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The article presents prerequisites for the transformation of the personnel potential at housing and utility service
providing enterprises due to organizational, technical and technological changes in the industry associated with
the saturation of capital construction facilities with modern high-tech equipment and intelligent systems.

The author emphasizes that the evolution of professions is much faster against this background. The requirements
for an employee are shifted from the field of performance of functional duties to achieving the final result that
the person seeks to achieve.

The present-day labour market will require employees to be guided by a new concept based on the principles of
“lifelong learning”. There will no longer be one profession for the lifetime — one will have to constantly adapt to
changes in the labour market. The ability of an employee to adapt to the needs of the labour market and expand
one’s competencies becomes more important than the specialty.

Advanced technologies, equipment and methods of control and management become the property of housing
and utilities service provision facilities in the process of their creation or renovation (modernization, reconstruction,
capital repair), implemented and financed in accordance with federal, regional, municipal or corporate plans and
programmes based on approved projects.

In turn, the introduction of intelligent technologies in housing and utility services leads not only to the emergence
of new and the loss of unclaimed industry professions, but also to the emergence of “hybrid” professions, which
may entail a combination of diverse, traditionally “incompatible” skills and abilities.
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oday, only a lazy person does not talk about

I the use of digital technologies in everyday life

and production, as well as the necessary per-

sonnel transformation at an enterprise in this regard.

Indeed, since the 1990s, the Internet has changed

our world much more noticeably than any other phe-
nomenon.

Nevertheless, most people have a vague idea (if
at all) how artificial intelligence is developing and
what impact it can have on their lives. However
the fact that the technological revolution can oust
individual professions from the labour market and
form a class of “superfluous” people does not leave
anyone indifferent.

The growing pace of technological progress is
so intense that it does not allow us to predict what
the labour market will be in the next 15-20 years.
During this period, not only the concept of “lifetime
employment” may become obsolete, but also
the concept of “profession for life”, which we were
previously guided by. It's no secret that the choice of
profession was one of the most important decisions
for a person until recently. This is no longer the case
today.

In the past, machines competed with humans in
brute physical strength, whereas in the intellectual
sphere, humans had a huge advantage. In the pro-
cess of manual labour automation:

e in agriculture, the peasant found work at

the factory;

¢ in industry, the worker found work at enterpri-

ses in the sphere of urban economy or trade.

Such a change of professions was possible
because it required minimal retraining.

An employee dealing with digital, information
and communication technologies and artificial in-
telligence requires not only higher qualifications,
but also software and business skills: the ability to
analyze and communicate with colleagues, clients
and, most importantly, to understand human emo-
tions.

Thus, professions have always evolved one
way or another, but now it happens faster and fas-
ter. The requirements for an employee are shifted
from the field of performance of functional duties to
achieving the final result that a person shows or
seeks to achieve [1].

Although technological progress is associated
with changes in the content of professions in
the field of housing and utility services, many of
them are boring and monotonous and it does not
make sense to save them in the near future. Hardly
anyone dreams of becoming a janitor, stoker or
passport officer.

It is generally believed that machine learning
and artificial intelligence systems will change lite-
rally everything from driving a car and treating pa-
tients to creating “smart” cities and works of art.
This will lead to the disappearance of traditional
professions and the emergence of new and hybrid
(mixed) professions, that will urge an employee to
acquire new knowledge, skills and abilities.

Thus, the modern labour market will require
employees to be guided by a new concept based
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on the principles of “lifelong learning”. There will no longer be one
profession for life — you will have to constantly adapt to changes
in the labour market. The ability of an employee to adapt to
the needs of the labour market and expand their competencies
becomes more important than the specialty [2].

How realistic is this scenario for the municipal economy,
which is traditionally associated with housing and utility services?

The first question that we should answer is: “What ais the scale
of application of digital, information, communication and intelli-
gent technologies in the housing and utility industry and what are
their consequences for workers involved in this activity?”

The draft “Strategies for the development of the construction
complex, housing and utility services until 2030” emphasizes that
“...the market of housing and utility services is gradually turning
into a high-tech field of activity, thanks to the saturation of capital
construction facilities with automated systems, technologies and
equipment...” [3].

In turn, the professional expert community believes it is un-
likely that artificial intelligence and robots will “capture”
the sphere of maintenance and repair of civil buildings, municipal
engineering infrastructure and landscaping. It will be difficult, at
least, in the near future, to get a robot to replace a plumber or
an electrician servicing engineering systems inside buildings,
specialists who must have a wide range of technical knowledge,
skills and abilities and act in unpredictable situations.

At the same time, employees engaged in managing people
and processes (collecting and processing various information
about the condition of the enclosing structures of buildings and
structures, their engineering systems, forming plans and tasks for
maintenance and repair works) can be replaced by artificial intel-
ligence elements installedon the computer of a management
company [4].

At the same time, it should be understood that the structure
of the housing stock and the engineering infrastructure in each of
the 24 thousand municipalities is different in terms of the techni-
cal condition and level of engineering improvement.

The reality is that people still live in houses with stove heating
and amenities in the yard, boiler rooms are serviced by a stoker
who feeds coal into the furnace with a shovel, and water is distri-
buted through the street network to the water column, from which
the population collects it in buckets. These housing and utilities
facilities will continue to need workers whose level of professio-
nalism does not require special knowledge, skills or abilities. Un-
like specialists servicing buildings, structures and engineering
systems equipped with digital technologies.

Hence, the second question arises: “What is the reaction of
the professional community to the challenges that the technologi-
cal revolution dictates to us and what exactly is it expressed in?”

The question is complex and there is no unambiguous an-
swer to it, but the understanding is that this is a double-way traffic
system.

Modern technologies, equipment and methods of control and
management become the property of housing and communal
services facilities in the process of their creation or renovation
(modernization, reconstruction, capital repairs), which is carried
out and financed in accordance with federal, regional, municipal
or corporate plans and programs based on approved projects.

As a rule, construction, modernization or reconstruction pro-
jects are developed on the basis of relevant technical specifica-
tions and undergo an appropriate examination, which is a guar-
antee that the most advanced, highly efficient and energy-saving

materials, equipment and technologies will be used in the project
(otherwise why engage in modernization and reconstruction).

In turn, organizations and employees who will maintain
“updated” housing and utility facilities must have the necessary
competencies (knowledge, skills and abilities), which are the sub-
ject of industry-wide professional standards (PS) in accordance
with the legislation.

Taking into account that a single organization is not able to
develop, coordinate with the professional community and ensure
the approval of the PS, these tasks are usually solved by indus-
try-wide associations (associations) — Roskommunenergo,
the Russian Association of Water Supply and Sanitation (RAW),
the National Association of Organizations Managing Apartment
Buildings and others [5].

These entities, acting as the founders of the Council for Pro-
fessional Qualifications in Housing and Ultility Services (CPQ
Housing and Utility Services), form and update “their” industry-
wide framework of qualifications, taking into account the emer-
gence of new specialties and changes in qualification require-
ments for the most popular professions in connection with
the emergence of new materials, equipment and technologies.

Thus, the Association of Water Supply Enterprises, based on
the results of the monitoring of the industrial labour market, is
actively updating the current and developing new professional
standards and qualifications, taking into account a transition to
digital models of management of water supply and sanitation en-
terprises.

In 2019-2020, the PS “Specialist in water supply and sanita-
tion technologies (aquatronics)” was developed and the PS “Spe-
cialist in the organization of operation of water supply and sewer-
age networks” and “Specialist in the operation of wastewater
treatment facilities” were updated. PS are documents that repre-
sent the labour functions of modern specialists necessary to en-
sure the staffing requirements of a modern water supply and
sanitation enterprise. The standard consolidates labour functions
that take into account:

e automation of technological processes taking into account

digital technologies and production optimization tasks;

® he possibility of updating federal state educational stan-

dards (FSES) and basic professional educational pro-
grammes (BPEP) for educational institutions;

e the possibility of developing current professions without

a radical revision of the staffing of enterprises [6-8].

In accordance with these PS, new, modern types of qualifica-
tions have been approved, including:

e a technician, or an operator of automation equipment for

water supply and sanitation systems (level 5 qualification);
® a water engineer (level 6 qualification);

® a process engineer in charge of automated and automatic

water supply and sanitation systems (level 6 qualification);

e a data analyst in charge of operation of water supply and

sewerage networks (level 6 qualification);

e a system engineer of water supply and sewerage infrastruc-

ture of municipalities (level 6 qualification).

In 2021 and 2022, this work continued. Digital technologies
used at the agricultural facilities are reflected in the updated and
developed PS:

e a specialist in the operation of water pumping stations;

e an operator of the ozonator plant;
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® a specialist of the automated control panel of the water sup-

ply and sanitation system of the Ministry of Defense;

e a specialist in the operation of urban colour and music foun-

tains [9, 10].

A similar work is performed by associations of organizations
managing residential buildings that collect, sort, process and dis-
pose of municipal solid waste, municipal energy enterprises.

It is no secret that the management and maintenance of resi-
dential and public buildings is determined, among other things,
by the growth rate of their automation.

The number of automated products and systems is a key fac-
tor ensuring the efficient, safe, convenient and environmentally
friendly operation of buildings. In addition, automation has a sig-
nificant impact on all elements of a building, especially with re-
gard to heating, ventilation and air conditioning systems, as well
as the process of interaction with users.

Building automation products include special hardware and
software tools and services for the development and implementa-
tion of building automation and management systems.

Hardware includes sensors; actuators and devices (control
valves, regulators, etc.); controllers that perform local control
functions; communication controllers (routers, gateways, etc.),
cables and cable fittings designed to build networks of the re-
quired topology, compatibility and performance; as well as com-
puters for system workflow management, monitoring and dis-
patching building management systems.

The above-mentioned intelligent systems, installed at resi-
dential and public buildings during their construction, reconstruc-
tion or major repairs, are taken into account by associations of
employers in the housing sector in the process of updating cur-
rent and developing new PS as of 2019:

® a specialist in apartment building management;

¢ a specialist in the operation of civil buildings;

® a locksmith of household sanitary systems and equipment;

¢ an electrician of electrical systems and equipment;

® a specialist in charge of operation of intelligent systems of

residential and public buildings;

e a specialist in commercial real estate management [11, 12].

In accordance with these PS, new qualifications have also
been developed to consolidate the labour functions related to
the use of digital technology elements and reflect current trends
in changing the names of professions aimed at increasing
the prestige of this type of activity: a service manager, an auditor
of the technical condition of buildings, an operator of automated
building systems, a data analyst in charge of maintenance and
others [13].

By responding to new modern sector-wide qualifications,
the professional community timely responds to the emergence of
new high-tech technologies and equipment, which saturate buil-
dings and their engineering systems, but also creates the condi-
tions for updating relevant educational programmes of institutions
of higher, secondary vocational and supplementary education to
train specialists necessary for the modern labour market, ena-
bling industry enterprises to increase the level of professionalism
of the personnel capable of effective maintenance and repair.

In turn, the introduction of intelligent technologies into hou-
sing and utility services leads not only to the emergence of new
and the loss of unnecessary industry professions, but also to
the emergence of “hybrid” professions, which may include

a combination of diverse, traditionally “incompatible” skills and
abilities.

According to the official research, “hybridization” has already
reformatted more than 250 professions in various sectors of
the economy, and in the next 10 years the number of “hybrid”
types of work should double.

The “hybrid” method of labour organization has several sig-
nificant advantages. It is economically profitable. It is much
cheaper for an enterprise to pay for the work of “hybrid” specia-
lists than to re-recruit workers with the necessary qualifications,
which becomes prohibitively expensive. Hybrid specialists are
able to “grow” and master new skills directly at the enterprise.

To work in a hybrid specialty, a specialist requires not one or
two skills, but a whole set, and it is these people who will be
the most popular ones on the labour market.

Burning Glass analysts analyzed about a billion vacancies.
According to their data, a trend towards hybridization of profes-
sions is increasing, a demand for versatile specialists is growing
rapidly, as so is the difference between salaries in hybrid and
simple positions. Hybridized professions pay 20-40 % higher
than the corresponding traditional professions [14].

In addition, hybrid professions that are difficult to automate
are a big plus for an employee who has mastered such a profes-
sion. If specialists of “simple” professions can be replaced with
artificial intelligence, the machine will not cope with *hybrid”
ones.

At the same time, hybrid professions are not a new trend.

Thus, in the field of municipal energy, the emergence of hy-
brid professions was due to a sufficiently large number of small
enterprises: small boiler houses, including those with thermal net-
works departing from them, small electric grid enterprises, diesel
power plants (DPP) with outgoing electric networks (located, as
a rule, in the areas that have no centralized power supply).
The service staff of such enterprises is scarce and is focused on
combining professions. For example, an electrician maintains
both overhead and cable electrical networks, other equipment,
including substation equipment. The driver of the DPP also main-
tains metering devices on outgoing power lines, and the power
lines themselves.

In addition, in this area of housing and utility services, high-
tech devices and equipment are being intensively inntroduced,
hence, employees of industrial enterprises are to improve and
update their qualifications that meet modern labour market re-
quirements.

By monitoring the industry-wide labour market, the experts of
the Russian “Municipal Energy” Association, have been updating
professional standards since 2019:

e a maintenance worker in charge of pumping and compres-

sor installations of the engineering infrastructure;

® a specialist in the operation of heating network equipment;

® a specialist in the organization of the operation of overhead

and cable municipal power lines, the maintenance of auto-
mated systems and equipment used by the enterprises in
charge of municipal heat and power supply to consumers.

In the housing sector, for example, a “House master” can be-
come such a profession, which will include two types of profes-
sional activities: a plumber and an electrician. To master a hybrid
profession, it will be necessary not just to study, but to purpose-
fully plan what knowledge, skills and abilities you need to master
to get the appropriate profession. As for the “house master”, there
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is already a FSES “Master of housing and utility services” for his
training, within which students today choose a qualification of
a plumber or electrician'.

A similar practice will be implemented for mid-level workers,
such as foremen, technicians, engineers engaged in the organi-
zation of housing and utility services. The basic competencies of
such a specialist assume that he must possess the necessary
skills and abilities that allow him to analyze information at all ele-
ments and systems of buildings, structures and the surrounding
area, based on the use of digital technologies to predict the re-
quired amount of maintenance and repair.

The emerging waste-processing industry is characterized by
extensive automation and artificial intelligence elements at all
stages of the production process, starting from collection, when
automated accounting of accumulation of fractions and volume
(mass) is carried out; transportation is controlled by the Glonass
system; and waste is sorted using robotics.

Experience shows that in this sector of housing and utility
services workers with high qualifications will also be required to
perform the work in the “manual” mode, and using high-tech
equipment and technologies. Today, traditional industry profes-
sions are already “closed” by the description of qualification re-
quirements in the relevant professional standards. In accordance
with the recommendations of the public law company “Russian
Environmental Operator” (PLC “REQ”), the Ministry of Natural Re-
sources of the Russian Federation approved a list of professional
standards to be developed in 2020-2021, which should describe
the requirements of professional qualifications for more than
60 professions that are actually functioning today in the industrial
labour market: a specialist in solid municipal waste management;
a specialist in waste processing; a specialist in chemical and bio-
logical treatment of water effluents, processing and disposal of
municipal solid waste; a specialist in digitalization in the field of
solid municipal waste management; an employee of robotic in-
stallations for thermal neutralization of municipal solid
waste (MSW); a specialist in the procurement of secondary mate-
rial resources; a specialist of an incinerator; a worker in charge of
composting MSW fractions; a worker in charge of processing
MSW fractions into energy-efficient fuel; a specialist in sorting
MSW [15].

In the process of updating current and developing new PS,
industry associations of employers “give life” to new and most
popular hybrid professions in housing and utility services.

At the same time, experts involved in the development and
updating of PS proceed from the fact that most hybrid profes-
sions require:

® a technical component;

® an ability to collect, interpret and visualize data;

e an ability to master the tools for the maintenance of innova-

tive systems and equipment;

e awareness of industry laws, standards and regulations;

e awareness of communications and an ability to forecast

the behaviour of consumers of services.

In addition, the leadership abilities of an employee who is
able to convey his thoughts to colleagues, users and providers of
housing and utility services will find a place in the new PS.
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MeToponorus npoceccuoHanbHOu
TpaHccopmanumm cchepbl
XUNMULLHO-KOMMYHaIbHOro X03s1McTBa

B ctartbe npeacTaBneHbl Npeanochbiikv TpaHcopMaumm KagpoBoro
noteHuvana npeanpusaTuin XKKX, o6ycnoeneHHble opraHn3aumoHHOo-
TEXHUYECKMMU U TEXHONOMMHYECKUMN U3MEHEHNAMM B OTPAC/n, CBSA-
3aHHbIMM C HACbILLEHNEM OOBLEKTOB KanuTanbHOro CTPOUTENLCTBA
COBPEMEHHBIM BbICOKOTEXHOMOMMYHLIM 060PYAOBAHNEM U WHTEN-
NeKTyasnbHbIMWY CUCTEMAMU.

B 311X ycnoBumsix SBoMOLMS NPOtECCUIA NMPOUCXOAUT 3HAYUTENTBHO
6bicTpee. TpeboBaHWsA K paboTHUKY CMELLIaoTCs U3 0651acTu ucnors-
HEeHWS (PYHKLMOHAIIbHbIX 0653aHHOCTEN Ha JOCTMKEHNE KOHEHYHOIO
pesynbsrara, KOTOpbI MOKa3bIBAET YEMOBEK UM KOTOPOrO OH CTpe-
MUTCA OOCTUYb.

CoBpeMEHHBIN PbIHOK Tpyda NOTPe6YeT OT pabOTHUKOB PYKOBOACT-
BOBAaTbCS HOBOW KOHLIEMUMEN, OCHOBAHHOW Ha MpuHUMnax «obpa-
30BaHWe Ha NPOTSHKEHUM BCEN XM3HW». OfHON npocheccum Ha BCO
>XXU3Hb 60MbLUe He 6yOeT — NPUAETCA MNOCTOSHHO afanTUPOBaTLCS
K M3MEHEHMSIM Ha pbIHKE Tpyda. YMeHue paboTHUKa NpeanpusTus
afanTypoBaTbCs NOA NOTPEOHOCTY PbiHKA TPyAA W pacLUMpPATL CBOU
KOMIMETEHLIMN CTAaHOBUTCSI BaXKHEE CMELMASIbHOCTY.

