroads of art, culture, business, and
technology” that would allow for the formation of a space for devel-
opment. Thus, this conceptual omission is inherent not only in do-
mestic but also in foreign practice.

When examining the basic conditions for the much-needed
structural transformation of the real estate sector, it is impossible to
ignore the problem of determining ways to involve the business
community in the process of adapting investment and construction
norms to the tasks of the new economy. The analysis showed that,
to date, the semantic content of new economic segments, such as
the experience economy segment, relates exclusively to compo-
nents of the market product that evoke impressions and emotions
at the level of perception of images, shapes, colors, smells, light,
sounds, and other aesthetic properties of the market products
themselves. The spatial characteristics of their display, environmen-
tal and communication design are adapted to the available prem-
ises, which do not always create an “atmosphere of acceptance”.
Thus, in practice, merchandising is reduced to the optimal presen-
tation of goods. The creation of retail space is replaced by the ad-
aptation of existing space.

With regard to segments such as the knowledge economy,
generational economy, bio-agro economy, etc., the spatial configu-
ration shows how the practices that have developed in our country
are still far from ethical and moral incentives (charity, responsible
consumption, environmental neutrality, etc.). It should be noted that
these incentives work successfully in developed economies. They
are also being successfully implemented in the PRC at present. For
example, Xiaomi not only manufactures high-tech products, but also
has specialized exhibition spaces and a tourist base in an ecologi-
cally clean area 30 km from Beijing on its balance sheet. A distinctive

2 Map of clusters of Russia. URL: https://map.cluster.hse.ru

3 Recap of SPIEF 2025. St. Petersburg International Economic Forum. URL: https:/
forumspb.com/archive/2025/outcomes-of-spief

feature of the Chinese company's approach is the symbiosis of
using environmentally friendly building materials and equipment
manufactured by the company to promote the idea of environmen-
tal responsibility among its employees and partners. It is this ap-
proach that has allowed the company to expand its use of collabo-
ration technologies. This has made it possible to systematically
expand the emotional component of its brand.

Collaboration as a modern method of joint activity to achieve
a common result involves combining the resources of participants
in relation to sought-after real estate objects. Of particular interest
is the bringing together of representatives from different economic
segments. This provides a real opportunity to utilize the potential
and technologies of various types of activities. It is this type of col-
laboration that is commonly associated with creative industries,
which are primarily characterized by a high potential for emotional
engagement. Maintaining this requires exhibition and sports com-
plexes, educational and digital clusters. Not to mention augmented
and virtual reality! Collaboration between different economic seg-
ments on this basis will be able to form new competencies in edu-
cation, leisure, and entertainment. At the same time, the one-sided
use of simulation programs, such as those for production, training
on specialized types of equipment, or programs for conducting
chemical experiments, medical operations, etc., undoubtedly re-
quires training and practice in the real world. Exhibitions and muse-
ums, catwalks and models, stadiums and training grounds are still
in demand. The growth in the number of visitors to museums, con-
certs, and shows is convincing proof of this*. The same applies to
tourism, which has long outgrown walking routes. A full-fledged
tourism product is a complex of services in the hospitality industry,
knowledge, and, of course, the experience economy.

The outcome of the battle for the consumer's “wallet” and, most
importantly, for the time they are willing to spend on leisure, educa-
tion, sports, health maintenance, or entertainment is partly predeter-
mined by established values and stereotypes, and partly shaped by
methods of attracting and involving various actors in the processes
of creating and consuming market products. At the same time, tech-
nological innovations in the field of human emotion assessment and
information gathering methods have been studied in sufficient detail
and are being used in practice. At the same time, the tasks of adapt-
ing the real estate sector, aimed, on the one hand, at reformatting
specialized development spaces and, on the other hand, at creating
real estate objects with new configurations, functionalities, and op-
erational capabilities, have not yet been determined.

CONCLUSION AND DISCUSSION

The evolution of economic theory and practice at the current
stage of the life cycle of economic phenomena has revealed many
new forms and mechanisms for setting target vectors for the devel-
opment of the national economy. This has manifested itself in
the segmentation of the economy and the emergence at the turn of
the 21st century of relatively coherent and independent segments:
the knowledge economy, the experience economy, the generation-
al economy, and others. As the analysis has shown, each of these
segments has not only its own type of consumers, operational, as-
sessment, and communication tools, but also its own type of real
estate. Their common feature is the creation of a developing creative
space that corresponds to the goals of a particular segment. Tech-
nology package for modern real estate development in new eco-
nomic segments is shown in Fig. 3.

4 Moscow Urban Forum. URL: https://expo77.ru/event/mosurbanforum/
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Fig. 3. Technological package of modern real estate development of new economic segments

Given the segmented nature and collaborative character of in-
teractions among economic entities, newly constructed or modern-
ized real estate properties must possess high aesthetic qualities
and be not only multifunctional and highly adaptable, but also fea-
ture cost-effective operating modes and maintainability.

It should also be noted that the economic efficiency of capital
investments in specialized real estate currently has significant
growth potential, provided that combined financing and the intro-
duction of collaboration technologies are implemented not only in
the format of public-private partnerships, but also in various forms
of consumer participation.

Systematizing the tools for the development of specialized real
estate, we underline:

e the need to synthesize the sections and indicators of National
Projects in terms of capital investments;

e the need to develop an independent strategy, concept, and
mechanisms to ensure structural maneuvering and the crea-
tion of a unified, balanced economic development space;

e the high potential of modern innovative technologies in
the development of real estate in all economic segments,
which encourages the creation of a concept for technological
support to address the problems of imbalance in the existing
real estate structure.

Each of these areas requires decomposition not only by life cycle
stages, management levels, and economic entities, but also by
the types of technologies used, which requires clarification of a num-
ber of tasks of National Projects and sets qualitatively new goals for
the formation of a unified space for the country's development.
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Fopu30oHTbI pa3BuTua ccepbl
HeABMXUMOCTHU Pa3fiIM4HbIX
3KOHOMUYECKNX CEerMmeHTOB

VIHBECTULIMOHHO-CTPOUTENbHbIE MPOEKThl B chepe HeABMXKU-
MOCTMW MepPEexnBalT B HACTOSLLEE BPEMS CYLLECTBEHHbIE W3-
MeHeHus. He Tonbko o6¢cnyxuBas, HO U OkasbiBas BVUAHME Ha
pa3BuTue cepbl NPOUIBOACTBA U cdepbl NOTPebNeHus, He-
OBVKMMOCTb [OJKHA B YCKOPEHHOM pEeXMMe yOOBIETBOPATh
HOBblE, OUHAMWYHO MEHsLMecs NOTPebHOCTU. ICTOHHMKOM
BOCTPE6OBaHHbIX N3MEHEHUIA CTAHOBATCA BO3MOXHOCTU HOBO-
ro TeXHonorn4eckoro yknaga. Mix noteHuynan no3sonseT nepe-
dopmaTtmpoBaTh TEXHONOMMYECKUE MPOLIECCHI MHBECTULIMOHHO-
CTPOUTENBHOW AEeATEeNbHOCTU C Lefbio CO3[aHNs YCroBUA ee
€CamMoAoCTaTO4YHOro pa3BUTUS U NMOBBILLEHUSA 3PEKTUBHOCTH.
Me)K,qy TeM B YCJZIOBUAX nepexona K atany noctuHayctTpuanb-
HOro Pa3BUTUS HEBO3MOXHO UFHOPMPOBATb CTAHOBJIEHUE 3KO-
HOMWKM 3HAHUIN, S3KOHOMWKW BreYaTieHU, CETEBON SKOHOMUKW,
61MO03KOHOMMKM, MOKONEHYECKOM SKOHOMUKU U JPYrnX SKOHOMM-
YeCKMX CErMeHTOB. VIM nmpucyLlM HOBble CBOWCTBA U OCOGEH-
HocTu. CnepoBaTenbHO, peyb MAET He TOMbKO O CTEMNeHu BOC-
NPUMMYNBOCTU CPepbl HEABUXXUMOCTU K TEXHONMOrMYECKUM
VMHHOBaUMAM. AKTyaniM3mpyeTcsi MoMCK COBEPLUEHHO HOBbIX (OOp-
MaTOB HEABWXMMOCTU, NMO3BOMSAIOLLMX CTPYKTYpUpOBaThb Mpo-
CTPaHCTBO XU3HeneATesIbHOCTU AN pelleHns npuHumunmuaribHo
HOBbIX 3a4ay pasBUTUS, a TakXe NoadepPXKN OenoBOW aKTUB-
HOCTU B BOCTpGﬁOBaHHbIX cerMeHTax KpeaTuBHbIX TEXHONOTUN.
BbicTpanBaemoe B HacTosiLiee BpeMs 6yayLiee HEBO3MOXHO
6€e3 CMHTEe3a UAEN 1 CMbICIIOB Pa3BUTUS MHOXXECTBA 9KOHOMMUYE-
CKUX CErMEHTOB, MaTepPUanm3yoLMxcs B HEABVXUMOCTU C HO-
BbIMM CBOMCTBaMU. BbisiBNeHne n onpepenexnve nyTen pellexHms
HUKOrga paHee He BO3HMKAaBLUMX MPo6SieM B cdhepe HegBUXU-
MOCTM CTAHOBUTCA aKTyaslbHOW 3afadven (hopMmnpoBaHus npe-
BEHTMBHOro nogxofa K riyéovanilen pecTpyktypusaumm coge-
Pbl HEABWXUMOCTH.

KnroyeBble crioBa: Len pa3Butvsi, SKOHOMUYECKUNE CErMeHTbI,
UHBECTULMNOHHO-CTPOUTESTbHAS AEATENIbHOCTL, chepa HEABUXM-
MOCTU, NPOEKTHbIV MOAXO0L, CTPYKTYPUPOBAHHOE MPOCTPaHCTBO
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Innovations in the implementation of integrated
territorial development projects: Russian and
global trends

The paper discusses Russian and international solutions in the field of innovation in integrated development pro-
jects. It provides an analysis of the application of innovative solutions in the field of urban planning and the cre-
ation of a comfortable urban environment. Technological solutions of software systems in the field of business
intelligence, which allow for the identification of problems and the proposal of solutions that help businesses
to implement integrated development projects more effectively, are becoming increasingly relevant in the con-
text of public-private partnership projects. The author's detailed analysis of the structure of integrated develop-
ment projects helps to apply an innovative approach to each part of the project with maximum economic bene-
fits. The integration of energy-efficient solutions, organizational and technological reliability assessment methods
at all stages of the construction project life cycle, weather control systems, and green technologies into territorial
development projects creates a positive economic effect from the innovative approach to the design and devel-
opment of existing new territories. According to the author, innovations in legal regulation have a positive impact
on the final implementation time of large-scale infrastructure projects. Smart cities and comfortable environments
become centers of attraction for people, which helps to achieve the initial and main goals of implementing inte-
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he concept of “integrated territorial develop-

I ment” (hereinafter referred to as ITD) is fixed at

the legislative level in the Urban Planning

Code of the Russian Federation, which also defines

the goals, types and some features of ITD projects.

In the modern world, such tasks of the ITD come to
the fore as:

e quality of the urban environment;

o efficiency of use of territories (both built-up
and only planned for development, both resi-
dential and non-residential territories within
urban and rural settlements);

e increasing the investment attractiveness of
ITD projects;

e comprehensive infrastructure development;

e formation of objects of economic activity of
the population within the projects of the ITD;

e other tasks.

The Urban Planning Code defines the ITD as
“a set of measures carried out in accordance with
the approved documentation on the planning of
the territory and aimed at creating favorable living
conditions for citizens, updating the living environ-
ment and common areas of settlements, urban
districts™".

According to the author, the integrated develop-
ment of territories is the most important strategic
mechanism for the formation of the urban environ-
ment, its transformation, modernization and adapta-
tion to modern requirements imposed by society
and the state on cities and settlements. Infrastructure
and energy within the ITD projects are becoming
drivers, points of growth and attraction for the best

" Urban Development Code of the Russian Federation of De-
cember 29, 2004. No. 190-FZ (as amended on July 31, 2025). URL:
https://www.consultant.ru/document/cons_doc_LAW_51040/ (rus.).

technologies and innovations. As in many, espe-
cially in high-tech sectors of the economy, which
can fairly include urban planning, an innovative ap-
proach to the integrated development of cities and
settlements is becoming a leader.

Innovations in the implementation of ITD pro-
jects play a crucial role in both the Russian and
global economies. There are a number of global
and domestic trends, and Russian innovations are
leading in a number of industries interacting within
the framework of the ITD. Thus, innovations in the ITD
include:

e development and application of the latest
technological solutions in construction, in-
cluding new energy-efficient materials and
resources, energy-saving solutions such as
an “energy-efficient closed-loop house” using
earth's heat;

e development and application of the latest
methods of urban planning design, including
the use of digital twins;

e inclusion of new environmental approaches
and solutions in the requirements for the ITD;

e the use of digital technologies, including
through the use of emerging opportunities in
the field of artificial intelligence and big data
analysis;

e innovative optimization solutions in the field of
construction object life cycle management;

e innovative technologies in the field of organi-
zational and technological reliability of con-
struction at all stages of the life cycle of the fa-
cility;

e innovations in the use of technically complex
construction facilities to provide energy-efficient
energy resources for ITD projects;
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Fig. 1. Assessment of the effectiveness of the innovation process in ITD projects

e innovations in legal issues related to taking into account
the interests of all participants and owners of territories and
facilities within the boundaries of the ITD-project;

e other innovative solutions, including those under develop-
ment.

Let's take a closer look at the opportunities offered by modern
ITD projects, taking into account the application of an innovative
approach. The widespread use of technological and technical in-
novations in the form of artificial intelligence capabilities in the anal-
ysis of regulatory and project documentation makes it possible to
significantly reduce the time spent on primary analysis of project
databases.

The direction of innovations in energy efficiency opens up
a wide range of opportunities to increase the economic profitability
of ITD projects, both at the design and construction stages and at
the operational stage.

For example, weather control systems for temperatures inside
construction sites relative to the external environment are becoming
particularly in demand in regions with abnormally cold or hot cli-
mates. For regions with a temperate climate, such systems bring
effective checks on a relatively smaller scale, but along with other
innovative methods of optimizing operating costs, they cannot be
ignored in the design.

Digital twin technologies of urban environment objects are be-
coming indispensable in the implementation of ITD projects. Such
technologies allow:

e based on a virtual copy of the city, recreated on the basis of
real data, to simulate the state of the urban environment and,
based on the accumulated data, make predictive develop-
ment plans, help to formulate a dynamic approach to the ITD;

e design a management system for the infrastructural elements
of the urban environment, including one that allows for real-
time regulation of its operation;

e monitor the occurrence of failures and malfunctions online
and receive requests for repair and restoration work;

e collect databases for subsequent analytics, while multifacto-
rial models for data analysis actually become plastic material
for obtaining certain conclusions about the work of urban sys-
tems;

e identify certain patterns in the functioning of all systems in-
cluded in the ecosystem;

e predict the development and set goals for achieving the key

indicators of the systems.

In the presented analytical material, the author systematizes,
analyzes and offers solutions in the field of application of innovative
approaches in complex processes within ITD projects, taking into
account Russian and international experience. It should be noted
that an integrated approach to territorial development can be an in-
novation in itself.

This approach is becoming innovative, used for the first time,
for those locations that have not yet been built up or were not sup-
posed to be built, and do not have developed planning documenta-
tion that meets modern requirements for comfort and quality of
the urban environment. This situation can be typical for both resi-
dential and non-residential, including industrial buildings. Here,
however, the economic feasibility of an infrastructure construction
project comes to the fore in terms of the amount of financial re-
sources spent and the beneficial effect per unit of investment.

The author proposes to systematize the methods of assessing
the effectiveness of innovations in ITD projects in the form of a dia-
gram (Fig. 1).

Analyzing current trends in innovative development within
a comprehensive approach to territorial development, the author
proposes the following systematization of innovations based on
their impact factors.

1. Innovations that, at comparable costs, affect the quality of
the urban environment, including residential and non-residential
buildings. These innovations and their implementation results allow
the developer of a ITD project to increase the efficiency of the in-
vestment funds invested in the project. This is achieved through:

e resource savings;

e increased user loyalty to the brand;

e increased sales rates and volumes within the project;

e energy security and energy efficiency.

2. Innovations that affect the efficiency of financial and non-
financial resources by optimizing a number of processes within
the ITD project (flow-based work methods, logistics management
within and outside the project framework).

3. Innovations in energy efficiency and green construction for
ITD projects that affect the savings of various types of energy re-
sources.

4. Innovations that affect and enable the achievement of sus-
tainable urban development in ITD projects, which aim to create
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Fig. 2. Factors that influence the structure of the innovation process in ITD projects

construction facilities within ITD that harmoniously interact with
the environment and have minimal negative impact on nature and
the existing ecosystem throughout their entire life cycle. The sus-
tainability of architecture and the development of innovations in this
field are the most important areas of modern urban planning on
an international scale, due to global environmental problems and
the need to rapidly create a comfortable urban environment in
the context of the ever-growing population of our planet.

5. Innovations that affect energy security. Thus, an example
of research in this field of innovation is the global implementation
of nuclear power projects in already built-up areas and newly
built-up locations and scalable on the basis of innovative nuclear
power plant projects “already implemented in some countries of
the world (Turkey, Bangladesh, Hungary, etc.) (hereinafter re-
ferred to as NPP), incorporating ecosystem and infrastructure
solutions, including renewable energy sources (hereinafter re-
ferred to as RES), smart city technologies, integrated infrastruc-
ture development of territories (hereinafter referred to as 11DT),
when the bright idea... is that it is the small-capacity nuclear
power plants (up to 200 MW) that can become the central axis of
the urban planning ecosystem and remove the infrastructure con-
straints for the development of the economic and social spheres
through the use of nuclear carbon-free energy, as well as replace
outdated coal, fuel oil, and gas-fired power plants with increased
CO, emissions into the atmosphere, transferring the projection of
the Reimers ecosystem approach [1], where the central role is
given to the Sun, to the modern eco-sustainable City, Agglomera-
tion, State, and World” [2].

I would like to dwell a little more on the concept of a low-capac-
ity ground-based nuclear power plant (hereinafter referred to as
a LCGBNPP). In the global typology, LCGBNPPs are classified
as nuclear reactors with a capacity of up to 300 MW (electrical) per
power unit. This type of power generation has numerous advan-
tages over large-capacity nuclear power plants, such as:

e the occupied area (which is crucial in historically established

industrial zones);

e the cost of construction and operation;

e greater safety due to multiple safety redundancy;

e shorter construction time and increased service life;

® no need to modify the network infrastructure, etc.
The use of LCGBNPPs in industrial zones of urban agglomera-
tions will significantly improve the energy balance of the metropolis

and make an unconditional contribution to achieving the goals of
reducing carbon dioxide emissions into the atmosphere. In recent
years, the United Nations has included nuclear energy in the so-
called “green square”, along with renewable energy sources (hy-
dropower, solar, and wind generation).

6. Innovations and ideas that affect the sociocultural compo-
nent of ITD projects (Fig. 2).

A striking example of an innovative approach to solving the socio-
cultural challenges facing the integrated development projects in
Russian cities and settlements is the 200 Churches Programme,
which is being implemented in the city of Moscow. In 2009, the Or-
thodox Diocese, represented by the Patriarch of Moscow and All
Russia, proposed the idea of building two hundred churches with-
in walking distance of the population in Moscow's integrated devel-
opment areas. Thus, the need for churches within walking distance
was analyzed, and in 2011, the first foundation was laid under this
programme, which is currently being implemented jointly by
the Russian State and the Russian Orthodox Church? [3].

“New churches are not only religious, but also social facilities,
as they have clubs and sports sections for children and adults, film
clubs, and also implement charitable and volunteer programmes”,
said Sergey Levkin, Head of the Moscow Department of Urban De-
velopment Policy? [3].

It should be noted that the role of the capital's authorities is to
provide territories within the framework of the ITD project for
the construction of religious buildings. Territories are provided on
the basis of legal acts issued by public authorities, including
the quantitative criterion of “one church per 20,000 residents, with
a walking distance of about 1 km”2.

As of the beginning of 2025, about 150 churches have been
built, and, as Vladimir Resin notes, “in some districts of Moscow,
such as the Southern, South-Western, Western, and North-Western
districts, we have already reached the «equator» of our Programme.
In the Eastern and North-Eastern districts, we are close to comple-
tion. However, Moscow is a city that is constantly growing. New
residential areas are being developed, especially as part of
the enovation and integrated development programmes. And in

2 Orthodox church construction program in Moscow. Russian Orthodox Church.
URL: https://200hramov.ru

3 “The 200 Temples Programme — Facts and Figures”. Pravmir magazine.
09.07.2015, URL: https://www.pravmir.ru/programma-200-hramov-faktyi-i-tsifryi/?ysclid=
mgthbzz16g101864963 (rus.).
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Fig. 3. Urban Planning Master Plan for the Emirate of Dubai until 2040

these new areas, people also want to have churches within walking Thus, the officially published master plan for the development

distance™. of the Emirate of Dubai contains development intentions until 2040°.
As we can see from the analysis of the innovative approach to Essentially, the master plan is an investment map of projects for

the integrated development of territories, innovations affect all ar- the specified period of the Emirate's life cycle (Fig. 3)".

eas of urban comfortable environment development. Of course, Thanks to innovative strategies and technological solutions,

a separate line should be noted the creation of modern medical once-deserted territories are becoming oases for living and doing

business. Innovations in construction technologies, safety, and, in
particular, fire evacuations in high-rise buildings, digital climate sys-
tems that regulate cold supply and energy efficiency, technologies
for rapid-build buildings and construction on the seabed, are being
dynamically developed based on the existing global experience of
such construction, including the use of blockchain technologies for
the secure storage of digitized design and technical documenta-

and educational clusters on the territory of the ITD projects. Cur-
rently, the analysis of the project experience of Russia and other
countries using digital technologies and Al methods allows to in-
clude technically complex multifunctional construction and op-
eration facilities in the ITD projects [4]. According to experts® in
the field of implementing ITD projects, “energy grid infrastructure,
including heat and power grids, water supply, sanitation, and wa-

tion®.
ter treatment systems, as well as the use of alternative energy The principles of sustainable urban development are included
sources, becomes a driver for increasing the investment attrac- in the urban planning agenda of all countries. For example, the de-
tiveness of regions and territories when the network development velopment programmes of European countries include the following
is sufficient” [5]. principles:
In the international arena, according to the author of this article, e Research and innovation:

the most striking and successful example of an innovative and com-
prehensive approach to territorial development is the creation of
the United Arab Emirates in 1971. With a 54-year history, this project
has a strong economic foundation based on oil revenues, com-
bined with an innovative approach to development and the creation
of high-quality infrastructure, as well as the development of territo-
ries that are not associated with residential functions, such as in-

¢ Information and communication technologies;

e Principles of competitiveness for small and medium-sized
businesses;

e Plans for achieving low-carbon economy goals;
e Fundamental principles of urban development, etc.®

) . ) . ¢ Urban 2040 Master Plan. Dubai, 2040. UAE Beta. December 30, 2024. URL:
dustrial and agricultural clusters and special economic zones. https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/strategies-plans-and-visions/
transport-and-infrastructure/dubai-2040-urban-master-plan

7 Urban Master Plan. Dubai, 2040 (Dubai 2040 Urban Master Plan). UAE Beta
12/30/2024. URL: https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/strate-

4 “First comes the community: Vladimir Resin, curator of the 200 Program, explains
why the demand for new churches in Moscow continues unabated”. Foma Magazine. Feb- ‘ - X z
ruary 17, 2025. URL: https:/foma.ru/snachala-rozhdaetsya-obshhina-kurator-programmy- gies-plans-and-visions/transport-and-infrastructure/dubai-2040-urban-master-plan (acces-
200-vladimir-resin-rasskazal-pochemu-v-moskve-ne-oslabevaet-zapros-na-novye-hramy. sed: 11/17/2025).
html?ysclid=mgthfahuva637941885 8 Sharma P. The most exciting upcoming mega projects in Dubai & UAE (2025).

5 Egorova A. Investments in tourism as a driver of sustainable development of terri- 2024. URL: https://www.novatr.com/blog/top-10-upcoming-projects-in-uae

tories. RBC news agency. 01.04.2025. URL: https://companies.rbc.ru/news/u4N7Lsx3bY/ 9 Sustainable urban development. European Commission. URL: https://ec.europa.
investitsii-v-turizm-kak-drajver-ustojchivogo-razvitiya-territorij/ eu/regional_policy/policy/themes/urban-development_en >
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Non-profit organizations, including those established with
the participation of government agencies, such as URBACT', play
an important role in promoting innovation in the ITD projects.

Thus, it is impossible to overestimate Vernadsky's scientific
concept of the noosphere, where the world of nature and society,
where human innovative activity is decisive, and the information
generated by all kinds of innovative sensors for accounting and
monitoring all processes, is the noosphere, the smart biosphere, or
the digital infrastructure innovations of the urban environment,
which are developed by the ITD projects [6].

The international and Russian practice of introducing innova-
tions in the field of integrated development of territories is rich in
technological solutions, and the possibilities for implementing new
ideas and startups with subsequent registration in patent offices
are boundless in terms of their existential meaning. The multifacet-
ed nature of the innovations surrounding us is of interest to investors
and government agencies, and each innovation described in
the article is effective and manifests itself in new projects and solu-
tions in integrated development of territories.

19 URBACT helps cities develop a comprehensive set of measures for sustainable
change URBACT-2025. URL: https://urbact.eu

MNHHOBauuMmn npu peanu3auum NpoeKToB
KOMMJIEKCHOIO pa3BUTUS TEPPUTOPUIA:
poccuiickmue U MMpoBble TPEHAbI

B ctatbe paccMoTpeHbl BOMPOCHI POCCUMCKUX U MeXAYyHapOa-
HbIX peLLeHn B 061aCTV MHHOBALWIA B MPOEKTaX KOMMIEKCHOro
pas3BuTua TeppuTopuii. NpreeaeH aHanna HanpasaeHU NpumMe-
HEHMA MHHOBALMOHHbIX PELLEHUI B rpafoCTpOUTENBHON cdhepe,
hopMrpoBaHUN KOMGOPTHOM FOPOACKOM cpefpbl. TexHonorunye-
CKMe peLleHunsi MporpamMmmMHbIX KOMMEKCOB B o6nacTtu business
intelligence, no3sonsioLLme BbIABNATL NPo6eMbl U Npegnaratb
Crnoco6bl UX peLleHunss, nomoratLme 6U3Hecy peann3osbiBaTb
NPOEKTbI KOMMIEKCHOro pas3BUTUS TEPPUTOPUIA 6onee adhdek-
TUBHO, CTAHOBATCA WHTEPECHbI NMpU peanusaunn NpoeKToB Mo
MOZAEenu rocyfapCcTBEHHO-4aCcTHOro napTHepcTea. [poBeAeHHbIn
aBTOPOM NOAPOOHLIN aHaNM3 CTPYKTYPbl MPOEKTOB KOMMEKCHO-
ro pa3BuUTUS TEPPUTOPUIN MOMOTraeT MPUMEHSATL MHHOBALIMOHHbIV
NOAXOA B K&XAOW U3 YacTeln npoekTa ¢ MakCMMarbHbIM 9KOHO-
MU4eckuM adpdhekToM. BeTparBaHue B MpOeKTbl TeppuUTOopUanb-
HOro pasBuUTUSA 3HEProdPMEKTUBHBIX PELLEHUIN, METOAUK OLIEH-
KW OpPraHn3aLnoHHO-TEXHONIOMMHYECKON HAAEXHOCTU Ha BCeX
3Tanax XuW3HEeHHOro UMKia 06beKTOB CTPOUTENLCTBA, CUCTEM
NOrofHOro PerynupoBaHnsa N «3eneHblX TEXHONOrnn» opmu-
pyeT NOoNOXMUTENbHbI SKOHOMUYECKUA SPAEKT OT MHHOBALMOH-
HOro NoAxoda K NPOEKTUPOBAHMIO N 3aCTPONKE CYLLECTBYHOLLMX
HOBbIX TeppuTopui. IHHOBaLuy B NPaBOBOM PEryNMpOBaHUM,
No MHEHUIO aBTopa, MONOXUTENBHO BAUSAIOT HA UTOrOBbIE CPO-
K1 peanusauumn KpynHoMacLUTabHbIX MHPPACTPYKTYPHO-3HaYM-
MbIX MPOEKTOB. YMHbIE FropoAa 1 KoMopTHas cpefa CTaHOBATCA
LeHTpaMu NpUTSHXXEHUA Ntoden, YTO NO3BONAET [OCTUYb MepBo-
HaYasnbHbIX U MMaBHbIX Lieflen peannaaunm NpoeKToB KOMIIEKC-
HOro pasBUTUS TEPPUTOPUIA.

KnroueBble croBa: KOMIIEKCHOE pa3BUTUE, rPafoCTPOUTeslb-
CTBO, rOpPoJCKas cpesa, MHHOBaLMU B CTPOUTENLCTBE, YMHbIN ro-
pod, aHeprocoepexeHue
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Life cycle of a renovation programme:
identification, analysis and systematization of risks

This article is devoted to studying the life cycle of urban housing renovation programmes, which encompasses
preparation, design, construction, relocation, and subsequent operation of renovated real estate. Special atten-
tion is given to identifying, analyzing, and classifying risks associated with each stage of implementation. For this
purpose, a detailed classification of risks has been developed, covering organizational, economic, technical, and
socio-environmental aspects. A housing renovation programme represents a complex multi-stage process where
every phase comes with specific risk factors. For instance, during the preparatory stage, issues arise concerning
urban planning documentation, quality of engineering surveys, and project approval procedures. The construc-
tion works are exposed to risks such as insufficient funding, low-quality materials or equipment, adverse weather
conditions, and potential legal disputes. The resettlement stage involves communication problems with residents,
delays, and litigation processes. The graphic model of the programme's life cycle visualizes its structure and as-
sociated risks. The main objective of the study is to develop an effective monitoring and risk management sys-
tem aimed at enhancing the success rate of implementing the programme and achieving planned indicators for
modernizing large cities’ residential infrastructure. Additionally, the authors propose optimizing decision-making
procedures and coordinating efforts among all participants involved in each stage of the programme’s execution.
Effective risk management helps minimize negative consequences and improve overall efficiency by ensuring
comfortable living conditions for citizens and long-term sustainability of implemented projects. This approach will
significantly reduce financial and time costs while mitigating unfavourable impacts and enabling sustainable pos-
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ment of Moscow dated August 1, 2017 No. 497-PP

“The Renovation Programme for Housing Stock in
Moscow”, housing stock renovation in Moscow is
a set of measures aimed at updating living environ-
ment conditions and creating favorable living condi-
tions for citizens as well as public spaces to prevent
an increase in dilapidated housing stock in Moscow,
ensuring residential area development and improve-
ment’.

The solution to problems related to upgrading
dilapidated housing in the country requires a spe-
cial approach to developing and implementing
regional renovation programmes. This determines
the relevance of the research topic. The author fo-
cuses on studying the main stages of the pro-
gramme's life cycle, such as the preparatory stage,
construction stage, resettlement and operation
stage.

Any programme envisages a phase of liquida-
tion or closure. However, this study does not consider
the closing stage of the programme due to the fact
that, according to the experience of the capital city,
it is impractical to liquidate or terminate the reno-
vation programme. Therefore, the renovation prog-
ramme should be made indefinite. After upgrading
dilapidated housing, which mainly includes five-
story buildings, nine- and twelve-story houses built
in the 1960s and 1970s will come next in line for
renewal. A proper understanding and implementa-
tion of the programme’s life cycle stages, along with

I n accordance with the Resolution of the Govern-

' The Housing Stock Renovation Programme in Moscow City :
Resolution No. 497-PP of the Government of Moscow dated August 1,
2017. Official website of the Mayor and Government of Moscow : offi-
cial site. Moscow. URL: https://www.mos.ru/authority/documents/
doc/36739220

risk management, contributes to improving the qual-
ity of the programme and ensures its effective real-
ization [1].

The most important characteristic and feature
of the process of development and implementation
of urban investment programmes is its stage-by-
stage or phased nature. The programme and pro-
jects included in it go through their entire life cycle.
Considered together, they form a programme cycle.
Research on scientific approaches to this problem
has been conducted by domestic and foreign
scholars such as V.. Voropaeyv, V.D. Shapiro, A. Da-
ien, F. Boucherel, E. Verzuh, T. Peters, S.E. Portney
et al. Their studies mainly focus on project manage-
ment, which serves as a theoretical basis for pro-
jecting established concepts from science and
practice onto the field of urban construction-invest-
ment programmes [2].

Regardless of the complexity and scope of
work required to implement these programmes,
they all progress through specific states — phases
(stages, steps) — in their lifecycle [3, 4].

The programme life cycle refers to the se-
quence of stages (phases) that a programme goes
through from inception to completion and achieve-
ment of results. It describes the path of the pro-
gramme as an integrated process encompassing
sub-stages such as planning, execution, closure, or
repetition of implementation cycles if multiple recur-
ring cycles are provided within the programme
framework.

There is no single universal method for dividing
a renovation programme into life-cycle phases. In
this study, the author proposes his own approach to
separating the programme’s life cycle into distinct
stages (Fig.).
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At each stage of the programme’s life cycle, risks may arise that
hinder achieving the programme goals. Realization of these risks
can affect various indicators of programme effectiveness. Key per-
formance metrics exposed to risk include:

e final cost;

e additional expenses and costs during implementation;

e work efficiency and quality;

® content.

Timelines for implementing individual stages and the overall
programme [5-7].

The article outlines certain types of activities and processes
carried out by participants at a particular stage of the renovation
programme life cycle (Fig.). Additionally, the author identifies poten-
tial risks associated with performing these tasks activities [3].

Risk identification involves detecting and analyzing potential
risks capable of influencing the outcomes and objectives of a pro-
gramme. This process includes continuous discovery and examina-
tion of diverse factors, circumstances, threats that could lead to
negative consequences or uncertainties. Risk identification is crucial
for successful and effective programme management. Continuous

risk identification becomes particularly significant during periods of
major changes occurring both nationally and within the construction
industry [8].

To identify risks, various methods can be employed, including
statistical, analytical, expert-based methods, analogy techniques,
etc. [9-11].

Identified risks are documented in a risk register. Alongside re-
cording the risk in the registry, it is assigned a probability level and
impact severity on the programme [12, 13].

In the paper, some possible risks related to different types of
work where various risks may occur during the implementation
phase of the renovation programme are presented. Risks associ-
ated with programme implementation have been classified by
the author according to the stages of realization based on the de-
veloped life cycle of the renovation programme (Table 1). Some
risks identified include those of the preparatory stage before com-
mencement of construction works, the construction stage itself,
the relocation stage, and the operation stage [14, 15].

Table 1. Classification of Risks According to Main Stages of the Renovation Programme Lifecycle. Developed by authors

Stage Activity

Risk

Preparatory stage

Pre-project preparation, issuance | Delay in issuing urban planning documents could affect scheduling of design and construction stages

of urban planning documentation

Risk of errors in urban planning documentation

Risk of improperly selected land site for the “starter” housing unit

Risk of restricted areas (sanitary protection zones, etc.) on the land

Risk of misalignment with the classification of permitted uses of land

Contract conclusion

Risk of errors in preparing tender documentation

Risk of contracting with an unreliable partner

Risk of working under a poorly-drafted contract (object scope, terms, conditions, payments, guarantees)

Land and property registration,

Risk of discrepancies between territorial planning and zoning documents and intended land usage

rights to land parcel

Risk of unauthorized activities (illegal construction or land use) leading to penalties and lawsuits

Risk of late establishment of easements if depending on adjacent properties

Risk of legislative changes necessitating additional costs and delays

Risk of unregistered land and property relationships

Surveys, design, expertise

Risk of issues arising from poor quality engineering surveys

Risk of extended approvals for architectural and urban planning decisions

Risk of negative expert opinions due to design flaws

Risk of lacking full package of initial permission documentation

Relocation and Demolition

Risk of prolonged resident relocation linked to court cases, extending demotion and new constructions

(for second and subsequent

Risk of complications in disconnecting homes from utilities

waves of relocation)

Risk of delayed demolition processes due to lack of authorization

Site preparation

Risk of increased construction delays due to preservation or realignment of existing utility networks

Risk of presence of limiting elements like sport fields, garages, influencing programme timeline

Risk of conducting preparatory works in constrained environments

Construction stage Permit application for

Risk of errors in applying for construction permits

construction

Risk of not meeting operational schedules

Demolition of residential buildings

Risk of negative impacts on surrounding buildings

Logistics risks near neighboring structures

Safety risks for individuals and staff involved in demolition

Construction

Risk of supplying low-quality construction materials

Risk of using sub-standard construction equipment

Risk of having no skilled workforce available
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Stage Activity

Risk

Completion of construction

Risk of long delays in accepting projects at commissioning

Risk of failing to finish construction within specified road map schedule

Risk of errors in registering newly-built assets with cadasters

Risk of errors in applying for construction permits

Relocation and exploi- | Hand-over of housing units for | Risk of postponement of relocation due to detected defects

tation stage settlement Risk of prolonged correction of defects found during apartment inspections
Risk of changed need for relocation without reserved flats
Exploitation Risk of delaying transfer of asset for occupation

Risk of selecting an untrustworthy management company

Risk of imposing high rates by the management company on public services

Most risks associated with the implementation of a renovation
programme can also be categorized according to the following cat-
egories of risks [16, 171

1. Construction Risks: these relate to any type of construction
activity. They represent a set of risks that might emerge at any time
during construction and assembly operations, potentially destroy-
ing or significantly distorting building structures or components,
extending deadlines, and affecting the overall timetable of the reno-
vation programme.

2. Design Risks: these refer to potential issues or adverse ef-
fects arising during the design process that could negatively influ-
ence project goals, schedules, budgets, or quality. Such risks may
be either evident or latent and result from internal factors like design
errors or resource shortfalls, as well as external ones such as legis-
lative changes or market fluctuations.

3. Management Risks: these involve wrong managerial deci-
sions leading to financial losses, reputational damage, or other un-
favorable outcomes for the renovation programme.

4. Legal Risks: these pertain to potential legal challenges, loss
of revenue, capital erosion, additional expenses, or liabilities stem-
ming from violations or non-compliance with regulatory norms
throughout the programme’s lifecycle (laws, regulations, directives,
corporate documents, etc.).

5. Financial Risks: renovation programmes inherently carry high
levels of expenditure and operational risks. Often, unforeseen finan-
cial expenditures necessitate extra funding for project execution.
Financial risks denote the likelihood of monetary losses incurred
while conducting business activities.

6. Reputational Risks: these entail potential harm to the image
or credibility of the renovation programme due to public dissatisfac-
tion, lawsuits, or other detrimental events.

7. Environmental Risks: these concern harmful environmental im-
pacts resulting from anthropogenic or natural processes during reno-
vations. They may affect human health, biodiversity, ecosystems, and,
when poorly managed, cause severe ecological damage in areas un-
dergoing extensive transformation. Typically, these arise because of
breaches in environmental protection standards or safety regulations.

Table 2. Classification of renovation programme risks across major categories. Developed by the authors

Number | Category of risk with renovation programme

Risk Characteristic for Category

1 Construction risks

Risk of staffing construction phases with qualified personnel

Design risks

Risks of making amendments to technical specifications, technical requirements, floor plans, etc.

Management risks

Risks of inefficient allocation of labor and material resources

Risk of violating contractual obligations

Financial risks

Risk of significant increase in the initial cost of the programme

2
3
4 Legal risks
5
6

Reputational risks
mentation

Risk of reputation loss due to changes in initial conditions and guarantees of the programme during its imple-

7 Environmental risks

Risks of deterioration in urban environment quality and comfort, climate and landscape changes resulting
from destruction of green zones and plantations

8 Political risks

Risks of sanctions being introduced on special machinery and materials supplies

9 Marketing risks

Risk of choosing erroneous marketing strategy and sales portfolio

10 Operational risks

Risk of inadequate maintenance of built facilities by the management company

11 Social risks

Risk of increasing load on social infrastructure due to higher density of construction

12 Economic risks

Risks associated with tax increases

13 Commerecial risks

Risks of losing revenue or incurring extra expenses as a result of commercial transactions

14 Information security risks

Risks associated with information leakage

15 Operational risks

Risks of employee mistakes caused by negligence or insufficient qualifications

#4 /2025
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Preparatory Stage

Pre-project
preparation, issuance
of urban planning
documentation

——

Contract
Conclusion

Land and property
relations, rights
to land plot

[

-

o Selection of land plot;

o Preparation of situational plan;

o Amendments to land use and
development regulations;

e Development of land use and
development plan;

o Inclusion of site in the address list
on the program;

e Obrtaining the general plan

of the site development;

o Allocation of funding for the object;
o Formulation of technical specifications

documentation;
documentation

o Determination

e Preparation of tendwer
® Publication of tender
on the procurement portal;

of the general contractor;
e Conclusion of the contract

o Registration of documents
for the use of the land plot;
o Registration of the plot

in the cadastre;

e Conclusion of a contract
for the use of the land plot
for the placement of engi-
neering communications;

e Registration of sevitudes
on the land plot (if necessery);
o Transfer of the land plot
and construction site

to the general contractor

Constraction stage

. . Demolition :
Registration of :> . . :> Construction and C
E> building permits of residential installation works
buildings

e Submission of a notice

of commencement of work;
e Applying for and obtaining
a building permit;

® Obtaining a building

dential building;

o Registration

permit of the demolition act

e Demolition of the resi-

e Transportation and disposal
of demolition waste;

o The preparatory period;

o Construction of the underground
part of a residential building;

e Construction of the underground
part of a residential building;

e Fasade work;

e Finishing work;

o nstallation of internal engineering
systems and networks;

e Landscaping;

o Commissioning works

Lifecycle of renovation programme (key stages). Developed by the authors

8. Political Risks: these reflect the possibility of losses or re-
duced profitability caused by political decisions or events.

9. Marketing Risks: marketing risks encompass deviations in
financial and production indicators of the renovation programme,
often triggered by demand contraction, price declines, intensifying
competition, deteriorating market conditions, ineffective marketing
strategies, or other risk factors.

10. Operational Risks: these include the possibilities of losses
or damages during the use of buildings, equipment, engineering
systems, or transport networks constructed under the renovation
programme. Issues may range from physical damage to assets,
infrastructure, or properties, inadequate maintenance causing en-
vironmental harm, non-adherence to instructions, accidents, emer-
gencies, increased operational costs, or failures in utility systems.

11. Social Risks: these describe the likelihood of negative soci-
etal impacts or disruptions caused by shifts in social dynamics or
deviations from accepted norms.

12. Economic Risks: economic risks signify the chance of finan-
cial losses resulting from random outcomes of economic decision-
making or actions. They arise from adverse economic changes
within the enterprise, the renovation programme specifically, or
the broader national economy. Broadly speaking, economic risks
encapsulate all minor risks and primarily manifest as changes in
market conditions or liquidity mismatches.

13. Commercial Risks: commercial risks arise during the sale of
goods and services, resulting from the potential loss of resources,
missed income opportunities, or additional costs incurred through
commercial transactions.

14. Information Security Risks: characteristic of renovation pro-
grammes, these risks relate to data storage and processing vulner-
abilities involving architectural plans, blueprints, financial infor-
mation about programme costs, personal details of employees,
contractors, and clients. These risks emerge from digitization trends,
as electronic formats dominate data storage, contract signing,
modeling, and project management practices.
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Relocation and
demolition (for
the second and
subsequent waves
of relocation)

) [ )| siepreparaton |

:> Surveys, design,
expertise

e Fencing of the construction site,
ensuring security;

e Cutting down green spaces

in the construction area, measures
to preserve green spaces;

@ Relocation of children’s and
sport grounds;

o Arrangement of a temporaty town
and consrtuction site in accordance;
o Measures for the removal,
preservation, and relocation of
engineering communications

o Collection of initial permitting
documentation; o Relocation of residents

e Conducting engineering surveys; of the demolished house;

o Approval of the layout and transport o Sending nitificafion

scheme; of demolition;

o Approval of architectural and planning e Disconnecting the residential
solutions and engineering loads; building from engineering commu-

o Development of project and estimate nications (disconnection certificates);
documentation; e |ssuing an order to decommission
® Obtaining architectural and urban the building

planning decisions;

e Obtaining a positive conclusion

of the state expertise;

e Development of working documentation

Relocation and exploitation stage

Conpletion of Relocation and o
. " Exploitation
Construction demolition
e Correction of the working o Start of relocation; o Determination of the mana-
documentation; o Work with citizens on relocation gement company;

e Operation of the residential
building and work on fulfilling
warranty obligations

o Adjustment of the building (issuance of relocation consents
permit; and exchange agreements and

o Final check; relocation);

e Conclusion on compliance; o Work on eliminating remarks,

e Obtaining permission to put singing of apartment transfer acts;
the facility into operation; o Completion of relocation;

o Cadastral registration of
a residential building;

 Transfer of an object to a city (new cycle)

15. Operational Risks: these are linked to mistakes made during
operational procedures, exceeding official authority limits, miscon-
duct, or abuse of power. They reflect the likelihood of losses, reve-
nue reduction, or capital depletion due to inefficient internal pro-
cesses, employee errors, technological malfunctions, or external
influences (Table 2).

Thus, systematic classification of risks across implementation
stages and risk categories, along with understanding the life cycle
of the renovation programme and accompanying risks, enables us
to select appropriate risk management methods aimed at reducing
costs, improving programme efficiency, and achieving predefined
objectives.
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JXU3HEHHbIW LUK NporpaMMbl peHOBaLUK:
naeHTUMKauus, aHanus

n cncrtematTn3ayunsa puckosB

Crartbsa NocBsLLEeHa NCCNEef0BaHNI0 XU3HEHHOMO LiMKna nporpam-
Mbl PEHOBALMN XUNULLHOIO (hoHAa ropo0B, KOTOPLIN OXBaTbIBa-
€T NoAroToBKY, MPOEKTUPOBaHWE, CTPOUTENILCTBO, NepeceneHve
1 MOCNenyoLLyo SKCrnyaTaumio 06HOBIEHHOW HEeABUXMMOCTHU.
Oco60e BHVMMaHWe yAeneHo BbISBIEHUIO, aHanuay u cuctema-
TU3aumM PUCKOB, MPUCYLLMX KaXOOMY dTany peanusaumn npo-
rpammbl. [na aToro paspaboraHa nopgpobHas Knaccudukauus
PVCKOB, OXBaTblBalOLLAA OPraHN3auVOHHbIE, 3KOHOMMUYECKHMe,
TEeXHUYECKMe 1 coumnanbHO-3Konornyeckme acnektol. MNporpamma
peHoBauMn MpefcTaBnseT CO60M COXHBLIA MHOrOCTYneH4aTbli
npouecc, kaxpas asa KoToporo COnpoBOXAAETCs OnpefeneH-
HbIMKW chakTOpamu pucka. Hanpumep, NogrotoBuUTENbHasA ctagus
XapaktepuayeTcsa npobnemMamu rpafocTpouTeNIbHOM JOKYMEHTa-
LK, KA4eCTBOM UHXXEHEPHO-reoNorn4ecKmx N3biCKaHUn n corna-
COBaHWEM MPOEKTHON AoKyMeHTauun. CTPoOUTENbHO-MOHTaXHbIE
paboTbl NOABEPXEHbI PUCKY HEOOCTaTOYHOro (hMHAHCMpPOBa-
HUS, HU3KOMY Ka4iecTBy MarepuanoB W TEXHWKW, Hebnaronpw-
ATHLIM NOrOAHbLIM YCIIOBMSIM U BO3MOXHbIM CyAe6HbIM Criopam.
OTan nepeceneHns HaceneHus Bbi3blBAeT NPO6eMbl KOMMYHW-
KaLmnm C XUTeNamu, 3aepXXKn CPOKOB 1 cyaebHble pa3bupartenb-
ctBa. PagpaboraHHas rpadmyeckas Moaesb XXU3HEHHOrO LnKna
nporpamMmbl BU3yanuaupyeT CTPYKTYpy 3TanoB 1 acCoLMMpoBaH-
Hble ¢ HUMK puckun. OCHOBHas Lieflb UccnefoBaHus 3ako4vaeTcs
B (hopMrpoBaHnn 3PPeKTUBHON CUCTEMbBI MOHUTOPUHIA 1 yrpaBs-
NEeHVs puckamu, HanpasfeHHOM Ha NOBbILLEHWE YCNELLHOCTU pe-
anusauum nporpamMMbl U JOCTUXKEHUE 3aniiaHMpPOBaHHbIX MOKa-
3aTenen MoAepHU3aLmnn XUIULLHON MHAPACTPYKTYPbl KPYMHbIX
ropofoB. Kpome Toro, aBTopbl npeanaratoT onTMMU3npoBaTh Npo-
Leaypbl MPUHATUS yNpaBieHYeCcknX peLleHnin U KoopaMHUPOoBaTb
YyCUnUsi BCEX Y4aCTHUKOB NPOrpaMMbl Ha Kaxaon ctaguy ee pea-
nm3aumn. AhPEKTUBHOE yrpaBieHe prckaMy NoOMOraeT MUHN-
MU3MPOBaTb HEratuBHbIE MNOCNEACTBUA M MOBbLICUTL OBLLYIO 3d-
PEKTUBHOCTb MpoLiecca peHoBaumu, obecneymeas KOMOPTHbIE
YCMOBUSA MPOXWBAHUA FOPOXaH W AONMTOCPOYHYIO YCTONYMBOCTL
peanuadyembiX NPOEKTOB. TakoW NOAXoAd MO3BONUT 3HAYUTESIbHO
CHU3UTb (DMHAHCOBbIE Y BPEMEHHbIE 3aTparThbl, YyMEHbLUNTL BIVS-
HVe HebnaronpuaTHbIX (DaKTOPOB 1 AOCTUYb YCTOMYMBOrO MOMOo-
XWUTENbHOro athdpekTa oT peannsaLmm NporpamMmmbl peHoBaLmn.

KnroyeBble croBa: XV3HEHHbIN LyKI1, MporpamMma peHoBaLuy,
Knaccugukaumsi pUCKoB, aHanm3, 3¢hgheKTUBHOCTb peann3aLmm
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Cost Management in Industrial Construction
Projects through Building Information Modelling

This paper provides a comprehensive analysis of the potential and limitations of using building information mod-
elling (BIM) technology in the context of construction cost management throughout the lifecycle of an investment
and construction project. The study covers stages from initial conception and pre-project analysis to facility oper-
ation and decommissioning. Emphasis is placed on the challenges of early pre-project stages, such as feasibility
studies and conceptual design, which are particularly important when implementing complex industrial projects.
The authors highlight a key problem in this area: the lack of specialized, aggregated cost indicators (standards)
for industrial construction projects adapted to the specifics of BIM, as well as a shortage of specialized software.
This combination significantly reduces the accuracy and validity of initial cost estimates.

The paper systematizes the key challenges and benefits that BIM implementation can address in cost engineering
at each subsequent stage of a project. The analysis revealed a systemic gap in the current regulatory and metho-
dological framework, which currently does not fully regulate the processes of calculating construction cost esti-
mates at the design stage using digital information models (DIM).

Based on the conducted research, a substantiated conclusion is reached regarding the critical need for active
development of methodological and regulatory support specifically for the feasibility study and conceptual design
stages of industrial facilities. Addressing this challenge is fundamental to achieving end-to-end digitalization of
the investment and construction process, increasing the investment attractiveness of projects, and minimizing
financial and time risks at all stages of the life cycle.
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INTRODUCTION

ussia's state policy on economic digitalization,
Rambitious infrastructure development plans,

and commitment to technological independ-
ence increase the importance of adopting information
modelling (IM) technology in the construction indus-
try. This process is important for both government
agencies and those involved in investment and con-
struction activities. Although the regulatory framework
and issues related to domestic software provision
have been largely resolved, the practical aspects of
using digital information models (DIM) require further
study [1, 2].

A key challenge when working with the DIM re-
mains data quality control, including its compliance
with regulations, completeness, and consistency.
For most users, interacting with the model involves
running numerous automated checks: for compli-
ance with regulations, the absence of collisions in
geometry, and the sufficiency of attribute informa-
tion [3].