CoBpeMeHHblE TexHomornv, 06opynoBaHNMEe M METOAbl KOHTPOIS
1 ynpaeneHus CTaHOBATCS AOCTosHMEM 06bekToB XKKX B npovec-
Ce VX co3[aHus UM 06HOBEHMS (MOOEPHU3ALIMN, PEKOHCTPYKLNM,
KanuTanbHOro PEMOHTA), KOTOPbIE OCYLLIECTBASIOTCA U (OUHAHCUPY-
IOTCS B COOTBETCTBUM C dhefiepanbHbIMU, pErMoHanbHbIMU, MyHUL-
nasnbHbIMW UM KOPOPaTUBHLIMW MflaHaM1 U NporpamMmmamMm Ha oc-
HOBaHUM YTBEPXXAEHHbIX MPOEKTOB.

B cBoto o4epenb, BHEOPEHWE WHTENNEKTyaslbHbIX TEXHOOrWiA
B JKKX npvBOauT HE TONMBbKO K MOSIBMEHWIO HOBbIX M yTpaTe HeBOC-
TpeboBaHHbIX OTPACNEBbLIX MPOPECCUIA, HO 1 K MOSIBIEHNIO «TMOPUA-
HbIX» Mpodeccuii, KOTopble MOryT BKIO4YaTb COYETaHWe pasHo-
06pasHbIX, TPAAULIMOHHO «HE COHETAIOLLMXCS>» YMEHWUI N HABbIKOB.

«Krno4om» K peLleHuto Npo6iembl aganTaumm CyLLECTBYOLLMX KBa-
NMbrKaumin Ha pbiHKe Tpyda K Tpe6oBaHUsM, KOTOpbIE OVUKTYET Tex-
HOJIOrMYecKasi PeBOOUMS, SBISETCA peann3auusi HanpasiieHui
HaumnoHarnsHon cucTembl KBannvKaLumii, OCHOBHbIE 3NIEMEHTbI KO-
TOPOWN, — 3TO BHeOpPeHMe NpodecCcMoHasbHbIX CTaHAAPTOB B cde-
py Tpyda n obpasoBaHusi.

KnroyeBbie cnoBa: aBTomatusaumsi 06beKTOB 1 cuctem XXKKX, ak-
Tyanusaynsi o6pa3oBaTesibHbIX MporpamMm U rpogheccuoHasbHbIX
CTaH[apTOB, UHTEJIIEKTYa IbHbIE TEXHOIOMMU 1 060pPYAOBaHNE, KBa-
ngbmKaLmm, HarpaBeHVs MogroToBKM, MOZY M 06pa30BaHUs, pa-
boroparenu, y4pexneHns: 06pasoBaHusi, 06pa3oBaTeslbHbIE TPAeK-
TOPUK, YPOBHU KBaUTUGOUKALIM, YPOBHU 06pa3oBaHus
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Sustainability of industrial construction
in the context of development life cycles
of industrial parks

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

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

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

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

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

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

Keywords: industrial construction, life cycles, industrial parks, eco-industrial parks, industrial development, eco-
development, organizational and technical reliability, sustainability, effectiveness, brownfield, greenfield, corporate
alliance
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a system of business partners with the main per-
formers — the management organization. It attracts

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(Accessed August 23, 2022).

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

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

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

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

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

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

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

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

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

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

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

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

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

THEORETIC RESEARCH APPROACHES

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ip1

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

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

To=3T7. )

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

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

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

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

, — state level of sustainability management (national);

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

¢, — municipal level of sustainability management;

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

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

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

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

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

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

The presented four-component elements of the research para-
digm of theoretical and practical simulations of methodological ap-
proaches and recommendations for structuring the life cycles of ac-
celerated industrial construction and the efficient functioning of
industrial parks based on sustainable eco-development model, al-
lowed us to develop a fundamental functional GD,, model. The au-
thors define it as an integral dynamically adaptive structure com-
posed of consolidated interacting local functional-target subsystems
presented in formula (4), controlled by four main criteria of mini-max:
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6D, W,) =[[(Q) n(Wo) ~(@ca) ][ (W) (@)]] - (B By R )~ (Com ). (4)

where E,;"" — the organizational and economic reliability of W, life
cycles of IP industrial construction indicator that demonstrates
a maximizing tendency; E;g,] — the organizational and economic
reliability of operation of an industrial eco-development system in-
dicator that demonstrates a maximizing tendency; R,',Z — the over-
all GD,, sustainability performance indicator that demonstrates
a maximizing tendency; Ch.. — total cost of ownership of indus-
trial real estate for IP residents’ indicator that demonstrates a mini-
mizing tendency.

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

* sustainability function-task Q,;

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

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

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

dustrial real estate Q,.

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

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

RESULTS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

£y [V]=(v(0)[w']} /{v(0)[w"])=0.85;

£ [w'"]=072-0.85=0.61.

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

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

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

DISCUSSIONS

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

Debatable issues are the following.

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

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

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

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

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

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

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

CONCLUSIONS

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

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

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

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

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

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

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

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

bnarogapHocTn. Pabota BblIrosiHeHa npy MogAepXKe rpaqta
PH® Ne 22-28-20511.
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The article addresses the generation of indicators characterizing the process of integration of investment and
construction enterprises (ICE) and special economic zones (SEZ) in the course of implementation of investment
and construction projects (ICP). The objective is to examine the external and internal environments of the subjects
of interaction, given that these environments have factors of the meso-environment and the micro-environment.
The key approach, used to synthesize the indicators, includes the analysis of information flows that take into
account the prospects for the implementation of an ICP in a SEZ, and the efficiency assessment of the involvement
of an ICE enterprise in the construction of a building, based on the analysis of financial and economic activities
of the object under study (an ICE enterprise), the calculation of the rate of return and the cost effectiveness
of investments, demonstrating the likelihood of integration of SEZ and ICE enterprises. The integrated monitoring
of the information environment of impacts, produced by the entities of various origin, allows developing indicators
of ualitative and quantitative characteristics of the subject of research with account taken of the external and internal
effects that contribute to integration, or externalities and internalities. Having identified the nature of the influence,
produced by external and internal effects, one can predict the scope of benefits and costs for interacting parties
and demonstrate the strengths and weaknesses of potential integration of ICE enterprises and SEZ in the course
of implementation of an investment and construction project. The monitoring results are presented as matrices
of absolute and relative indicators that need to be brought to unified dimensions. The authors of the article
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INTRODUCTION

urrently, the prospects for using SEZs as

an instrument of the cluster approach to cer-

tain types of construction work are specified
in strategic policy documents' 2. The lack of well-
coordinated plans of urban and spatial development
of subjects of the Russian Federation has ended in
the spotty siting of integrated development areas
having the real estate infrastructure required for
the implementation of sophisticated and unique in-
dustrial projects. One of the top-priority solutions is
to take support measures and boost the demand for
land use planning tools among the business com-
munity to consolidate the private and public capital
towards improving the industrial and infrastructure-
focused construction sector, identify the prospects
for integration between ICE enterprises, as carriers
of production factors, and SEZs as fundraising
tools" 2 [1]. However the lack of an unbiased asses-
sment of the interaction potential, prognosticated
benefits and costs of consolidated efforts, advan-
tages of investment and construction activities in
SEZs trigger the demand for relevant indicators [2].
External and internal environments, that translate in-
to factors of meso- and micro-environments, serve

as the basis for the synthesis of indicators. It is
generally accepted that indicators characterize
quantitative or qualitative constituents of the phe-
nomenon under study. Within the framework of
the study, quantitative indicators convey the sale vo-
lume (or an ICP) [3, 4], calculated in monetary units
or labour costs per unit of time. The data, needed to
develop quantitative indicators, are extracted from
accounting and management reporting documents,
statistical data provided by authorized state statis-
tics bodies, and information available in open sour-
ces. The mission of qualitative indicators is to dem-
onstrate and evaluate the effectiveness of an enter-
prise in conditions of limited resources, and it is ex-
pressed in relative values. If applied to the purpose
of the study, qualitative indicators are the values that
are used to calculate the return on investments and
an increase in the total value of the corporate capital
as a result of integration.

The purpose of the article is to present the de-
vised set of indicators and areas of their application
within the framework of interaction between ICE en-
terprises and SEZs in the course of implementation
of an ICP [3, 5]. The main tools, used to analyze and
theorize the subject of research, include theories of
infographic modeling [6-8], the P.K. Anokhin theory

1 Strategy for the development of the construction industry, housing and utilities in the Russian Federation through 2030 with a forecast for
the period up to 2035. URL: https://www.minstroyrf.gov.ru/upload/iblock/672/V-Strategiya-na-sayt-i-GASU.pdf (date of access: 22.05.2022).

2 Strategy for the innovative development of the construction industry of the Russian Federation through 2030. URL: https://stroi.mos.ru/

uploads/user_files/files/str_2030.pdf (date of access: 24.05.2022).
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of functional systems [7], the theory of externalities, and the theory
of growth poles developed by Francois Perroux [9]. The results of
the research methodology are presented in the form of matrices
containing relative and absolute indicators.

METHODS

According to the P.K. Anokhin theory of functional systems and
the theory of infographic modeling [6, 7], based on the analysis of
various information flows and a need for the comprehensive moni-
toring of external and internal environments and a set of indicators,
future indicators should be distributed between the foci of monito-
ring to convey formation and application processes within
the framework of an ICE enterprise willing to conduct investment
and construction activities in a SEZ.

At the first stage of the study, the proposed system of indicators
was structured in compliance with its purpose. Indicators were dis-
tributed among the foci of the integrated monitoring of the collabo-
rative environment and presented in Fig. 1.

The collaborative environment, that encompasses investment
construction enterprises and a SEZ, is monitored to identify
the benefits of an ICP project, including the commercial and social

L ]

The monitoring of the external The monitoring of the internal environment
environment

The monitoring of the collaborative
environment

]
Internalities i

O e H

v L——o.o, — e - v
The monitoring of The monitoring of financial and
] the effectiveness of ICP economic activities of an ICE
implementation in a SEZ enterprise
v v
Business efficiency Indicators of financial activity

> Net value (NV) @
Net present value (NPV)

Integration indicators and
matrices of positive and
negative effects

Internal rate of return (IRR)

Profitability indicators
(ROE...)

Fig. 1. The foci of the integrated monitoring of a collaborative
environment

efficiency, demonstrated by external and internal effects that con-
tribute to the integration or disintegration of interaction subjects.
A matrix of absolute and relative indicators is formed on the basis
of the monitoring results, that represent a combination of financial
performance of an ICE enterprise willing to get involved in the im-
plementation of an ICP.

The next stage of the study is focused on the generation of
a management subsystem aimed at the integration of ICE enter-
prises with SEZ for the purpose of implementation of an ICP. Fig. 2
shows the route of input and output information from meso- and
micro-environments, surrounding the subjects of interaction, and
the decision-making by the person, who is responsible for integra-
tion and applies the proposed system of indicators [10, 11].

The management subsystem demonstrates the route of data
towards the person responsible for interaction and integration.

The person responsible for interaction and prospects for
integration between an ICE enterprise and a SEZ in M
the context of an ICP implementation

1. Analysis of financial and economic activities of ICE
enterprises

2. Multilevel planning of the integration process
3. ICP implementation and control

Transfer

Management solution

4. Distribution of calculation of indicators
5. Correction of results (if necessary)

| OutpL:tdata | F‘ ICE enterprise r

Information environment of interaction (impact)

| Input data |
A 4

Integration indicators

1. Factors of the meso-environment

1.1. Design conditions of investment and construction
activities in a SEZ

2. Factors of the micro-environment

Incoming
,—>

2.1. Factors triggered by SEZs (external and internal
features)

Fig. 2. A management subsystem for the integration between
ICE and SEZ enterprises in the course of implementation of an ICP

An important characteristic of the subsystem is its ability to trace
the relationship of the decision-making process in terms of the ap-
plication of integration indicators and their potential change, since
the information environment is rather dynamic than inert, and it
has a response effect on the process of integration.

An essential stage of research is the identification of the pro-
perties of a set of integration indicators. Table 1 has a summarized
description of the properties to be considered in the course of syn-
thesizing indicators to make them relevant to the goals of scientific
research.

Therefore, indicators of integration of ICE enterprises and

Table 1. Properties of indicators of integration between an ICE
and SEZ enterprises in the course of implementation of an ICP

Property Summarized description

The combination of financial and non-financial charac-
teristics used to develop a set of indicators

Balance

Comparability The availability of a benchmark that ensures the validity

and objectivity of indicators

Retrospection Account must be taken of time as an aspect of dynamic
change in the project parameters and the environment

of influences

Aggregation Consolidation of individual indicators into a single indi-
cator containing summarized information

Multi-stage Usability of indicators at various stages of integration of

nature ICE enterprises and a SEZ

a SEZ in the course of implementation of an ICP can be synthe-
sized with account for the application of the research methodology
and identification of areas in the environment to be subjected to
integrated monitoring with account taken of the data coming from
various information sources.
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» RESULTS

Indicators of integration between ICE enterprises and a SEZ
within the framework of implementation of an ICP correspond to
the two types of monitoring: the monitoring of the internal environ-
ment, represented by the indicators of the analysis of financial and
economic activities of an ICE enterprise willing to operate in a SEZ,
and the monitoring of the external environment, characterized by
the indicators describing the implementation of an ICP in a SEZ and
the extent of involvement of an enterprise in a project [12, 2].
Table 2 has a list of relative and absolute indicators of financial and
economic activities of an ICE enterprise.

Table 2. Indicators of financial and economic activities of an ICE
enterprise in the process of integration with a SEZ

Absolute indicators Relative indicators
Revenue Rse; | Coefficient of autonomy C,
Gross profit Py Coefficient of financial Cry

dependence
Cost of sales CS Capital productivity CP
Inventory and costs IC Return on assets R,
The total value of sources TVR Coefficient of current G
of reserves and costs liquidity
Sufficiency of the working | SOWC | Coefficient of solvency Cs,
capital of an enterprise
Tax deductions T Coefficient of C,
capitalization

The proposed set of indicators demonstrates the financial sta-
bility of an enterprise, the structure of its capital, and the loan to
equity ratio. These indicators demonstrate the solvency of an enter-
prise, its ability to honour the debt obligations, which is of key im-
portance for integration prospects.

The next group of indicators encompasses effectiveness indi-
cators of ICE enterprises and their involvement in ICPs [12-15], cal-
culated using the formulas of simple and compound interest with
account taken of the time factor, or the calculation of cash flows [16],
presented in Table 3.

These interrelated indicators determine the nature of influence
of external and internal effects of integration expressed through ma-
trices of absolute and relative indicators presented in (1) and (2).

Y, ¥, .,
X, ay a, a; a,
A= X, ay ay ay ay,| (1)
_Xn an1 an2 anm_
1 \/2 ym
X, ay a, a; a,
B=|X, a, a, ax 2n (2)
_Xn an1 an2 anm_

Table 3. Efficiency indicators of the ICP implementation in SEZs
and the involvement of ICE enterprises

Absolute indicators Relative indicators

Net value NV Profitability index Pl
Net present value NPV Internal rate of return IRR
Duration of preparatory Tap The ratio of the time of C,
work in case of preparatory work to
implementation of an ICP the time of construction and

ina SEZ installation work in a SEZ

The time needed to Tipg

obtain documentation —
and permits from
authorized government
agencies

The task of the matrix is to predict possible benefits and costs of
integration by generating patterns of interaction on the basis of inter-
sections between the two above-mentioned groups of indicators.

Patterns are prospects for interaction, identified using the va-
lues of monitoring indicators of Xi, the 1st subject of interaction
(the ICE enterprise), and Vi, the second subject (the SEZ), and
an in-depth study of the characteristics of patterns. The matrix con-
veys a certain dependence between the actions taken by ICE en-
terprises operating in SEZs.

Similarly, the matrix of relative integration indicators of ICE en-
terprises and a SEZ is shown in (3).

However, the applicability of these matrices is not limited to de-
termining the possible effects of integration. In case of uncertainty,
the matrix will have the form shown in (3).

E, E E,

b ¢y ¢, ¢y ¢
C=|D ¢, ¢y Cys Gy |- ©)

Dn Cn1 Cn2 Cnm

In case of uncertainty, the integration matrix is a means to as-
sess various options for the development of interaction, when
events, generated by the environment, such as E;, are unknown or
random. Subject D; performs one of the procedures.

DISCUSSION

Given the research results, the authors believe that the deve-
lopment of indicators, needed to integrate ICE enterprises with
SEZs, must be based on the study of the external and internal envi-
ronments of the subjects of interaction. The key approach, that pro-
vides for the synthesis of relevant indicators, is the analysis of infor-
mation flows and identification of possible effects of interaction
between the economic entities of different origin. Selected areas of
integrated monitoring, related to the analysis of financial and eco-
nomic activities of an ICE enterprise and the assessment of its ef-
fectiveness during the implementation of an ICP in a SEZ, are used
to identify important aspects of interaction, which are further ex-
pressed in matrices of absolute and relative indicators.
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The proposed decision-making subsystem of interaction and
subsequent integration of ICE enterprises and SEZ opens up broad
prospects for studying and improving the decision-making process.

CONCLUSION

The authors of the article believe that the value of the study lies
in the applicability of its results and methodology to various areas
towards improving the performance of ICE enterprises. The matri-
ces of absolute and relative indicators of integration predict pat-
terns of interaction, which in the future will allow identifying a certain
reliance on the actions taken by ICE enterprises and SEZs to clarify
the problem of disproportion in the siting of the territories of inte-
grated development that are necessary for the implementation of
technically complex and unique construction projects.