One promising area for the development of in-
formation modelling technology is the use of digital
models for calculating and monitoring industrial
construction costs. DIM data, in the form of cost in-
dicators and their derivatives, can serve as the basis
for implementing cost engineering, which, accord-
ing to the current GOST?, includes planning; value,
economic, and financial analysis; assessment and
audit; control and optimization; and performance,

' GOST R 58535-2019. National Standard of the Russian Fed-
eration. Cost Engineering. Terms and Definitions. Electronic Fund of
Legal and Regulatory Technical Documents. URL: https://docs.cntd.
ru/document/1200167735?section=text (rus.).

change, and cost risk management at all stages of
the project lifecycle. At the same time, the availabil-
ity of up-to-date regulatory and methodological ma-
terials governing these processes remains critical
for cost engineering specialists, particularly with
regard to the most underdeveloped aspect — con-
struction cost assessment.

Of all the currently available regulatory docu-
ments concerning the application of the information
modelling technology, the vast majority address is-
sues of developing the DIM and the interaction
of process participants at various stages of the life
cycle. However, issues related to determining
the cost of construction using the DIM are almost
absent from any of these regulatory documents.
One such document, approved by Order No. 854/pr
of the Ministry of Construction of the Russian Fed-
eration dated December 24, 2020, establishes
a methodology for determining the cost of work on
preparing design documentation containing materi-
als in the form of a digital information model?. A sim-
ilar document applies to the development of pro-
jects for the construction of facilities financed by
the Moscow budget®. Both documents focus not on
the estimated cost of construction, but on the cost

2 Methodology for determining the cost of work on the prepara-
tion of design documentation containing materials in the form of an in-
formation model, approved by Order of the Ministry of Construction of
Russia dated December 24, 2020 No. 854/pr (as amended). Federal
State Information System for Pricing in Construction. URL: https://
fgiscs.minstroyrf.ru/frsn/standard/methodical/ee87485b-4468-4d12-
9826-c7905636dbac (rus.).

3 Methodological recommendations for calculating design costs
using information modeling technology, carried out with the involve-
ment of funds from the Moscow city budget MRR-12.1-18, as amended
as of August 6, 2021. Electronic fund of legal and regulatory docu-
ments. URL: https://docs.cntd.ru/document/565439796 (rus.).
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of design work, i.e., they partially address cost determination at
the architectural and construction design stage. The methodology
for determining estimated construction costs, approved by Order
No. 421/pr of the Ministry of Construction of the Russian Federation
dated August 4, 2020, regulates the determination of the developer's
costs for maintaining a digital information model during the con-
struction phase*. This method, however, focuses on the construc-
tion phase and does not address the issue of determining the con-
struction cost, but only the additional costs associated with bringing
the digital information model into compliance with the as-built docu-
mentation.

At the same time, all existing regulatory and methodological
documentation in the field of cost estimation is oriented toward
working with so-called flat or 2D construction drawings and their
corresponding specifications. For example, the rules for calculating
work volumes imply manual calculation of all values, without the use
of geometric solvers. Another feature of the existing technology is
the dependence of the structure of the cost estimate documenta-
tion on the structure of the design solutions, i.e., on how the design
solutions are displayed on the sheets of design or working docu-
mentation. All design volumes are calculated and included in
the specifications in accordance with how the drawings are com-
piled. The volumes of material resources and, accordingly, the vol-
umes of work are typically calculated separately for each drawing
and rounded to significant digits, most often to 2—4 decimal places,
depending on the unit of measurement. Such volumes are included
in the estimate documents in the same sequence, with the accumu-
lation of the total volume and the formation of the cost as a sum of
intermediate rounded values.

Information modelling implies a fundamentally different approach
to design solutions. Essentially, all work shifts from drawing-based to
element-based. However, with the element-based method of calculat-
ing material and labor volumes, final estimates can vary significantly.
Consequently, cost estimates can vary by several percent, depend-
ing on the design stage and the pricing methodology used.

Despite the apparent fragmentation of approaches to determin-
ing construction costs based on the DIM in methodological and
regulatory documents at the state level, construction organizations
are developing and applying these approaches, as they see high
potential for solving a wide range of problems in the field of cost
engineering [1, 2]. Let us consider the key stages of industrial con-
struction project implementation, the role of the information model-
ling technologies in each of them, and their implications for cost
determination.

PRE-INVESTMENT STAGE AND CONCEPTUAL DESIGN

At the initial stage, a feasibility study (FS) and a concept for
the future facility are developed [4]. The information modelling tech-
nologies are used for 3D visualization and preliminary analysis,
since creating even simple sketch models helps the client and in-
vestors evaluate architectural solutions. At this stage, a cost esti-
mate is also generated using aggregated standards, such as con-
struction cost standards, or data from similar projects. Most of
the necessary data can be obtained from a digital information
model based on parametric modelling, allowing for cost forecasting

4 Methodology for determining the estimated cost of construction, reconstruction, ma-
jor repairs, demolition of capital construction projects, work on the preservation of cultural
heritage sites (historical and cultural monuments) of the peoples of the Russian Federation
on the territory of the Russian Federation, approved by order of the Ministry of Construc-
tion of Russia dated 04.08.2020 No. 421/pr (as amended). Federal State Information Sys-
tem of Pricing in Construction. URL: https:/fgiscs.minstroyrf.ru/frsn/standard/methodical/
10c50a07-101d-493d-bf3e-6bea9208¢76d (rus.).

before detailed design development. However, there are almost no
developed solutions for the current stage. At this stage, the task of
selecting optimal solutions is typically resolved by comparing op-
tions based on energy efficiency, materials, and other parameters,
including cost. Using the information modelling technologies at this
stage helps avoid costly changes at subsequent stages.

DESIGN

This is the stage of detailed design documentation develop-
ment, one of the most important for the application of the informa-
tion modelling technologies. Here, the technology ensures coordi-
nation between specialists — architects, designers, and engineers
work in a single environment, which reduces the number of colli-
sions [3]. The digital information model allows for almost complete
automation of calculations: checking structural loads, engineering
system parameters, and their compliance with regulations. At this
stage, precise specifications for all material resources and volumet-
ric indicators are also generated [5]. Using modern information
modelling systems, it is possible to automatically generate bills of
materials and equipment, which requires strict adherence to the re-
quirements for detail and information content of the DIM® [6]. To
estimate costs at the design stage, a cost estimation and regulatory
framework is applied, using elemental cost estimates or rates de-
pending on the adopted pricing method, such as GSN-2022 or
TSN-2001 (Fig.).

Cost data obtained on the basis of the DIM data are down-
loaded from it in the form of traditional cost estimates and are
the basis for calculating the initial (maximum) prices of contracts
(agreements) (hereinafter referred to as the IMPC(A)).

CONSTRUCTION

During construction, the information modelling technology (IMT)
is most often used for logistics and planning. For this purpose, 4D
modelling (time + 3D) is used, which helps optimize the construc-
tion and installation schedule and material procurement schedule.
In addition to logistics and planning, quality control tasks are also
addressed by verifying execution against the design model using
laser scanning. IMT is sometimes used during the construction
phase to manage construction resources through integration with
the construction company's Enterprise Resource Planning (ERP)
systems for accounting for labor costs, materials, and equipment.
The use of IMT on the construction site reduces the number of re-
works by 20-30 % [7, 8].

OPERATION OF THE FACILITY

Once commissioned, the information model becomes the basis
for facility management. Using the information model, it's possible
to perform maintenance while organizing the storage of data on
utilities, repair schedules, and warranties. To optimize operating
costs, energy monitoring can be performed by analyzing sensor
readings. To address building lifecycle management issues, infor-
mation modelling technology is now often transformed into the con-
cept of a Digital Twin.

To determine the cost of operating a building, including the cost
of routine and major repairs, various approaches are used, based
on both standard costing approaches and the recording of actual
expenditures incurred during implementation.

5 Benklyan S.E. Levels of detail of elements of the information model. Portal isicad.
2014. URL: http://isicad.ru/ru/articles.php?article_num=17329 (rus.).
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Example of determining the cost of a BIM element (based on the integration of Pilot-BIM and ABC-Estimates software systems). The technolo-

gy is identical for industrial construction

Determining the cost of an industrial construction project at different stages of the life cycle of an investment and construction project

Life cycle stage

Application of IMT

Problems to be solved

Determination of cost

Pre-investment stage
and conceptual design

Analogue object or
conceptual model

Concept analysis, visualization. Selection
of project options

Formation of the estimated (marginal) cost for similar objects
or aggregated indicators based on the DIM (if available)

Design Design model Development of design documentation, | Calculation of the estimated cost of construction with reference
calculations of building structures to the elements of the DIM
Construction As-built model Construction management, logistics, Formation of the IMPC(A). Audit, iterative cost changes based
preparation of as-built documentation on the DIM. Formation of the book value of the asset based on
actual data
Operation Digital twin Current maintenance of the facility, repairs | Calculation of the cost of maintenance and repairs based on

regulatory data and DIM data

Demolition and disposal

Digital twin or simplified
design model

Calculation of demolition volumes,
planning of materials disposal

Calculation of the estimated cost of demolition and disposal
works based on the DIM data

DEMOLITION AND DISPOSAL

At the final stage of a building's lifecycle, the IMT helps plan
safe demolition by analyzing building structures to select the opti-
mal dismantling method, as well as taking into account environmen-
tal disposal requirements (information about materials enables their
effective recycling). In terms of cost determination, demolition and
disposal work is, in most cases, similar to the approaches used
during construction cost determination.

The tasks solved using the IMT at different stages of an invest-
ment and construction project's lifecycle can be summarized in
the following table (Table).

IMT transforms all stages of investment and construction pro-
jects, ensuring:

e end-to-end digitalization of data — from concept to disposal;

e risk reduction — through early error detection;

e resource savings — time, money, and materials.

However, for maximum efficiency in the application of IMT,
it is necessary to develop a regulatory framework® [1, 7] and
train qualified personnel who are proficient in interdisciplinary ap-

¢ Urban Development Code of the Russian Federation of December 29, 2004,
No. 190-FZ. URL: http://www.consultant.ru/document/cons_doc_LAW_51040 (rus.).

proaches [2, 9], both in the area of IMT application and in the area
of cost engineering.

CONCLUSIONS

The ability to apply an end-to-end approach to determining
the cost indicators of an industrial construction project based on
the DIM at various stages allows for a new approach to construction
cost estimation. This approach uses DIM data for phased cost jus-
tification, linking it to model elements and increasing the accuracy
of the estimate depending on the model's content and develop-
ment. It also allows for iterative auditing and cost adjustments
based on the impact of internal and external environmental factors
and the ongoing implementation objectives of the investment and
construction project. The resulting information models with as-
signed costing properties can serve as the basis for generating
aggregated indicators of industrial construction costs, making
the investment justification stage more transparent and the cost jus-
tified at this stage. Due to insufficient regulatory and methodologi-
cal support for using DIM to generate cost estimates at various
stages of the project lifecycle, it is necessary to develop detailed
methods for determining construction costs using IMT, as well as
the corresponding software tools.
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CTOMMOCTHbIW UHXXUHUPUHT B peanu3auumu
NPOEKTOB MPOMbILLUSIEHHOroO CTPOUTENbCTBA
C NPMMEHEeHMEeM TEXHOOorum
MHcOpMaLMOHHOro MOAENUPOBaHUSA

B pnaHHOM cTatbe NpoBOAUTCH KOMMIEKCHbBIA aHanM3 BO3MOX-
HOCTEW N OrpaHWYeHU NPUMEHEHUS TEXHONOrMN MHopMma-
LMOHHOro mogenupoBanus (TVIM/BIM) B KOHTEKCTE ynpasne-
HMA CTOMMOCTbIO CTPOUTENLCTBA Ha 3Tanax XMU3HEHHOrO LMKna
WHBECTULMOHHO-CTPOUTENBHOIO npoekTa. MiccneposaHune ox-
BaTbIBAET 3Tanbl — OT NEPBOHAYasIbHOrO 3amMbicyia U Npeanpo-
€KTHOro aHanuaa [o SKcnnyarauuy n BbelBoAa o6bekTa n3 uc-
nonb3oBaHusA. AKLEHT genaetcsd Ha npobnemMaTuke paHHUX,
npeanpoeKTHbIX CTa,EI,I/IIZ, TaKNUX KaK TEXHUKO-OSKOHOMUYEeCKoe
o6ocHoBaHue (TAO) n KoHLEeNnTyanbHOE NPOEKTUPOBAHNE, OCO-
6€HHO 3HaYMMbIX NPY peanu3aumm CNOXHbLIX MPOMbILLIEHHbIX
06bEKTOB. ABTOPbI OTMEYaIOT KITHYEBYIO NpobnemMy aTon cde-
pbl: OTCYTCTBME CMELManM3npoBaHHbIX YKPYMNHEHHbIX CTOMMOCT-
HbIX MokasaTtenen (HopMaTuBOB) A7 OOBEKTOB MPOMbILLISIEH-
HOrO CTPOMTENbCTBA, afanTUpoBaHHbIX nof cneunduky TUM,
a Takxe AeduunT cneumanMsampoBaHHOro NPOrpaMmMHoOro o6ec-
nevyeHusd, 4To B COBOKYMNHOCTU NPUBOAUT K 3HAYUTESIbHOMY CHU-
>KEHWIO TOYHOCTU N 06OCHOBAHHOCTW MepBOHaYasnbHbIX CTOU-
MOCTHbIX OLIEHOK.

B pa6oTe cuctematusnpoBaHbl KYeBble 3ajaqn U npevmy-
LecTBa, KOTopble NMO3BOMAET pewnTs BHegpeHne TUM B 06-
N1aCTV CTOMMOCTHOIO MHXWHUPUHIA Ha KaXXgoW nocnenytoLlen
cTaguu npoekTa. B pesynbtate aHanu3a BbISBNIEH CUCTEMHbIN
npo6en B COBPEMEHHOW HOPMaTUBHO-METOANYECKON 6a3e, KOTO-
pasi Ha CerogHsILLUHUIA OeHb He B MOJSIHOM Mepe pernameHTupyeT
npoueccbl (hOPMUPOBaHUSA CMETHOW CTOMMOCTU CTPOUTENBLCTBA
Ha aTane NpPoeKTUPOBaHUSA C MPUMEHEHVEM [OAHHbIX LNDPOBbIX
NHOpMaLMOoHHbIX Mogenen (LIIM).

Ha ocHOBaHWMM NpoBeAeHHOro ncecnenoBaHus genaetcs 060CHO-
BaHHbI BbIBOL, O KPUTUHECKON HEOOXOAMMOCTN aKTUBHOrO pas-
BUTUS METOANYECKOrO U HOPMATMBHOIO 06ecrneyeHnss UMEHHO
onsa atanoB TOO 1 KOHLENTyanbHOro NPOEKTUPOBaHMSA NMPOMBbILLI-
JNIeHHbIX 0OBLEKTOB. PeLleHne aTon 3aga4yv ABnseTcs PpyHOamMeH-
TasnbHbIM YCOBUEM A5 JOCTUXKEHUS CKBO3HOW LincbpoBmn3auum
WHBECTULIMOHHO-CTPOUTENIBHOMO MpoLecca, NOBbILLEHUSA NHBE-
CTULMOHHOW MPUBIEKATENBHOCTU MPOEKTOB Y MUHUMU3ALUN
(PMHAHCOBbLIX U BPEMEHHbIX PUCKOB Ha BCEX dTanax >XM3HEHHO-
ro umKna.

KnroyeBble crnioBa: CTOMMOCTb CTPOUTE/IbCTBA, CTOMMOCTHbIN
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Problems and prospects of transition
to the master planning system in urban
development practice

The paper examines the key problems and prospects of introducing a master-planning system into urban devel-
opment practice. It analyzes institutional, legal, and economic barriers that hinder the transition from situational
project design to a comprehensive strategic approach at the territorial level. Particular attention is paid to coordi-
nation between different levels of government, the integration of long-term target programs, and the considera-
tion of multidimensional constraints — natural-climatic, infrastructural, and social. Based on a comparative anal-
ysis of foreign and Russian urban practices, practical recommendations are formulated to improve the regulatory
framework, strengthen the institutional role of local self-government, and create financial instruments that stimu-
late integrated territorial development. The conclusion presents forecasts for the sustainable implementation of
master-planning under systemic reforms and proposes a pilot roadmap for its introduction in Russian conditions.
The author provides detailed explanations and examples of master-planning implementation in various regional
contexts, emphasizing the need to adapt international practices to local specificities and legal frameworks.
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policy

he transition to a master-planning system is in-
I creasingly viewed as a key instrument for mod-
ernizing contemporary urban development
practices. In contrast to fragmented project-based in-
itiatives, a master plan provides strategic coordination
of territorial development, integrating demand fore-
casting, the synchronization of infrastructure invest-
ments, and assessments of economic feasibility. How-
ever, in the Russian context, the implementation of
such a system faces numerous constraints, ranging
from deficiencies in the regulatory framework to limit-
ed institutional capacity at the municipal level and
the lack of robust financial mechanisms [1, 2].

In international practice, master planning is em-
ployed as a strategic instrument for the develop-
ment of major cities and urban agglomerations.
A review of academic and policy sources shows
that successful cases — such as those observed in
several European cities and parts of Asia — are
built upon a combination of well-defined legal
frameworks, transparent procedures for public par-
ticipation, and long-term financing arrangements
[3-5]. In Russian academic literature, issues of ter-
ritorial planning and the integration of functional
components are examined by domestic research-
ers who emphasize the need to adapt international
approaches to the specific institutional conditions of
the Russian context [6, 7].

This study represents an analytical investigation
based on a comparative review of existing practices,
an examination of regulatory documents, and a syn-
thesis of findings from thematic publications. The re-
search applies methods of system analysis, expert
evaluation, and case-study approaches. The use of
qualitative analytical techniques makes it possible
to identify the key factors influencing the effective-
ness of master planning and to formulate practical
recommendations for the Russian regulatory and ad-
ministrative context [1, 3, 6].

The absence of a unified competency frame-
work across federal, regional, and municipal levels
results in a fragmented distribution of responsibili-
ties. Strategic planning objectives often diverge
from the short-term operational interests of local
authorities, which slows the coordination and ap-
proval of long-term development projects [2, 8].
Such misalignment leads to duplication of functions
and reduces the overall effectiveness of administra-
tive decision-making [6, 9]. In addition, inconsisten-
cies in regulatory approaches and spatial-planning
instruments complicate the implementation of inter-
regional initiatives and comprehensive territorial-
development programs [10, 11]. Overcoming this
gap requires institutional integration across levels of
government and the establishment of unified meth-
odological standards for master planning [4, 12].
Such harmonization would strengthen vertical ac-
countability and improve the quality of interaction
among stakeholders involved in urban-develop-
ment policy [3, 13].

The existing legislative framework, which is pri-
marily focused on municipal regulations and land-
use relations, does not always provide sufficient in-
struments for the implementation of comprehensive
master plans. This includes the absence of robust
mechanisms for mandatory infrastructure financing
and long-term public—private partnership arrange-
ments [6, 9]. The need to address this gap is driven
by the requirement for a comprehensive assessment
of planning decisions, incorporating economic, so-
cial, and environmental dimensions. In addition, po-
tential alternative development scenarios should be
taken into account and evaluated through a com-
parative analysis based on a set of performance in-
dicators.

The need for extensive use of GIS technologies,
transport-flow modelling, and scenario-based fore-
casting is constrained by a shortage of qualified
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specialists and limited access to advanced analytical tools [12].
This requirement arises from the necessity to conduct a compre-
hensive assessment of the impacts of planning decisions, encom-
passing economic, social, and environmental dimensions. Further-
more, it is essential to consider potential alternative development
scenarios and perform their comparative evaluation using a defined
set of performance indicators.

Master planning constitutes a critical instrument for the strategic
optimization of land use, facilitating the coordinated deployment of
infrastructural investments while enhancing the predictability of ter-
ritorial development, thereby mitigating transaction costs and aug-
menting investment appeal [3, 5, 10]. This methodology underpins
the articulation of a comprehensive vision for urban spatial organiza-
tion, ensuring a calibrated balance between residential, public, and
industrial zones [4, 6]. Moreover, master planning provides a frame-
work for the systematic allocation of transport flows and the efficient
management of engineering networks, which exerts a direct influ-
ence on urban environmental quality and the overall standard of liv-
ing [7, 9, 11]. A further salient advantage pertains to the increased
transparency of planning outcomes: the existence of a consolidated
master document reduces administrative barriers and promotes
participatory engagement of stakeholders in strategic decision-
making processes [5, 8]. From a long-term perspective, such an ap-
proach reinforces the sustainability of territorial development, fosters
the expansion of the municipal tax base, and contributes to the en-
hancement of investment ratings for local authorities [3, 6, 10].

Key risks associated with master planning include the potential
politicization of planning decisions, insufficient adaptability in
the context of rapidly evolving economic conditions, and the risk of
overestimating initial assumptions, which may result in inefficient
resource allocation [8, 11]. Addressing these risks necessitates
a comprehensive assessment of the implications of planning de-
cisions, encompassing economic, social, and environmental dimen-
sions. Additionally, it is essential to consider alternative territorial
development scenarios and conduct comparative evaluations against
a defined set of performance indicators.

Several implementation models can be identified: a centralized
model based on regional programs; a project-oriented model im-
plemented through pilot projects; and a hybrid model, which incor-
porates private capital through public—private partnership mecha-
nisms and designated territorial development zones. In the context
of Russian urban development, the hybrid model appears most
feasible, as it allows for the integration of governmental regulation
with market-based incentives [4, 9, 13].

Several implementation models can be distinguished: a central-
ized approach, based on regional programs; a project-oriented ap-
proach, implemented through pilot projects; and a hybrid model,
which involves private capital participation via public—private part-
nership mechanisms and designated territorial development zones.
In the context of Russian urban development, the hybrid model ap-
pears most feasible, as it enables the integration of governmental
regulation with market-based incentives [4, 9, 13].

The implementation of a legal framework to ensure compliance
with approved master plan provisions is essential, including the as-
signment of accountability for parties failing to meet deadlines or
adhere to implementation parameters [7, 10]. Such a framework
would enhance procedural transparency, mitigate the risk of admin-
istrative errors, and strengthen trust among stakeholders engaged
in investment and construction activities [3, 8, 11].

Strengthening the role of municipalities through the enhance-
ment of their competencies and the provision of financial instru-
ments is essential, alongside the establishment of cross-sectoral

coordination councils for major territorial projects, comprising rep-
resentatives from government, business, and civil society [2, 7].
This requirement stems from the necessity of a comprehensive as-
sessment of the implications of planning decisions, encompassing
economic, social, and environmental dimensions. Furthermore, al-
ternative territorial development scenarios should be considered,
with comparative evaluations conducted against a defined set
of performance indicators. The formation of such councils ensures
a balanced consideration of the interests of various stakeholders
and enhances the transparency of urban planning decision-making
processes [5, 9]. The involvement of public institutions and profes-
sional associations in the approval of project decisions fosters trust
in governmental authorities and reduces the risk of conflicts during
project implementation [10, 11]. Municipalities must possess
the methodological and analytical resources required to assess
the consequences of planning decisions [4, 6]. Effective interaction
between municipal and regional structures will establish a resilient
feedback system and improve the quality of strategic planning
[8, 14]. In the long term, this will provide a foundation for integrating
master planning principles into spatial governance mechanisms,
enabling more coordinated territorial development [12, 15].

The implementation of long-term infrastructure bonds, a “land
bank” mechanism, and public—-private partnerships with guaran-
teed long-term returns for investors is recommended. Additionally,
targeted territorial development funds involving regional budgets
and private capital may be established [10, 11]. This approach is
necessitated by the requirement for a comprehensive assessment
of the implications of planning decisions, encompassing economic,
social, and environmental dimensions. Furthermore, alternative ter-
ritorial development scenarios should be considered, with com-
parative evaluations conducted using a defined set of performance
indicators.

It is essential to develop continuing education programs for ur-
ban planners, expand access to analytical platforms, and promote
interdisciplinary education integrating urban studies, economics,
and information technology [12, 14]. This requirement arises from
the necessity of a comprehensive assessment of the implications of
planning decisions, encompassing economic, social, and environ-
mental dimensions. Furthermore, alternative territorial development
scenarios should be considered, with comparative evaluations con-
ducted against a defined set of performance indicators.

An illustrative roadmap for pilot implementation can be struc-
tured as follows: Phase 1 — Preparatory (0-6 months): formation of
the project team, preliminary territorial audit, data collection, and
identification of key constraints. Phase 2 — Design (6-18 months):
development of territorial development scenarios, stakeholder con-
sultations, and refinement of financial mechanisms. Phase 3 — Im-
plementation (18—60 months): phased deployment of infrastructural
measures and monitoring of execution. Phase 4 — Institutionaliza-
tion: amendments to regulatory frameworks and scaling of success-
ful solutions [3, 5].

The transition to a master planning system offers significant op-
portunities for sustainable and coordinated urban territorial devel-
opment. However, the realization of this transition necessitates
a comprehensive approach aimed at overcoming institutional, le-
gal, and financial barriers. Key success factors include the estab-
lishment of a transparent regulatory framework, the development of
financial mechanisms, and the enhancement of municipal compe-
tencies. When these conditions are met, master planning can serve
as an effective instrument for transforming spatial policy and pro-
moting sustainable urban development.



HeaBmXnMOCTb: 3KOHOMUKA, ynpaBneHne MexayHapoHbI Hay4HO-TEXHUYECKUIA XXypHan #4/2025

TPAROPETYNINPOBAHUE W YNIPABJIEHUE XXUINLLHO-KOMMYHAJIbHBIM KOMIJIEKCOM

31

REFERENCES 8. Sassen S. The Global City: New York, London, Tokyo. Princeton,
Princeton University Press, 2001; 448. DOI: 10.2307/2152688

9. Frolov V.V. Public-Private Partnership in Urban Infrastructure.
Saint Petersburg, Science, 2017; 312. (rus.).

10. Flyvbjerg B. Megaprojects and Risk: An Anatomy of Ambition.
International Journal of Public Sector Management. 2003; 17(3):254.
DOI: 10.1108/09513550410530199

11. OECD. Financing Cities: Managing Risks and Building Re-
silience. Paris, OECD Publishing, 2019; 280.

12. Novikov S.T. Geoinformation Systems in Urban Planning. Mos-
cow, Technosphere, 2021; 196.

1. Ivanov |.I. Master planning as a tool for territorial development.
Real Estate: Economics and Management. 2020; 4:12-25.

2. Petrov P.P. Institutional Aspects of Urban Planning Policy.
Moscow, Science Publ., 2018; 245. (rus.).

3. Batty M. The New Science of Cities. Cambridge, MIT Press, 2013;
420. DOI: 10.4067/50250-71612015000100013

4. Hall P. Cities of Tomorrow: An Intellectual History of Urban
Planning and Design Since 1880. Oxford, Wiley-Blackwell, 2014;
512.

5. UN-Habitat. Urban Planning and Design for City Leaders. Nairobi,

UN-Habitat, 2015; 184. URL: https://unhabitat.org/urban-planning-
for-city-leaders-0

6. Kuznetsov A.G. Legislative framework of territorial planning in
the Russian Federation. Urban Planning Journal. 2019; 2:45-60.
(rus.).

7. Smolka M. Land Value Capture and Urban Development.
Washington DC, World Bank, 2016; 210.

Mpo6nembl U NnepcnekTUBbI Nepexona
K cucteme macTtep-njaaHUpoBaHUs

B rpafoCTPOUTENIbHOW AeATEeNIbHOCTH

B cratbe paccmaTpuBaloTcs KntoyeBble MPO6IeMbl U NepcnekTyu-
Bbl BHEAPEHUA CUCTEMbl MacTep-NaaHMpoBaHNa B rpajoCcTpou-
TeNnbHON AesaTenbHOCTU. MpoaHanu3npoBaHbl MHCTUTYLMOHASb-
Hble, MPaBOBblE N 3KOHOMMYECKME 6apbepbl, MPEenATCTBYOLIME
nepexony OT CUTYaTtUBHOIO MpPOEKTUPOBaHUA K KOMIMJIEKCHO-
My cTparternyeckomy nopxofy Ha yposHe Tepputopui. Ocoboe
BHMMaHWe y[eneHo BOMpocaM KOoopavHauuMn Mexmay pasnuvy-
HbIMW YPOBHSIMW BNACTW, MHTErpauum OONrOCPOYHbIX LieneBbIX
nporpamMM M y4eTy MHOrOMEpPHbIX OFPaHWY4eHUA — MNPUPOAHO-
KNMMaTUHeCKMX, MHAPACTPYKTYPHbIX U coumanbHbiX. Ha ocHo-
BE CpPaBHUTENBHOro 0630pa MPakTUK 3apy6eXHbIX N POCCUNCKNX
ropofoB hOpMynUPYOTCS NpakTUYecKne pekoMeHgaumm no co-
BEPLUEHCTBOBAHNIO HOPMATVBHO-MPaBOBOW 6a3bl, YCUNEHWUIO WH-
CTUTYLIMOHANBHON PONM MECTHOIO CaMOYMNpPaBMeHNs 1 CO3AaHUI0
(PVHAHCOBbIX WHCTPYMEHTOB, CTUMYNMPYIOLLMX KOMIMIEKCHOE
passutne Tepputopun. B 3aknioveHun npepcTaBnieHbl NPOrHO-
3bl YCTONYMBOro BHEAPEHMS MacTep-niaHMpoBaH1s Npu YCnoBum
CUCTEMHbIX pedhOpM 1 NPefnoXeHa [OPOXHasA KapTa MUIOTHOMO
BHEOPEHUs1 B POCCUNCKUX YCOBUSAX. ABTOP AaeT nogpobHbIe no-
ACHEHVA 1 NPUMEpPbI peanu3auny macTep-nnaHpoBaHns B pas-
HbIX pPermoHalsibHbIX KOHTEKCTax, nogdepkuBas HGOﬁXOﬂVIMOCTb
apantauum MexayHapoaHbIX NPakTUK K MECTHbIM OCOBEHHOCTAM
1 NpaBOBbIM peanvsm.

KnroyeBble crioBa: MacTep-niaHUpoBaHue, rpafocTpoUTesbCTBO,
KOMII/IEKCHOE pa3BUTHE TEPPUTOPUI, MHCTUTYLMOHATTbHbIE MEXa-
HW3MbI, FOPOACKAsA MONTUKA
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Lifecycle management of integrated territorial
development projects based on organizational
and technological solutions

The paper presents an approach to managing the lifecycle of integrated development of territories (IDT) facilities
based on organizational and technological documentation. This approach includes the development of an algo-
rithm for specialized software to automate planning, monitoring, and analysis processes. The proposed method-
ology enables the creation of a unified information space for all project participants and ensures end-to-end man-
agement from the design stage through to facility decommissioning.

It is noted that during the operational phase, Organizational-Technological Solutions (OTS) are not required; their
adoption becomes necessary only during repair and maintenance activities on facilities. Crucially, retrospective
information about operational conditions plays a vital role in justifying such decisions, and this data can only be
collected during the operational phase.

The implementation of the proposed solution will enhance the manageability of IDT projects and establish a foun-
dation for sustainable territorial development.

Future research prospects are associated with integrating the proposed model with BIM-based software systems
while considering facility autonomy levels, developing intelligent algorithms for predicting the technical condition
of facilities, and creating economic-mathematical models for assessing the comprehensive efficiency of IDT pro-
jects throughout their complete lifecycle.

Keywords: life cycle of an object, sustainable development of territories, integrated development of territories,
organizational and technological solutions, Project Organization Concept, Project Production Report, Decommis-

sioning and demolition plan

INTRODUCTION

of state-regulated spatial development manage-

ment aimed at the structural transformation of ur-
banized areas. The goal of OTS programmes is to
systematically transform areas characterized by inef-
ficient use, degradation, deindustrialization or a com-
plete lack of development, and to create a multifunc-
tional, socially balanced, environmentally sustainable
and economically viable urban environment.

A distinctive feature of the IDT programme, com-
pared to traditional approaches to urban develop-
ment, is its integrative nature. IDT projects are imple-
mented as a single programme-targeted complex in
which all components are synergistically linked, from
residential development, social infrastructure facili-
ties (education, healthcare, culture), engineering and
transport infrastructure to recreational areas and en-
vironmental requirements, etc. [1-4].

In international terminology, terms such as “ur-
ban redevelopment”, “comprehensive urban renew-
al”, “mixed-use development”, and “territorial regen-
eration” are used for the IDT concept. However,
these terms focus on different aspects of the pro-
cess: ‘redevelopment” — physical transformation
and modernization, “mixed-use” — functional diver-
sity, “renewal” — modernization of existing buildings,
and “regeneration” — comprehensive socio-eco-
nomic and physical revitalization of territories [5-17].

Thus, IDT is a strategic approach to urban plan-
ning aimed at creating a balanced and sustainable
urban environment, where effective management of
the life cycle of construction projects is a critical ele-
ment for successful implementation.

I ntegrated development of territories (IDT) is a form

The life cycle of a capital construction project
encompasses a sequence of interrelated stages
from the initial concept to the decommissioning of
the facility. Each of these stages requires careful
planning, coordination and control, which is particu-
larly relevant for IDT projects, which are character-
ized by their complexity, scale and multifunctionality.

Managing facilities at different stages of their
life cycle within a single territory presents a particu-
lar challenge. The coordinated operation of facilities
under construction, in operation and undergoing
reconstruction requires the development of an inte-
grated management system based on uniform prin-
ciples and approaches.

The lack of a unified methodology for managing
the life cycle of facilities in IDT programmes can
lead to imbalances in regional development, delays
in implementation, and a decline in the investment
attractiveness of the project.

At the same time, the main tool for ensuring the ma-
nageability of construction processes at all stages of
the life cycle is organizational and technological docu-
mentation (OTD), which allows for the optimization of
resource planning, improvement of the quality of con-
struction work and operational characteristics of facili-
ties, as well as ensuring compliance with regulatory
requirements and standards to minimize potential risks
and unforeseen costs.

Thus, the relevance of the study is determined
by the need to develop comprehensive solutions for
managing complex urban development projects
that ensure the efficient use of resources, compli-
ance with implementation deadlines, and high qual-
ity of the urban environment.
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MATERIALS AND METHODS

Analytics

and technological i
CP 48.13330.2019' regulates the design, construction, recon- management squtionsg and reporting
struction, major repairs, and demolition of construction projects in Adding (" Selecting ) )
terms of construction organization. The document applies to work a project tPe Ietve%J View data
of system

on projects involving civil and industrial facilities, and is also aimed
at the redevelopment of industrial areas in existing built-up areas.
This document defines a “capital construction facility” as a build-
ing, structure, or facility whose construction has not been completed,
with the exception of non-capital structures, facilities, and insepara-

ble improvements to the land plot (paving, covering, etc.). Project Detail by Export to
A facility is a collective term that combines capital construction description manle;%:rlnent MS Excel
facilities, facilities undergoing reconstruction, facilities undergoing : i i
major repairs, facilities subject to demolition, etc. Saving Effectiveness Statistics
The document also specifies that organizational and techno- the project assessment calculation

logical solutions, calculations, measures and requirements for
the performance of relevant types of construction and installation
works are contained in the organizational and technological docu-
mentation.

Thus, the goal of OTD is to ensure that the facility is commis-
sioned with the required quality, within the established deadlines
and in compliance with safety requirements.

This goal is achieved through the following documentation:
POC (project organizational concept), PPR (project production re-
port), PORSID (demolition or dismantling organization plan). Fig. 1
shows the life cycle of a construction project in relation to the pro-
cess of transforming organisational and technological documenta-
tion and, as a result, OTS.

It should be noted that OTS are not required during the opera-
tion phase; their adoption becomes necessary when carrying out

' CP 48.13330.2019. Code of Rules. Construction Organization. SNiP 12-01-2004.

i
i
i

Selecting
the type of IDT

i
i
i

Selecting a life
cycle stage

Visualization

Fig. 2. Conceptual framework of an end-to-end organizational
and technological solutions design system across all stages of
the integrated territorial development facility lifecycle

repair work. At the same time, retrospective information about op-
erating conditions, which can only be collected during this stage,
plays a critical role in justifying such decisions. This relationship
demonstrates the fundamental importance of implementing com-
prehensive management of the entire life cycle of facilities within
the framework of integrated territorial development programmes.

Thus, the conceptual diagram of the end-to-end OTS design
system at all stages of the IDT facility life cycle can be represented
in accordance with Fig. 2.

The author discusses object management levels in IDT projects
in more detail in [18].

1. Investment and : 2. Design and - 3. Construction:
feasibility: [ Design phase } planning: [ Construction } o Site preparation;
o Feasibility studies; - o Architectural; - e Construction woyrks;
o Site investigations; - o Site investigations; - o Quality control
o Business planning o Business planning PPR
POC POC

A

[ Commissioning }

4. Commissioning
and handover:

o System testing;

e Final inspections;

o Project handover
As-built docs

|: New cycle J

[ Operation }

6. Modernization
and upgrades:

5. Operation and

7. Decommissioning
maintenance:

and demolition: [ Modernization }

[ Decommissioning }

e Demolition planning; P ® Reconstruction; ) e Facility management;
o Site restoration; - e System upgrades; N e Maintenance;
e Decommissioning © Renovation e Operations

DDP Upgrade Project O and M manuals

Project documentation management (PDM): POC-Project Organization Concept; PPR-Project Production Report; DDP-Decommissioning and demolition plan

Fig. 1. Life cycle of a construction project in relation to the organisational and technological documentation transformation process diagram 4
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Fig. 3. Block diagram of the “IDT Project Management” module
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Fig. 4. Block diagram of the “Organisational and Technological Solutions” module

RESULTS

As a result of the research, detailed block diagrams of the op-
eration of the OTS end-to-end design system blocks at all stages of
the IDT facilities life cycle have been developed, which are pre-
sented in Fig. 3-5.

Fig. 6 shows the programme interface as one of the possible
options for implementing software based on the proposed block
diagrams.

The software interface is implemented as a modular system
consisting of five interconnected functional blocks, each of which
solves specific tasks within the framework of the unified methodol-
ogy for managing the life cycle of objects in IDT programmes pro-
posed in this work.

The IDT programme management module (marked with a red
rectangle in Fig. 6) is designed to enter and systematize information
about new projects. A key feature of the module is the implementa-
tion of cascading logic for selecting hierarchical levels, where
the sequential selection of the system level automatically deter-
mines the options available at the subsystem level, and the selec-
tion of the subsystem level determines the options available at
the component level, which ensures data integrity and eliminates
the possibility of selecting incorrect combinations (which ultimately

reduces possible errors in working with the system). In addition, this
module allows you to record financial characteristics and a detailed
description of the project, as well as key life cycle milestones, thus
forming a comprehensive view of each project. The main key fea-
tures of the project can be added to the project description in order
to subsequently correlate the project features with the effectiveness
of the OTS adopted.

The module containing information about organisational and
technological solutions (OTS) is shown in Fig. 7 (highlighted with
a red rectangle).

In this module, you need to fill in the key aspects of the project
(specifying the management level (strategic, tactical, operational, lo-
cal), the object level (system, subsystem, component, element) and
the object life cycle stage), as well as a description of the accepted
OTS, including their effectiveness, indicated as a percentage.

The analytical module with data visualization capabilities is
shown in Fig. 8 and contains several types of analysis:

e comparative analysis by management levels and system levels,

showing average efficiency indicators and project distribution;

e analysis of time trends, a feature of which is the construction

of graphs showing the dependence of efficiency on the ac-
tual commissioning dates of objects;
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Fig. 5. Block diagram of the Analytics and Reporting module
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e calculation of weighted average efficiency indicators, taking
into account the financial characteristics of projects;
e comparative analysis of efficiency distributions using box-and-
whisker plots.
Itis also possible to export data in MS Excel format with a struc-
tured presentation of information, including source data and sum-
mary statistics.

Erpan fymem Dats

The reference module contains a system hierarchy of objects
in IDT projects and serves as a visual reference guide based on
the hierarchical classification of objects built into the system (Fig. 9).
The information on the tab is presented in a tree structure, sequentially
displaying all levels — from system to element — providing users
with the ability to navigate the classification system and promoting
a uniform understanding of structural elements.
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The integrated monitoring panel (the last module of the system)
(Fig. 10) is implemented as an overview dashboard that provides
summary information about key system indicators. This dialogue
box displays aggregated statistical data, including the total number
of projects, average efficiency values, and aggregate financial indi-
cators (e.g., project budget).

The presented architecture of the software complex provides
end-to-end management of information about IDT projects — from
entering initial project data to complex analytical analysis, which
complies with the principles of a systematic approach and meets
the requirements of comprehensive and integrated management.

CONCLUSIONS

As a result of the research, a system for end-to-end design of
organisational and technological solutions for comprehensive de-
velopment projects at all stages of their life cycle has been devel-
oped and presented in the form of detailed block diagrams.

One of the software options is presented, in which the basic
logic of the methodological principles of the proposed approach is
implemented, but the block responsible for the level of autonomy of
the facility is not integrated.

The practical significance of the research lies in the fact that
the developed methodological principles and block diagrams can
be directly implemented in the practice of IDT project management.

Their application will improve the soundness of decisions, reduce
unforeseen costs by lowering the probability of risks, and create
a basis for the digitalization of territorial development management.

The proposed solutions form the methodological foundation for
the creation of modern systems for managing the life cycle of IDT
facilities and ensure the transition from reactive management (elim-
ination of consequences) to proactive management (prevention of
problems based on data analysis).

Prospects for further research are related to the integration of
the proposed model with software complexes based on BIM mod-
elling, the development of intelligent algorithms for predicting
the technical condition of objects, and the creation of economic
and mathematical models for assessing the integral effectiveness
of IDT projects, taking into account the entire life cycle.
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Clusterization and algorithmization of conflicts
within the framework of integrated territorial
development

It has been established that the integrated development of territories is the basic direction of the construction
industry. The main goal of this state programme is to improve the quality of life of citizens, renew and develop
the urban environment based on the principles of sustainability, increase the efficiency of using territories and
solve problems with emergency housing. There are many problems associated with the implementation of in-
vestment projects, including social, organizational, communication, financial, and regulatory risks. The imperfec-
tion of the mechanism of integrated territorial development leads to a multitude of conflicts that require classifica-
tion, analysis, and management measures to resolve them. To do this, a system should be developed that allows
the use of machine algorithms, that is, an automated conflict classifier. To this end, algorithms for typing and clus-
tering conflict situations have been developed based on hierarchical analysis and spatial clustering based on hi-
erarchical density, taking into account noise. Hierarchical analysis creates a tree-like structure of clusters, which
can help, if necessary, create a common structure of information about projects and contradictions that have
arisen. Density clustering allows you to determine “conflicts-departures” and is necessary for analyzing the inter-
nal structure of groups of typical conflicts. In addition, using a system of weights, a method is proposed for de-
termining the integral assessment of significance, that is, the degree of influence of contradictions on the imple-
mentation of the project.
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tion, hierarchical analysis, spatial clusterization

he integrated development of territories (here-

I inafter referred to as the IDT) has long been

part of state policy, but it was legally enshrined

in the Urban Planning Code of the Russian Federa-

tion (hereinafter referred to as the UPC RF) by Fede-

ral Law as Chapter 10 of the UPC RF'. This process

makes it possible to involve various degraded territo-

ries in economic activities with the most modern in-
frastructure [1].

The main goal of the IDT is to improve the qual-
ity of life of citizens, renew and develop the urban
environment based on the principles of sustainabil-
ity, increase the efficiency of using territories and
solve problems with emergency housing. Within
the framework of the IDT, new urban areas are be-
ing formed on the basis of integrated urban plan-
ning plans, which provide not only for the construc-
tion of new residential buildings, but also for provid-
ing citizens with access to newly built social facili-
ties, i.e. schools, clinics, etc. the goals of integrated
development of the territory. These processes in-
volve not only budgetary, but also private financing
sources, as well as experienced developers who
implement development projects together with mu-
nicipal and federal authorities. It should be noted
that a single IDT mechanism operates throughout
the Russian Federation, providing for the demolition
of dilapidated housing and the construction of mod-
ern apartment buildings in these territories, and
the resettlement of citizens in more comfortable
conditions [2]. Representatives of the construction
industry and the Government of the Russian Fed-
eration consider IDT projects as the most promising
mechanism for urban renewal. For example, Irek
Fayzullin, Minister of Construction and Housing and
Communal Services of the Russian Federation,

noted that the regions plan to apply IDT in more
than 1,200 territories. In turn, Marat Khusnullin stat-
ed that the implementation of the national project
“Infrastructure for Life” is aimed at the integrated
development of at least 2 thousand settlements,
and 120 billion rubles will be allocated for the imple-
mentation of the IDT projects [3]. The success of
the implementation of the IDT projects is shown in
Fig. 1. The diagram shows a steady increase in all
indicators, an increase in the number of approved
documents, and the expansion of territories in-
volved in integrated development projects.
The number of regions where the IDT is being im-
plemented has also increased.

Thus, IDT is the flagship of the development of
the construction industry, however, it is necessary
to note the numerous contradictions in the mecha-
nism of its implementation, which lead to various
organizational conflicts [4]. This problem is related
to the inevitable risks of the IDT programme, which
are shown in Table.

Scientists investigating this problem list the bot-
tlenecks of the legislative framework and the IDT
method. For example, A.G. Vyazov in his work [5]
indicates that “the decision to apply the IDT regime
to a certain territory can be made regardless of
whether such an area is intended for IDT in accord-
ance with the rules of land use and development”.
The author also points out the lack of clarity about
what percentage of the territory planned for IDT
should be occupied by dilapidated and dilapidat-
ed housing in order for an informed decision on
the project to be made. Other authors also point out
the various disadvantages and risks that exist in
the framework of the implementation of IDT projects
[6-8].
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Fig. 1. Indicators of IDT projects in Russia for 2023-2024
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communication

« unwillingness of citizens to change
their area and place of residence;

« potential violation of the rights of cit-
izens (1/3 of the owners) who voted
against at the meeting on the issue of
the inclusion of an apartment building
in the IDT project;

« lack of access of citizens to the terri-
tory where the IDT project is being im-
plemented,;

« the risk of socio-economic displace-
ment of the poor from a developed area;
« the risk of unequal housing replace-

« delays in project imple-
mentation, postponement
of construction dates;

« poor interconnection of
project stakeholders

- understatement the estimated cost
of an apartment in a demolished
building;

« lack of project financing;

 rising real estate prices, especially
in economically developed regions;

« instability of the real estate market
due to the implementation of the IDT
project and the uncertainty of the final
cost per square meter of housing;

« the risk of uneven development of
IDT (in some regions, IDT is realized
faster than in others)

« the decision on the IDT project can be made re-
gardless of whether such an area is designated by
the rules of land use and development;

« there is no mixed-use development in the list of
IDT territories (one of the most common forms);

- the absence of a law on public-private partner-
ship in the implementation of decisions on IDT;

« obligations of investors to build social facilities;
 weak investor protection;

« it is not possible to determine all the essential
terms of the IDT agreements at the time of conclu-
sion;

« the need to commit to projects that have not yet

ment, insufficient compensation

been formed, there is no approved documentation
on the planning of territories and the final price at
the stage of concluding contracts

A significant list of conflicts requires their systematization, anal-
ysis using machine mechanisms, automation of conflict typing and
the search for possible standard solutions [9-11]. The object of
such research is the management processes of investment and
construction projects implemented within the framework of the IDT,
and the subject is contradictions, problems and conflicts in these
processes.

As part of the formation of a conflict classifier with an automat-
ed selection of corrective actions in order to resolve contradictions,
it is necessary.

1. Entering into the classifier information about implemented
IDT projects and conflicts that arose during the implementation,
decisions taken to eliminate contradictions.

2. Two-stage clustering of conflicts.

3. Entering information about a newly arisen conflict in the field
of IDT into the classifier.

4. Classification (typification) of the conflict according to vari-
ous groups of features with an integral assessment of the signifi-
cance, that is, the influence of each classifying feature (according
to the system of assigning weights).

5. Selection of a solution based on the data already available
in the database, and further adoption of the selected measures.

The general scheme of the process is shown in Fig. 2, and
the detailed algorithm is shown in Fig. 3.

The third stage is performed on the basis of hierarchical analy-
sis and spatial clustering algorithms. Hierarchical analysis will cre-
ate a tree-like structure of clusters, which can help, if necessary,
create a common structure of information about IDT projects and
contradictions that have arisen, that is, separate groups of typical
conflicts. HDBSCAN (Hierarchical Density-Based Spatial Cluster-
ing of Applications with Noise) is a density—based clustering algo-
rithm that finds clusters of different densities and noise in datasets.
This approach allows you to identify “conflicts-crashes” that are too
different from the others. This algorithm is necessary for analyzing
the internal structure of clusters (conflict groups) [12-15].

Let's identify all possible signs of conflicts that arise during
the implementation of integrated territorial development projects,
including Y; and all feature groups are a subset of X, which belongs
to the set Y(X < V). x; is the /-th feature of the j-th group of n-possible
groups, v; is the weight of each feature that belongs to the range of
values from 0 to 1. Then the integral assessment of the significance
of the conflict is determined by the formula:

n
ZKiny = z X Vi v €[0,1]. (1)
i=1,j=1
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Entering a data array that contains information about construction projects that have already been
implemented, organizational conflicts that have arisen during their implementation, causes and
remedial measures, as well as the results of the measures taken

Conflict clustering based on hierarchical analysis with the formation of an external end-to-end
dendrogram structure

Conflict data is structured and ranked according to any combination of features in a single tree (for
example, a specific Russian region — the most frequently occurring conflicts in IDT projects for this
region — causes of conflict — measures taken — result)

Spatial clustering of conflicts with detection of “crashes” based on hierarchical density, taking into

account noise (analysis of the internal structure of clusters based on the HDBSCAN algorithm)

1. The density of the distribution of points within each cluster is determined (the typification of the conflict
within the group is determined).

The hierarchy of clusters is being clarified in terms of their density levels.

The most stable clusters at each level of the hierarchy (groups of typical conflicts) are determined.
Data points, that is, conflicts that cannot be attributed to a stable cluster (group), are considered
“crashes”, that is, noise

PN

Entering an array of data about a new conflict and analyzing the data

Comparison Conclusion about Decision-making options

ic::fg;;;%u,: 1. The conflict belongs to existing 1. A stqndard decision is made on a standard

with the data- cl_us_ter§_(grou_ps). - conflict. . ) .

base 2. Similarities with the existing 2. Information on other “departures” is taken into
“departure” (the beginning of account. If there is a similarity between the new
the formation of a new cluster). data array and the parameters of at least one of

3. The complete atypical nature of the existing ones, a new cluster arises, that is,

the conflict (placed by the system a new group of typical conflicts. The conflict
as a new “departure”) resolution is formed taking into account decisions

on a similar “departure”.
3. The conflict is classified

Selection of a solution and adoption of selected measures to resolve the conflict

Fig. 2. Clustering and conflict typing scheme

The block diagram B1 “Determining the typicality
of a conflict and selecting corrective actions”

Entering information about a specific conflict
in the field fo IDT into the classifier

Conflict is Yes

it in the database?

No

Classification of the conflict (new “departure”)
by various groups of features (cyclic repetition
of the density spatial clustering algorithm)

Y

Assessment of the impact of each classifying feature
(according to the system of assigning weights)

Yes

Is the conflict
typical?

\

Comparison of the new conflict
with the found “departure”,

' the possibility of forming a new

| Integral assessment of the significance of the conflict | cluster with the proximity of data

(] Y Y

| Formation of matrices of possible causes of conflict followed by regression analysis |

Y

| Retrofitting the influencing causes for an unsatisfactory regression model |

v

| The search for optimal solutions for this cause of conflict with an assessment of their complexity and cost |

v

| Selection and implementation of necessary corrective actions |

Selection and implementation
of necessary corrective actions
based on a typical conflict

Fig. 3. The algorithm for determining the typicality of the conflict, the integral assessment of its significance and the selection of solutions




HeaBmXnMoCTb: 3KOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

TPAROPETYNINPOBAHUE W YNIPABJIEHUE XXUINLLHO-KOMMYHAJIbHBIM KOMIJIEKCOM

#4 /2025

43

The selection of the solution is also carried out using machine
methods and auxiliary algorithms.