An important result of the study is the visual representation of
the management decision-making subsystem designated for col-
laborative interaction. It illustrates the route of output and input in-
formation coming from meso- and micro-environments. The ability
to examine the relationship between the indicators of integration
and decision-making by the person responsible for interaction al-
lows for a more comprehensive study of the aspects of a dynamic
environment that has a multi-level structure of factors of influence.
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paxalT Ka4yeCTBEHHbIE W KOJIMYECTBEHHbIE XapaKTEPUCTUKM
npegmeTa WUCCNepgoBaHusl, CBA3AHHOrO C BbISIBIIEHWEM BHeLL-
HUX U BHYTPEHHMX 3DEKTOB, CNOCOOCTBYIOLLMX UHTErpaLmm —
3KCTepHanun n uHtepHanuii. OnpefenexHve xapakrepa BAvMsHUS
BHELLHWUX U BHYTPEHHUX 3(PheKTOB AaeT BOSMOXHOCTb CMPOrHO-
31poBaTh BENWYMHY BbIFOA U U3LEPXeK AJ17 CTOPOH B3anmopen-
CTBUS, AEMOHCTPUPYS CUIbHbIE U cnabble CTOPOHbI BO3MOXHOM
uHTerpaumm npegnpusatuin ICC n O33 npu peanunsauum WCTI.
PeaynbraTtbl MOHUTOPYHIa NPeAcTaBnaloTCs B BMAe matpul ab6-
COSMIOTHBIX M OTHOCUTENbHBIX MOKa3aTenen, KoTopble He06X0AMMO
NpUBECTN K eAMHOW pas3MepHOCTU. ABTOpPbI CTaTbu MpepnararoTt
NPUMEHSATb pa3paboTaHHy CUCTEMY NMoKa3aTenen ans ocyLecT-
BMEHWA Lienel cTpaTerm4eckoro pasBuUTUS, U3MOXEHHBIX B MpPo-
rPaMMHbIX JOKYMEHTax Mo COBEPLUEHCTBOBAHWIO CTPOUTENbHOW
oTpacnu, CBA3aHHOM C peLleHneM NpobnemMbl ANCNPOnopLmmn pas-
MeLeHns O3, KoTopble He06X0aMMbI AN\ peanu3aummn TEXHUYe-
CKM CNOXHbIX U YHUKanbHbIX NCT1.

KnroyeBble cnoBa: 0cobble S3KOHOMUYECKME 30HbI, MPEenpu-
ATUS MHBECTULMOHHO-CTPOUTENILHOW Chepbl, MHBECTULIMOHHO-
CTPOUTESIbHbIV MPOEKT, MHTErpayns, SKCTEPHAINN, UHTEPHaIMU
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Market capitalization of construction
companies: the specifics of the valuation
of assets and liabilities within the framework
of the cost approach
The market capitalization of a company should be viewed as a strategic indicator of economic growth.
The assessment of the market capitalization of an enterprise entails the application of three standard approaches,
including the cost approach based on the assessment of assets and liabilities. The application of the net asset
method in the valuation process provides for the adjustment of balance sheet indicators; assets and liabilities |
obtain market valuations. Adjusted net assets can reflect the investment attractiveness of companies, having | u
significant amounts of work in progress, substantial profitability fluctuations, which fully applies to the construction
industry. Accounts receivable and accounts payable are part of the monetary relations of an enterprise; they have F
a specific circulation pattern, that predetermines the methodological problems of their market valuation. This
article explores possible approaches to adjusting the book value of receivables and payables, suggests corrective L
factors, including the time period for debt repayment, financial capabilities of an enterprise. Proposed approaches s!mlonova .
to the discount rate are to take into account the time factor. A system of indicators and a methodology for adjusting Nina Evgenievna,
overdue debts are proposed to assess the financial condition of the debtor. Doctor of Economics, Professor,
Keywords: business valuation, cost approach, assessment of accounts receivable, assessment of accounts Professor of the Department of
payable, cost factors, taking into account the time factor, debt adjustment Management and Economics of
Customs; Rostov Branch of
the Russian Customs Academy;
) . ) 20 Budennovsky Ave.,
INTRODUCTION new gnes, developing new types of products; Rostov-on-Don, 344002,
entering new markets. Russian Federation;
he general state of the construction industry can Valuation standards ensure the use of three ap- simionova@rambler.ru
have a negative impact on the activities of con- proaches to the market value of a company, inclu-
struction contractors. In recent years, the con- ding cost, income and comparative ones. Features
struction industry has demonstrated a positive trend, of the application of these approaches and corre-
or a growing amount of work performed. In 2020 and sponding methods are considered in the works of -
2021, the growth in the amount of work reached 100.7 domestic and foreign scientists? [2-8]. From - . &
and 100.6 %, compared to the previous year. At the standpoint of assessing the investment attrac- +
the same time, the business confidence index has re- tiveness of companies, it is advisable to determine
mained low since 2020. Despite the growing amount of the market capitalization using the cost approach,
work performed, the availability of construction ma- which is based on determining the market value of
chines, whose service life exceeds the standard de- corporate assets and liabilities. Despite its signifi- Simionov
preciation period, remains at a high level in the indus- cant labour intensity, the cost approach allows to Radomir Yurievich,
try. In particular, in 2021, the share of near-end-of-life reliably display the property status, its dynamics, Doctor of Economics, Associate
construction machines ranged from 33.6 to 63.0 %, weaknesses and possible points of growth. Professor, vDean of the Faculty
which boosts the risks for construction companies. The cost approach allows determining not only fgeEgﬂg(;E]CSCUZ?;f:Ecrggzrn;f
The current situation reduces the investment at- the direction of business development, but also de- 20 Budennovsky Ave., ’
tractiveness of the construction industry and inevita- velopment tools, since both assets and liabilities are Rostov-on-Don, 344002, Russian
bly reduces its economic stability. Under such con- assessed. This approach to valuation is dominant in Federation;
e L ) . . o . radomir@rambler.ru
ditions, the market capitalization of a construction the valuation of companies whose activities entail
organization becomes a universal criterion for the fi- large sets of property, significant amounts of work in
nancial and economic activities of a company’. progress, fluctuations in profitability, large indicators
The corporate market value assessment and use as of receivables and payables. These features are
a management indicator will solve the following most typical for the construction industry.
important tasks [1]: Accounts receivable, like bills of exchange, IOUs,
e solving investment problems, focused on at- and other similar securities, can circulate on the free
tracting investors, merging companies; market in a specific form. This specificity lies in
e identifying the effectiveness of long-term the fact that accounts receivable are not goods and
management solutions related to the moderni- can be realized in the form of an assignment of
zation of current industries and establishing claims. Therefore, there are certain restrictions
1 Federal State Statistics Service. URL: http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/s ics/finance (accessed:
July 10, 2022) (rus.).
2 Kozyr Yu.V. Assessment of receivables. URL: http://sroroo.ru/upload/iblock/ada/ada317715bf57d213fbab1cd38ba3db5.pdf (accessed:
February 10, 2022). (rus.). >
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P> imposed on the market valuation of this asset. Accounts payable are

also part of the financial relations of an enterprise; their value affects
the market value of a business undertaking, risks and uncertainties.

The study of approaches and specific methods for assessing
the receivables and payables allows us to conclude that the asses-
sment tools conveying the activities of construction companies have
not yet been generated in full in the current economic environment.
Given the importance and the problematic nature of the assessment
of receivables and payables, we consider them in more detail.

METHODS OF MARKET VALUATION
OF RECEIVABLES AND PAYABLES

According to the Federal Standard of the Market Valuation (Fe-
deral Standard No.8)3, two valuation hypotheses might be used when
a cost approach is applied to evaluate a company: a business entity is
either considered as a growing concern or its winding-up and sale of
assets is expected. In any case, the market valuation of the company's
assets and liabilities is required. Potential assessment approaches are
considered in the works of domestic scientists? [1, 4, 9, 10]. The eco-
nomic instability triggers non-payments, a mismatch between the re-
al and nominal values of receivables and payables; therefore, the as-
sessment needs to take into account trends in the development of
the economy, including a particular industry.

The analysis of current approaches to valuating receivables
shows that two stages are considered:

¢ the analysis and grouping of receivables subject to the pa-
rameters of debtors;

® the adjustment of the book value of receivables based on
a proposed ratio (or several ratios) to get to the market value
of an asset.

In the course of valuation, receivables are divided in two types:
delayed receivables (still to be paid) and overdue receivables (past
due). Ways to evaluate overdue and delayed receivables are diffe-
rent since as of the date of valuation overdue receivables are al-
ready depreciated and the prospects to collect delayed receivables
are still to be ascertained.

The following information should be taken into account when
receivables are analyzed [7]:

e the history of collecting receivables; the percentage of over-
due or unpaid receivables in the total debt owed to a specific
debtor;

e possible trends in the depreciation of receivables as a result
of inflation and other factors at the present stage of economic
development in a specific sector of economy;

e the probability of bad debts subject to the industry where
the debtor belongs;

e the corporate payment deferment policy;

¢ the corporate behaviour in relation to the repayment of liabili-
ties when accumulating receivables.

In case of a guaranteed repayment, no receivables are adjus-

ted and their market value shall be equal to the book value. Bad
debts are of zero value [7].

Almost all and every research into the market valuation of re-
ceivables is focused on finding a mechanism of determining the de-
preciation of receivables, but approaches differ. For instance, only
the factor of inflation is suggested to be taken into account and
used to calculate the current value of receivables by adjusting it for
each overdue month. Monthly inflation is taken as a discount rate
and by the way of discounting one can determine the loss of value
of receivables in the i-th period and then cumulatively for the whole
period of being overdue [11].

The ratio method of valuation is based on the following formula*:

C =Cyk,, (1

where C is a market value of receivables, monetary units;
Cg is the book value of receivables, monetary units; k, is the re-
ceivables depreciation ratio, unit fraction.

The method allows for unbiased results, if the depreciation ratio
can be linked to parameters of a specific debtor, probability of col-
lection, overdue period, which requires the systematization of re-
ceivables of a specific company using the above attributes.

A more thorough look into the valuation problem is implemen-
ted in a method of adjustment ratios used to adjust the book value
of receivables®. The market value of the debt is calculated accor-
ding to the formula C:

1
(1+ io)'
where Cj is the balance sheet value of accounts receivable;
¢ is the cumulative ratio of a decrease in the book value of debt,
unit fraction; i, is the discount rate corresponding to a return on risk-
free investments, unit fraction; k,_; are the ratios describing the de-
preciation of receivables using various factors, monetary units;
dy_; are the weights of ratios k;_;, unit fraction.

Depreciation ratios, provided for by this method, reflect the fac-
tors listed below: the financial condition of the debtor, the financial
collateral for the receivables, the debtor’s goodwill, the period when
receivables are overdue. The share of the said ratios in the total
result is determined by experts using weights.

Yu.V. Kozyr? proposes a differentiated approach to discounting
the nominal value of receivables. Specifically, in case of doubtful re-
ceivables the discount rate shall be formed based on a risk-free rate
and the market risk premium and in case of receivables, the collection
of which is beyond any doubt, the rate is to be calculated as follows:

C=Cx9=C, [Kid, + kody + ...+ kid, ], ()

i doti

5 (©)

where iy is the average interest rate for deposits, unit fractions;
ix is the average interest rate for deposits, unit fractions.

M.O. Ilyin® proposes to determine the discount rate as
the weighted average cost of capital:

i=ipdy +icdy, (4)

3 Federal valuation standard “Business valuation (FSO No. 8)". Approved by Order of the Ministry of Economic Development of Russia No. 326 (dated June 1, 2015). (rus.).

4 Coefficient method for estimating receivables. URL: http://www.inbico.ru/metodologiya/debitorskayazadolgennost/83koefficientnayametodikaocenkidebitorskoizadolgennosti.html

(accessed: December 13, 2021) (rus.).

5 National college of appraisers. Methodology for estimating receivables. URL: http://www.inbico.ru/metodologiya/42?debitorskayazadolgennost/81?metodikaocenkidebitorskoizad

olgennostinko.htm (accessed: July 30, 2022). (rus.).

6 llyin M.O. Methodological problems of estimating the value of the rights to claim receivables. URL: https:/srosovet.ru/content/files/00/18/2d.pdf (accessed: December 13, 2021). (rus.).
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where iy is the weighted average cost of capital, unit fractions;
dgis the share of equity, unit fractions; dj is the share of debt, unit
fractions.

As for the probability of collecting receivables, calculation is
based on the following formula®:

c=C,—p, (5)

P (1+iY
where f is a period of time between the date of valuation and
the most probable forecasted date of collection of receivables;
p is an integral ratio of repayment probability, unit fractions.

To determine the probability of return, the Harrington scale,
adapted for assessment purposes, was proposed, according to
which the probability of return ranges from O (bad debt) to 1.0 (ab-
solutely reliable)®.

The use of the scale requires exhaustive information about
the debtor, its goodwill, payables, structure of current assets, pros-
pects of receiving income and its growth.

Hence, one can conclude, that approaches to valuating recei-
vables, choosing reasons for adjustment, methods for reasoning
discount rates and period are quite ambiguous.

RESEARCH RESULTS AND RECOMMENDATIONS
FOR THE VALUATION OF RECEIVABLES

Figure shows the logical scheme we propose to valuate recei-
vables as part of property approach to business valuation.

The proposed method of determining the market value of re-
ceivables requires that the account is taken of the two factors:
the time factor of depreciation and the financial status of a debtor
as a potential opportunity to settle the liabilities. Bearing the time

factor in mind, we propose adjusting both overdue and delayed

receivables using various discount periods and given the probabi-

lity and time of repayment. The following approaches to determi-

ning the overdue period £, to be taken into account are in place.
Overdue receivables:

t,=t,+t,

where t, — period of being overdue, months; {, — expected time of
collection, months.

Delayed receivables:

b =1to

A risk-free capital investment rate, valid as of the date of valua-
tion, should be used as a discount rate.

To assess the company'’s solvency, we recommend using rela-
tive liquidity ratios differing in terms of liquid assets treated as
sources of coverage of short-term obligations, specifically [12]:

e cash ratio ko shows what part of current liabilities might be
covered by the most liquid assets of the debtor (reference
value kg > 0.2);

e critical liquidity ratio k; shows what part of current liabilities
might be covered in the nearest time (reference value kg, > 1);

e current liquidity ratio kg, shows the payment potential of
the debtor provided that the settlements with its debtors are
timely, and the sale of products is well-paced (reference value
ken 2 2);

e for financially unstable debtor companies additional indica-
tors of financial stability might be used and their values might
be a reason for a probable period of debt repayment. These
indicators include*:

| Determination of valuation purpose |

| Formation of valuation hypothesis |

Analysis and systematization of receivables

Analysis of receivables (for a specific debtor)

Analysis of market information

Fi ial
Book value of nancia Goodwill of
receivables state of the debtor
the debtor

Interest rates
for loans and
deposits

Industry —

e Inflation
specific risks

Forecasting repayment
probability

Reasons behind the discount rate to adjust the book
value of receivables

Overdue receivables

Receivables still to be repaid

Determination of the market value of receivables

Adjustment of balance sheet figures

The tentative valuation of receivables as part of the cost approach to business valuation
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1) equity ratio k, (reference value kg > 0.5);

2) current asset coverage ratio ko (reference value kg 2 0.1).

During the adjustment of the book value of receivables its share
in the total value of assets shall be taken account of: if this share
exceeds 30 %, this is deemed critical and might materially affect
the future proceeds of the company [2]. That factor is the one to be
born in mind for the purpose of forecasting the income flow during
the business valuation.

The assessment of accounts payable is an assessment of
the company's ability to obtain borrowed funds, since its share in
the capital structure is the criterion used to assess the reliability of
the borrower. A change in this indicator affects the company's li-
quidity and solvency indicators. To assess the state of accounts
payable with subsequent adjustment, the following indicators are
analyzed [12]:

¢ the average amount of accounts payable;

e the turnover ratio of accounts payable;

e the period of repayment of accounts payable;

e the share of accounts payable in the current liabilities.

For the purpose of assessing the value of the company, ac-
counts payable are analyzed as a whole. The balance sheet value
of its credit and loan liabilities is adjusted taking into account the in-
terest rates of banks [13]. To make the final conclusions about
the cost of accounts payable, it is advisable to focus on the criterion
of the optimal ratio of accounts receivable and accounts payable,
taking into account the fulfillment of the following condition [14]:

R,,, + AOP > NOC +LRR+P,,, 6)

where R,,, — allowable receivables; AOP — a change in the ope-
rating profit associated with the production and sale of products;
AOC — a change in operating costs associated with the production
and sale of products; LRR are the losses due to the untimely repay-
ment of receivables; P,,, — allowable accounts payable.

For an in-depth analysis of accounts payable, it is necessary to
analyze the balance of liabilities as of the end of the period accor-
ding to the terms of formation. A comparative analysis of accounts
payable and accounts receivable, determination of the company's
net credit position will allow to more reasonably determine its mar-
ket capitalization.