It has been established that the integrated development of ter-
ritories is the basic direction of the construction industry, however,
in the process of implementing investment projects, many conflicts
and contradictions arise that require classification, analysis and
decision-making. Algorithms for classifying conflicts and a method
for determining the integral assessment of significance, that is,
the degree of influence of contradictions on the implementation of
the project, are presented.
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Current stage of development of mechanisms
for regulating the procedures for technological
connection of capital construction projects

The paper presents a comprehensive analysis of the mechanisms of state regulation of interaction between de-
velopers and resource supply organizations (RSO) in the context of technological connection of capital con-
struction facilities to engineering networks. The study covers a wide range of aspects: from analyzing the cur-
rent regulatory framework and its application practice to identifying typical violations that occur at various stages
of implementation of connection procedures, as well as evaluating the effectiveness of state and municipal con-
trol institutions in this area.

Particular attention is paid to the legislative transformations that took place in the period 2023—-2025, including
the strengthening of antimonopoly regulation, the initiative to introduce digital platforms to simplify administrative
procedures and increase transparency in the interaction of market participants. The authors consider the con-
cept of “technological processes” of interconnection not only as an engineering and technical, but also as a socio-
economic and legal category, including both physical connection to water supply, sanitation, heat, gas, electricity
and communications networks, as well as integration into the digital infrastructure of “smart” cities.

Based on a systematic legal analysis, key systemic problems have been identified that hinder the effective imple-
mentation of developers' rights and ensure the reliable functioning of engineering infrastructure. These include:
legal uncertainty in the interpretation of certain norms, an imbalance in the distribution of risks between partici-
pants in interaction, inconsistency in tariff policy and investment programmes of RSO, as well as insufficient co-
ordination between federal and regional authorities.

The purpose of the study is to develop scientifically sound recommendations for improving legal regulation in
the field of technological connectivity, aimed at increasing the investment attractiveness of the construction sec-
tor, ensuring legal certainty and stimulating the introduction of innovative, including digital, solutions into the en-
gineering infrastructure of the modern urban environment.

Keywords: government regulation, technological connection, engineering networks, life support for real estate,
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INTRODUCTION

ngineering support for capital construction fa-
Ecilities is one of the fundamental components

of modern urban planning and life support for
urbanized territories. It ensures the functional suita-
bility of buildings and structures, as well as compli-
ance with the requirements of sanitary and epidemi-
ological well-being, energy efficiency and sustaina-
ble development of the urban environment [1-3].
Despite the apparent technical and legal regulation
of this process, in practice, the procedure for tech-
nological connection to engineering networks, in-
cluding electricity, water supply, sanitation, gas and
heat supply systems, often becomes a critical mo-
ment in the implementation of investment construc-
tion projects.

These difficulties are caused by a complex of
interrelated legal, administrative and economic fac-
tors. Among them are the ambiguity of the regulatory
framework, which allows for different interpretations
of certain provisions by participants in legal relations;
excessive bureaucratization of administrative proce-
dures, the lack of unified standards of interaction be-
tween developers and resource supply organizations
(RSO) (Figure), as well as systemic risks associated
with the monopoly position of the latter in local engi-
neering infrastructure markets. In a number of cases,
there is abuse of a dominant position on the part
of RSO, expressed in the imposition of unjustified

conditions, artificially inflating tariffs for accession, or
deliberately delaying deadlines for fulfilling obliga-
tions. According to a study by the Higher School of
Economics describing approaches to regulating tar-
iffs for connecting capital construction facilities to
infrastructure, in 76.5 % of cities the developer will
face some form of opaque tariff regulation in the field
of connection to heat supply systems, 45.1 % in
the field of water supply and 49 % in the field of san-
itation [4].

In practice, the procedure for technological con-
nection of construction projects for developers is ac-
companied by a multi-stage coordination of technical
conditions, each of which initiates a chain of individu-
al requirements from RSO, some of which go beyond
federal standards and require additional engineering
surveys, redesign or purchase of specialized equip-
ment [5-7]. The lack of unified forms of documents
and the variability of local regulations lead to repeat-
ed approval cycles, which increases the duration of
the preparatory stage. The procedure for removing
engineering networks from a building site, namely,
a change in the compensation policy from property to
monetary, stretches work deadlines for builders for
years instead of 3—-6 months [8]. At the same time,
RSO often forms connection tariffs without a public
cost audit, which leads to a significant increase in
the developerss capital expenditures, destabilization
of the project's financial model and disruption of ap-
proved implementation schedules. According to
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an article from the Vedomosti online publication, in some cases, con-
nection costs can reach up to 10 % of the construction budget [9].
Delays in issuing an act of admission or commissioning of engineer-
ing networks delay the deadline for obtaining Permission to put the fa-
cility into operation, provoking penalties and increasing the cost of
maintaining the construction site and interest on loan agreements.
The combination of these factors transforms technological connec-
tion from a routine procedure into a critical moment, through which
a part of the working capital of construction companies is lost annu-
ally and the deadlines for implementation are disrupted.

In response to these challenges, the Government has stepped
up regulatory activities in this area. The Ministry of Construction
and Housing and Communal Services of the Russian Federation,
the Federal Antimonopoly Service (FAS of Russia), as well as rele-
vant federal and regional executive authorities play a key role in this
process. Their efforts are aimed at creating a balanced regulatory
environment that ensures the harmonization of the interests of all
participants: developers as subjects of investment activity; re-
source supply organizations, as operators of critical infrastructure;
and end users, including future tenants and owners of real estate.

In recent years, a set of measures has been implemented to
optimize legal and administrative regulation in the field of techno-
logical connectivity: digital services are being introduced (includ-
ing within the framework of the national Housing and Urban Envi-
ronment project), deadlines for approving and issuing technical
specifications are being regulated, tariff approaches are being re-
viewed and antimonopoly control mechanisms are being strength-
ened. Nevertheless, the effectiveness of these measures remains
a matter of debate, as significant barriers remain on the ground that
hinder the achievement of the stated goals. In this regard, the rele-
vance of this study is due to the need for a comprehensive assess-
ment of the existing legal and institutional mechanisms for regulat-
ing the interaction between builders and RSO.

The purpose of the article is to conduct a systematic analysis of
the regulatory framework, identify key problem areas in the practice
of implementing technological connection procedures. The results
of the study can serve as a basis for the development of scientifi-
cally sound recommendations for improving legal regulation and
improving the efficiency of engineering support for construction
projects in the Russian Federation.

MATERIALS AND METHODS

In the course of this study, a comprehensive methodological ap-
proach was applied, combining regulatory, statistical and compara-
tive analysis. The information base is based on the current regula-
tory legal acts of the federal level, as well as orders of the Ministry
of Construction and methodological recommendations of FAS of
Russia [10].

According to official data published by the FAS of Russia on
August 21, 2025, since the beginning of this year, the agency has
brought to administrative responsibility a number of RSO for viola-
tions related to the procedure of technological connection to
the networks of the communal infrastructure.

During the monitoring, FAS of Russia identified 43 cases of vio-
lations in the field of water supply and sanitation. In 14 of them,
given the nature and severity of the violations, the anti-monopoly
authority issued warnings as preventive measures aimed at pre-
venting repeat offenses without immediately imposing financial
sanctions. This approach indicates the application of a differenti-
ated regulatory strategy that combines both punitive and preventive
tools.

For a contextual comparison, it should be noted that for the whole
of 2024, in similar areas of activity, including water supply, sanitation
and heating, the total amount of fines imposed by FAS of Russia on
RSO amounted to 9.2 million rubles, and the total number of viola-
tions identified reached 79 cases. Thus, by the middle of 2025, a sig-
nificant intensification of law enforcement activity is being recorded:
the volume of sanctions imposed in the eight months of this year is
about 78 % of the annual figure of the previous period, which may
indicate both an increase in the number of appeals from interested
parties and increased proactive control by the antimonopoly author-
ity departments [11].

In its official commentary, FAS of Russia emphasizes the inad-
missibility of violations of the rules for connecting to public infra-
structure networks, which directly affect both the interests of inves-
tors in the construction industry and the rights of citizens to access
basic life support services. The Agency declares its readiness to
promptly respond to any cases of abuse of a dominant position by
monopoly operators, especially in conditions where such actions
hinder the implementation of investment projects or create unrea-
sonable administrative barriers. It is emphasized that the protection
of competition and ensuring transparency of technological acces-
sion procedures remain priority tasks of antimonopoly policy in
the context of the implementation of national goals in the field of
housing construction and sustainable urban development.

These data indicate the continuing tension in law enforcement
practice in the field of engineering and confirm the need for further
improvement of both the regulatory framework and the mechanisms
for its implementation at the regional level.

On May 21, 2025, the President of the Russian Federation ap-
proved a list of instructions following the meeting of the Presidium
of the State Council on the topic “The development of infrastructure
for life”, which took place on April 15, 2025. The key points related
to infrastructure organizations are listed below:

e the possibility of reducing the established regulatory deadlines
for the technological connection of capital construction facili-
ties to electricity, gas, heat, water supply and sanitation net-
works, as well as the introduction of a phased advance system,
in which subsequent financing is carried out only after the re-
source supply (network) organization confirms the actual com-
pletion of work in the amount corresponding to the previously
paid advance is valid until October 1, 2025;

e to conduct an experiment in the Moscow Region to create
an electronic service for consultations with the balance hold-
ers of federal network facilities until October 1, 2025;

e to prevent the introduction of requirements for developers in
the regulatory legal acts of the subjects of the Russian Fed-
eration and municipal legal acts that are not provided for by
federal legislation and are not included in the unified register
of documents, information, materials and approvals, estab-
lished by the legislation of the Russian Federation on urban
development activities, until November 1, 2025;

* methodological assistance to municipalities in bringing legal
acts into line with federal legislation — until October 1, 2025;

e introduce a moratorium on changes to the requirements for
the construction of social infrastructure facilities for up to five
years in order to prevent an increase in their cost — until June
15, 2025.

The President's instructions have become an important impetus
for systemic changes in the regulatory framework governing the in-
teraction of developers with resource supply organizations. In par-
ticular, as early as August 2025, the Government of the Russian
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Resolution of the Government of the Russian Federation No. 1246 of
August 20, 2025 On Amendments to Resolution of the Government
of the Russian Federation No. 861 of December 27, 2004

Aspects of
regulation . . ) . . .
Cate- Categories Major Configuration of | Deadline for submission Payment Document Small
gories of applications applicants the application of document by invoice management applications
of rules
Before 2025 | Only legal entities | >150 kW — 10 days from 10 days for everyone Uniform Paper Simplified
proprietors special the act/notifi- deadlines documents procedure
(150-670 kW) conditions cation
Since 2025 Any persons, in- | >670 kW — 60 days from 10 days — general; 20 5-15 days Only electronic | Mandatory par-
cluding individu- special the invoice days — depending ones with EDS | ticipation of en-
als (150-670 kW) | conditions 150-670 kW on the category ergy supervision
Regulatory Section Il Section Il Section IX, Section IX, paragraph 105 Section IX, Section IX, | Appendix No. 17,
Framework paragraph 12 paragraph 15 | paragraph 103 paragraph 106 | paragraph 110 | paragraphs 6, 8

Changes in the rules of technological connection

Federation implemented one of the key guidelines — optimizing
the timing and procedures for technological connection to the grid
through amendments to the current resolution.

The data presented in Figure illustrates the key changes made
to Decree of the Government of the Russian Federation No. 861 of
December 27, 2004 “Approval of the Rules for Technological Con-
nection of Power Receiving Devices ..." as a result of the issuance
of Decree of the Government of the Russian Federation No. 1246 of
August 20, 2025, which entered into force on September 2,
2025 [12]. The data is grouped according to six main parameters of
the applicant's interaction with the RSO: the category of applicants,
criteria for classifying as “large” applications, deadlines for confirm-
ing the application, deadlines for submitting documents, payment
procedure and workflow. The comparison is made for two time pe-
riods “until 2025” and “from 2025”, which allows us to identify
the direction of the reform and its practical consequences.

The changes introduced in 2025 to the Rules of Technological
Connection represent a systemic reform aimed at expanding access

Table 1. Identified problems and measures to eliminate them

to engineering infrastructure, unifying and simplifying procedures for
most applicants, digitizing and formalizing interaction through elec-
tronic document management and the use of electronic digital signa-
ture, differentiating terms and conditions depending on the scale and
complexity of the project, improving the responsibility of RSO for
the quality and timeliness of the provision of services [13].

These measures comply with modern international standards
for regulating engineering infrastructure and are aimed at creating
a favorable investment climate in the construction industry. They
also contribute to the implementation of national goals in the field of
housing, sustainable urban development and digital transformation
of public administration [14]. The mandatory participation of energy
supervision in the procedure for small applicants has been intro-
duced, which means increased control over compliance with tech-
nical requirements, increased connection security, and a guarantee
that even small facilities will be connected in accordance with
the Rules of Electrical Installation (REI) and SNiP.

Problem

Proposed solution/implemented measure

Status Comment

Ambiguity of the regulatory frame-
work, allowing for discrepancies
ber 2, 2025

Resolution No. 861 has been reformed, unified rules for tech-
nological connection have been introduced since Septem-

Partially solved | Monitoring of the application of the new rules
on the ground and explanatory work are re-

quired

Excessive bureaucratization of pro-
cedures
ban Environment”

Proposal for the introduction of digital services, including
within the framework of the national project “Housing and Ur-

In process Effectiveness depends on the readiness of
the regional RSO and the level of digital litera-

cy of applicants

Lack of uniform standards for inter-
action between developers and RSO

Development and implementation of unified electronic forms
and terms of interaction, stipulated in Resolution No. 1246

Partially solved | Adaptation at the regional level and training of

participants in the process are required

Abuse of authority by RSO (overstat-
ing tariffs, delaying deadlines)

Strengthening antimonopoly control: in 2025, an increase in
the number of violations and fines was recorded

Partially solved | Preventive measures and tariff transparency

need to be strengthened

lines for approvals

Local barriers not provided for by | Instruction of the President of the Russian Federation (May | In process Methodological assistance to municipalities
federal legislation 2025) to prevent the introduction of requirements not includ- and compliance control of legal acts are re-
ed in the unified register quired
Insufficient transparency and dead- | An experiment in the Moscow region to create an electronic | In process Scaling of successful experience to other re-

approval service with the balance holders of federal networks

gions is required
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>

Table 2. Problems of technological connection and proposals for their solution

Problem

Possible solution

jects of the Russian Federation and municipalities trary to federal law

Heterogeneous practice of implementing federal stand- | The introduction of a multi-level system of vertical legal control and feedback, the consolidation of personal
ards of technological connection at the level of sub- | administrative responsibility of the heads of regional authorities and RSO for the admission of local acts con-

source-supplying organizations

Shortage of feedback mechanisms and quantitative | Formation and constant updating of the publicly available rating mechanism of RSO, integrated into a single
assessment of the quality of services provided by re- | digital platform for technological connection, with mandatory consideration of quantitative (connection time,
frequency of violations, fee amount) and qualitative (satisfaction of applicants, transparency of procedures)
indicators; parallel implementation of a system for filing, reviewing and publishing substantiated complaints
with open review statistics, for ensuring public and antimonopoly control

cal connection to utility networks

Insufficient level of legal competence of applicants (de- | Creation of a system of legal education for applicants, including the development and integration into digital
velopers, design organizations) regarding the regula- | platforms of technological connection, interactive training modules reflecting current regulatory changes;
tory and legal regulation of procedures for technologi- | conducting webinars and face-to-face consultation sessions; creating a constantly updated online directory of
typical errors and judicial practice on technological connection

However, the success of the implementation of these changes
will depend on the readiness of regional RSO to introduce digital
services, the level of legal literacy of applicants and the effectiveness
of control by executive authorities and antimonopoly authorities.

RESULTS

Thus, the paper analyzes the presented data, which allows us
to draw the following conclusions, shown in Table 1.

In 2025, significant steps have been taken to simplify and digi-
talize the processes of technological connection, a number of prob-
lems remain unresolved or require systematic monitoring and re-
finement. The issues listed in Table 2 remain particularly relevant.

To sustainably improve the investment climate in the construc-
tion industry, not only regulatory reform is needed, but also institu-
tional support, including training, monitoring, feedback, and digital
transparency at all levels of interaction.

In the future, it is necessary to accelerate the introduction of
digital tools (register of technical specifications, electronic interac-
tion), unification of regional procedures, and strengthening the per-
sonal responsibility of RSO officials. Only with the synergy of state
control and an active business position can the accession process
be transformed into a standard technical procedure.

CONCLUSIONS

In conclusion, we note that the conducted research has made
it possible to comprehensively assess how the state is developing
mechanisms for regulating the procedures for technological con-
nection of capital construction facilities, implementing a set of tar-
geted measures aimed at reducing the administrative, legal and fi-
nancial barriers faced by developers. Comparing the regulatory
texts, we see that the reform of recent years, aimed at tightening
antimonopoly supervision, launching a “one-stop shop” on digital
platforms and reducing the time for approvals, sets out more trans-
parent and faster procedures that help reduce negative conse-
quences for builders, namely, reduce the risks of schedule disrup-
tion and prevent unforeseen costs. However, the final effect
depends on how quickly regional authorities and network compa-
nies rebuild internal processes, train staff, and start working in
a new electronic environment.

The conclusions obtained indicate that in order to transform en-
gineering connection from a risk factor into a stable service, it is
necessary to bring simplification of regulations to its logical conclu-
sion, introduce understandable and non-discriminatory tariffs, cre-
ate a mechanism for quick compensation of developer's losses in

case of delay, as well as strengthen the responsibility of network
organizations for unjustified refusals and overcharging. The imple-
mentation of these measures will increase investor confidence, ac-
celerate housing starts, and provide an additional incentive for
the introduction of smart technologies into urban infrastructure.
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CoBpeMeHHbIN 3Tan pa3BuTus
MeXaHM3MOB perysmpoBaHus npoueayp
TEXHOJIOrM4eCKOro NnpucoeauHeHus
06bEKTOB KanuTasibHOro CTPOUTEeNbCTBa

lMpencTaBneH KOMMMEKCHbIN aHanM3 MexaHM3MOB rocyaapcT-
BEHHOr0 perynMpoBaHus B3avMOLENCTBUS MexXAy 3acTpow-
LnMKaMm 1 pecypcocHabxawLwmmmn opraHusauyvamu (PCO)
B KOHTEKCTE TEXHOJIOMMYECKOrO MPUCOEANHEHNS O6BEKTOB Kanu-
TaJIbHOro CTPOUTESIbCTBa K UHXXEHEPHbIM CEeTSAM. |/|CCJ'Ie,E|,OBaHI/Ie
OXBaTbIBAET LLUMPOKUIA CMEKTP aCMEKTOB: OT aHanu3a OeicTBy-
IOLLEell HOPMaTUBHO-NPABOBON 6a3bl U NMPaKTUKN ee MpUMeEHe-
HWSA 0O BbISBIEHWS TUMUYHbLIX NPABOHAPYLLUEHWI, BO3HUKAIOLLMX
Ha pasnuyHbIX 3Tanax peanusauuu npouenyp NOAKMOYEHNS,
a Takxe OLeHKN atpheKTUBHOCTM MHCTUTYTOB FOCYAaPCTBEHHO-
ro U MyHULMNAanbHOrO KOHTPOMS B AaHHON cdepe.

Oco60e BHMMaHue yaeneHo TpaHcdopmauusMm 3akoHopAa-
TenbCcTBa, npomnsoLedwnm B nepuop 2023-2025 rr., Bko4as
yCUNeHMEe aHTUMOHOMOMNBLHOIO PerynnpoBaHus, UHULNATUBY
BHEOPEHWs LMPOoBbIX NNaTtdopm Ans YNpoLeHNs aaMUHUCTpa-
TVBHbIX NMpoLeayp U NOBbILLIEHUS NPO3Pa4YHOCTN B3aUMOLENCT-
BUSl YH4ACTHUKOB pbliHKa. ABTOpamu paccMaTtpmBaeTcs NoHATUE
«TEXHONOrMYECKMX MPOLLECCOB» NMPUCOEQUHEHNS HE TONBbKO Kak
MHXXEHEPHO-TEXHUYECKON, HO U KaK COLManbHO-9KOHOMUYECKOM
1 MPaBOBOW KaTeropuu, BKIHOYaLLEN kak (u3n4eckoe noaKto-
YeHue K CeTAM BOLOCHa6XEeHUsi, BOLOOTBEAEHWUS, TeNI0CHabXe-
HUSI, ra30CHABXEHWS, ANMEKTPOCHAOXEHUS 1 CBA3M, TaK U UHTET-
paumio B LMPPOBYO MHPPACTPYKTYPY «YMHbIX» FOPOLAOB.

Ha ocHoBe cMcTeMHOro NpaBoOBOro aHann3a BbISIBIEHbI KITHoYe-
Bble CUCTEMHbIE MPO6NEMbI, MPENATCTBYOLMNE 3PDEKTUBHOM
peanusauumn npas 3acTPONLLMKOB U 06ECNEYEHNIO HAOEXHO-
ro pyHKLMOHMPOBAHUS NHXEHEPHOM NHAPACTPYKTYpbl. K HUM
OTHOCHITCA: NpaBoBas HeonpeneneHHOCTb B TONKOBAHUM OT-
OenbHbIX HOPM, AucbanaHc B pacrnpefeneHnn puckoB Mexay
y4acTH/MKamMun B3aMMOAeNCcTBUsA, HECOrnacoBaHHOCTb TapuhHON
NMOJIUTUKM N MHBECTULMOHHBIX nporpamm PCO, a Takxe Hefo-
cTaTo4Has KoopAavHauma mexay denepanbHbiMU U permoHarnb-
HbIMU OpraHamu BriacTu.

Llenbto nccnenosaHus sBnseTca paspaboTka Hay4YHO 060CHO-
BaHHbIX PEKOMeHAauui no COBEpLUEHCTBOBAHMIO NPaBOBOro
perynupoBaHusi B cdhepe TEXHONOMMYEeCKOro npucoeanHeHus,
Hanpa.eHHbIX Ha NOBbILLEHNE MHBECTULIMOHHOW NpuBeKaTeb-
HOCTW CTPOUTENBLHOIO CeKTopa, o6ecrneyeHne NpaBoBow onpe-
OEeNeHHOCTN U CTUMYNMPOBaHNE BHEAPEHUS WHHOBALMOHHBIX,
B TOM YMCre UMAPOBbIX, PELLUEHNI B UHXEHEPHYIO MHPACTPYK-
TYpYy COBPEMEHHOWN FOPOACKON Cpefbl.

KnroyeBble crioBa: rocy[apCTBEHHOE PerynmpoBaHne, TEXHOIO-
ru4eckoe npucoeauHeHne, UHXXeHepHbIe CeTH, Xn3Heobecrne4e-
Hue HeABWXUMOCTU, TEMNIONOTPe6IIeHNe, PECYPCOCHabXarLme
opraHu3aumm
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Development of a Unified Methodology for
Assessing the Choice of Construction Type

in the Arctic Based on the Aggregate Economic
Effect of Key Regional Construction Parameters

Relevance of research. The growing importance of the Arctic Zone of the Russian Federation (hereinafter referred
to as the AZRF) and the Northern Sea Route (hereinafter referred to as the NSR), particularly in enhancing various
aspects of the national construction industry and achieving the objectives of national and economic security, mo-
tivates the scientific community to study the specific characteristics of the region more thoroughly. The extensive
system of benefits and incentives offered for conducting financial and economic activities in the Arctic opens up
significant prospects for optimizing costs and investment expenditures incurred by key economic actors in the re-
gion. However, the harsh climatic conditions, the generally low level of infrastructural development, and the vast
total area of the AZRF represent substantial barriers to achieving the goals of sustainable economic development
in Russia’s Arctic. The application of advanced technologies and modern principles of economic management can
significantly improve the region’s economic performance.

Purpose of the study. To describe the methodological foundations and propose an algorithm for developing
a methodology to assess the economic feasibility of applying a specific construction approach in the Arctic.
Methods. The unified methodology for evaluating the effectiveness of applying modular elements of maximum
readiness (MEMR) represents a sequence of interrelated blocks (stages), with the overall result expressed in
the form of a consolidated financial model of the project.

Results and novelty. A unified methodology for assessing the choice of construction type in the Arctic is pro-
posed. Based on this methodology, it is possible to develop a consolidated financial model of a construction project
in the region, which effectively becomes the first comprehensive tool for justifying modular construction in the Arc-
tic — integrating regulatory requirements, economic feasibility, and managerial aspects into a single framework.
Keywords: Economy, Arctic, project financial model, Arctic Zone of the Russian Federation, modular construction,

Noskon L.S.
Borozdina S.M.

economic effect, MEMR (Modular Elements of Maximum Readiness)

hen studying and conducting research in
Wsuch a strategically important and complex

region as the Arctic, special attention must
be given to the economic sciences, as they are criti-
cally important both in the context of the Arctic Zone
itself and in terms of economic activity within it. Sev-
eral key factors affect the macroeconomic interests
of the Arctic states, as well as other actors engaged
in economic activity in the region.

The Arctic possesses an enormous mineral and
resource potential, which makes it strategically sig-
nificant for both the global and national economies.
The region contains vast reserves of hydrocarbon
resources located on the continental shelf and in
coastal areas, and it is also rich in metals, minerals,
and other valuable resources, including biological
ones such as fish and seafood. Economic science
plays a crucial role in assessing their profitability,
forecasting demand and impact on global markets,
also determining optimal models for extraction and
transportation. The development of these resources
requires large-scale construction of infrastructure,
industrial, and extraction facilities.

Global warming and the melting of Arctic ice
are creating the potential to transform the Northern
Sea Route (NSR) into a year-round transport corri-
dor, which also requires substantial investment.
Economists analyze the NSR's potential as an inter-
national transit corridor’, estimate the necessary

" Urgent information for mariners, Glavsevmorput. Rosatom.
2005. URL: https://nsr.rosatom.ru/srochnaya-informatsiya/?ELEMENT
_ID=208232 (rus.).

investments in icebreakers, ports, and navigation
systems, and assess the route’s competitiveness
compared to traditional logistics pathways to Asia
via the Cape of Good Hope and the Suez Canal.

The specific characteristics of the Arctic entail
significant economic costs for any type of construc-
tion due to the harsh climatic conditions, limited lo-
gistics [1], infrastructural deficit, and short construc-
tion season, all of which increase both project costs
and implementation timeframes. Economic analysis
plays a key role in identifying the most efficient tech-
nologies and projects in terms of cost and benefit,
taking into account the high expenses of construction,
logistics [1], and operation under conditions of perma-
frost and low temperatures [2]. Moreover, economic
science examines how financial, political, environ-
mental, and technological risks affect the profitability
of Arctic projects, contributing to the development
of mechanisms for their mitigation — for example,
through public-private partnerships or special tax re-
gimes.

Thus, the economy serves as both a key driver and
a limiting factor for the Arctic. It determines the feasi-
bility, scale, and pace of regional development, while
simultaneously underscoring the need to overcome
significant financial and technological challenges
[3, 4] associated with the unique conditions of Arctic
construction. In this sense, the economy functions as
a bridge between scientific discoveries and their
practical, sustainable application in the interests of
states and local communities within the region.
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As mentioned above, construction in the Arctic Zone of the Rus-
sian Federation (AZRF) is characterized by specific conditions. Ac-
cording to regulatory documents, including CP 131.13330.2020?,
the effective construction season in the Arctic and adjacent regions
lasts only 2—-4 months per year. In practice, productive work is car-
ried out for no more than 100-130 days annually, while the remain-
ing time is marked by forced downtime. These factors result in
the high cost and elevated risks associated with capital construc-
tion in the AZRF2.

According to estimates, up to 70 % of the construction budget
in the Arctic is spent on personnel logistics, accommodation, secu-
rity, and rotation®. In addition, there is a high likelihood of project
delays and the need to “conserve” construction sites until the fol-
lowing season, which leads to frozen investments and additional
costs. Thus, there is an objective need for a methodology that en-
ables the optimization of construction timelines and costs under
conditions of a short building season and limited accessibility.

One of the promising solutions addressing the challenges out-
lined above is the use of Modular Elements of Maximum Readiness
(MEMR) — pre-fabricated block modules manufactured at indus-
trial facilities and assembled on-site within the shortest possible
timeframe [5]. Modular construction is currently considered one of
the most economically efficient technologies in the industry.
The use of MEMR reduces construction time by 60-80 %, which
not only shortens the overall duration of work but also mitigates
the risks of project freezing and unforeseen budget overruns by
ensuring a more predictable schedule of construction and installa-
tion activities [5].

However, the transition to modular construction in the Arctic
Zone of the Russian Federation (AZRF) is constrained by the ab-
sence of a unified methodology for efficiency assessment and plan-
ning. Existing regulatory documents also fail to reflect the current
level of development of modular technologies in construction
across the Far North“ [4]. For instance, the state Strategy for the De-
velopment of the Arctic Zone of the Russian Federation until 2035°
and the sectoral Strategy for the Development of the Construction
Industry until 20306 both envisage an increase in construction vol-
umes within the AZRF while simultaneously reducing costs and
enhancing the environmental sustainability of projects. These ob-
jectives highlight the need for innovative methods of organizing
construction processes. In the context of climate change [6] and
growing institutional pressure toward decarbonization, the shift to
modular construction is viewed by scholars as a strategically sound
approach to the development of the North in the 21st century. Con-
sequently, the development of a unified methodology for assessing

2 On approval of SPP 131.13330.2020 “SNiP 23-01-99* Construction Climatology” :
Order No. 895/PR of December 24, 2020. Ministry of Construction of the Russian Federa-
tion. URL: https://www.minstroyrf.gov.ru/docs/118243/ (rus.).

3 Features of Housing Construction in the Arctic Zone of the Russian Federation :
Federation Council Committee on Federal Structure, Regional Policy, Local Self-Govern-
ment, and Northern Affairs (Minutes No. 249 of April 12, 2021). URL: http://region.council.
gov.ru/activity/activities/round_tables/126006 (rus.).

4 SNiP 1.04.03-85*. Standards for Construction Duration and Resources in the Con-
struction of Enterprises, Buildings, and Structures. Part | (General Provisions. Section A).
Electronic Collection of Legal and Regulatory Documents. URL: https://docs.cntd.ru/docu-
ment/1200000622 (rus.).

5 Strategy for the Development of the Arctic Zone of the Russian Federation and En-
suring National Security for the Period up to 2035. Ministry of the Russian Federation for
the Development of the Far East and the Arctic. URL: https://strategy.arctic2035.ru/c/doc-
uments/strategiya-razvitiya-arkticheskoy-zony-rossiyskoy-federatsii-i-obespecheniya-nat-
sionalnoy-bezopasnos/?sphrase_id=6355 (rus.).

¢ Draft strategy for the development of the construction industry and housing and
public utilities of the Russian Federation until 2030 with a forecast for the period until 2035.
Ministry of Construction of the Russian Federation. September 30, 2021. URL: https:/
www.minstroyrf.ru/docs/18723/ (rus.).

the effectiveness of MEMR implementation in the AZRF has be-
come an urgent and essential task.

The Guidelines to SNiP 3.01.01-85" specify that the compari-
son of organizational and technological solutions should be based
on the minimum value of the reduced (brought) costs [7], which
include current expenses (construction and installation costs) and
standard deductions from capital investments, while also necessar-
ily accounting for the economic effect resulting from the reduction
of the project’s construction duration. Formally, this is expressed
through the indicator of reduced costs for each alternative:

Z;=C; + EK, (1)

where C; — the total cost of construction and installation works for
the i-th alternative;

E, — the standard coefficient of investment efficiency in con-
struction;

K; — additional capital investments (fixed assets, machinery,
and equipment) required to implement the given alternative.

At present, the coefficient E; is regulated at the level of 0.15
(15 %) for calculations in the construction industry’. The preferred
option is the one with the minimum value of Z;, which accounts for
the effect of shortened construction duration; in cases where the re-
sults are equal, the alternative providing greater social benefit is
considered more advantageous. This regulatory principle estab-
lishes the theoretical foundation for the proposed methodology —
to reduce the total brought costs compared to the traditional ap-
proach by decreasing construction time and related temporal
expenditures.

According to data from Rostekhnadzor®, the injury rate at north-
ern construction sites operating under the shift method is nearly
twice as high as the national average across the Russian Federa-
tion, whereas the transition to factory readiness significantly im-
proves safety levels. All these factors were taken into account in
the development of the proposed methodology in the form of cor-
responding coefficients, adjustment factors, and constraints.

Based on empirical data, the methodology also incorporates
the regulatory and technical conditions of construction in the Arctic.
It integrates the requirements of current codes and standards, in-
cluding CP 131.13330.2020? (which regulates the specifics of foun-
dations on permafrost soils, temperature regimes for construction
works, etc.), GOST R 71617-2024° (which defines the requirements
for modular buildings and structures), among others.

Thus, the methodology synthesizes scientific knowledge and
practical experience. It is important to note that the foundation of
the methodology is complemented by modern digital planning
tools. The use of Building Information Modeling (BIM) technologies
and data analytics opens up new opportunities for implementing
the unified methodology. Information models of modular elements
(IMMEMR) enable the accumulation of all properties and character-
istics of the modules in digital form [8]. So, the theoretical founda-
tions of the methodology lie at the intersection of construction

7 Guide to Developing Construction Organization Projects and Work Production Pro-
jects for Housing and Civil Construction (to SNiP 3.01.01-85). Approved by Order No. 211
of the Central Research Institute of Industrial Construction of the USSR Gosstroy dated Oc-
tober 8, 1986. URL: https:/focdoc.ru/fd/pdf/pue/snipu/p3.01.01.pdf (rus.).

8 Analysis of accidents at power plants supervised by Rostekhnadzor. Federal Ser-
vice for Environmental, Technological, and Nuclear Supervision (Rostekhnadzor). URL:
http://szap.gosnadzor.ru/activity/energonadzor/nesc_sluch/ (rus.).

¢ GOST R 71617-2024. Modular Buildings and Structures. Terms and Definitions.
Classification. Federal Agency for Technical Regulation and Metrology. Moscow, Russian
Institute of Standardization, 2024. URL: https://gpao.ru/lib/u/file/Law_docs/gost_r_71617-
2024.pdf (rus.).
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1. Analysis of the project’s
baseline data

e Collection and structuring of baseline data (site location, climatic conditions, geological data,
logistics);

e |dentification of regulatory constraints (module applicability under GOST standards, energy
efficiency requirements)

.

Project Baseline Conditions Profile:
o Duration of the available construction season;

s

.

Conclusion o List of potential risks;
@ Basic technical and economic indicators of the site
I
!
2. Traditional e Calculation of project parameters using traditional technology;

construction scenario
modelling

o Development of a simplified construction schedule considering climatic constraints;
o Calculation of direct and overhead costs;
e Calculation of capital investments in work organization

Conclusion

e Calendar plan of traditional construction process;

e |temized cost estimate by major expenditure categories;

o Assessment of the duration of construction and installation works;
o Assessment of total reduced (discounted) costs

3. MEMR construction
scenario modelling

1
e Calculation of project parameters using modular construction technology;
o Application of the principle of parallel execution of key processes:
7—MEMR = max( Tpmdv Tfoundation) + Tlransportation + Tassembly;
e Consideration of transportation constraints

Conclusion

o Construction schedule of the modular scenario;
o Cost structure for MEMR (including factory, transportation, and assembly components);
o Calculation of duration Tyeyr and corresponding reduced costs Zyeyr

4. Risk analysis and

e Consideration of specific risks for each scenario and introduction of adjustments to financial
and time indicators;

corrections e Conducting sensitivity and scenario analysis;
o Compilation of a list of key risk events
|
!
Conclusion © Obtaining adjusted indicators Tyeyr, Tiagr Zuemr: Zirad:

o Qualitative assessment of the reliability of each scenario presented as a probability
distribution chart of completion times or an NPV sensitivity graph to key parameters

.

I J

1 T\

p
5. Consolidated

financial model and

comparative assessment

Al calculated data are integrated into a unified financial and economic model, which allows
for a direct comparison of the two construction scenarios across a set of indicators
(CAPEX, OPEX, discounted costs, etc.)

A

I J

~

1 N

Conclusion

Consolidated financial model for economical

substantiating the choice of methodology

-

Algorithm for selecting the optimal organizational and technical construction solution in the Arctic

economics, project management, and construction climatology,
while its empirical foundations are based on real project perfor-
mance indicators’” ' ' and current regulatory standards that con-
firm the effectiveness of modular technologies in the Arctic.

The unified methodology for evaluating the effectiveness of ap-
plying Modular Elements of Maximum Readiness (MEMR) repre-
sents a sequence of interrelated blocks (stages), with the overall
outcome expressed as a consolidated financial model of the proj-
ect. The architecture of the methodology can be presented as
an algorithm for selecting the optimal organizational and technical
construction solution in the Arctic Zone of the Russian Federation
(AZRF), which includes the following key steps (Fig.).

© Yamal LNG megaproject, Central Dispatch Office of the Fuel and Energy Complex
website. 2023. URL: https://www.cdu.ru/tek_russia/articles/3/1107/ (rus.).

" Modernization of primary healthcare. Ministry of Health of the Republic of Sakha
(Yakutia). URL: https://minzdrav.old.sakha.gov.ru/modpervzvena (rus.).

All the listed indicators are compiled into a summary table com-
paring the two scenarios. The table may include rows such as Con-
struction Duration (months), Total Budget (million RUB), Reduced
Costs (million RUB), NPV (million RUB), IRR (%), CO, Emissions
(tons), etc., with two columns — Traditional vs. Modular. Based on
the results of this comparative assessment, the economic and man-
agerial effects of implementing MEMR are identified. As a rule of
thumb, the modular option demonstrates a shorter construction du-
ration and lower reduced costs, which indicates its overall effi-
ciency.

The consolidated financial model represents these results in
a form convenient for decision-making and also serves as an opti-
mization tool. The application of the unified methodology for as-
sessing MEMR provides a number of positive effects by reducing
construction costs and increasing the predictability of both budgets
and schedules. The modular approach makes it possible to lock in
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a significant portion of project costs already at the stage of the fac-
tory contract, which greatly facilitates project management.

The third significant effect is the improvement of quality and
occupational safety. Modules are manufactured under controlled
factory conditions, which enhances the structural quality character-
istics. For investors, this translates into reduced costs for defect
correction, increased building reliability, and an extended service
life. Workplace safety is also improved, as hazardous operations
are performed either partially in factory environments or to a much
lesser extent on-site.

The fourth effect is rooted in environmental and social perfor-
mance, which under current conditions translates into reputational
and regulatory advantages. Within the framework of the methodol-
ogy, these environmental effects can be accounted for in the form
of reduced additional costs for environmental protection meas-
ures'. Moreover, projects demonstrating improved environmental
performance may qualify for sustainable construction certifications.
The presence of such certifications and environmental benefits en-
hances the overall investment attractiveness of the projects.

Social effects are also significant. Within the methodology,
the social effect can be considered indirectly. From a managerial
perspective, the unified methodology contributes to the standardi-
zation and replication of successful solutions. Furthermore, it facili-
tates communication with the authorities and expert review bodies:
the presence of a scientifically grounded efficiency assessment
[9, 10] makes it possible to substantiate and convincingly demon-
strate the advantages of the project.

For the sake of completeness, it is necessary to conduct a com-
parative analysis [7]. Traditionally, in Russian practice, the assess-
ment of the economic efficiency of capital investments in construc-
tion has been based on the Guidelines for Determining the Economic
Efficiency of Capital Investments (Gosstroy of the USSR, 1980s')
and subsequent methodological recommendations of the Ministry of
Economic Development of the Russian Federation. However, these
documents do not directly account for the specific Arctic factors. In
contrast, our unified methodology directly integrates climatic and lo-
gistical constraints at the stages of data collection and calculation.
The methodology anticipates these cost increases in advance, based
on CP 131.13330? (seasonal limitations) and MDS 12-81.2007 [11]
(work organization regime), while simultaneously offering an alterna-
tive solution in the form of a parallel workflow approach.

There are also specialized methodologies for comparing tech-
nical solutions in construction, for instance, the Guidelines for Eval-
uating the Efficiency of New Technologies and Inventions in Con-
struction. Our methodology essentially extends this approach by
applying it to the comprehensive technology of modular construc-
tion. The classical formula for calculating the annual economic ef-
fect (2) is as follows:

Eyear = (Cbase - Cnew) + Aexpv (2)

where Cp,.. and C,,,, — the cost under the baseline and the new
technology;

Ay, — the change in operating costs under AZRF conditions is
complemented by a time factor.

2 Russia has approved the GOST R “green” standard for multi-apartment housing.
Ministry of Construction of Russia website. 2022. URL: https:/minstroyrf.gov.ru/press/v-
rossii-utverzhdyen-zelyenyy-standart-gost-r-dlya-mnogokvartirnogo-zhilya/ (rus.).

13 State Planning Committee of the Council of Ministers of the USSR No. 40, State
Committee of the Council of Ministers of the USSR for Construction No. 100, Presidium of
the USSR Academy of Sciences No. 33. On Approval of the Standard Methodology for De-
termining the Economic Efficiency of Capital Investments : Resolution of September 8,
1969. URL: https://normativ.kontur.ru/document?moduleld=1&documentld=145572&yscli
d=mgwdlcjbli629672276 (rus.).

The proposed methodology demonstrates that the advantages
of modular technology are manifested through the reduction of total
discounted costs due to shortened timelines and mitigated risks.
Traditional methodologies typically do not emphasize the economic
value of time reduction, whereas in Arctic conditions, time becomes
one of the key economic categories. Our approach enables
the quantitative assessment of the cost of construction time (through
indicators such as reduced costs, NPV, and opportunity costs),
thereby filling an existing gap in conventional evaluation methods.

When compared to international practices, it should be noted
that methodologies for assessing modular construction at the glob-
al level are still in the process of formation. The proposed unified
methodology effectively becomes the first comprehensive tool for
substantiating modular construction in the Arctic, integrating regu-
latory requirements, economic feasibility, and managerial aspects
into a single framework. The advantages of this methodology in
Arctic conditions can be summarized as follows: it ensures an inter-
disciplinary approach, linking technical solutions with financial indi-
cators and management risks — an aspect of particular importance
in the Arctic context. The methodology has been specifically devel-
oped for the conditions of the Far North. Our tool accounts for ex-
treme temperatures, permafrost, and the polar night, all of which
are reflected in the calculations of time and cost.

Moreover, in the Arctic Zone of the Russian Federation (AZRF),
logistics is often the determining factor for project success. In this
context, logistics is treated as an integrated component: the meth-
odology enables the planning of module deliveries within specific
navigation windows, the assessment of freight costs, and the opti-
mization of transportation routes. Our methodology provides
a transparent and well-substantiated financial outcome, supported
by references to regulatory standards and empirical research data.
This greatly facilitates project review and approval processes. By
incorporating environmental and social criteria, the proposed meth-
odology ensures that projects align with the principles of sustaina-
ble development. In the AZRF, this is of critical importance, as
the fragile ecosystem and the presence of indigenous communities
require a careful and responsible approach.

Consequently, a project evaluated under our methodology is
more likely to receive support within the framework of AZRF devel-
opment programs and special investment regimes, and to avoid
public opposition related to environmental concerns.

In conclusion, it should be emphasized that the unified method-
ology for assessing efficiency and the consolidated financial model
for the application of MEMR in the AZRF do not contradict but rath-
er develop and refine existing approaches. They provide a scien-
tifically grounded decision-making toolkit that contributes to reduc-
ing construction costs and improving overall efficiency.

The primary advantage of this methodology in Arctic conditions
lies in its ability to translate the region’s unique challenges into
quantifiable indicators that can be systematically analyzed and op-
timized. The initial study of the techniques and methods applied in
this article highlights its economic significance in the context of
Arctic research and economic activity in the region. By adhering to
the algorithm described herein, economic actors operating within
the AZRF can intensify their economic activity in the region and
improve their overall financial performance.
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Co3paHue yHUhpuumpoBaHHOW METOQUKMU
OLIeHKM Bbl6Opa TUna cTtpouTenbcTea

B APKTUKE Ha OCHOBaHMWN COBOKYMHOIro
3KOHoMUn4YeckKoro achdpekrta KnYeBbIX
napamMmeTpoB CTPOUTENIbCTBA B PermoHe

AKTyanbHOCTb UcCnefoBaHus. NoBbILLEHNE 3HAYUMOCTU POK
ApkTnyeckon 3oHbl Poccuickon ®epepaummn (ASP®D) n Cesep-
Horo mopckoro nytu (CMI), B YaCTHOCTH, B COBEPLLEHCTBOBAHUN
pPasnuyHbIX acMeKTOB CTPOUTESIbHOM OTPACnv CTPaHbl, JOCTUXe-
HVEe Lienn HauMOoHaNbHON U 9KOHOMUYECKON 6e30MacHOCTH rocy-
JapcTBa MOTMBUPYIOT Hay4HOE COOBLLECTBO TLLATENbHEE N3y4aTb
cneunduky permoHa. LLinpokas cuctema nbroT v npedepeHuni,
npegnaraemas B paMKax BefeHUs (DUHAHCOBO-XO3ANCTBEHHOM
[enaTeNnbHOCTV B APKTUKE, OTKPbIBAET LUMPOKME NEPCMEKTUBBI MO
ONTUMM3aLMM 3aTpaT U MHBECTULIMOHHBIX BIIOXEHWI, OCYLLECTB-
NSIeMbIX OCHOBHbIMW aKTOPamu XO3AWCTBEHHOW AEATENbHOCTU
B [@HHOM pervoHe, OQHaKO, CypoBble KMMaTU4yeckue ycrnosus,
HU3KWUI YPOBEHb MH(PACTPYKTYPHOrO pasBUTUA pPervoHa B Le-
JIoM, a Takxe 60nbLuas coBokynHasa nnowaas ASP® asnsatoTcs
CyLLIECTBEHHbIMWN 6apbepamn B JOCTVKEHWM LiENen yCTONYMBOrO
3KOHOMMWYECKOrO PasBUTUSA OTEHECTBEHHOW APKTUKW. lMprumeHe-
HVe NepefoBbIX TEXHOMOrMI U NMPUHLMNOB BEAEHWUS XO3ANCTBEH-
HOWN OeATeNIbHOCTN MOXET CyLLEeCTBEHHO YNyYLUUTb SKOHOMUYe-
CKMWe rnokasartesiv B pervoHe.

Lenb nccnepoBaHus. Onucate METOOONOMMYECKNE OCHOBaHWUS
1 NPEANoXUTb anropuTm CO3AaHNA METOAMKM A5 OLIEHKN 9KOHO-
MWYECKOM Lien1ecoobpasHOCTV MPUMEHEHNS ONPeaeneHHoro noga-
Xofa CTPOUTENbCTBE B APKTUKE.

MeTopabl. YH1dULMpoBaHHas MeToanKa oLieHKM 3pPeKTUBHOCTH
npuMeHeHnsa MoAyJibHbIX 3JIeMEeHTOB MakcuMarsnbHOM rOTOBHOCTM
(MOMI) npepcTaBnaeT coboi nocnefoBaTeslbHOCTb B3aMMOCBS-
3aHHbIX 6/10KOB (3TanoB), @ COBOKYMHbIA pPe3ynbTaTt BbipaXaeT-
CA B BAE KOHCONMAMPOBaHHON (OMHAaHCOBOW MOLENN NPOeKTa.
Pe3ynbTaTtbl U HOBU3Ha. [pefnoxeHa yHnhuLumpoBaHHas MeTo-
[VKa OLieHKM Bbibopa TUna CTpouTenbCTBa B APKTUKE, Ha OCHOBA-
HUM KOTOPOW MOXHO CTPOUTb KOHCONMANPOBaHHYIO (hMHAHCOBYO
MOfenb CTPOUTENBLHOrO NMPOeKTa B PermoHe, kotopas aktuye-
CKM CTaHOBUTCS MEPBbIM KOMMIEKCHbIM MHCTPYMEHTOM 15 060-
CHOBaHVA MOAYJIbHOrO CTPOUTENLCTBA B APKTMKE, COBMPAIOLLIMM
BOEAMHO HOPMAaTUBHbIEe TPebGOBAHWS, 3KOHOMMUYECKYIO Lieneco-
06pa3HOCTb U yNpaBieH4YECKME acneKTbl.

KnroyeBble cnoBa: sKOHOMUKa, APKTUKa, (huHaHcoBasi Mogesb
npoekTa, ApkTudeckasi 3oHa Poccuvickoui ®epepauymm, MOZy b-
HOE CTPOUTENbCTBO, 3KOHOMMYECcKui aghchekt, MOMI™
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International Atomic Energy Project as a driver
of integrated development of territories

The IAEA predicts that in the middle of the 21st century, the total capacity of nuclear energy could grow by more
than two and a half times and reach almost a thousand GW. Moreover, in the large part of the growth in de-
mand for peaceful atom will be ensured by the countries of the Global South and East, which are strengthening
their technological and industrial potential. Another significant factor of the growing interest in nuclear energy is
the relevance for green standards and technologies which minimize the impact to the environment and climate,
at the same time the nuclear power plants are an important source of clean, low-carbon energy. It favourably dif-
fer of other energy sources by the price ratio, environmental component, and the ability to provide stable energy
capacity. The State Atomic Energy Corporation Rosatom (Rosatom) plays a key role in the production of atomic
energy in Russia. Today, Rosatom continues to build 39 power units in 11 countries around the world: Hungary,
Latin America, Bolivia, Bangladesh and others. The authors of the article presented an analysis of international
projects, highlighting the most significant effects obtained from the creation of nuclear power plants. The authors
of the article presented an analysis of international projects, and highlighted the most significant effects obtained
from the creation of nuclear power plants. Special attention was paid to the implementation of the megaproject
of the international intergovernmental atomic energy complex “El-Dabaa” in Egypt. The article highlights the re-
lationship between the Russian Federation and the Arab Republic of Egypt at the field of nuclear energy, their
agreement of cooperation in the construction and operation of a nuclear power plant in Egypt, examines the diffi-
culties encountered in the implementation of the project, and also describes and systematizes the results and ef-
fects of the project (technical, political, social, economic, and development effects of the territory).

Keywords: International project, international cooperation, nuclear energy, nuclear power plant, NPP, State Ato-
mic Energy Corporation Rosatom, integrated development of the territory, El Dabaa NPP (Egypt), International
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Atomic Energy Agency (IAEA), socio-economic effects, territorial development effects, technological effects

wide: according to estimates by the Interna-

tional Energy Agency (IEA), global electricity
consumption increased by 4.3 % in 2024, and
growth of 4 % per annum is forecast for 2025-2027".
The reasons for the rapid growth in energy consump-
tion include the development of industrial production,
an increase in the number and capacity of data cen-
tres, the development of electric transport, the use of
air conditioning systems in buildings and premi-
ses (especially in countries with hot climates), and
the overall electrification of the economy worldwide
(Fig. 1) [1]. It should be noted that nuclear power
plants are best at ensuring a uniform, uninterrupted
power supply.

Another significant factor is the focus on envi-
ronmental safety, the transition to the mandatory use
of green standards and technologies, and the mini-
mization of negative impacts on the environment,
nature and climate. Today, nuclear power plants are
the main source of clean, low-carbon energy; along
with solar, wind and hydro power, nuclear energy is
included in the “green square” and has been includ-
ed by the European Parliament in the list of environ-
mentally sustainable types of energy generation [2].
It is also important to note the socio-economic ef-
fects of the introduction and use of peaceful nuclear
energy: high energy intensity (production of large
amounts of energy with low fuel consumption and
reduced dependence on fossil fuels), the ability to
produce significant amounts of electricity in a rela-
tively small area, as well as regional economic

E lectricity consumption is growing rapidly world-

' Record Terawatts: How Electricity Consumption Grew in 2024,
Strana-Rosatom. URL: https:/strana-rosatom.ru/2025/04/07/rekord-
nye-teravatty-kak-rosli-obemy/ (date of access: 26.09.2025).

growth and the development of science and tech-
nology. Thus, nuclear power plants are ahead of
other energy sources in terms of cost, environmental
impact, and the ability to ensure stable power gen-
eration. In this regard, an increasing number of
countries are considering peaceful nuclear energy
as a key resource for the long-term comprehensive
development of their countries, public opinion is
gradually forming in favour of nuclear energy as
an environmentally friendly and safe technology,
and reliable solutions are being developed on
the basis of which advanced nuclear power units are
being created, thus giving rise to a fundamentally
new technological paradigm?.