CONCLUSIONS

As seen from the analysis of the present investment and con-
struction area, the number of factors, that can have a negative ef-
fect on a construction business, grows. This requires new strategic

PblHOYHas KanuTanu3auus CTPOUTENbHbIX
KOMMaHui: cneumndmka oLeHKU akTUBOB
M NaccMBOB B paMKax 3aTpaTHOro nogxoga

PbIHOYHYIO KanuTanMsaumilo KOMMaHuwW criegyet paccMatpu-
BaTb Kak CTpaTerM4eckuii nokasartenb 3KOHOMWYECKOrO po-
cta. OueHka pbIHOYHOM KanuTanusauuv NpeanpusaTus npen-
ycMaTpuBaeT MpUMEHEeHMEe Tpex CTaHZapTHbIX MOAXOHOB,
BKJIlOYasA 3aTpaTHbli MOAXOL Ha OCHOBE OLEHKM aKTUBOB
n o6a3atenbCTB. MNpUMeEHEHNe B NpoLiecce OLEeHKU METOAA YM-
CTbIX aKTUBOB MpefycMaTpuBaeT KOPPEKTUPOBKY 6anaHCOBbIX
rokasaTenen, akTuBbl U 0653aTeNIbCTBA MOJMyHaloT PbIHOYHbIE
oLeHKM. CKOPPEKTUPOBAHHbIE YNCTbIE aKTWBbI CNIOCOGHbI OTpa-
XaTb MHBECTULMOHHYIO NPUBNEKATENBHOCTb KOMMAHUI, UMELD-

management targets of a construction business. One of potential
approaches is managing market capitalization, which requires
the market valuation of balance sheet figures. The most proble-
matic assets to be valuated are accounts payable and accounts
receivable. The availability of situation-specific and various solu-
tions is the reason behind numerous valuation approaches and
methods. Having considered the current views and solutions,
the authors focus on an approach based on the economic balance
as the most suitable method of capitalization management. Special
focus is placed on selecting methods of valuating receivables as
the least studied aspect of the problem. Authors limited themselves
to considering a cost approach without detracting from the impor-
tance of income and comparative approaches.
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LMX 3Ha4uUTENbHblE O06bEMbI HE3aBEPLUEHHOro MPOU3BOACT-
Ba, CYLLECTBEHHblE KonebaHusa nokasaTenen QOXOAHOCTU, YTO
B MOMHOW Mepe OTHOCUTCA K cTpouTenbHon cdepe. Oebutop-
cKasi U KpeguTopckas 3afo/mMKEHHOCTU ABMSAIOTCS YacTbio Oe-
HEXHbIX OTHOLLUEHWA NPeanpusaTus, UMeKT cneunduky obpa-
LEeHNs, YTO MpeponpepensieTr MeToan4Yeckue npobnembl UX
PbIHOYHOW OUEHKW. B gaHHOM cTaTbe MCCnefoBaHbl BO3MOX-
Hble NMOAXOAbl K KOPPEKTUPOBKE 6anaHCOBOM CTOMMOCTU Oebu-
TOPCKON U KPEAUTOPCKOWN 3af0SIKEHHOCTM, NPeasioXeHbl Kop-
pekTupyoLmne akTopbl, Cpean KOTOPbIX BPEMEHHOW Mepuon
noraweHusa gonra, (bVIHaHCOBbIe BO3MOXHOCTU NpeanpuaTus.
MpepnoxeHbl nogxodbl K (POPMUPOBAHUIO CTaBKM AUCKOHTA
ansa yyeta cdaktopa BpemeHu. [pepgnoxeHa cuctema nokasa-
Tenewm gns oueHKM PUHAHCOBOrO COCTOSIHUS OOMXKHMKA, METO-
VKA KOPPEKTMPOBKM NMPOCPOHEHHOM 3a80/IKEHHOCTM.
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An earned value method in a smart system
of construction project management

The article presents a brief overview of methods used to estimate the implementation of investment and
construction projects. The advantages of the earned value method, areas of its development and prospects for
its application in smart systems of construction project management are addressed. The author has developed
a rhombus tolerance technique to standardize the implementation of construction projects and automatic deviation
control. The valuation dependence on the value of construction and installation work is considered as an aspect of
formation of a field of acceptable project implementation indicators. A dynamic dependence and correlation between
the number of project assignments, valuation and schedule are revealed. The decomposition of project indicators
into component groups is presented. Basic deviations, arising during the project implementation, including the total
expenditure deviation, the deviation of the valuation of a unit of work, the productivity deviation, the deviation of
the number of works, the deviation of the valuation of resources and the deviation from the schedule. The signal
function of deviations of an implemented investment and construction project indicators is considered. Relevant
management functions of the earned value methodology are identified. The author lists the basic situations that
entail the implementation of signaling functions in the system of intelligent management of construction projects
based on the earned value method. Situational precedents are identified as a methodological basis for future case
modeling. The comparability of the earned value methodology and relevant construction engineering techniques
is identified. Fundamental iterations of the implementation of the earned value methodology are developed.
A decision-making algorithm, based on the principles of smart management, is presented for investment and
construction projects. The author presents the areas of further improvement of the earned value method to
optimize the management of construction projects.

Keywords: an investment and construction project, an earned value method, deviation management, decision-
making

INTRODUCTION

e present a review of current approaches to
Wassessing the valuation of investment and

construction projects at the stage of their
implementation [1-15]. The traditional method used to
analyze the project valuation uses the concepts of
the planned valuation of work according to the sche-
dule and the valuation of the work, which is actually
done. The traditional method of assessing the project
valuation is simple and easily accessible, but it has
the following disadvantages: there is no estimate of
the project completion degree; the work, which is ac-
tually done at the expense of the money spent is not
considered; there is not information about such pro-
ject indicators as value and time; it is not possible to

The application and development of the EVM
methodology are studied in different ways [3]:

e modification of EVM model
the earned schedule concept;

e using fuzzy logic and implementing a proba-
bility approach to improve estimates of real
projects;

e control metrics for the adequate evaluation of
the volatility impact on the project implementa-
tion;

e analysis of the EVM model dependence on ex-
perts’ judgments;

e analysis of advantages and critical success
factors of the EVM model in construction pro-
jects;

indicators;

predict the future performance of the project work.

Project managers should have a lot of information
about the execution of work relative to the plan, about
the compliance with the schedule, about the devia-
tions and their nature to make effective management
decisions. These tasks can be solved by the earned
value management (EVM) methodology that controls
the main project parameters, including its planned,
actual and earned valuation. According to the Project
Management Body of Knowledge [10], the earned
value management method conveys the actual phy-
sical progress of the project and the integration of
the most important areas of project management,
such as content, time and cost.

e the EVM model and quantitative methods of
the control theory;

e analysis of the EVM model as the methodo-
logical basis of the theory of management
decision-making;

¢ the EVM model as a component of investment
analysis.

The earned value management methodology
significantly expands the evaluation, in particular,
prospects for automatic deviation management'
[16-19]. Continuous earned value management of
a project ensures early warning signals of project
problems and opportunities, accurately and reason-
ably predicts its full or partial implementation,

1 Sultanov I.A. Management of the mastered volume and timely solutions. URL: http://projectimo.ru/realizaciya-proekta/metod-osvoennogo-

obema.html (rus.).
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the risks of budget overruns and missed deadlines, penalties, and
the launch of competing projects.

RESEARCH METHODOLOGY

A systematic approach, basic principles of the standard cost
system, methods of economic and mathematical modeling, valua-
tion parameters characteristic of an investment and construction
project, decomposition methods of the project valuation and iden-
tification of deviations, projected prospects of an adaptive manage-
ment model, methodological elements of software development
and algorithm formation were applied to achieve the goal of the re-
search.

RESULTS AND DISCUSSION

The earned value management method entails the use of a re-
port on the earned value, the time-focused allocation of planned
and actual values, planned amounts of work performed within
the framework of a project, including the planned value, the actual
value, and the earned value.

The controlled implementation of an investment and construc-
tion project is based on analytical indicators that convey the devia-
tion of relevant accounting indicators from the planned ones. Con-
trol operations may be conducted for all component groups;
methods of model differentiation are used in this study. Component
groups are formed with account taken of the basic tasks of project
management: objects, construction and installation works, struc-
tural elements, costs, resources, etc. The methodological plan is
differentiated by absolute and relative indicators of each compo-
nent group, which is further integrated into common implementation
indicators of an investment and construction project.

At the micro-level of elementary work performed within
the framework of an investment and construction project, project
valuation can be considered as a linear dependence between
the valuation and value of construction and installation works
(Fig. 1). The variability of the valuation of an investment and con-
struction project forms a diamond tolerance for standardizing pro-
cesses of project implementation and deviation management.

The advantages of the earned value method allow to identify
the dynamic dependence and correlation between the basic pa-
rameters of an investment and construction project implementation,
including valuation, amount of work and schedule. For a detailed
description of the studied dependencies, we will decompose
the basic indicators of the earned value method to project unit indi-
cators.

For example, the concept of the unit valuation of work V,, wide-
ly used in construction, allows to analytically decompose the valu-
ation by the deviation factor — the unit valuation or the amount of
work- and decomposition of the planned and actual value of work
allows, in addition to all of the above, to control production P.

PV =PV, -PQ = PV, -PP-T, (1)
AV = AV, -AQ = AV, -AP-T, ©2)
EV = PV, -AQ = PV, -AP-T, ©)

where PV, is the the planned unit valuation of construction and in-
stallation works; PQ is the planned amount of construction and in-
stallation works for the planned time; PP is the planned production;

CIW Valuation

CIW Value

Fig. 1. Valuation variability of an investment and construction
project: 1 — actual valuation of the overspending in terms of the actual
backlog value; 2 — actual valuation of the overspending in terms of
the planned value; 3 — actual valuation of the overspending in terms of
the actual lead value; 4 — earned valuation of the backlog; 5— planned
valuation of the planned value; 6 — earned valuation of lead; 7 — actual
valuation of actual backlog value savings; 8 — actual valuation of
planned value savings; 9 — actual valuation of actual lead value savings

T is the control period; AV, is the actual unit valuation of construc-
tion and installation works; AQ is the actual amount of work per-
formed during the planned time; AP is the actual production.

Single rates, presented in (1)—(3) by the type of work, allow to
identify the use of resources for the implementation of these types
of work in the future. A similar decomposition of the valuation of
an investment and construction project can be performed in rela-
tion to objects, structural elements, costs, resources, implementers
and other groups of components.

Given the basic methodological principles, the total deviation of
the cost as of the date of control is the amount derived from the dif-
ference between EV, the earned valuation of the work performed,
and AV, the actual valuation of the work performed:

AC=EV—-AV. (4)

In (4), the indicator of the unit valuation of work and its deviation
from the planned significance AV = (5), the indicator of production
and its deviation from the planned significance AP (6) are used:

AC=PV,-AQ-AV,, -AQ=(PV,, - AV, )AQ=AV, -AQ (5

AC=PV,-AP-T-AV, -AP.T =

(6)
=(PV,, - AV, )AP-T =AV,, (PP + AP)T.

We will also consider the deviation of the amount of construc-
tion and installation works in natural terms as of the date of control.
Similarly to the above, we assume a positive significance corre-
sponding to favourable conditions and a negative significance cor-
responding to unfavourable conditions.

AQ = PQ-AQ. (7)
Then
AQ =PQ-AQ, (8)
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AC=AV,,(PQ +AQ). ()

In fact, we have proven the above (5) using other logical justifi-
cations.

In addition to the above method of decomposition of the devia-
tion of an investment and construction project valuation, we will
consider the deviation of expanded valuation AC in respect of re-
sources.

AC, =EQR-PVR- AQR-AVR =
=AQR,,-AQ -PVR-AQR,,-AQ-AVR = (10)
= AQR,,(PVR- AVR)AQ = AQR,, - AVR - AQ,

where R is the type of resources; EQR is the earned amount of re-
sources (the planned amount of resources by the actual value of
work); PVR is the planned valuation of resources; AQR is the actual
amount of resources by the actual value of work; AVR is the actual
valuation of resources; AQR,, is the actual unit amount of resources
per unit of work during the control period; AVR is the deviation of
the resources valuation.

Based on the above (7)-(10), factors of deviation of resources
and project indicators suggest a deviation in the amount of resour-
ces, the resource valuation, the amount of work performed. The de-
viation of the valuation of an investment and construction project
includes basic components of the deviation of direct costs, devia-
tions of overhead expenses, the price for the contractor's work and
other components in general and in each subject phase.

In turn, on the date of control, the schedule deviation is deter-
mined by the difference between the earned valuation of the work
performed and the planned valuation PV of the work according to
the schedule. Similarly to the work value deviation in natural indica-
tors, we assume a positive significance corresponding to the fa-
vourable conditions and a negative significance corresponding to
unfavourable conditions.

AS=EV-PV. (11)

In the above (11), it is possible to associate a deviation from
the schedule with the unit valuation of work, which illustrates
the fundamental methodological significance of this valuation dis-
crepancy compared to the discrepancy determined by (6):

AS=PV,,-AQ-PV, -PQ=PV,, -AQ. (12)

Formula (12) has a deviation from schedule AQ, expressed in
natural units or in units of construction and installation work value.
The deviation from the schedule can be rationally used together
with methods of network planning: an estimate of the event para-
meters, works and the network schedule, simulation of the project
implementation based on the formation of a set of works, their pri-
oritizing, determining the necessary resources and tasks that must
be solved to complete the project.

In this paper, the author presents the basic part of design de-
viations DS, AQ, ACR, AV, AP, AVR, AS and recommendations for
establishing other significant deviations in the course of implemen-
tation of investment and construction projects. Basic deviations DS,
AQ, ACR, AV,,, AP, AVR, AS serve as signals of the complex system
and a chain of events, which further ensures automatic adaptive
project management, such as the coding and implementation of
one or more smart algorithms using a specially designed and struc-
tured database. The process of smart project management is
based on monitoring the signals and factor indicators, their analysis

taking into account the impact on the target indicator, forecasting
possible changes and conditions for the management of the object
development process, evaluating alternative solutions when cho-
osing the most effective management actions.

The EVM methodology provides project management with
the necessary information that allows to:

e determine the common progress of the project;

e control deviations according to project indicators, identify

trends and prevent possible deviations;

e justify the need for additional work funding, rescheduling and

shifting the end of work stages, increasing the project team;

e reducing and preventing the risks of work performed on

the basis of objective indicators;

e justifying the need to withdraw from the project or transfer it to

other implementing structures;

e optimizing resources allocation across projects;

® developing and implementing an adequate motivation policy

for the project team by linking the corporate goals and
the project team;

e accumulating and summarizing quantitative and qualitative

chronological information, making databases;

e identifying current problems in the project management field.

The possibilities of the smart management of investment and
construction projects may be expanded through the use of a situ-
ational approach. The earned value methodology is the analytical
basis for assessing the state of an investment and construction pro-
ject; it assumes the following basic situations. The situation of
“Ahead of schedule and budget overruns” has a dual character. On
the one hand, unplanned circumstances can lead to the over-
spending of funds in the course of performing the scheduled work.
On the other hand, the work can be performed ahead of the sche-
dule and, accordingly, more money is spent. The situation of being
“Behind the schedule and having budget overruns” occurs when
the work is performed in violation of the planned schedule and in
excess of the planned costs. This situation is negative.

The situation of being “Behind the schedule and having budget
savings” is either neutral or positive. On the one hand, the work can
be done behind the schedule and, accordingly, money can be
saved. On the other hand, there may be real savings of money
which is a positive fact. The situation of being “Ahead of schedule
and having budget savings” is non-standard. On the one hand,
given the accelerated performance of work, money can be objec-
tively saved. On the other hand, the project work implementation
may be ahead of the schedule and budget savings are possible for
the reason of the subjective nature of violations in the project and
estimate documentation, work planning, accounting policy.

The implementation of the earned value management methods
in the smart management system, applied to investment and con-
struction projects, involves the following iterations.

1. Definition of the value and detailing of project work.

2. Creating a hierarchical project structure.

3. Setting control tasks at the level of individual components
and indicators.

4. Responsibility delegation and the management schedule de-
velopment.

5. Evaluation of the actual project implementation, control of
earned value indicators and cost effectiveness.

6. Optimization of project costs during its implementation,
taking into account the identified trends.

7. Management of work in progress.
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8. Management of identified trends in the implementation of all
stages of the project.

The construction valuation engineering system allows to quick-
ly estimate and predict the results of the project based on
the earned value methodology, to make management decisions
based on a case approach used within the framework of an invest-
ment technology for the smart management of construction pro-
jects (Fig. 2).

This algorithm includes integrated tools for the cost estimation
of projects and prospects for the automatic adaptive management
based on the deviations from the design parameters using modern
economic models of development trends based on the earned
value methods. The use of the methodology, addressed in this arti-
cle, will make it possible to form a special structured database for
the systematic implementation of a smart management system for
investment and construction projects.

Methodological advantages can be listed as a result of a sum-
marized research into the earned value methods: the ability to get
an accurate idea of the project state, identify violations of the finan-
cial project model, implement corrective management measures. At
the same time, it is possible to present directions for the further
improvement of the earned value methodology: identification and
optimization of interrelations between deviations from project indi-
cators, development of qualitative estimates of situations, develop-
ment of methods of indicative estimates, a rational combination of
methods of accounting and evaluation of project parameters, im-
provement of methods used for the forecasting of the earned value
of investment and construction works. An improved methodology
for evaluating and analyzing project implementation indicators will
improve adaptive management according to a special algorithm
used for the optimal development of investment and construction
projects.

To estimate the current project state
with the help of a comprehensive estimate of indicators

!

Do a comparison
of the current and planned project state

!

Use the knowledge base to choose a variety of management alternatives
thatallow to achieve the desired result

v

Compare the selected alternatives
and determine the optimal alternative according to the given estimates

v

Correct the measures and form a plan for the implementation
of the optimal management solution

Estimate the predictive effectiveness of
theselected activities and analyze
the expected completeness of achieving
a given goal

Proceed with the implementation
of selected management activities

Fig. 2. A decision-making algorithm for the implementation of an investment and construction project

CONCLUSION

In this paper, indicators of deviations in the implementation
phase of investment and construction projects are established, ba-
sic principles and specific features of the project management sys-
tem are described using valuation engineering methods. A model
of analytical indicators is developed; recommendations and formu-
las for the application of the earned value methods are presented
to rise the efficiency of control of the valuation of an investment and
construction project.
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MeTop ocBOeHHOro oé6bema
B MHTEJINIeKTyaJlbHOW CUCTeMe yrpaBrieHUs
CTPOUTENIbHbIMU NPOEKTaMM

MpenctaBneH kKpaTkuii 0630p METOAOB OLEHKM CTEeneHwn pea-
M3aLmMnN MHBECTULIMOHHO-CTPOUTENbHBIX MPOEKTOB. BbigeneHsl
[JOCTOMHCTBA MeTOAa OCBOEHHOro O6bema, HampasneHus ero
pasBUTUS U NEPCMEKTUBbLI NCNONb30BAHNA B UHTENNEKTYanbHOW
cucTeMe ynpasneHus npoektamu. ABTOPOM pa3paboTaH pom6-
[OMycK Ansi HOPMUPOBAHWA MPOLIECCOB peanu3auun CTpoUTesb-
HOro NpoeKTa 1 aBTOMATUHECKOro YNPaBneHns No OTKIIOHEHUAM.
PaccmoTpeHa 3aBMCMMOCTb CTOMMOCTM OT 06bema CTPOUTENbHO-
MOHTaXHbIX paboT, KaK OAUH U3 acrneKkToB hOPMMPOBAHUA MONSA
[OMyCTVMbIX NOKasaTenen peanusaummn NpoeKkTos. BeissneHa an-
Hammnyeckas 3aBUCUMOCTb M B3aUMOCBA3b KOMMHYECTBA MPOEKT-
HbIX paboT, CTOMMOCTM U pacnucaHus. NpepcTaBneHo passo-
XXEHVEe MNPOEKTHbIX NoKasaTesie MO KOMMOHEHTHbIM Fpymnnam.
OnpepfeneHbl 6a30Bble OTKNOHEHWS, BO3HUKAKOLLME Npu peanu-
3auumM NPOEKTOB: O6LLee OTK/IOHEHME NO 3aTparam, OTKIOHeHne
yOEeNIbHON CTOMMOCTM paboT, OTKIIOHEHME BbIPABOTKM, OTKIOHE-
HVMe KonuyecTBa pPaboT, OTKIOHEHWE CTOMMOCTM 3aTpayveHHbIX
pecypcoB, OTKIOHEHWE pacnucaHus. PaccmoTpeHa curHanbHas
YHKLUMS MOSYyYEHHbIX OTKIOHEHU MokasaTtenen peanu3aumu
WNHBECTULIMOHHO-CTPOUTENBHOMO MNPOEKTa. BbisiBNEHbl akTyasnb-
Hble yrnpaBfieH4Yeckne yHKLMM METOLONOrMN OCBOEHHOMO 06b-
ema. B cTtatbe BbifBfeHbl 6a30Bble cUTyauun Ans peannsaumu
CUrHasbHbIX OYHKUMIA B CUCTEME MHTENNEKTYanbHOro ynpasne-
HUS CTPOUTENbHLIMM MPOEKTaMU Ha OCHOBE METO[OSIoOrnW Oc-
BOEHHOro o6bema. MpeHTndmumpoBaHbl CUTyaLUmMoHHbIE npeLe-
[EHTbl COCTOAHNA NHBECTULIMOHHO-CTPOUTESIbHBIX MPOEKTOB, Kak
MeToaM4ecKas ocHoBa 6yayLlero npeLefeHTHoro MoaenMpoBa-
Hus. OnpepeneHa COMOCTaBMMOCTb METOAOSIOMMU OCBOEHHOMO
o6bema 1 akTyanbHOro CTPOUTENBHOIO MHXWHWPWUHra. Paspabo-
TaHbl OCHOBHbIE UTepaLun BHEAPEHUS METOA0NOrMN OCBOEHHO-
ro o6bemMa B CUCTEMY MHTENNEKTYaslbHOro ynpasfieHWsi Npoek-
Tamu. MNpefcTaBneH anroputm NPUHATUA PELLEHNI B OTHOLLEHWN
peanu3aumm MHBECTULMOHHO-CTPOUTENbHBIX NMPOEKTOB, MOCTPO-
€HHbIVi Ha NPUHLMNAX MHTENNEKTyasnbHoro ynpasneHus. B ctatbe
npeacTaBneHbl HampaBneHUs OasibHEMLLEro COBEpPLLEHCTBOBA-
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Methodology for improving the agricultural
suitability of land for the sustainable
development of a territory

The concept of long-term socio-economic development of the Russian Federation predetermines the sustainable
development of rural areas, as well as an increase in the standard of living among the rural population. These
processes can be optimized within the framework of a competent urban planning policy by a geographic information
system. Geoinformation systems ensure the sustainable development of a territory by using simulation tools to
plan a set of environmental measures, as well as the measures to improve the agricultural suitability of lands.
The article describes the data integration process towards the comprehensive assessment of the territory of
the Rostov region, describes the research methodology, and identifies the key factors that are behind the indicators
of agricultural suitability of land. The authors present the preparatory stage, or data collection for a simulation
model. The justification of development planning solutions for rural areas is provided as a detailed classification
of lands and anthropogenic factors that affect the stability of the entire landscape system of a constituent entity of
the Russian Federation. The method of an objective function and the use of the priority matrix is used to calculate
the agricultural suitability of the territory. A set of environmental measures has been developed on the basis of
the levels and types of damage and pollution of the territory of a constituent entity of the Russian Federation.
The proposed set of measures is standard, although it includes an assessment of their effectiveness. The result
of the study is presented in the form of the maps of the Rostov region, demonstrating the agricultural suitability
of the territory for the crop production before and after the corrective measures. The conclusion discusses
the prospects for the application of the simulation model, its versatility and advantages.
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suitability, agro-industrial complex, peripheral zones, territorial planning

Fedorovskaya Albina
Ahmedovna,

Candidate of Technical Sciences,
lecturer of the Departments

of Urban Engineering and
Facilities; Don State Technical
University (DSTU); 1 Gagarin Sq.,
Rostov-on-Don, 344000, Russian
Federation; ID RISC: 679259,
Scopus: 57194454315, ORCID:
0000-0002-6096-5889;
bina-87@mail.ru

Territorial development of rural settlements has
long been based on a systematic approach.
Theoretically, rural areas are studied using
the geographical approach in conjunction with
the assessment of socio-economic, environmental,
and labour potentials. The Strategy for the sustaina-
ble development of rural areas of the Russian Fede-
ration (hereinafter — RF) for the period up to
2030 defines the sustainable development of rural
areas, which includes the following list of simultane-
OUS processes:

e an increase in the productivity of the agro-
industrial complex (hereinafter — AIC) and
the efficiency of agriculture;

e steady socio-economic development of ter-
ritories;

® maintaining welfare, that is, ensuring the full
employment of the rural population that will
bridge the gap between the rural and urban
population (up to 85 %);

e improvement of the level and quality of life
among the rural population;

e rational use of natural resources [1].

The experience of various countries should be
addressed to present the global development of ru-
ral settlements. The results of the analysis are pro-
vided below (see Fig. 1).

We should also mention the key foci of the EU
policy that coincide with the development goals of
rural settlements in the Russian Federation.

1. Sustainable rural development and environ-
mental management, supporting the transition to
climate-resilient agricultural production, forestry,
and low-carbon food processing.

2. Innovative development of the agro-industrial
complex and promotion of retention of labour and
intellectual potential in the agro-industrial complex,
forestry and rural areas in general.

3. Promotion of social inclusion, poverty reduc-
tion, and economic development of rural areas,
the priority of preserving rural population.

4. Reproduction and more efficient use of land
and other natural resources, environment-friendly
initiatives in production [1].

The case study of rural development employs
the following tools:

e geographic information systems and databa-
ses of agricultural land monitoring (EFIS ZSN
as the information system on agricultural
land) [3];

e databases on the status of parameters of so-
cio-economic conditions in the RF subject,
created in the ArcGIS ESRI environment (here-
inafter — ArcGIS ESRI environment DB) devel-
oped in specific conditions and annually up-
dated on the basis of the data provided by
the Russian Federal State Statistics Service
(Rosstat);

® data obtained as a result of the environmen-
tal monitoring of the territory of the subject of

1 Strategy for the sustainable development of rural territories of the Russian Federation for the period up to 2030 : approved by
the Government of the Russian Federation on February 2, 2015. No. 151-p. URL: http://www.consultant.ru/document/cons_doc_LAW_174933/284409

4b7ba6e57e91fd5bb036ee91d9f6727238 (Accessed: May 10, 2022).
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EU: 118 European Rural Development Policy Programmes 2014-2020 (LEADER/Liaison Entre Actions de
Developpement de I'Economie Rurale. CLLD/Community-Led Local Development)

USA: Task Force on Agriculture and Rural Prosperity created in 2017; main goals are integration of rural areas
into a single information space, improvement of the quality of life, rural employment, dissemination of
innovations, economic development

Canada: decentralized rural development — 15 “regional development corporations”; reliance on local
initiatives and the Canadian Rural Partnership network (established in 1998); focus on people in sparsely
populated and remote areas — distance/population matrix criteria for allocation of funds

Rural development priorities
in the countries of the world
]

China: 2018. “Rural Revitalization” programmes (through 2022), “Rural rejuvenation” (through 2020),
“Agricultural modernization” (through 2035) and “Creating a strong agricultural sector and full self-realization
of farmers” (through 2050)

Fig. 1. Priority areas of rural development: the global experience [2]. The left vertical line: Priority areas of rural development worldwide;
the top horizontal line: EU: 118 programmes of rural development in Europe for 2014-2022 (LEADER/Liaison Entre Actions de Dévelopement de
Economie rurale, CLLD/Community-Led Local Development); the middle horizontal line: Canada: decentralized development of rural territories —
15 regional development corporations; support through local incentives and Canadian Rural Partnership (est. 1998); principal attention is focused on
the dwellers of remote and scarcely populated areas, a matrix criterion for the distribution of funds being the “distance/population density”; the bottom
horizontal line: China: 2018 — Countryside Revival programme (through 2022), Countryside Rejuvenation programme (through 2020), Agricultural
Modernization programme (through 2035), and Strong Agricultural Sector Creation and Self-Fulfillment for Farmers programme (through 2050)

Russian Federation integrated into the database in
the ArcGIS ESRI environment DB;

ethe land use layout for the RF subject integrated into
the ArcGIS ESRI environment DB;

e information and simulation modeling, development and
changes in the rural areas of the subject of Russian Federa-
tion.

The processes involving environment-friendly initiatives in pro-
duction, decision-making optimization in urban planning policy,
and monitoring of land are closely linked and require the develop-
ment of a simulation model to improve the agricultural land usabi-
lity [4]. The preparatory stage of designing a simulation model
needed to improve the agricultural land suitability includes
the steps shown in Fig. 2.

Hence, rural areas should be analyzed using the system of
comprehensive assessment [5].

The implementation of all of the above steps allows to de-
velop a simulation model to improve the agricultural land suitabi-
lity (see Fig. 3).

Cartographic methods of visualization, applied to develop-
ment processes and analysis of territories on the basis of GIS
technologies, are an effective tool used by various target groups
of specialists in the field of urban planning and regional manage-
ment. The implementation and demonstration of the results of
a comprehensive assessment of the territory in the ArcGIS ESRI
environment allows to optimize the decision-making process by
systematizing all incoming information and land monitoring data.

It is necessary to identify the main branches of agriculture and
the degree of influence of the agricultural priority of land on their
development following the comprehensive assessment of the ter-
ritory of the RF subject. The key sectoral specializations of
the agro-industrial complex are:

PREPARATION OF A SIMULATION MODEL

s

STAGE 1 — Selection of criteria for the comprehensive
assessment of rural settlements in the RF subject
\

~

S

s

STAGE 2 — Classification of agricultural lands by cate-
gories, yielding ability, etc.

~

G J

( B
STAGE 3 — Classification of environmental factors

G J

( B

STAGE 4 — Classification of factors affecting branches
of agriculture in respect of the yielding ability and suita-
bility of lands

S

s

STAGE 5 — Elaboration of a set of measures to increase
the agricultural usability/suitability of lands in the RF
subject

o

~

Fig. 2. Preparation of a simulation model
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BLOCK 1 [

Incoming data: BLOCK 2
Process scheme

Sustainable development program Normative docgments
for rural areas Orders and decisions

of the RF Ministry of Agriculture

Ecconcjuic development strategy until 2030
EFIS SZN monitoring data

o,

Comprehensive assessment of the RF subject territory

Assessment of priorities in development of rural
territories as per industry brandies before measures

SIMULATION MODEL

BLOCK 3 BLOCK 4
Variable factors: Simulation
Ambient an conditions, contamination of soils Measures to improve the agricultural
with heavy metals, drinking water quality, land suitability (measures to improve
environmental potential of territories environmental conditions)

\J
Assessment of priorities in development of agricultural ares as per
industry branches alter the measures

Fig. 3. Simulation of the agricultural land suitability enhancement in the RF subject

e animal breeding; Table 1. Comprehensive assessment factors
e crop farming;
e agricultural produce processing (enterprises and manufac- Numeric
turing facilities); Identification Factor value,
* machine building. points
Therefore, crop farming and, indirectly, animal breeding have
the greatest influence on the specialization and the agro-industri- F1 Crop farming branches 0...1
al complex of the territory. This means that it is reasonable to use
the case of crop production and improvement of the agricultural F2 Animal breeding branches 0...1
land suitability in the subject of the Russian Federation to demon- F3 Agro-climatic resources 0.1
strate the operation of the model under consideration and its im-
plementation. Here we use the case of the Rostov Region, one of F4 Ploughland yielding capacity 0...1
the leading agrarian regions in the country. )
. ) ) , F5 Agricultural stress 0...1
First of all, all stages of preparation for the simulation process
are performed (see Fig. 2). The process of preparation is shown F6 Degradation of soils 0.1
stagewise.
Stage 1. Selection of criteria for the comprehensive deve- F7 Integral indicator of natural factors 0...1

lopment assessment of rural settlements in an RF subject.

For this purpose, the factors, presented in Table 1 below, are Integral indicator of the anthropogenic

F8 0...1

employed to conduct a comprehensive assessment of the territory. load

F7. The integral indicator of natural factors. The integral asses- ] ]
sment of an area using natural factors encompasses two indica- F Atmosphere air pollution 0..1
tors: the ecological potential of natural landscapes and the sustain- F10 Pollution pf soils with heavy metals 0.1
ability of ecosystems.

F8. The integral indicator of the anthropogenic load is deter- F11 Drinking water quality 0.1
mined by summing up the impact on the natural and man-made F12 Environmental potential 0.1

environment (transport, production, agriculture, etc.).
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F12. The environmental potential includes the following pa-
rameters:

® ajr temperature;

e relative humidity;

e condensation processes in the atmosphere;

® heat supply.

Factors F9 to F12 are variable; when included in the simulation
model, they allow to clearly demonstrate changes in the suitability
of agricultural land. Each factor is scored from 0 to 1. The results of
the comprehensive assessment of a territory are the basis for deter-
mining the agricultural (hereinafter — A/C) priority of territories.

Stage 2. Classification of agricultural lands (broken down
into categories on the basis of the yielding capacity).

Stage 3. Classification of environmental factors.

The main pollution factors affecting the environment in
the Rostov Region are:

¢ condition of the atmosphere air;

e pollution of soils with heavy metals;

e quality of drinking water.

Stage 4. Classification of factors affecting the branches
of agriculture in terms of the productivity of land, its suitabi-
lity for agricultural use.

The main factors of anthropogenic impact on soils are (Table 3):

e salinification;

® erosion;

According to Article 22 of the Land Code, agricultural lands
are the lands for the agricultural production, agricultural research
and training activities, accommodation of the corresponding pro-
duction infrastructure, or designated for these purposes
(Table 2)2 [7].

e desertification;
e pollution, land disturbance during construction;

® mining;

® storage of wastes;

Table 2. Classification of A/C lands on the basis of the yielding capacity [6]

Group Land type

Ploughlands

Hay-making lands, including natural ones, improved, seeded with crop rotations of perennial grasses

Pastures

Productive lands Fallow lands, which are not inarable, and other lands unsuitable for agricultural production

Land occupied by perennial plantings (orchards, vineyards, etc.)

Lands enclosed by water bodies used for the production of marketable products

Land occupied by forests and shrub vegetation, which can be used to obtain marketable products

Land occupied by farm roads

Land occupied by utilities, as well as linear and other structures not related to the agricultural production

Lands occupied by trees and shrub vegetation intended to protect lands from the impact of negative (harmful) natural, anthropogenic

Non-productive lands
p and technogenic phenomena, protective forest belts

Land occupied by enclosed bodies of water not used in the manufacturing of commercial products

Fallow lands, which are inarable and other lands unsuitable for agricultural production

Land occupied by buildings, structures and facilities used for production, storage and primary processing of agricultural products

Lands occupied by
buildings and structures | Land occupied by other structures used in the process of agricultural production (sheds, drinkers, structures of reclamation systems,

warehouses of solid mineral fertilizers, meliorative agents, etc.)

Table 3. Anthropogenic factors divided into groups

Group Type of land Description
Main factors Soils, topography, water bodies, buildings, plants, animals, etc. Static
Process factors Plowing of soil, corrosion of metals, moving plants and animals, etc. Dynamic
Phenomena Air, water, soil pollution, radio waves, electric current, etc. Variable
2 The Russian Federation Land Code dd. October 25, 2001 No. 136-FZ (ver. dd. December 25, 2018) (with consequent amendments and additions, valid as of January 01, 2019) :

The RF Official Gazette. 2001; Oct. 29(44):4147.
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e alienation of land for the purposes of industrial and municipal
construction [7, 8].

Stage 5. Elaboration of a set of measures to improve
the suitability of land for agricultural uses in the subject of
the Russian Federation.

A set of environmental measures were developed and presen-
ted in Table 4 to improve the agricultural suitability of areas, which
are rated as low priority ones as a result of assessment.

The result of a set of measures in the low rating areas is a rise
in the indicators and, consequently, a higher priority rating of
the territory for agricultural development (Table 4). This process is
a simulation of an increase in the agricultural priority of the terri-
tory, and the measures are presented according to the above
stated environmental factors with an assessment of their efficien-
cy®45[9, 10].

After a comprehensive assessment of the territory of the Rostov
region, the calculation of the agricultural specialization priority is
made in respect of the crop production.

By compiling a matrix of the agricultural priority, significance
coefficients are determined for each F1-F12 factor in respect of
crop production, and then the calculation is made.

For this purpose, importance coefficients are determined (va-
rying from O to 1) for each factor and entered into Table 5. It should
be noted that the survey was conducted among a group of 5 experts
with the help of the questionnaires developed for this particular task.

The A/C priority rating is calculated using the target function
formula (1), by multiplying the matrix by the results of a comprehen-
sive assessment.

P/ =5Q R/, 1)

where P is the value indicator (utilization priority) for j-th type of A/C
specialization; Q is i-th relative value ratio of the territory;

Table 4. Results of implementation of a set of environmental measures

R is the importance coefficient of the i-th factor for j-th type of A/C
specialization.

The result of the calculation is a priority map of agricultural
specialization, or crop production, implemented in ArcGIS ESRI
(Fig. 4, a).

A set of environmental measures is needed to increase the ar-
able land’s suitability in the areas featuring low priority ratings.
The simulation model is implemented and the recalculation of
the P indicator is made anew as a result of environmental mea-
sures® [11, 12].

After the implementation of a set of environmental measures
and the recalculation of the rating of agricultural priority lands,
the land use map, showing the crop production, looks like the one
shown in Fig. 4, b.

The comprehensive land assessment and agricultural priority
maps of the Rostov region, demonstrating the soil fitness for
the crop production, the priority districts are: Egorlyksky, Tsimly-
ansky, Zernogradsky, Kagalnitsky, and Myasnikovsky. After
the implementation of a set of environmental measures and the re-
calculation of the rating, the list is supplemented by the following
districts: Sholokhovsky, Verkhnedonsky, Kasharsky, Salsky, Prole-
tarsky, Tselinsky, Zimovnikovsky. Hence, the analysis of the maps
shows that the suitability of land grows not only in the south-west
of the region, but also in its southern and northern parts. Using
such a parameter as the agricultural suitability of the territory,
geographic information systems can clearly demonstrate future
changes to be caused by the reduction in the anthropogenic load
and implementation of environmental protection measures.