Currently, Russia, with its expertise across the en-
tire chain of technological processes and its creation
of safe, externally resilient nuclear power plants, is
one of the world leaders in the development and
use of nuclear energy. Rosatom State Corporation is
the national leader in electricity production (about
20 % of total output) and ranks first in the world in
terms of the size of its order portfolio for the con-
struction of nuclear power plants: 41 power units in
11 countries are at various stages of implementa-
tion®. Table presents an analysis of international
nuclear power plant construction projects imple-
mented by Rosatom. Rosatom also has projects that
have been temporarily suspended due to geopoliti-
cal force majeure, such as the Hanhikivi-1 nuclear
power plant [3].

2 Global Atomic Forum Meeting, Official Online Resources of
the President of Russia. URL: http://kremlin.ru/events/president/
news/78069 (date of access: 26 September 2025).

3 About Rostom, ASE-Rosatom. URL: https://www.rosatom.ru/
about/ (date of access: 26/09/2025).
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Growth in global electricity demand, TW-h

2012-2022 | 525

(on average)

2023 | 629.4

2024 | — 1,080.1

Growth in electricity demand in key sectors, TW-h

Buildings
2023
2024

Industry
2023
2024

Fig. 1. Growth in global electricity demand according to IEA data
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International nuclear power plant construction projects implemented by Rosatom State Corporation

Location: near
Paks (Tolna re-
gion) [4]

Estimated service life —
60 years (+20 years —
possibility of extension).
Total project cost
~€12.5 billion

76 %) in the share of electricity generated
by low-carbon sources;

e provision of electricity to ~4 million people
(42 % of the country’s population);

e creation of 2,200 jobs at the nuclear power
plant and in service organisations;

Name and Project im- Brief description
) Photo/visualisation plementa- ) Achieved results Status
location N of the project
tion timeline
Akkuyu Nuclear 2010-2028 | Reactor type: VVER-1200. | e generation ~35 billion kWh per year; During
Power Plant Total capacity: 4,800 MW. | coverage of up to 10 % of the Turkish const-
(Turkey) Number of power units: 4 | Republic’s electricity needs; ruction
Location near (under construction). e training/retraining of specialists from
Mersin (Mersin Total area — 1,075.4 ha. | among Turkish citizens at the expense of
Province)* Estimated service life — | the Russian side;
60 years (+20 years — e implementation of the project in difficult
possibility of extension). mountainous terrain, subsequent develop-
Total project cost ~20 bil- | ment of adjacent territories;
lion dollars e strengthening of international cooperation
between Russia and Turkey
Belarusian Nu- 2011-2023 | Reactor type: VVER-1200. | e providing ~40 % of the Republic of Bela- Imple-
clear Power Total capacity: 2,400 MW. |rus' electricity needs; mented
Plant (Belarus) Number of power units: 2. | the largest Russian-Belarusian cooperation
Located 18 km Total area — 450 ha. project;
from Ostrovets Estimated service life — | ¢ a move towards carbon neutrality and en-
(Grodno Re- 50 years (+10 years — ergy independence;
gion)® possibility of extension). | ¢ creation of infrastructure and commission-
Total project cost 11 bil- | ing of new microdistricts with comfortable
lion dollars housing;
o tax effect: >$650 million in VAT paid to
the country’s budget;
e satisfaction of the doubled (up to 18.5 mil-
lion kWh) demand for electricity by electric
transport
Kudankulam 1998-2026 | Reactor type: VVER-1000. | e reduced dependence on coal production During
Nuclear Power Total capacity: 4,000 MW. | (about 70 % of generation); const-
Plant (India) Number of power units: 4 | e reduction of the country’s energy deficit; ruction
Location: near (2 in operation, 2 under e introduction of advanced approaches to
Kudankulam construction). ensuring the safety of nuclear power plants,
(Tamil Nadu Total area — 1,060 ha creation of passive safety systems;
state)® (+20 years — possibility |  employment prospects for the population,
of extension). development of local businesses, construc-
Total project cost tion of new roads and increased trade;
~11.4 billion dollars e attracting investment to the region
Paks-2 Nuclear 2019-2030 | Reactor type: VVER-1200. | e savings of ~4.2 million tonnes of CO, During
Power Plant Total capacity: 2,400 MW. | emissions annually (9 % of current levels), | const-
(Hungary). Number of power units: 2. |as well as a 13 percentage point increase (to | ruction

4 Akkuyu NPP. Rosatom Foreign Generation. URL: https://rosatom-energy.ru/projects/akkuyu/ (date of access: 27.09.2025).
5 BeINPP. Republican Unitary Enterprise Belarusian Nuclear Power Plant. URL: https://www.belaes.by/ru/ (date of access: 27.09.2025).
¢ Kudankulam NPP (India). ASE-Rosatom. URL: https://ase-ec.ru/about/projects/aes-kudankulam/ (date accessed: 26.09.2025).
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Continuation of the Table
Project im- ) .
Name.and Photo/visualisation plementa- Brief descrlpnon Achieved results Status
location N of the project
tion timeline
e involvement of local companies in the nu-
clear power plant construction project (more
than 140);
e achieving carbon neutrality by 2050
Ruppur Nuclear 2017-2026 | Reactor type: VVER-1200. | e covers more than 10 % of Bangladesh's to- | During
Power Plant Total capacity: 2,400 MW. | tal energy consumption; const-
(Bangladesh). Generation volume — e provides electricity to ~36 million people ruction
Location: near 17.4 TWh per year. (21 % of the country’s population);
the village of Number of power units: 2. | * GDP growth: ~$2.5 billion (0.6 % of
Rooppur (Pab- Estimated service life — | the country’s GDP);
na District) [5] 60 years (+20 years — e growth in industrial production and devel-
possibility of extension). | opment of social infrastructure, previously
Total project cost ~13 bil- | hampered by electricity shortages;
lion dollars e training of the local population (> 10,000
people will receive training with the support
of Rosatom), as well as providing jobs for
the local population: 81 % of workers during
the construction phase will be local Bangla-
deshi residents
Xudapu Nuclear 2019-2027 | Reactor type: VVER-1200. | e providing energy to the rapidly developing | During
Power Plant Total capacity: 2,400 MW. |industrial region of Northeast China, reduc- | const-
(China). Number of power units: ing dependence on coal mining; ruction
Location: near 2 — power units * development of local supplier enterprises;
Huludao (Lia- No. 3 and 4. creation of modern training centres, cooper-
oning Province, Estimated service life — | ation with universities, improvement of tech-
North-East 40 years (+20 years — nical education in the region;
China) possibility of extension). | ¢ reformatting Huludao County from an “old
Total project cost ~1.5 bil- | industrial centre” into a territory of advanced
lion dollars and environmentally friendly technologies,
attractive for new investments and personnel
Bushehr-2 and 2016-2027 | Reactor type: VVER-1000. | e Russian influence in the region, high-tech | During
Bushehr-3 nu- Total capacity: 2,100 MW. | exports, jobs, high profits; const-
clear power Number of power units: e electricity generation and development of | ruction
plants (Iran). 2 — power units advanced technologies supplied by Russia
Southeastern No. 3 and 4. under sanctions, training of local personnel;
suburb of Total area — 500 ha. e profitability: with gas priced at $200 per
the city of Estimated service life — | thousand cubic metres, additional income
Bushehr, on 60 years (+20 years — will amount to $700-800 million per year,
the Persian Gulf possibility of extension). | each reactor should pay for itself in 10 years
coast in Bush- Total project cost =10 bil-
ehr province’ lion dollars
Uzbek ASMM. | 2025-2033 | Reactor type: RITM-200N. | e use of the ASMM format — a compact and | During
Jizzakh Region, Total capacity: 330 MW. technologically advanced solution that is ef- | const-
Uzbekistan, Number of power units: fective for a country with growing energy ruction
in the Farish 6 (2025: 2 third-generation | consumption but no excess resources;
District” VVER units). ¢ combining a hybrid approach (ASMM and
Estimated service life — | subsequent construction of a high-capacity
60 years. two-unit power plant) will allow the advan-
Total project cost ~1 bil- | tages of both formats to be combined:
lion dollars the compactness of modular installations
and the stability of large-scale generation;
e the possibility of exporting surplus energy
to neighbouring countries in Central Asia;
* new jobs, skills and technological expertise
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End of the Table

truh region on
the Mediterra-
nean coast [4]

Name and Project im- Brief description
) Photo/visualisation plementa- p Achieved results Status
location N of the project
tion timeline
El Dabaa NPP 2020-2029 | Reactor type: VVER-1200. | e coverage of up to 50 % of Egypt's electrici- | During
(Egypt). Total capacity: 4,800 MW. |ty needs; const-
Location Ma- Number of power units: 4. | e creation of more than 50,000 jobs; ruction

Total area — 5,700 ha.
Estimated service life —
60 years (+20 years —
possibility of extension).
Total project cost ~30 bil-
lion dollars

the share of low-carbon sources will in-
crease to 25 %, CO, emissions will decrease
by 6 %.

The effects of the construction of the El Da-
baa nuclear power plant will be discussed in
more detail below

EL DABAA NUCLEAR POWER PLANT PROJECT
(EGYPT)

On 15 November 2015, the Agreement between the Govern-
ment of the Russian Federation and the Government of the Arab
Republic of Egypt on cooperation in the construction and operation
of a nuclear power plant on the territory of the Arab Republic of
Egypt was signed, which was a natural continuation of the long-
standing relationship between the two countries in the field of nu-
clear construction: in 1956, an agreement was signed between
the USSR and Egypt on the development of Egypt's first research
nuclear reactor, ETRR-1, in the city of Ashanse. In 1958, it was com-
missioned and became the second oldest research reactor in
the Middle East [6]. In 1981, a site was allocated for the construc-
tion of a new nuclear power plant in Egypt, but the project was
suspended due to the Chernobyl accident. In 2008, relations in
the energy sector were resumed with the signing of an intergovern-
mental agreement on cooperation in the peaceful use of nuclear
energy between Egypt and Russia, but due to the events of the Arab
Spring and a period of political instability, it was not until 20 July
2022 that the ceremony to pour the first concrete into the foundation
of the plant's first power unit took place?.

In accordance with its contractual obligations, the Russian side
will build a nuclear power plant in the Arab Republic of Egypt con-
sisting of four power units based on a Russian-designed water-
water energy reactor (VVER) with an installed capacity of up to

8 “Egypt and Russia to sign contract for Dabaa nuclear power station very soon,” says
MP, aramonline. URL: https:/english.ahram.org.eg/NewsContent/1/64/263003/Egypt/Politics-/
Egypt-and-Russia-to-sign-contract-for-Dabaa-nuclea.aspx (date accessed: 26.09.2025).
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Fig. 2. Location of the El Dabaa NPP (Egypt)

1.2 GW per power unit, as well as seawater desalination plants at
each power unit with a capacity of up to 170,000 cubic metres per
day. The agreement also provides for Russia to supply nuclear fuel
throughout the entire operating life of the plant, to assist Egyptian
partners in training plant personnel during the operation and main-
tenance phase for the first ten years of the nuclear power plant's
operation, to construct special storage facilities and to provide con-
tainers for storing spent nuclear fuel [7].

The El Dabaa NPP construction site (S = 5,700 ha) is located in
the province of Mersa Matruh, adjacent to the southern border of El
Dabaa (the administrative centre of the district), 120 km south-east
of Mersa Matruh (the administrative centre of the governorate).
The construction site is located between the southern coast of
the Mediterranean Sea and the Alexandria-Mersa Matruh motor-
way, 135 km west of Alexandria. The nearest residential buildings
are located more than 3 km from the NPP. Decisions on the improve-
ment of the construction site and surrounding areas during the con-
struction period are made by the General Design Department and
are formalized in the project documentation (Fig. 2)% 0" 12,

¢ EL DABAA-1 Under Construction. PRIS power reactor systems. URL: https:/pris.
iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=2127 (date of access:
25.09.2025).

o EL DABAA-2 Under Construction. PRIS power reactor systems. URL: https:/pris.
iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=2127 (date of access:
25/09/2025).

" EL DABAA-3 Under Construction. PRIS power reactor systems. URL: https:/pris.
iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=2127 (date of access:
09/25/2025).

2 EL DABAA-4 Under Construction. PRIS power reactor systems. URL: https://pris.
iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=2127  (date
25.09.2025).
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One of the main difficulties encountered during the implementa-
tion of the project was the negative attitude of the local Bedouin
population: the 65 sq. km of land allocated for the NPP historically
belonged to Bedouin tribes, who were offered resettlement, but
the compensation was minimal. During the period of political insta-
bility in 2011-2013, the Bedouins attacked the El Dabaa facility and
seized the territory, causing damage amounting to approximately
$ 80 million, which led to the suspension of the project. In 2017, fol-
lowing negotiations, the government reached an agreement with
local tribes, providing them with fairer compensation. Climatic con-
ditions also had an impact: El Dabaa has an arid climate with hot
summers (March — October), when air temperatures can reach
+ 46.5 °C, limiting the use of labour. In February — March, dust and
sand storms occur, with maximum wind speeds reaching 26.3 m/s.
In addition, the shortage of highly skilled local personnel in this field
also had a negative impact [8].

However, despite all the problems arising during the implemen-
tation of this project, its role cannot be overestimated: among
the effects that will be obtained from the implementation of the El
Dabaa NPP project (Egypt), the following can be noted [4].

Technical effects:

e generation of 35 billion kWh per year, which will cover up to
50 % of the country's electricity consumption, ~22 million
people (20 % of the country's population) will be provided
with electricity;

e an increase in the share of electricity generated by low-
carbon sources by 12 percentage points5 (up to 24 %);

e “From ore to waste” contract format: Rosatom’s obligation to
supply fuel and dispose of waste throughout the entire life
cycle of the NPP;

e Rosatom will provide full engineering support for 10 years,
ensuring the safety and reliability of the nuclear power plant.

Political effects:

e enhancement of Egypt’s technological progress and political
weight in the international arena;

¢ a long-term technological alliance between Russia and Egypt,
strengthening Russia’s position in the countries of the Global
South;

e Egypt is the first country in North Africa to build a modern
nuclear power plant with VVER-1200 Ill+ generation reactors.

Social effects:

e training involving Rosatom for more than 3,700 local resi-
dents, which will increase literacy levels by 93 % by 2030;

e the creation of approximately 5,000 jobs, which will help re-
duce the number of residents living below the poverty line by
22 % by 2030;

e more than 50 % of workers during the construction phase will
be local Egyptian residents (more than 14,000 people).

Economic effects:

e GDP growth: approximately $4 billion (0.9 % of the country's
GDP) will be added to Egypt's GDP during the construction of
the ElI Dabaa NPP;

e support for local suppliers: ~ 85 local companies are partici-
pating in this project.

Environmental effects:

e CO, emissions savings =
year (5 % of current levels);

e environmental monitoring of all types of engineering surveys;

e equipping water intake structures with fish protection devices;

e ensuring the treatment of wastewater and storm water;

e prevention of pollutants entering water bodies thanks to a clo-
sed dual-circuit cooling system;

11 million tonnes equivalent per

e use of modern technologies for effective treatment of radio-
active environments.
Effects of territorial development:

e creation and development of social infrastructure: education-
al (school, kindergarten, children’s centre, library), medical
(first aid stations, pharmacy), sports (sports area with swim-
ming pool, table tennis, football field, gyms, playground,
workout area), commercial (cafes/fast food outlets, grocery
stores, beauty salon);

e creation and development of transport infrastructure: access
road to the nuclear power plant (Alexandria-Marsa Matruh
motorway and El Dabaa nuclear power plant), as well as
a seaport in the El Dabaa area;

e landscaping and greening of the desert area.

CONCLUSION

The experience of considering the nuclear power plant project
as a driver of comprehensive regional development has demon-
strated an effective global trend towards increasing the social ac-
ceptability of nuclear energy, leading to a transition to “clean” en-
ergy. The development of new infrastructure and technologies
allows people from third world countries to take a new step in
the development of technology and science, which leads to the de-
velopment of the country as a whole and an improvement in
the quality of life of its citizens [9]. Modern Russia plays an impor-
tant role by offering favourable commercial conditions, including
maintaining active dialogue with all participants and implementing
a universal communication strategy.
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MexpayHapoaHbi npoektT A3C Kak gpanBep
KOMMMIEKCHOTO pa3BUTUS TePPUTOPUIA

MATIATO nporHosupyeT, 4To K cepeguHe XX| B. COBOKyMHas
MOLLHOCTb aTOMHOW 3HEPreTMkn MOXET Bblpactu 6onee 4em
B [Ba C MOMIOBMHON pasa W [OCTUrHYTb MOYTU ThICAYM rura-
BaTT. Mpnyem pocT cnpoca Ha MUPHLIA aTOM B 3HAYUTESILHOWM
cTeneHu obecrneyvat MMeHHO cTpaHbl [nobansbHoro KOra n Boc-
TOKa, KOTOpble YKPEnnstoT CBOW TEXHONMOrMYECKWUN, WHAYCTPU-
anbHbI noTeHuman. Opyron 3Ha4umbIi pakTop pocTa UHTepe-
ca K aTOMHOW 3HepreTke — 3T0 BOCTPEOOBAHHOCTb «3eSIeHbIX>»
CTaHAapPTOB N TEXHONOMNIA, KOTOPbIE CBOAAT K MUHUMYMY BO3AeN-
CTBME Ha OKPYXaloLLyto cpefy W KnMMmar, npy 3TOM 3Ha4YMMbIM
WNCTOYHUKOM YUCTOW, HU3KOYITIEPOAHON SHEPTUU ABMSAIOTCH aTOM-
Hble cTaHuMn. OHW BbIFOAHO OTNINYAIOTCS OT APYrMX UCTOYHMKOB
SHEPrUM MO COOTHOLUEHWIO LiEHbl, SKOMOrM4ECKOW COCTaBsio-
LLier, BOBMOXHOCTM 06ecrnednTb CTabusibHY0 3HEPrOMOLLIHOCTb.
B Poccuu kntoyeByto posib B NPOU3BOACTBE aTOMHOWN SHEPrn 3a-
HumaeT [ockopropaumsa «Pocatom». CerogHa «Pocatom» npo-
pormkaeT cTpouTenscTBo 39 aHeprobniokos B 11 cTpaHax Mupa:
BeHnrpuu, JlatuHckon Amepuike, Bonusun, BaHrnagew n gpyrux.
ABTOpbI CTaTbM MPEACTaBUM aHanM3 MeXAyHapoAHbIX MPOeK-
TOB, BbIAENMB Havbonee 3Ha4nMmble 3PMEKTLI, NONYyHEHHbIE OT
cospgaHus ASC. Ocoboe BHMMaHWe 6bII0 YAENEHO peanusaumu
MeranpoekTa MexayHapoOHOr0 MeXMNpaBUTEIbCTBEHHOrO aToM-
HO-3HepreTnyYeckoro komnnekca «dAnb-fabaa» B Ervnte. B cra-
Tbe OCBeLLalTCd B3aMMOOTHOLLeHUs Poccuiickon ®epepaumm
n Apabekon Pecny6nvku Ervnet B cdhepe atoMHON SHEPreTUKH,
UX cornalleHvie o COTpyAHUYECTBE B COOPYXEHUU W 3KcrnyaTa-
LM aTOMHOW 3MEKTPOCTaHuun Ha Tepputopun Ervnta, paccma-
TPUBAIOTCH CNOXHOCTW, BO3HMKLUME MPU peanu3auun npoekTa,
a TaKkXe OMMCbIBAIOTCA U CUCTEMATUINPYIOTCA pe3ynbraTbl U -
heKTbl MpoeKTa (TEXHUYECKME, MONUTUYECKUNE, COLMAnbHbIE, 9KO-
HOMWMYeckue, a Takxe adheKTbl Pa3BUTUA TEPPUTOPUN).

KnroveBbie cnoBa: MexgyHapoaHbI¥i MPOeKT, MexXayHapoaHoe
COTpYAHNYeCcTBO, atoMHasi sHepretuka, ASC, kopriopauywsi Poc-
arom, KomriekcHoe passutne tepputopun, ASC «3Inb-[abaa»
(Erunet), MATATO, coumaribHO-3KOHOMUYECKUe 3QheKTbl, -
PeKTbI pa3BUTUSI TEPPUTOPUI, TEXHOSIOTNYECKME SQPPEKTLI
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Conducting forensic construction and
technical expertise in relation to unauthorized
reconstruction projects

This paper is devoted to the features of construction-technical expertise conducting connected with an unauthor-
ized reconstruction. There isn’t a definition of the term “unauthorized reconstruction” in Russian legislation nowa-
days. Therefore, requirements attitude different forms of buildings modification interpret by many in various ways.
For real, it often happens that results of major repair, replanning or reengineering turns out to be the reconstruc-
tion indeed. On the other hand, the project of reconstruction which was officially announced and approved can
be transformed into new unauthorized construction. Both these cases are dangerous because neglect the rules
in construction can lead to violating the third rights, humans’ life and health. The complexity of the subject in term
of identifying the type of works in construction with the features of technical regulation in this area becomes a rea-
son of using the special knowledge of expert to give court a hand. Researching the juridical practice, real cas-
es show us that there isn’t a united algorithm or methodical approach of how investigate the unauthorized recon-
struction. It all leads to instinctive actions from expert, big numbers of mistakes in his opinion. The transformation
task, which mostly must be solved by expert in case of unauthorized construction also seems quite difficult.

Keywords: unauthorized reconstruction, replanning, reengineering, forensic construction-technical expertise,
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full-scale investigation, expert opinion
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The life cycle of buildings is characterized by its
high duration. From the creation of one to
the moment of its demolition can be passed
more than 100 years. Over time construction systems
tend to accumulate tears. Tear can be physical that
leads to decreasing project quality, endurance of el-
ements and merging of defects. It also can be moral
wear, which connected with the reducing of ability of
real estate to meet the needs of owners. Due to this
phenomenon of buildings development, different
processes can be carried out to modernize construc-
tion facilities, make their comfort level as well as safe-
ty parameters suitable to current requirements of leg-
islation, people and business [1]. The major repair,
reconstruction, replanning or reengineering are little
part of variety of building improvement stated in Rus-
sian law. Nevertheless, in case of technical and le-
gal regulation features of these processes there is
a place for unauthorized actions in construction, re-
flected in juridical practice. There is not an official
definition of the term unauthorized for itself. It only
noted in articles 330 of the Criminal Code of the Rus-
sian Federation and 19.1 of the Administrative Code
of the Russian Federation as a part of term arbitrari-
ness, which means exercise of an existing or only
assumed right contrary to the relevant legal acts.
However, there is an article 222 of the Civil Code of
the Russian Federation devoted exactly to an unau-
thorized construction. The law mentioned three signs
of unauthorized construction they area violation of
the land plot using order, an absence of necessary
permission documents and a violation of the current
urban planning and construction regulation [2].

The lack of legal regulation of other unauthor-
ized actions with buildings, including reconstruc-
tion, becomes a reason of misinterpretation of legis-
lation by courts and leads to situational nature of
their decisions about modified real estate objects.

The analysis of juridical practices how us that is-
sues about unauthorized reconstruction are con-
tained in reviews devoted to arbitrariness construc-
tion as well as in materials about illegal replanning
and reengineering in apartment buildings. It all can
be explained by the complexity of reconstruction as
a technological process. In one case, it may include
transformation of exterior of building with the help of
extension or superstructure what is similar to new
construction. In another case, reconstruction can
be local and connected with the changing or rein-
forcing supporting structures what is alike major
repair. Thus, the specific of unauthorized recon-
struction of real estate objects in the author’s opin-
ion require its allocation to a separate category of
cases. Itis important in case of developing method-
ical approaches to forensic construction-technical
expertise of reconstructed with violations buildings.

To sensitize the juridical practice two groups of
unauthorized reconstruction motivators can be dis-
tinguished [3]:

e an initiator of reconstruction, mostly an owner,
act as he assumed it should be correct but in
term of misinterpretation on law or his insuffi-
cient level of legal qualifications, he does it
wrong. Real cases show that signs of unauthor-
ized reconstruction can appear if construction
and installation work about repair premise be-
yond established and become to affect the ca-
pital walls and callings, change the size and
the area of building, or new entrances group
are being built;
in opposite, owner or user of building while re-
construction can act deliberately circumvent-
ing the law. Often a person wants to facilitate
the process of transforming his construction
object into desired state. Therefore, an owner
names construction works as major repair not
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to get premises or pass an expertise of project documenta-
tion but in fact reconstruction occurs. It is possible and attrac-
tive option because of the opportunity of legalizing results of
unauthorized construction after its holding [2].

Both cases arbitrariness in construction industry, which is
a part of technical regulation, threatens a public dander and may
pose risks to life and health of an unspecified group of people.
Such circumstances substantiate a necessity from judges to attract
a knowledgeable person in sphere of design, erect, maintenance
and demolition of buildings to investigate issues about unauthor-
ized reconstruction. Thanks to the expertise factual data about
compliance of construction works with norms and rules, the degree
of deviation from them, the safety of reconstructed structures and
the possibility of their further usage can be defined [4].

Having identified the main reasons for committing violations
with real estate objects, it becomes possible to write down the or-
der of conducting forensic construction-technical expertise con-
nected with unauthorized reconstruction. To be more consecutive
let's divide some milestones based on expert tasks solved by
a knowledgeable person.