The proposed simulation model is universal and can be ap-
plied to the territory of any subject of the Russian Federation in
the current conditions of natural and man-made environment and
landscapes [13-15]. This model can find the most suitable sites
and territories for AIC enterprises and the arrangement of

Factor Measures
Air pollution Creation of sanitary protection zones, sewage treatment plants, introduction of lower emissivity technologies, treatment of emissions
Soil pollution Development of systems for the recycling of industrial waste into secondary material resources; replacement of toxic waste with

non-toxic waste; replacement of unrecyclable waste with recyclable waste

Water pollution treatment methods

Development of different types of drainless engineering systems and water recycling procedures on the basis of wastewater

Environmental potential

Removal of industrial enterprises from large cities and construction of new ones in sparsely populated areas with lands unsuitable for
agricultural purposes; optimal location of industrial enterprises, taking into account the topography of the area and prevailing winds

Table 5. Priority matrix (selection of importance coefficients for factors F1—-F12)

Factor
Branch
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12

Crop farming 1 0.5 1 1 1 1 1 1 0.5 1 0 1

3 Key measures for environment protection. URL: http://ecologylib.ru/books/item/f00/s00/z0000000/st014.shtml

4 Basic processes of engineering protection of environment. URL: http://msd.com.ua/processy-inzhenernoj-zashhity-okruzhayushhej-sredy/

5 Guidelines on comprehensive assessment and functional zoning during district planning. URL: http://russianrealty.net/2014base/zastroyshchik2/rukovodstvo19.htm

6 State of Environment and its Impact on Human Health. Official web portal of the Rostov Region Government. URL: http://www.donland.ru/Default.aspx?Pageid=80952
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Conventions
___Borders of the
Rostov region
Priority score
0.00 - 4.00
4.01-5.00
[ 5.01-6.00
I 6.01-7.00
I 7.01-754

a

Conventions

___ Borders of the
Rostov region

Priority score
0.00 - 4.00
[ 4.01-5.00
I 5.01-6.00
I 601-7.66

b

Fig. 4. A/C land priority rating for the purpose of crop farming in the Rostov Region: a — before the measures are taken; b — after the mea-

sures are taken

functional zones. The calculation of the rating of agricultural prior-
ity lands allows for:
e the targeted regulation of the use of territories according to
their functions and suitability;
e the establishment of the optimal regime of land use for each area;

¢ the evaluation of the effectiveness of environmental measures
and their composition according to the pre-set purposes;

e the determination of the sequence of land development, ta-
king into account complexities and environmental conditions;

e the expansion of the developed land, taking into account
the concept of sustainable development, without damaging
the environment and reducing environmental risks.
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MeToponorusa NnoBbiLLEeHUS
CeNbCKOXO3IMCTBEHHON NPUrogHOCTH
3emenb ANa yCTOM4YUBOro pa3BuUTUA
Tepputopumn

KoHuenuus  [osirocpoYHOro  coumarnbHO-3KOHOMUYECKOro  pas-
BuTUS Poccuiickon ®epepaumm npeponpepenser obecrneyeHune
YCTOMYMBOrO pas3BUTUS CENMbCKUX TEPPUTOPUIA, a TakKxXe MNOBbl-
LLEHME YPOBHSA XXWU3HWU CENbCKOro HaceneHus. OnTummnampoBaTtb
3TW MPOLECChl B pamMKax rPaMOTHOW rpafoCTPOUTENbHOW Momnu-
TUKN MOXHO MyTEM CO3AaHVs reOMHAOPMALIMOHHON CUCTEMbI UX
nopaepXkn. [eoMHopMaLUMOHHbIE CUCTEMbI MO3BONAOT 06eC-
MeYnTb YCTOMYMBOE Pas3BUTUE TEPPUTOPUM 3a CHET UCMOJL30Ba-
HUS UHCTPYMEHTOB MOZESIMPOBaHWS Npy NIaHMPOBaHUN KOMIMIEK-
ca NpupoaoOXPaHHbIX MEPOMNPUATUN, a TaKkXe Mep Mo yy4LLEHUIO
CEeJIbCKOXO3ANCTBEHHOW MNPUrogHOCTM 3eMenb. B crtatbe onu-
CaH MpOLECC MHTErpaumn AaHHbIX O MPOBEOEHUS KOMIMIEKCHON
OLIEHKM TeppuTopumn PocToBCKOl 0611acTu, onMcaHa MeToaosIorus
NPOBELEHNA [AHHOrO UCCNENOBaHNSA 1 BbIBEOEHbI KIOHEBbIE (hak-
TOpbI, 06ecneymBaloLLMe nokasaTenun ceslbCKOX03aMCTBEHHOM Npu-
rogHocTn 3emenb. lNpencTaBneH NOAroTOBUTENbHLIN 3Tan coopa
MHopMaumn ans CoO3[aHust MMUTaLMoHHoM mogenn. O60cHoBa-
HVEe pPeLLEHNIA MO NSTaHUPOBAHUIO Pa3BUTUS CESIbCKUX TEPPUTOPUIA
TaKXe OCYLLIECTBISIETCA C MOMOLLbIO MOAPO6HOW Knaccudunkaumm
3eMeslb U aHTPOMOreHHbIX (hakTOPOB, BIMSIOLLIMX HA YCTOMYMBOCTb
BCeW naHawadTHoM cucteMbl cybbekTa Poccuiickon depepaumnn.
[Ons pacyeTa CeNnbCKOXO3AMCTBEHHOM MPUFOAHOCTU TeppUTOpUn
MCMOMb3yeTCs METOA OOBEKTUBHOW (PYHKLMW U NMPUMEHEHVE Ma-
TpYLpl NpuopuTeToB. PaspaboTaH KOMMNAEKC MpUpOA0OXPaHHbIX
MEPOMNPUSATUIA, OCHOBaHHBIA Ha YPOBHAX W Bupax yliepba v 3a-
rpsisHeHus TeppuTopumn cybbekta Poccuiickon ®enepaumn. Mpeg-
CTaBJIEHHbIN KOMMJIEKC MEp SBMSIETCS CTAHAAPTHbLIM, HO BKIIOYaEeT
OLIEHKY MX 3hEKTUBHOCTU. PesynstaTtoM mccrnegoBaHus SBRs-
1oTCA KapTbl PocTOBCKOM 0651acTU MO napameTpy CenbCKoXo3si-
CTBEHHOW NPUIrOgHOCTV TEPPUTOPUM AN Pa3BUTUS pacTEHNEBOI-
CTBa [0 W MOCNe MPOBEdEHNS KOPPEKTUPYIOLLIMX MEPONPUATUNA.
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Using the microbial Anammox community
to treat wastewater in cities and settlements

Anammox bacteria, discovered in the late 20th century, had a stimulating influence on the development of new
wastewater treatment technologies. Processes, involving this type of bacteria, can occur both at urban treatment
facilities and industrial enterprises, depending on the degree of contamination of incoming wastewater. In this article,
the authors compare various technologies offered on the market for various purposes. The Anammox community
of microorganisms is interesting because of its potential ability to purify wastewater saturated with nitrogen
compounds, but poor in organic matter. Classical methods of removing biogenic elements cannot effectively treat
this type of wastewater. The authors have revealed that in nature Anammox bacteria play a significant role in
the nitrogen cycle as well as in the process of thorough biological wastewater treatment and removal of nitrogen
compounds. Various patterns of the Anammox process are considered; they differ from one another in oxygen
conditions and items of equipment. They are also recommended for the treatment of wastewater featuring different
concentrations of contaminants at the inlet to the treatment plant. As a result, potentially effective development
areas have been identified. The authors have proven that the quality of wastewater treatment can meet standard
requirements if Anammox bacteria are used.

Keywords: Anammox bacteria, Anammox process, denitrification, nitrification, MVK-Anammox, Sharon-

-_,,.,
!’ 'y

Anammox, Demon, Deamox

INTRODUCTION

oday, the task is to intensify processes to en-

I sure their energy efficiency and improve

the quality of wastewater treatment at wastewa-

ter treatment plants. If we address the treatment of

domestic wastewater, the main indicators that deter-

mine the quality of wastewater treatment are the bio-

logical oxygen demand (BOD), chemical oxygen de-

mand (COD), suspended solids and biogenic ele-
ments (nitrogen and phosphorus).

Particular attention is paid to technologies em-
ployed to remove biogenic elements, whose exces-
sive content at the outlet from the reservoir causes
eutrophication and the death of fish.

Historically, before it was identified that aerobic,
anaerobic and anoxic microorganisms, including re-
cently discovered Anammox bacteria, play the most
important role in the life cycle of the nitrogen mole-
cule, description of the natural nitrogen cycle had
had certain assumptions. A certain role belongs to
nitrogen fixers, which are both aerobic and anaero-
bic. The Anammox community is most important for
the nitrogen cycle; it is particularly developed in
the oceanic waters, the vital activity of which, along
with denitrifying bacteria, saturates the atmosphere
air with molecular nitrogen.

First of all, the newly discovered Anammox bac-
teria can be studied by specialists in applied bio-
technology because of the strong potential of a new
biological method of wastewater treatment. Before
the discovery of Anammox processes, nitrogen-
containing substances were removed from effluents
using multistage patterns of sequential nitri-denitrifi-
cation.

It is obvious that currently used biological waste-
water treatment solutions cannot be called perfect.
Both nitrification (the aerobic oxidation of ammonium

nitrogen to nitrite and nitrate) and denitrification
(the process of reducing nitrate nitrogen to molecu-
lar nitrogen under anaerobic conditions) involve high
operating costs. This is due to the high cost of aera-
tion of activated nitrifying sludge, as well as the cost
of external sources of organic substrate needed to
ensure effective denitrification. Processes, involving
nitrification and denitrification, demonstrate a con-
sistently effective treatment quality if the effluent is
slightly polluted with nitrogen, but rich in organic
matter.

Such methods are optimal for the treatment of
domestic wastewater, but it is problematic for
the wastewater with a varying ratio of the concentra-
tion of total nitrogen and organic pollutants. Experi-
ence has shown that the economic effect of tradi-
tional denitri-nitrification processes is low [2].

MATERIALS AND METHODS

The ANAMMOX (ANaerobic AMMonium OXida-
tion) process entails the anaerobic oxidation of am-
monium by nitrite to form nitrogen. This process is
carried out by Anammox bacteria (Fig. 1).

In the anaerobic microbial community, Anammox
bacteria are known as planktonomycetes, which use
nitrite and ammonium in oxidative processes, resul-
ting in the release of pure nitrogen molecules. Anam-
mox bacterial cells tend to aggregate and create sar-
cinogenic microcolonial agglomerates.

The cellular structure of bacteria is more or less
similar, but insignificant variations have been re-
vealed. The cells are similar in shape to cocci, and
they also have incised forms; the diameter rarely ex-
ceeds 1 micron. The largest cells are found in Can-
didatus Anammoxoglobus propionicus [1].

Like all planktonomycetes, Anammox bacteria
are divided into several groups, in which particular
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Fig. 1. Anammox bacteria

biochemical processes occur. The first one is parifoplasma, which
is located between the outer membrane and the first inner one.
The second site is located below; it is the riboplasm, which is limi-
ted by the second inner membrane. And, finally, there is a unique
cellular organelle, or Anammoxoma, surrounded by a double-layer
membrane. It occupies about 70 % of the cell volume and is re-
sponsible for catabolism [3, 4].

The Anammox process enjoys the increasing attention of scien-
tists from all over the world. The main task of research is to deter-
mine the composition of communities of microorganisms, to under-
stand their relationships and to develop the flow chart of
the Anammox process.

RESULTS

What is the complexity of research? All Anammox bacteria are
characterized by the low growth rate (11 days) and, accordingly, in
the future, the operating mode of these bioreactors is slow.

They all function as part of communities. These communities
consist of diverse though closely related microorganisms. Their
connections are still being investigated by scientists from different
countries [5].

The traditional flow chart of the Anammox process is well-
known. At the first stage of the process, ammonium is converted to

nitrite. Later, molecular nitrogen is formed. The classical flow chart
combines two processes: partial nitrification (nitridation) and
the AMX process.

The Anammox technology is both economically and environ-
mentally superior to the standard methods:

* lack of demand for organic matter, reduced demand for oxygen,

which leads to a 2-3-fold reduction in energy consumption;

e nitrous oxide is not formed during intermediate reactions and,

as a result, it has a lower greenhouse effect [6].

More than 100 pilot plants use current Anammox technologies
worldwide. They differ in the type of hydraulics, the biomass and
the type of loading, if any. Varieties of process charts are shown in
Fig. 2 [7].

Let’s consider the features of several technologies.

1. The Mosvodokanal Anammox process.

The Anammox-type technology was developed by Mosvodoka-
nal together with the Russian Academy of Sciences for the treat-
ment of return flows, that is, those flows that enter the aeration tank
after the sludge treatment stage (for biological treatment purposes).
Traditional methods cannot cope with this task due to the lack of
organic matter.

The Anammox bioreactor operates as a “carousel” reactor, that
is, it is a hydraulically mixed reactor that entails simultaneous mi-
xing and displacement. The temperature in the reactor is main-
tained in the range of 30-37 °C.

The Mosvodokanal — Anammox technology is distinguished
from other types by the presence of.

A reactor, or an additional oxidizer, needed for the removal of
organic residues, and the reactor acting as the crusher of activated
sludge (Fig. 3) [9-11].

2. The SHARON Anammox.

This process has two stages:

1) SHARON (Single reactor High activity Ammonia Removal
Over Nitrite), or a single-stage reactor with highly active ammonia
oxidation of nitrites;

2) ANAMMOX, or a reactor for the anaerobic oxidation of am-
monium.

Due to the presence of two reactors, the task is to control
the growth of solely ammonium-oxidizing bacteria in the Sharon-
reactor and to suppress nitrite-oxidizing bacteria.

At the first stage, some ammonium is converted into nitrite in
the presence of oxygen. The process does not need any biomass
retention. This means that the activated sludge immediately

Database of wastewater
treatment flow charts
using Anammox processes

One -pot process
flowsheets with partial
nitrification and
anoxidation of ammonium

Two -reactor flow charts
with partial nitrification and
anoxidation of ammonium

Flow charts involving
denitri- nitrification, partial
nitrification and anoxidation
of ammonium

Fig. 2. Wastewater treatment flow charts involving Anammox processes [8]
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Heat
exchanger

Screening
sedimentation

Fig. 3. The Mosvodokanal Anammox — process

contacts nitrogen and flows out of the reactor. In this case, the age
of the sludge is about eight days.

At the second stage, the resulting mixture of nitrite and ammao-
nium enters the anaerobic reactor, where it is converted into mo-
lecular nitrogen (Fig. 4) [12, 13].

Influent

A step COD Settler
oxidation

BIOREACTOR

Shredder

Post-oxidation

Secondary
pedimentation

3. The Demon Technology.

The Demon, also known as the Deammonification System, is
implemented in the SBR reactor (Fig. 5). Batch processing is car-
ried out by batch feeding of untreated waste water, controlling aera-
tion and agitation, to simultaneously carry out the partial nitration

Effluent

B step Settler
NH4+ oxidation

Implementation
of a combined
Sharon-Anammox
process

Dewatering
Sludge liquor

Sludge

Fig. 4. SHARON-Anammox

Sludge withdrawn

Sludge

digester

Excess sludge
- (Nitrifiers)

Influent of wastewater

Micro-screen

Return sludge

(AMX bacteria)

Effluent

Equalization tank DEMON® reactor

® Pump @ Blower

Fig. 5. The Demon Technology

@ Mixer
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P> and AMX reaction in the same reactor. The amount of sludge in-

creases when bacteria perform the nitrogen treatment; however,
the balance between the metabolism of nitrifying bacteria and AMX
bacteria is maintained by selectively removing nitrifying bacteria
from the reservoir using a microscreen. Sludge separation is re-
quired to retain slow-growing AMX bacteria in the system.

In the long term, this process ensures the process stability [14, 15].

4. The Deamox Technology.

This technology encompasses processes of partial denitrifica-
tion and Anammox.

The process needs an anaerobic reactor due to the low con-
tent of the organic substrate. Further, the flow of wastewater is
divided into two streams. The first one enters the nitrifier reactor,
the mixing chamber, and the second one enters the mixing
chamber.

The combined wastewater stream enters the anaerobic post-
treatment reactor having Anammox cultures. The anaerobic reactor
consists of SBR-reactors, designed to receive waste water, mix and
remove purified water (without aeration).

In conditions of the insufficient amount of an organic substrate
and the presence of a significant amount of ammonium nitrogen in
the absence of oxygen, the process of partial denitrification leads
to the reduction of nitrates to nitrites.

The mode of operation of the SBR-reactors assumes intensive
granulation using the initial removal of unstable floccules of activated
sludge. The bioreactor is saturated with the Anammox culture after
the granulation of heterotrophic denitrifying activated sludge [16—18].

Nitrifying Reactor

N/NH4+
S04 . NH4+, HS-
Anaerobic Reactor

NH4+, HS

The process of formation of nitrite from nitrate occurs both under
autotrophic and heterotrophic conditions, i.e. with the presence of
auto-hetero-trophic bacteria, which complicate the process (Fig. 6).

CONCLUSION

The paper considers the influence of Anammox bacteria on
the biological removal of biogenic elements, namely nitrogen
compounds, as well as its general effect on the nitrogen cycle in
nature. The strengths of this process are revealed. As a result,
the main directions for the future development of this area have
been identified.

1. Increasing the stability of the Anammox process.

Due to the incompleteness of research, not all Anammox bac-
teria-related factors are taken into account. Hence, the technology
operation is unstable. This can disturb the ecological balance in
the water bodies. Also, Anammox bacteria are sensitive to some
environmental factors, such as temperature, pH, etc., which can
also aggravate the instability of operation [18].

2. Treatment at low temperatures.

Currently, much attention is paid to the study of the behaviour of
Anammox bacteria at low temperatures, because it is important to
track this process in the countries with cold climates, including Rus-
sia. Several attempts have been made to design different circuits at
low temperatures. These studies are currently being carried out at
the Scientific and Educational Center for Water Supply and Sanita-
tion. The system shows more stable performance at a temperature of
about 15 °C. The research at lower temperatures continues [19, 20].

3. Purification of low nitrogen concentrations.

4. Treatment in membrane reactors.

NO3-,
(+N02)
N2, NO%, S042-

DEAMOX
Reactor

Fig. 6. The Deamox Technology
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OunctKa CTO4YHbIX BOA, ropopos
N HacCeJieHHbIX NYHKTOB C MNPUMEHEeHUem
6aKTepMaanoro coobuiectBa AHaMMOKC

OTKpbITME B KOHLE XX BeKa aHaMMOKC-6aKTepuil BbI3Bano [oc-
TaTO4HO OONbLUOW MpPOrpecc B pa3paboTKe HOBbIX TEXHONOrui
O4MCTKU CTOYHBIX BOA. lNpoLiecchl ¢ yHacTnem AaHHOro Bupa 6ak-
TEPUA MOryT MPOTeKaTb Kak Ha OYMCTHBLIX COOPY>KEHUSX FOpPO-
[I0B 1 MOCEJIKOB, TaK M Ha NPOMBILLSIEHHbIX NPEAnpUATUSX B 3a-
BMCUMOCTM OT CTEMNEHMW 3arps3HEHMS NOCTYNAOLLMX CTOYHbIX BOS,.
[aHHasa cTaTbs MNOCBSLLEHA CPAaBHEHMIO Pa3fINYHBLIX TEXHOOMUI,
KOTOpble CErofHs NMpeanaralTca Ha pbliHKE ANA PasnuyHbIX Le-
nen. CoobLLecTBO MUKPOOPraHM3MoB Anammox MHTEPECHO Nep-
CNEKTUBHOCTBIO OYUCTKWU CTOYHbIX BOf, HACbILLEHHbIX COeavHe-
HUSIMKW a30Ta, HO 6efHbIX OpPraHNYecKNMM BELLEECTBAMWU, UMEHHO
C TakMMM CTOYHLIMW BOJAMM HE CMPaBAAOTCA Kaccuieckue me-
TOAbl yAaneHus GMOreHHbIX 3NeMEeHTOB. BbiABneHo, 4YTo aHam-
MOKC-6aKTEpPUM UrpatoT 3HA4MTENbHYIO POSb B KPYroBOpoTe a3o-
Ta B NPUPOAE, a Takxe B MnpoLecce ry6oKon 6Monorn4eckon
O4YMCTKUN CTOYHbIX BOA, OT COeAMHEHMI a3oTa. PaccMoTpeHbl pas-
NMYHbIE TEXHONOIMYECKME CXEMbI aHAMMOKC-MNpoLiecca, KoTopble
pasnMyaloTca KUCNOPOAHBIMU YCMOBUAMU, HAGOPOM COOPYXe-
HUI, a TaKXe PEKOMEHAYITCA AN OYUCTKMU CTOYHBIX BOA C pas-
HbIMW KOHLIEHTPaLMAMM 3arpsisHeHU B CTOYHbIX BOAAX Ha BXOAE
B OYUCTHbIE COOPYXeHusi. B pesynsraTte 6binv BbISBEHbI Nep-
CNEKTVBHbIE HanpaBfieHUs pa3BUTUA B 3ToM obnacTu. MNokasaHo,
YTO Ka4eCTBO OYMCTKN CTOYHbIX BOA, KOTOPOE MOXET ObIThb MOSy-
YEeHO UCMONb30BaHWEM U3Y4YEHHbIX 6aKTEPUIA, MOXET COOTBETCT-
BOBaTb HOPMATUBHbIM MOKa3aTenNsaM.

KnroyeBble cnoBa: aHaMMOKC-6aKTepuu, aHaMMOKC-rpoyecc,
AeHnTpucbukauyms, Hutpugmkayms, MBK-AHammoke, LllapoH-
AHammoke, [JemoH, Jeamokc
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Implementation of a simple additive weighting
method to choose a thermal insulation material

for buildings

Using insulation materials is a solution to reduce energy consumption in buildings and structures. Insulation
materials are chosen on the basis of economic and technical criteria, such as the energy-saving effect, construction
conditions, climatic conditions, durability, price, etc. At present, there are many different methods related to multi-
criterial decisio-making; one of them is the Simple Additive Weighting (SAW) method. This paper explains how to
apply SAW to solve sequence problems in choosing an insulation material.

Keywords: multicriterial analysis, SAWmethod, thermalinsulation material, mineral wool, expanded polystyrene (EPS),

extruded polystyrene (XPS)

Nguyen Tien Nam
Hoang Thi Hanh Van

INTRODUCTION

oday energy efficiency is key to sustainable

I development not only in Vietnam, but also

around the world. lts mission is to combat cli-

mate change in the conditions of depleting global fos-

sil oil resources® 2 3. Using insulation materials to

make buildings and constructions is one of the solu-

tions to reduce energy consumption by air-conditio-

ning and ventilation systems and improve the quality
of life inside buildings [1, 2].

The choice of an insulation material affects
the insulation capacity, the quality and durability of
the structure of exterior building walls. Multi-criterial
decision making (MCDM) deals with decisions in-
volving the choice of the best alternative among
several potential options to select an insulation ma-
terial with account taken of the following factors:
the energy-saving effect, construction conditions,
climatic conditions, the durability and cost of con-
struction.

The authors introduce the Simple Additive Weigh-
ting (SAW) method to make a decision on the insula-
tion material used to repair exterior walls of buildings in
tropical countries (Vietnam, Indonesia, Thailand, My-
anmar, ...). The next section of the paper is arranged
as follows: Part Il, Literature Review surveys research
papers about insulation materials and some popular
multi-criterial decision-making methods; Part Ill,
Methodology, presents the SAW method; Part IV, Nu-
meric Example applies the SAW method to select in-
sulation materials; and Conclusion is the final part.

LITERATURE REVIEW

Insulation materials have been widely used in Eu-
rope and Russia for the purpose of reducing heat loss
and saving energy in buildings. Some basic categories

of insulation include bulk insulation — vermiculite, per-
lite and expanded clay gravel, mineral wool (basalt
fiber or glass wool), eco-wool, insulation, including
foamed polymers (polyfoam, urea formaldehyde foam
insulation, expanded polystyrene, extruded polysty-
rene, and polyurethane foam) [3—6]. The technical
strengths and weaknesses of different types of materi-
als are presented by several authors (K.S. Kravchen-
ko, T.l. llyasov, G.R. Gafurova and A.G. Dalabaeva).
However, in their research works, the method used to
evaluate and select insulation materials, if the selected
alternatives meet the pre-set criteria, such as insula-
tion efficiency, durability, construction conditions, cli-
matic conditions and material prices, is not provided.
In these works, mineral wool, expanded polystyrene
(EPS) and extruded polystyrene (XPS) have the fol-
lowing noticeable advantages: low thermal conducti-
vity, durability, fire resistance, efficiency, environmen-
tal friendliness, and ease of installation.

However, to choose insulation materials with ac-
count taken of constraints such as insulation efficien-
cy, durability, construction conditions, climatic condi-
tions, material price, MCDM is used to choose the best
alternative among several potential options. Currently,
there are many methods to solve this problem, inclu-
ding the method of simple additive weighting (SAW);
the TOPSIS method; electre | and electre Il methods,
etc. [7-13]. The SAW (Simple Additive Weighting)
method is one of the best-known and widely used
methods of multi-criterial decision making.

METHODOLOGY

In general, the process of finding the best ther-
mal insulation material can be divided into the fol-
lowing steps:

* analysis of materials according to the criteria;

» standardization of the criteria;

1 QCVN 09:2017/BXD. Building structures utilized energy efficiency. Hanoi, 2017.
2 Directive 2002/91/EC of the European Parliament and of the Council of 16 December 2002 on the energy performance of buildings. Official

Journal of the European Communities. 2003; 65-70.

3 On Energy Saving and on Increasing Energy Efficiency and on Amendments to Certain Legislative Acts of the Russian Federation :

Federal Law No. 261-FZ of November 23, 2009.
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> * determining the criteria weight; L;=5.
* determining the rating of materials by multiplying the criteria

. Given that:
values by weights.
The applied method for determining the integral dimensionless L;=L; =3, for which i =
index based on the modified SAW method can be divided into
the following stages. L;=L;=>5, for which i#j.

Step 1: selecting initial comparison criteria (it is necessary to
make sure that the criteria are not duplicated).
Step 2: setting functional comparison goals (maximum or mini-

The weight coefficient of each criterion is identified and the re-
sults are controlled using formulas (2)—(4).

mum values).

Step 3: defining the direction of each criterion and translating w :i @)
the criteria not corresponding to the direction of the functional goal ' ZL,-,
(using the reciprocal of the number).

Step 4: determining the value of dimensionless criteria using 3m’ :ZLU, 3)

the following formula:

-G 00 ) 2W =1, (@)

Fi=<n
Zj:1C/f

where P; is the dimensionless value of criterion i of option j;
C; is the value of criterion i of option j; n is the number of options,
j=1,2,...,n.

Step 5: determining the importance of each criterion in
the comparison.

The use of the Warkentin square matrix and the evaluation of u
criteria on a scale, the use of the e; coefficient means the impor- Yi :; Wi )
tance of BK; criterion according to the rules:

* the level is not important when BK; << BK;

where W, is the weight coefficient of criterion i for all criteria;
L;is the level of importance of criterion i of option j; m is the number
of initial criteria for comparison.

Step 6: determining the dimensionless value for each option
using formula (5):

where V;is the dimensionless value of option j; P; is the dimension-
less value of riterion i of option j; W; is the weight coefficient of cri-
L;=1; terion i in all criteria.

Step 7: analyzing and rating the options by the dimensionless

* the level is less important when BK; < BK;
values.

L;=2;

. A NUMERIC EXAMPLE
* the importance levels are equal when BK; = BK;

The economic and technical criteria, presented in Table 1, are
used to calculate and analyze the heat transfer process through
* the level of importance when BK; > BK; the external wall structure into the buildings and to conduct experi-
ments to assess the suitability of three types of materials (extruded
polystyrene, expanded polystyrene and mineral wool) to the climate
* the level is very important when BK; >> BK; conditions in the Hanoi area. The criteria in Table 1 are used as input

L,.j=3;

L,.j=4;

Table 1. Economic and technical criteria

Criterion Units Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)
GCoefficient of thermal conductivity A W/(m-C) 0.029 0.041 0.038
Material layer thickness & m 0.02 0.02 0.025
Material density p kg/mé 33 10 80
Static load P kg/m? 0.66 0.2 2
Material price rub/m? 118 53 156
Durability Years 70 50 40
Fire resistance — Abnormal Abnormal Perfect
Level of compliance with climate conditions — Perfect Normal Abnormal
Thermal insulation efficiency % 59.16 49.10 58.04
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data for evaluating, comparing and selecting insulation materials for
exterior wall structures and constructions in Vietnam* ® [14—16].
Step 1. Choice of comparison criteria
Table 2 presents the analysis and selection of 7 criteria from
the entire set of criteria (Table 1), in which the properties of the cri-
teria are not repeated.
Step 2. Determining the functional targets for comparison
The choice of maximum values is a functional purpose for com-
parison.
Step 3. Determining the direction of each criterion
According to Table 2, it is necessary to translate the criteria

Table 2. Baseline options for comparison

comparison purposes

(1, 2 and 3) that are contrary to the direction of the functional goal,
using the reciprocal of the number. In addition, the value of crite-
ria 6 and 7 are determined using the method of analysis and
the rating scale. The results are shown in Table 3.
Step 4. Determining the value of dimensionless criteria
The value of dimensionless criteria is determined using formu-
la (1), the results are shown in Table 4.
Step 5. Determine the importance of each criterion used for

The level of importance of the criteria is determined by experts.
1. Coefficient of thermal conductivity — very important (A).

Criterion Units Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)
Coefficient of thermal conductivity A W/(m-C) 0.029 0.041 0.038
Static load P kg/m? 0.66 0.2 2
Material price rub/m2 118 53 156
Durability Years 70 50 40
Fire resistance — Abnormal Abnormal Perfect
Level of compliance with climate conditions — Perfect Normal Abnormal
Thermal insulation efficiency % 59.16 49.10 58.04

Table 3. Results following the translation of the criteria that are contrary to the direction of the functional goal

Criterion Units Option number 1 (XPS) Option number 2 (EPS) | Option number 3 (Mineral wool)

Coefficient of thermal conductivity A W/(m-C) 34.483 24.390 26.316

Static load P kg/m? 1.515 5.000 0.500

Material price rub/m? 0.008 0.019 0.006

Durability Years 70 50 40

Fire resistance — 1 1 5

Level of compliance with climate conditions — 5 2 1

Thermal insulation efficiency % 59.161 49.097 58.041

Table 4. The meaning of dimensionless criteria

Criterion Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)

Coefficient of thermal conductivity A 40.478 28.631 30.891
Static load P 21.598 71.274 7.127
Material price 24.985 56.149 18.866
Durability 43.750 31.250 25.000
Fire resistance 14.286 14.286 71.429
Level of compliance with climate conditions 62.500 25.000 12.500
Thermal insulation efficiency 35.575 29.523 34.901

4 TCVN 9258: 2012. Thermal insulation of residential buildings — Standard projects. Hanoi, 2012.

5 TCVN 4605:1988. Heat engineering — Enclosing structures — Standard projects. Hanoi, 1988.
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2. Static load — less important (P).

3. Material price — important (Pri.).

4. Durability — important (Dur.).

5. Fire resistance — very import (Fir.).

6. Level of compliance with climate conditions — very import (Cli.).

7. Thermal insulation efficiency — important (Eff.).

The results of the application of the Warkentin square matrix
used to determine the weight factor of each criterion are shown in
Table 5.

Step 6. Finding the dimensionless value

We determine the dimensionless values for each option using
formula (1)—(5).

Step 7. Evaluation and rating of options

In order to select the best option, it is necessary to start by ideni-
fying the option that has the largest dimensionless value (Table 6).

Option No. 1 (XPS) has the largest dimensionless value of
35.986 and is ranked as the first one;

Option No. 2 (EPS) has a score of 32.943 and is second in
the ranking;

Option No. 3 (Mineral wool) has a score of 31.071 and is ranked
third.

As it can be seen from the ranking, option No. 1 is the best one,
compared to options No. 2 and No. 3.

CONCLUSION

Hence, the use of expanded polystyrene (XPS) in the renova-
tion of the facade of a building in Vietham not only meets the cli-
mate conditions, but also proves the effectiveness of thermal insu-
lation. It also meets the requirements of evaluation of materials in
the integral system of parameters. As the studies have shown, we
can say that expanded polystyrene (XPS) is the most optimal mate-
rial for repairing the facade of a building and a structure in a hot and
highly humid climate, characterized by long rainy seasons and
heavy precipitation.

Table 5. Matrices for determining the weight factor of each criterion

Criterion A P Pri. Dur. Fir. Cli. Eff. Ly w;
A 3 5 4 4 3 3 4 26 0177
P 1 3 2 2 1 1 2 12 0.082
Pri. 2 4 3 3 2 2 3 19 0.129
Dur. 2 4 3 3 2 2 3 19 0.129
Fir. 3 5 4 4 3 3 4 26 0177
Cli. 3 5 4 4 3 3 4 26 0177
Eff. 2 4 3 3 2 2 3 19 0.129
Control results: 3-7* =YL, =147 and XW =1 147 1

Table 6. The results of determining the dimensionless value of the criterion of options

Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)
Criterion w;

Pi1 Pi1’/Vi P1'2 PIZVVI Pi3 PISVVI
A 0.177 40.478 7.159 28.631 5.064 30.891 5.464
P 0.082 21.598 1.763 71.274 5.818 7127 0.582
Pri. 0.129 24.985 3.229 56.149 7.257 18.866 2.438
Dur. 0.129 43.750 5.655 31.250 4.039 25.000 3.231
Fir. 0.177 14.286 2.527 14.286 2.527 71.429 12.634
Cli. 0.177 62.500 11.054 25.000 4.422 12.500 2.211
Eff. 0.129 35.575 4.598 29.523 3.816 34.901 4.511
35.986 32.943 31.07M
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Asset management tools used by institutions
of higher education (cases of state universities)

State universities, whose assets are dominated by buildings erected at the end of the 19th—first half of the 20th
century, are facing a problem associated with significant depreciation of the property fund and an increase in
the cost of its maintenance.

Professional real estate management allows to considerably extend the life cycle of real estate facilities and
increase the efficiency of funds spent on its maintenance. To choose the most effective methods of managing
the assets of state universities, that will ultimately rise the efficiency of the universities, it is necessary to identify
current mechanisms and methods of state property management.

The article analyzes the legal organizational forms of Russian universities and the procedure of interaction
between the state university and the property owner. The current mechanisms used to manage the assets of
a state university are described, including various methods of disposal, use and possession of real estate facilities.
Keywords: higher education, legal forms of universities, assets of higher education institutions, real estate

management

INTRODUCTION

ducational institutions of higher education (uni-
Eversities, academies, institutes) are engaged in

training highly qualified personnel in all major
areas of socially useful activities in accordance with
the needs of society and the state. In the Russian
Federation, there are both state universities estab-
lished by the state (state bodies acting on its behalf)
and private universities founded by citizens and legal
entities.

Less than 9 % of all students study at private
universities. The area of the property of private uni-
versities is 4 % of the total area of all universities,
while about 39 % of the property is rented. In gene-
ral, the property of private universities is in a normal
technical condition, less than 1 % of the property
needs repair. The share of the property of state uni-
versities to be repaired goes up every year, and to-
day it exceeds 23 %.

Starting from 2022, an increase in the number of
students of Russian higher education institutions is
projected, it is associated with the demographic in-
dicators and an increase in the number of students
studying within the framework of a quota for foreign

students, which will, in turn, require effective mea-
sures to bring the infrastructure of state universities
into the proper condition [1].

Modernization of infrastructure will allow to
achieve the best results, provided that efficient asset
management mechanisms are implemented.

COMPARATIVE CHARACTERISTICS
OF THE UNIVERSITIES

To better understand the choice of effective
ways to manage the university assets, first of all, it is
necessary to analyze the current organizational and
legal forms of universities and identify the main dif-
ferences.

As of the end of 2021, the higher education sys-
tem of the Russian Federation encompassed 803
organizations of higher education (Table 1).

Comparative characteristics of higher education
institutions in the context of their legal organizational
forms are provided in Table 2.

A private education institution of higher educa-
tion is founded by natural persons and/or legal enti-
ties. Their legal organizational forms include an au-
tonomous nonprofit organization (ANO), and
a private institution.