The first step and expert’s task are classification one. It let ex-
pert solve the issue of assignment of the object to a certain class,
species, genus. To do it a knowledgeable person should learn in-
formation from the case material and check if data is enough. First-
ly, expert can identify the functional purpose of the building, it could
be residential, commercial or industrial. This information can help
him to select technical standards and regulations which contain
specific requirements for object under investigation [5]. Secondly,
it is important to identify the category and the type of permitted us-
age of the land plot to select urban planning regalements spread-
ing on it. It should be noted that the availability of data which helps
to track changes in an object over time is quite important for ex-
pert’s activity. These are documents such as technical passport for
the building, floor plans, acts of previous inspections or examina-
tions, acts of acceptance of repair works, some technical conclu-
sion and initial project (if any). There is also a necessity for avail-
ability of project and permissions devoted to construction and
installation works being the subject of a dispute. The absence of
any document from the list above allows the expert to apply a peti-
tion toward the court about providing him with missing materials in
accordance with procedural legislation [6]. Thirdly, works per-
formed on the site can be classified. Expert-engineer while study-
ing secondary documentation with his special knowledge defining
what types of work are supposed to be doing or what of them are
presented as completed [7]. For separating construction work car-
ried out on buildings that may be confused with reconstruction
a brief description of all of them will be given:

1. The reconstruction itself according to article 1 point 14 of Ur-
ban Planning Code of the Russian federation is aimed to change
the main parameters of current buildings including enlarging of vo-
lume and area, increasing number of floors, or replacement or res-
toration of load-bearing structures [8]. There is a necessity to de-
sign project documentation to perform the reconstruction in legal
order. Positive result from an expertise of construction project must
be received, permission of construction and commissioning also
need to be got. Reconstruction as a rule can be carried out with
the relocation of dwellers in case of residential buildings or cessa-
tion of main production processes in industrial objects. Typical fea-
tures of reconstruction are extensions of current object, replanning
or changing its functional purpose and exterior. As about factures

and manufactories reconstruction accompanied by technical re-
equipment [9].

2. The major repair also is a type of work that is regulated by
Urban Planning Code. Major repair is devoted to reinforcement of
non-load-bearing elements of building or fractional replacement
of load-bearing structures with similar properties or restoration en-
gineering and technical suppling systems. A sit is stated in article
48 of Urban Planning Code, designing project documentation for
major repair is optional, but necessary in case of using budget
funds, similar with getting different permissions. An expertise of
construction project was carried out only in part of the reliability
of the estimated section. Major repair can be comprehensive when
most of construction elements of building are being replaced or
restored. It also can have a local scale when only one or some ele-
ments or parts of building are being maintained. Both cases are not
supposed residents or users of object to be relocated. It is not al-
lowed to change main technical and economical parameters of
building, its functional purpose in result of major repair it is only let
decrease the level of tear and wear.

3. New construction is pointed to the erection of buildings and
structures with the creation of new real estate objects in legal
sphere. This process demands not only architectural and construc-
tion projects to be created and permission and approvals to be re-
ceived but also purchasing of land plot and registration of rights on
it also must be done [10].

4. Restoration is a type of architectural and art works that are
aimed at recreation or preservation of objects with historical and
cultural value, some pieces of diicor and interior items. This activity
demands a comprehensive rehearsal in term of fulfilling the histori-
cal and culture expertise. Restoration is based on the principles of
minimizing changes in exterior, using the original materials and
gentle technologies of repair works [1].

5. Replanning is a concept from residential legal relations. This
procedure is aimed at changing of technical and economic param-
eters, inner layout of particular apartment or several adjacent apart-
ments including merging of new one from them [11]. Results of re-
planning must be reflected in Register of Real estate. The project of
replanning must be created and approved by local government
before the start of works. Act of commissioning ought to be fulfilled,
cadastral measurements reflected of all changes in premise must
be done after repair work and then owners have to apply to Register
of Real estate to correct graphical data about his apartment [12].

6. Re-engineering is also suitable for premises only. It is a type
of work that is carried out on engineering networks and equipment
including their replacement or renewing. Such works demand pro-
ject and approving stage sand making an entry in the technical
data sheet. In spite of it there is no necessity to reflect changes in
Register.

The next step for the expert is conducting nature studies of
objects under investigation. In cases of unauthorize reconstruction
this phase is do important because studying of buildings only by its
description in documents and materials is not allow to state the fac-
tual data about it. So, such principles as completeness, reliability
and objectivity of expert’s research can’t be done. A knowledge-
able person solves existential, volumetric and sitartional tasks with
help of visual or instrumental examination. Existential research let
expert answer a question of the presence of argued object, its part
or result of unauthorized reconstruction in general [13]. Carrying out
measurements in frame of volumetric task it becomes possible to
establish real volume of fulfilled construction and installation works
on object and compare it with stated in documents. There are a lot
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Main features of unauthorized reconstruction

Feature Norm of the law

Characteristics

lllegal usage of the land plot LC, CCar. 5.2

Contradiction of the building parameters or functional purpose to the category or type of
permitted use of the land plot

Violation of urban planning rules

Ch. 4 UPC, LG, ar. 222 CC | Changing technical and economical parameters of building with the exceeding that is set
in baseline and permission documents. Contradiction of exterior to urban planning regale-
ment

Violation of construction rules Ar. 222 GG, ar. 5 FL

No. 384, FL No. 123

Non-fulfillment of mechanical, fire, ecological safety requirements

Absence of permission documents Ar. 48, 51, 52, 55 UPC

Absence of permission to construction (reconstruction) and commissioning, positive
opinion from expertise, technical condition to increasing the power demanding

Contradiction of types of construction works | Ar. 1 UPC
to the legal description of reconstruction

Changes not stated as reconstruction but lead to transmogrify initial parameters of build-
ings or serious work with load bearing elements

For apartments only. Decreasing the area of | Ar. 36 HC
common shared ownership without legal de-
cisions of all owners

The absence of the protocol of owner’s meeting decision about alienation of part of com-
mon property. lllegal reconstruction of attics and basements

Abbreviations: Ch. — chapter; ar. — article; LC — the Land Code of the Russian Federation; UPC — the Urban Planning Code of the Russian Federation; HC — Hous-
ing Code of the Russian Federation; CC — the Civil Code of the Russian Federation; FL — Federal Law.

of cases where, for instance, project suppose only replacement of
rafter system of the roof but in fact the mansard floor is erected.
Such changes are going out from the legal frame of major repair
and can be named as illegal reconstruction. Group of situational
tasks is aimed to capture the placement of building in space or its
location in attitude neighborhood objects. These types of research
can help to examine cases with signs of enlarging of construction
side spot and changing border lines of land plot [7].

Further expert’s steps should be pointed to solving diagnostical
tasks. They mean establishing of current technical condition of con-
struction object. A knowledgeable person solves more detailed is-
sues called attributive subtasks. Step by step parameters of indi-
vidual structures and nodes or microclimate characteristics like
lightning level, temperature and so on are researched. Then expert
accumulates all the information about fragmental parts of build-
ing and is willing to make a decision about object’s condition in
general. Detected defects and incongruities allow expert to say if
the object is safe for users and further exploitation or not, what is
particularly important when reconstruction was held with violations
of technical regulations and rules [14].

Next stage can be carried out already in cabinet conditions. It
is a normative study. Based on data represented in another arti-
cle [15], questions about the following to technical rules, fire safety
standards, compliance with the urban planning regalements and
different premises both construction works and reconstructed
building itself may be expert asked by judge. All what have been
understood within normative analysis helps an expert to know
whether there are signs on unauthorized activity, how serious are
the violations or could they be fixed. So, it is necessary to highlight
the main features of unauthorized reconstruction of real estate ob-
jects, they are synthesized in Table below.

Finally, the key expert’s task is transformative one. It consists of
analysis and creation options of further fate of building. This ques-
tion is characterized as ambivalent due to an imperfection of legis-
lation. On the one hand, compared to expertise connected with
division households the number of transformation options for
unauthorized objects is limited by article 222 of UPC. They could
be the demolition of object, bringing the object in accordance with
construction rules and regalements or turning back to the original
state (applicable for reconstruction only). On the other hand, there

are no legal norms regarding legitimization of illegal reconstruction in
comparison to cases with unauthorized construction or algorithm of
actions when one part of building suit the legislation while other not.
An additional clarity brings the Resolution of the Plenum of the Su-
preme Council with number 44. This document says that the key prin-
cipal for unauthorized reconstruction is proportionality of the punish-
ment. So, the demolition of ones is considered to be an extreme
measure. Have mentioned this fact an expert should create variants
for reconstructed objects based on safety parameters of building or
ability of bringing its condition to state available to use.

That is why the absence of permitted documents is less signifi-
cant than contradictory the reconstructed building to requirements
of technical rules and regalements and least than the existence of
real threat to lives and souls without ability of its elimination to write
down an opinion of necessity of demolition the object. The Resolu-
tion of Plenum No. 44 also prohibit to demolition such categories of
real estate objects as individual residential houses and cultural
heritage sites [7].

Talking about expert’s opinion in cases of unauthorized recon-
struction, an unambiguous or probabilistic answer may be given.
For instance, the unambiguous one “To ensure that the building
after unauthorized reconstruction meets all requirement it is neces-
sary to install a dormer window ow ventilation holes in the vertical
wall of the new roof to ventilate an attic space, waterproofing
the basement of new foundation and complete installation work
connected with stair and entrance to object”. The probabilistic
wording example “There is a successful case of reinforcement
load-bearing constructions from similar building in construction
practice. That is why object could be brought in line with require-
ments theoretically”. The second variant would be less preferable to
court needs and unclarity and incompleteness of a construction-
technical expertise may become a reason of demanding an addi-
tional investigation [16, 17].

The other features of expert’s opinion also should be noted. To
describe the variant of bringing the condition of object to the previ-
ous state it is obviously that deinstallation of all erected or replaced
elements is impossible because can lead to degradation of endur-
ance and safety of other structures. Despite it the functional pur-
pose of premise, exterior of building, some entrances or engineer
systems’ location can be turned back to original state but also
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> Classification Existential task Diagnostic task Normative task Transformative
task |:> 9 |:> task |:>
o Determining Establishing Determination Determination o Determining
the functional purpose the actual existence of the current technica of the compliance the options
of the disputed object; of the disputed object condition of the dispu- of the performed works for the future fate

o Definition of the VRI,
the category

of the land plot

of the location

of the ACS;

o Determination

of the type of CMP
produced

Volumetric task

Establishing
the actual volume
of reconstruction

ted unauthorized
reconstruction facility
or its individual parts

with the requirements
of legislation and
technical standards,
the provisions

of the projects

and permits

of the reconstructed
facility;

o Demolition;

e Alignment with
the requirements;

o Bringing it back
to its original state

work performed

Situalogical task

Determining the po-
sition of an object

in space and relative
to other objects

Appointment of judicial construction and technical expertise

)

Preparation of the expert opinion and sending it to the body
that appointed the examination

O @ G

S,

Preparatory stage

Conducting the natural examination

Cabinet stage Writing down

an expert’s opinion

Participating
in trial

Algorithm for conducting research on unauthorized reconstruction of real estate object

with the condition of decreasing their tear percentage [18]. Well,
the more rational way for expert would be the description of certain
element what demolition or restatement is technologically and eco-
nomically possible and approved [19]. In case of reconstructed
building’s parts what demolition is necessary but difficult to occur
like disassembly of masonry of upper floors or extensions expert
should write down the volume of demolition and works connected
with conservation and restoration of modified parts. There is a gen-
eral scheme of expert’s research algorithm of unauthorized recon-
struction in the Figure below.

To summarize, construction-technical expertise of unauthorized
reconstruction has unique features what separate it from investiga-
tion of illegal construction or replanning premises. However, there
aren’t any difference between them in current legislation and juridi-
cal practice what leads to unreasonable and unsystematic deci-
sions. Remaining the fact that phenomenon of illegal construction
and reconstruction affect the state’s interests, investigations con-
nected with such cases were allowed only to government experts in
2023. Increasing cases of unauthorized reconstruction multiply
the burden on experts what in the situation of absence of compre-
hensive methodical recommendations make their work less opera-
tive and more intuitive. That is why cases of unauthorized recon-
struction should be synthesized in manuscripts for knowledgeable
people. List of difficult issues about illegal reconstruction also must
be described. For instance, what expert should do if the recon-
struction has been already done when others requirement for it
were relevant but for today, they have changed.
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Oco6eHHOCTU NpoU3BOACTBa cyae6HOM
CTPOMUTENbHO-TEXHUYECKON IKCNEPTU3bI
B OTHOLLUEHUUN O6bEKTOB CaMOBOJIbHOW
PEKOHCTPYKLUM

OcBeLLaTcs BOMPOCbl OCOGEHHOCTEN MPOBEAEHMs nccneposa-
HUA OGBLEKTOB KanuTasnbHOro CTPOUTENbCTBA, O6najaroLLmx npu-
3HaKaMu CaMOBOJIbHOV PEKOHCTPYKLUM B paMKax Cyfe6bHom CTpo-
NTENbHO-TEXHUYECKOM 3KCNepTuabl. B HacToALWMA MOMEHT n3-3a
OTCYTCTBUSA B 3aKOHOAATENLCTBE YKA3aHHOIO MOHATUS MHOTMMM
HEOAHO3HaYHO TPaKTYIOTCA TPEO6OBAHUS K CTPOUTESIbHO-MOHTaX-
HbiM pabotam (CMP), cBA3aHHbIM C pas3fnvMyHbIMU BapuaHTamu
N3MEHEHUS OOBLEKTOB HEABWKMMOCTU. Hepeoko PeKOHCTPyK-
unen obopavmBatoTCA pesynbraTbl, MOSlyYEHHbIE B paMKax Ka-
NUTaNbHOrO PEeMOHTa 3[aHui, pecTaBpauuv, NepensaHupOBKU
nnu nepeycTtponcTea nomelleHus. C Opyrov CTOPOHbI, MPOEKT,
N3HaYanbHO 3asBfIEHHbIA W COrNAacOBaHHbIN KakK PEKOHCTPYK-
LMs, MOXET NpeobpasoBaTbCs B CO3JaHME HOBbIX OOBLEKTOB Ka-
NUTanbHOro CTpouTenscTBa. B niobom cryvae HenpaBOMeEpHoOe
MCMOSIb30BaHNe 3eMerbHbIX y4acTKOB, AEVCTBUS B OTCYTCTBUM
Ha TO TEXHU4ECKOM MW paspeLumnTenbHON AOKYMeHTaumm1, a Tak-
Xe HapyLueHve npegbsensembix K CMP Tpe6oBaHMsM — BCE 3TO
Npu3Haku camMoBoOsibHOCTU. CamoynpaBCTBO B 0611acty CTpPOU-
TeNbCTBa U PEKOHCTPYKLMM YPEBATO MHOXECTBOM HEraTUBHbIX
NocneacTBUM, Ha4yMHas OT HapyLUeHWs NMpaB TPETbUX Nuu, 3a-
KaH4MBas BOSHUKHOBEHWEM Yrpo3bl XW3HW N 300POBbLIO NIOAEN.
CnoxHocTb Borpoca oTHeceHns CMP K TOMY UM MHOMY npoLieccy,
a TaKxXe KOMMIIEKCHOCTb PerynMpoBaHus B CTPOUTENbCTBE SABMS-
I0TCS NPUYNHON Ha3HaAYEHUST CTPOUTENbHO-TEXHUYECKOW 3KCrep-
TW3bl ON19 UCCNEfoOBaHUS CaMOBOJIbHBIX MocTpoek. CypebHas
npakTuka MokKas3blBaeT OTCYTCTBME €OVHbIX METOAUYECKUX pe-
KOMEHOAUMA K 9KCMepTM3e CaMOBOJIbHON PEKOHCTPYKLMU U CU-
TyaTUBHOCTb OEWCTBUIA CBEOYLUUX NULL, HEBEPHYIO OpUEHTaLMIO
Ha anropuTMbl UCCNIE[0BAHUS CAMOBOJIbHBIX MOCTPOEK, 601bLLIOE
KOJSINYECTBO OLLUMOOK U HETOYHOCTEN B 3aKMOYEHUSAX. Takxe 0Cco-
6EHHO 3aTpyaHUTENbHOW NpefcTaBnseTcs npeobpasoBarernbHas
3aja4a, KoTopas [AOoMKHa paspeluarbcsi aKcnepTamu Asasi nomo-
LK cydy B NPUHATUM peLleHnst O AalnbHenLlen cygbbe caMoBOsib-
HO PEKOHCTPYMPOBaHHOIO O6bEKTA.

KnioyeBble croBa: caMOBOJIbHAsi PEKOHCTPYKUMS, MEPEniaHu-
pOBKa, MepeyCcTPoViCTBO, CypebHasi CTPOUTESIbHO-TEXHUYECKas
9KCrnepTn3a, HaTypHoe obcriefoBaHne, 3aKIo4eHve aKcrnepra
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Urban environment design based on a producer
approach to the development of small towns

The paper examines the problem of small towns degradation and substantiates the necessity of applying a new
managerial approach — the producer model — for their sustainable development. The relevance of the topic
is driven by the persistence of negative trends, such as population outflow, economic stagnation, and the loss
of cultural identity in small towns, despite the implementation of state programmes. The aim of the research is
to analyze the conceptual foundations of designing a comfortable urban environment for small towns based on
the principles of producing. The study reveals the essence of the producer approach, which implies a transition
from administrative management to the creation and implementation of an integrated territorial “product”. Key
principles of the approach are identified: forming the city's unique selling proposition, implementing participatory
design with resident involvement, and applying project management and crowdfunding tools. The stages of im-
plementing the producer model and the expected results are outlined, including the creation of economic growth
points, increased investment attractiveness, and the formation of a comfortable, distinctive urban environment.
The novelty of the approach lies in adapting producing tools, characteristic of creative industries, to the practice
of urban development for small towns. The practical significance is that the proposed mechanisms can be used
by municipal government bodies and investment-construction companies to develop and implement effective ter-
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he development of small towns remains one of
Tthe most pressing issues in the spatial devel-

opment of the Russian Federation. Despite
the existence of state programmes and national pro-
jects such as “Housing and Urban Environment”,
many small towns continue to face complex challeng-
es: outflow of the working-age population, degrada-
tion of economic potential, deterioration of the housing
stock and public spaces, and loss of cultural and his-
torical identity [1, 2]. Traditional administrative man-
agement methods, often reactive and subsidized,
are unable to fundamentally change the situation.
Under these conditions, new, proactive approaches
to development management are required that would
harness the inherent potential of the territory and
transform it into an attractive and competitive “prod-
uct”. One such approach, which has significant po-
tential, is the producer approach, which has proven
itself successful in the creative industries and com-
plex project management.

The aim of this study is to use the principles of
the producer approach in the design of a comfort-
able urban environment for small towns. To achieve
this goal, the following objectives were set: to reveal
the essence and content of the producer approach
as applied to territorial development. To identify key
principles and tools for producing and to propose
a model for its implementation in urban planning
practice.

The study is based on a systemic and project-
based approach, which allows us to consider
a small town as a holistic, complex system, the de-
velopment of which requires integrated manage-
ment, as noted by domestic and international
scholars in the fields of urban studies, territorial
marketing, and project management [3-5].

Let us consider the essence and principles of
applying the producer approach to the development
of small towns. The producer approach, in the con-
text of small towns development, is a management
system in which the manager (producer) acts not as
a bureaucratic administrator, but as the creator, or-
ganizer, and implementer of a comprehensive “pro-
ject” for the transformation of the territory. Its key
objective is to identify the city's unique potential
(human, cultural, historical, natural) and create con-
ditions for its capitalization through the design of
a comfortable and functional urban environment [6].

Based on the need to combine many diverse
functions, the key principles of the producer ap-
proach can be formulated as follows.

1. Developing a city's Unique Selling Proposi-
tion (USP). Every small town possesses unique as-
sets: historical heritage, natural landscape, location
on a tourist route, and the presence of unique arti-
sans or industries. The producer's task is to find this
“golden key” and turn it into the foundation of
the brand and economy [7]. For example, success-
ful cases include Vyksa (Nizhny Novgorod Re-
gion) — urban development through culture — and
Divnogorsk (Krasnoyarsk Krai) — with an emphasis
on nature-based tourism and active recreation.

2. The principle of participatory design and
crowdsourcing. The producer does not impose a vi-
sion from above, but rather acts as a moderator,
identifying the needs and potential of the residents
themselves. Through workshops, public discus-
sions, and online platforms, ideas are collected and
local activists and volunteers are united [8]. This
creates a sense of ownership and responsibility for
the city's transformation, which is a key factor in
project sustainability.
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3. The principle of project management and attracting funding.
City development includes specific, achievable projects (e.g., “Cre-
ation of a Historical and Crafts Cluster”, “Development of the Em-
bankment as a Public Space”, “Launch of an Urban Culture Festi-
val”). To finance these projects, alongside budgetary funds,
extra-budgetary sources are actively involved: fundraising, private
investment, and grants [9, 10]. The producer is responsible for cre-
ating an attractive investment package and finding partners.

Vyksa, a city in the Nizhny Novgorod region, provides an out-
standing example of how culture can become a catalyst for eco-
nomic growth. Here, thanks to a forward-looking strategy, the city-
forming enterprise (United Metallurgical Company) took on the role
of producer, investing not simply in infrastructure upgrades but in
the creation of new meanings and values.

Key factors in the success of this model:

e Art-Ovrag Festival: This festival became the foundation of
transformation, turning an industrial city into a magnet for con-
temporary art lovers;

e Co-design: Residents actively participate in the transformation,
becoming co-creators of change rather than mere observers;

e Cooperation between business, government, and society:
UMK, acting as producer, pooled the resources and expertise
of all stakeholders.

As a result, Vyksa has transformed from an ordinary single-
industry town with a negative image into a cultural center renowned
throughout the country. This has led to increased tourism and, most
importantly, increased pride among residents in their city. This ex-
perience clearly demonstrates that investments in culture and com-
munity development bring tangible benefits, improving the quality
of life and the investment attractiveness of the city.

The expected results of this approach are: the creation of eco-
nomic growth opportunities based on the uniqueness of the terri-
tory; increased investment attractiveness; the creation of a comfort-
able, consistent urban environment that motivates people to stay in
the city or return; and the development of local community and
civic engagement.

One of the risks is resistance from the traditional bureaucratic
system, which requires political will at the regional and municipal
levels to empower producers with the necessary authority.

The producer does not impose a vision from above, but rather
acts as a moderator, identifying the needs and potential of resi-
dents themselves. Through workshops, public discussions, and
online platforms, ideas are collected, and a pool of local leaders
and volunteers is formed [8]. This creates a sense of ownership and
responsibility for the transformation of the city, which is a key factor
in the sustainability of projects.

The implementation of the producer model can be divided into
several stages:

1. Diagnostic stage: a comprehensive audit of the territory, in-
cluding urban planning, economic, social, and cultural analysis.
Identification of key stakeholders and their interests.

npoeKTMpOBaHMe rOpOACKOﬁ cpenbi

Ha OCHOBeE MNMpoAarCcepCcKoro noaxoga

K pa3BUTUIO MaJibiX ropoaos

B ctatbe paccmatpuBaeTcs npobnema gerpagauum marnbix ro-

pPOJOB 1 060CHOBLIBAETCA HEOOXOAUMOCTb MPUMEHEHNS HOBOIO
yrnpaBfeH4ecKoro noaxoaa — MpoACepCckoro — Ans UX YCTON-

2. Strategic stage: developing a unique selling proposition and
city development concept. Formulating a roadmap with a package
of specific projects for urban development.

3. Project stage: implementation of pilot projects with maximum
visual and social impact (tactical urbanism, launching event-based
activities). Active community engagement.

4. Integration and scaling stage: implementation of successful
practices in the municipal governance system, attracting major in-
vestors for large-scale projects. The expected results of this ap-
proach are: creation of economic growth opportunities based on
the uniqueness of the territory; increased investment attractiveness;
creation of a comfortable, consistent urban environment that moti-
vates people to stay in the city or return to it; development of the lo-
cal community and civic engagement.
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YMBOro Pas3BUTKA. AKTyarnlbHOCTb TEMbl 06YCMOBMNEHA COXpaHe-
HVYEM HeraTuBHbIX TEHOEHLUMIA OTTOKa HAcesleHus, cTarHaumm
SKOHOMWKM U yTpaThbl KyJIbTYPHOW UOEHTUHHOCTU MarbIX Fopo-
0B, HECMOTPS Ha peanu3auuio rocyfapCTBEHHbIX NPorpamMm.
Llenb nccnepoBaHvsi — aHanu3 KOHLEeNTyasbHbIX OCHOB MPOek-
TUPOBaHUsi KOM(OPTHOV FrOPOACKOW Cpelibl ManbiX FOpofoB Ha
NpyHLMNax NpoaCcUpoBaHus. B peaynbrarte nccnenoBaHus Bbi-
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SIBfIeHa CyLLIHOCTb MPOAICEPCKOro noaxoaa, npeanonaratoLero
nepexof oT aAMUHUCTPATMBHOIO YrNpaBneHnNs K CO3AaHuIo U pe-
ann3auumn KOMMIEKCHOro «NpoayKTa» Tepputopun. Beigenersi
KIo4YeBble NMPUHLMMBLI Noaxoaa: hopMUpoBaHne YHUKanbHoOro
TOProBOro NPeanoXeHns ropofa, peannsauns coyyacTsytoLLe-
ro NPOEKTUPOBAHMWS C BOBMIEYEHNEM XUTENEN, NPUMEHEHNE UH-
CTPYMEHTOB MPOEKTHOro ynpaeneHus n kpayadaravdra. 1sno-
>KEeHbl 3Tanbl BHEAPEHUS NPOAICEPCKON MOLENN N OXMAAEMbIe
pesyneTaThl, BKIIOYas CO3[aHNe TOHEK 9KOHOMUYECKOro pocTa,
MOBbILLIEHNE NHBECTULIMOHHON MPYBMIEKaTeNnbHOCTU 1 hopMuMpo-
BaHWe KOMMOPTHON, NOEHTUYHON FOPOACKOW cpefpbl. HoBusHa
NoAxoAa 3aksoyaeTcs B agantaumm MHCTPYMEHTOB MPOAOCHPO-
BaHWSA, XapaKTepHbIX A1 KpeaTUBHbIX UHOYCTPUN, K MPaKTUKe
rpafoCTPOUTENBHOrO Pa3BUTUA Masbix ropofoB. MpakTuyeckas
3Ha4YMMOCTb COCTOMUT B TOM, YTO NPEANOXEHHbIE MEXaHN3Mbl MO-
ryT 6bITb UCMOMb30BaHbI OPraHaMy MyHULUMNAnbHOro yrnpasse-
HWUA U MHBECTULIMOHHO-CTPOUTENBbHBIMU KOMNaHUAMU ONs pas-
paboTkM 1 peanudaumy 3PPEKTUBHBIX CTPATErNn pasBUTUA
TEppUTOPUIA.

KnroyeBbie cnoBa: marnbivi ropog, npoekTupoBaHNe ropoacKou
cpenbl, MPO[CEPCKUI MOAXOA, YCTONYMBOE pasBuTve, yrpas-
JIeHVe pa3BUTUEM TepPUTOPUI
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