Table 1. Data on the number of higher education institutions in the context of legal organizational forms as

of December 31, 2021

Private higher education
organizations

State universities

Autonomous
nonprofit
organizations

Private Interstate

organizations

organizations

Autonomous
organizations

Budget State
organizations organizations

216

57 440 1

501~

* excluding 86 universities of the law enforcement ministries registered as state and budget institutions

Volkov
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> Table 2. Comparative characteristic of the higher education organizations in the context of legal organizational forms

Characteristic | Autonomous non- Organizations
profit‘ ) Private Autonomous Budgetary State
organizations Article 123.21,123.23.296, | Article 123.21, 123.22.296, | Article 123.21,123.22, 296, | Article 123.21, 123.22,
Article 123.24, | 298 Givil Code of the Russian | 298 Civil Code of the Russian | 298 Civil Code of the Russian | 296, 298 Civil Code of
123.25 of the Civil Federation, Article 9 Federation, Federation, Article 9.2 the Russian Federation,
dee of the Bus— of Federal Law No. 7 Federal Law No. 174 of Federal Law No. 7 of Janu- | Article 161 of Budget
31a7 Federation, of January 12, 1996 “About of November 3, 2006 “About | ary 12, 1996 “About non- Code of the Russian
Article 10 of Fede- non-profit autonomous organizations” profit organizations” Federation
ral Law No. 7 of organizations”

January 2, 1996
“About non-profit
organizations”

Term A unitary non- A non-profit organization es- A non-profit organization cre- | A non-profit organization es- A state (municipal) insti-
profit organiza- tablished by the owner (citizen | ated by a non-profit organiza- | tablished by the Russian tution providing state
tion with no or legal entity) to perform ad- | tion established by the Rus- Federation, a constituent of (municipal) services, per-
membership and | ministrative, socio-cultural or | sian Federation, a constituent | the Russian Federation or forming works and/or
established on other non-commercial func- of the Russian Federation or a municipal entity to perform | performing state (munici-
the basis of pro- | tions a municipal entity to perform works, provide services in or- | pal) functions in order to
perty contribu- works, provide services to ex- | der to ensure the implementa- | ensure the implementa-
tions from citi- ercise the powers of state au- | tion of the powers provided tion of the powers of
zens and (or) le- thorities, the powers of public | for by the legislation of state authorities (state
gal entities in or- authorities of the federal terri- | the Russian Federation, re- bodies) or local self-
der to provide tory, the powers of local self- | spectively, of state authorities | government bodies pro-
services in government bodies in (state bodies), public authori- | vided for by the legisla-
the fields of edu- the fields of science, educa- ties of the federal territory or tion of the Russian Feder-
cation, health, tion, health, culture, mass me- | local self-government bodies | ation, the financial sup-
culture, science dia, social protection, employ- | in the fields of science, educa- | port of whose activities is
and other areas ment, physical culture and tion, health, culture, social carried out at the expense
of non-commer- sports, as well as in other are- | protection, population em- of the relevant budget on
cial activity as in the following cases, pro- | ployment, physical culture and | the basis of the budget

vided for by the legislation of | sports, as well as in other estimates
the Russian Federation, estab- | fields

lished by federal laws (inclu-

ding activities with children

and youth in these areas)

Founder One or several One
citizens and/or le- | Citizen or legal entity Russian Federation or constituent entity of the Russian Federation or municipal entity
gal entities and/or
Russian Federa-
tion, constituent
entity of the Rus-
sian Federation,
municipal entity

Property The owner — The owner is the founder, The owner — the founder, property is allocated by the right of operational management
ANO the property is allocated with

the right of operational mana-
gement The land plot is provided on the right of permanent (indefinite) use

Property dis- Has the right to Without the consent of Without the consent of Without the consent of the ow- | Without the consent of

posal dispose of prop- | the owner, is not entitled to the owner, is not entitled to ner, is not entitled to dispose of | the owner has no right to
erty dispose of the property as- dispose of the property as- the most valuable movable as- dispose of property

signed to it by the owner or signed to it by the owner or sets assigned to it by the owner

acquired at the expense of acquired at the expense of or acquired at the expense of

funds allocated by the owner funds allocated by the owner | funds allocated by the owner, as
well as real estate
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End of the Table 2

the income gen-
erated

Liabilities Founders are not | Is liable in cash, in case of in- | Is liable in cash and property | Is liable in cash and property Is liable in cash, in case
liable for ANO sufficiency, the owner of that it has the right to dis- that it has the right to dispose | of insufficiency, the ow-
obligations the property bears subsidiary | pose of (including real estate | of (except for the real estate ner of the property bears

responsibility acquired at the expense of acquired at the expense of subsidiary responsibility

the institution), if there is in- | the institution), if there is in-

sufficiency in obligations re- | sufficiency in obligations rela-

lated to causing harm to citi- | ted to causing harm to citi-

zens, the owner of the pro- zens, the owner of the proper-

perty bears subsidiary re- ty bears subsidiary responsi-

sponsibility bility
Not liable for obligations of the founders

Transforma- Into fund Into ANO or fund Bl or SI AO or Sl Bl or AO

tion

Financial Totally or partial- | Totally or partially financed by | Subsidies from the budgets of the Russian Federation budge- Allocations from

security ly financed by founder tary system on the basis of a state assignment the budget system of
founders the Russian Federation on

the basis of budget esti-
mates

Implementa- Has the right to Has the right to carry out in- Has the right to carry out income generating activities only in- | Has the right to carry out

tion of carry out entre- come generating activity in ac- | sofar as it serves to achieve the goals for which it was created, | income generating activi-

income- preneurial activi- | cordance with the Articles of and corresponding to these goals, provided that such activities | ty in accordance with
generating ties correspond- | association are specified in its Articles of association the Articles of association
activities and | ing to the goals

disposal of for which

funds received | the ANO was cre-
ated
ANO disposes of Income is received by

The organization disposes of the income generated

the budget system of
the Russian Federation

ter

The right Unlimited Unlimited Unlimited It is not entitled to de- Is not entitled to provide
to borrow posit funds at credit in- and obtain credits
funds, place stitutions, as well as to (loans), to buy securities
deposits at accomplish securities

credit institu- transactions

tions

Closing Unlimited, stipu- | Unlimited, stipulated by Preliminary approval of the super- | With the consent of With the consent of

of major deals | lated by the Char- | the Charter visory board of the institution the body endowed with the body endowed with

the functions and powers
of the founder

the functions and powers
of the founder

Bankruptcy

Possible

Not provided for
(judicial practice exists)

Not provided for

Purchases un-
der Federal
Law No. 44
dated April 5,
2013

By a subsidy for implementation of

the capital investments

By subsidies of the bud-
getary system of
the Russian Federation

All purchases

Purchases un-
der Federal
Law No. 223
dated July 18,
2011

All purchases, except for a subsidy
for implementation of the capital

investments

At the expense of means
of a present, a grant, do-
nations; the performer

under the contract; reve-
nue-producing activities
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The founders of ANO can be several persons (their replace-
ment is possible), who do not have the opportunity to influence
their main activity, while ANO has the greatest independence.

The founder of a private institution is the only person (no
change is provided) who appoints the head of the institution and
determines the decision-making procedure. The activity of a pri-
vate institution depends on the decisions of the founder acting as
a citizen or a legal entity.

A state (municipal) educational organization of higher
education is founded by the Russian Federation, a constituent
entity of the Russian Federation or a municipal entity. Its legal or-
ganizational forms include an autonomous institution, a budget
institution, a state institution.

In addition, there are state universities established by the Rus-
sian Federation jointly with other states, for example, Interstate
Educational Institution of Higher Education “Belarusian-Russian
University”; Interstate Educational Institution of Higher Education
“Russian-Tajik (Slavic) University”; Interstate Educational Institu-
tion of Higher Education “Kyrgyz-Russian Slavic University named
after the first President of the Russian Federation B.N. Yeltsin” and
others.

Any activity of state institutions depends on decisions of
the founder acting on behalf of the Russian Federation/a constitu-
ent entity of the Russian Federation/a municipal entity. The state
institution enjoys the smallest independence; it is maximally limi-
ted in the manifestation of any initiative, the income from its activ-
ity goes to the budget of the Russian Federation. The main

Table 3. The concept of real estate

advantage is that the activities are funded on the basis of budget
estimates. The legal organizational form of state institutions is in-
herent in the majority of higher education institutions of law en-
forcement authorities. Budget and autonomous institutions,
unlike the state ones, enjoy more flexibility in disposing of
the property and funds, and are interested in conducting income
generating activities. At the same time, the status of a budget in-
stitution implies greater control on behalf of the founder compared
to an autonomous institution.

GENERAL PROVISIONS ON A SET OF ASSETS

Real estate is an object of civil rights that is proprietary in es-
sence, is firmly tied to the land and registered in accordance with
the effective legislation [2].

Real property (realty, real estate) includes land plots, subsoil
plots and objects that are firmly tied to the land, the relocation of
which is not possible without a disproportionate damage to their
function: buildings, constructions, unfinished structures, as well
as air and sea vessels subject to state registration, inland naviga-
tion vessels, residential and non-residential premises, parking
lots' (Table 3).

The right of ownership and other property rights to immovable
things, restrictions on these rights, their emergence, transfer and
termination are subject to state registration in the unified state reg-
ister by the bodies conducting state registration of rights to real
estate and transactions with it'.

Real estate
- . Object
Land Subsol olofs Building Construction under construction Premises, Air and sea vessels, inland
plot p parking lots navigation vessels
Capital construction facilities
Note:

A land plot is an immovable thing that represents a part of the earth's surface and has characteristics that allow it to be defined as an individually defined thing2.

A building is the result of construction, which is a three-dimensional construction system having aboveground and/or underground parts, including premises, engineering support networks
and engineering support systems and intended for the residence and/or activities of people, the placement of production, storage of products or keeping animals?.

A structure is the result of construction, which is a three-dimensional, planar or linear construction system having ground, aboveground and/or underground parts, consisting of load-
bearing and, in some cases, enclosing building structures and designed to perform various types of production processes, storage of products, temporary stay of people, movement of people

and cargo®.

An object of unfinished construction is an object whose construction or reconstruction has not been completed*.
An object of capital construction is a building, structure, construction, facilities whose construction has not been completed (objects of unfinished construction), with the exception of non-
capital buildings, structures and inseparable improvements to the land plot (paving, covering, and others)*.

As you know, the owner of the property owns the rights to own, use
and dispose of his property. The owner has the right, at his discretion, to
perform any actions with respect to his property that do not contradict
the law and other legal acts and do not violate the rights and legally pro-
tected interests of other persons, including alienating his property into
the ownership of other persons, transferring to them, while remaining
the owner, the rights of ownership, use and disposal of property, to
pledge the property and encumber it in other ways, dispose of it in an-
other way. The ownership, use and disposal of land are carried out by
their owner freely, if this does not cause damage to the environment and
does not violate the rights and legitimate interests of other persons.

The owner may place his property in the management of another person
(trustee). The transfer of the property to the trust management does not
entail the transfer of ownership to the trustee, who is obliged to manage
the property for the benefit of the owner or a third party specified by him'.

Persons who own a land plot have the right to sell it, donate it,
pledge it or lease it and dispose of it in any other way, insofar as
the relevant lands are not excluded from circulation or restricted in
circulation on the basis of the law.

Proprietary rights, along with the right of ownership, are: the right
of permanent (indefinite) use of a land plot and the right of opera-
tional real estate management.

1 Civil Code of the Russian Federation. URL: https://www.consultant.ru/document/cons_doc_law_5142/ (rus.).
2 Land Code of the Russian Federation. URL: http://www.consultant.ru/document/cons_doc_LAW_33773/ (rus.).
3 The Technical Regulation about Security of Buildings and Construction : Federal law of December 30, 2009. No. 384-FZ. URL: http://www.consultant.ru/document/cons_doc_

LAW_95720/ (rus.).
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A person to whom a land plot has been granted for perma-
nent (indefinite) use, exercises ownership and use of this plot
within the limits established by law, other legal acts and the act
on the provision of a plot for use. At the same time, it has the right
to independently use the site for the purposes for which it is
provided, including the construction of buildings, structures and
other immovable property on the site for these purposes. Build-
ings, structures, and other immovable property created by this
person for himself are his property. Persons to whom land plots
are provided for permanent (indefinite) use are not entitled to
dispose of such land plots, except in cases of signing an agree-
ment on the establishment of an easement and the transfer of
a land plot for gratuitous use to a citizen in the form of an office
allotment in accordance with the Land Code of the Russian Fed-
eration’.

Institutions for which real estate is assigned the right of opera-
tional management, own, use this property in accordance with
the purposes of their activities and the purpose of this property,
dispose of property (buildings, structures, objects of unfinished
construction) with the consent of the owner of the property.

The founder of a state educational organization is the Russian
Federation or a subject of the Russian Federation (a municipal
educational organization is a municipal entity).

The founder is the owner of the property of the institution cre-
ated by him'. The property owned by the right of ownership of
the Russian Federation (federal property), and the property owned
by the right of ownership of the subjects of the Russian Federation
(the property of the subject of the Russian Federation) is the state
property’.

The state property is assigned to state institutions in owner-
ship, use and the disposal by the right of operational manage-
ment'. The state land plots are provided to state institutions in
permanent (indefinite) use" 2. The land plots are provided for or-
ganizations to perform their statutory objectives.

Fig. 1 illustrates the interaction between the state university
with the property owner.

Distribution of number of the educational organizations of
the higher education for federal executive bodies in whose juris-
diction they are is given in the Table 445.

Government of the Russian Federation

Performs functions for the development of state
policy and statutory regulation in the field of

Manages federal property
(Article 114 of the Constitution
of the Russian Federation) /

Ministry of Finance of the Russian Federation \—

property relations, exercise of the powers of
the property owner of state institutions (Decree
of the Government of the Russian Federation of

/Performs federal property \ﬂ/

Federal Agency for State Property Management
(Rosimuschestvo)

June 30, 2004 No. 329 “On the Ministry of
Finance of the Russian Federation”)

of June 5, 2008 “On
the Federal Agency for State

management functions (Decree :

Interaction through the interdepartmental por-
tal on state property management in the IT
network “Internet” (MV-Portal)

Performs the functions and powers of the founder
of the institution and, in agreement with
the Federal Property Management Agency,

Property Management”)

consents to the disposal of real estate property

of the Government of
the Russian Federation No. 432

The federal executive authority in whose jurisdiction
/ the university is located

« (Decree of the Government of the Russian

Federation No. 537 of July 26, 2010 “On
the Procedure for the Exercise by Federal
Executive Authorities of the Functions and Powers
of the Founder of the Federal State Institution” and
No. 662 of October 10, 2007 “On Approval of
the Regulations on the Exercise by Federal
Executive Authorities of Functions and Powers of

the Founder of the Federal Autonomous
K Institution”) /

Land plot owner Owner of buildings, structures, OUC

Ownership of real estate — Russian Federation

Higher education institution

The right of permanent
(indefinite) use of
the land plot

Right of operational
management of buildings,
structures, OUC

Proprietary interests in real estate — higher education institution

Higher education institution

Owns and uses the land plot,
does not have the right to
dispose of

Owns and uses buildings, struc-
tures, OUC; disposes of with
the consent of the owner

Fig. 1. Interaction between the state university and the property owner

4 Town Planning Code of the Russian Federation. URL: http://www.consultant.ru/document/cons_doc_LAW_51040/ (rus.).

5 Form No. VPO-1. “Data on the institutions, performing educational activities for educational programs of the higher education — programs of a bachelor degree, specialist
program, Master’s programs” and Form No. VPO-2 “Data on material and information base, financial and economic activity of the educational organization of the higher education”, the Ministry
of Science and Higher Education of the Russian Federation. Statistical data. The higher education. URL: https://minobrnauki.gov.ru/action/stat/highed/?ysclid=l0v60b4apy (rus.).



#3 /2022

Me>XXayHapoaHbIN Hay4YHO-TEXHUHECKUIA XXYpHarn

HeOBmXuMoCTb: 3KOHOMMKaA, ynpaeneHue

DOMESTIC AND OVERSEAS EXPERIENCE

60

>

Table 4. Distribution of higher education institutions by subordi-
nation as of December 31, 2021

State organizations 587
In the jurisdiction of federal executive bodies — total 457
Supreme Court of the Russian Federation 1
Ministry of Health of the Russian Federation 47
Ministry of Foreign Affairs of the Russian Federation 2
Ministry of Culture of the Russian Federation 47
(Russian Academy of Arts)

Ministry of Science and Higher education 991
of the Russian Federation

Ministry of Education of the Russian Federation 33
Ministry of Agriculture of the Russian Federation 94
Ministry of Sport of the Russian Federation 14
Ministry of Transport of the Russian Federation 1
Ministry of Economic Development of the Russian Federation 1
Ministry of Justice of the Russian Federation 1
Government of the Russian Federation 8
Federal Service for Intellectual Property 1
Federal Customs Service 1
Federal Agency for Air Transport 3
Federal Agency for Railway Transport 8
Federal Agency for Sea and Inland Water Transport 5
Federal Agency for Fishery 5
Federal Communications Agency 4
In the jurisdiction of law enforcement ministries 86
and departments — total

Ministry of Defence of the Russian Federation 27
Ministry of the Interior of the Russian Federation 20
Ministry of Civil Defence, Emergencies and Disaster Relief 6
of the Russian Federation

Federal Penitentiary Service 8
National Guard Troops Federal Service 4
of the Russian Federation

Federal Security Service of the Russian Federation 13
Federal Guard Service of the Russian Federation 1
System of the Prosecutor’s Office of the Russian Federation 5
Investigative Committee of the Russian Federation 2
In the jurisdiction of constituent entities 4
of the Russian Federation and municipalities — total

Data are provided by the form No. VPO-1 “Data on the institutions, performing educational
activities for educational programs of the higher education — programs of a bachelor degree,
specialist program, Master's programs” from the official site of the Ministry of Science and
Higher education of the Russian as of January 1, 2021 from the official site of Minobrnauki.
Data on law enforcement agencies — from the websites of departments and universities.

CURRENT MECHANISMS OF THE STATE UNIVERSITY
ASSET MANAGEMENT

The term “Real estate management” implies goals and ob-
jectives setting, planning, prioritization, arrangement and imple-
mentation control, reporting, implementation assessment and
real estate infrastructure efficiency analysis to support the or-
ganization activities, based on the users’ needs in the infrastruc-
ture and the requirements of the organization mission and strate-
gic goals [3].

Professional real estate management allows you to signifi-
cantly extend the life cycle of a real estate object and increase
its value by reducing the actual physical and functional depre-
ciation, as well as reducing damage from external deprecia-
tion [4].

The peculiarity of state real estate as an object of public law
is that it represents real assets involved in economic turnover not
in commercial interests, but with the aim of ensuring the vital
activity of the population, achieving strategic goals of develop-
ment and protection of the state, creating legal and economic
mechanisms for regulating the real estate market, as well as pro-
tecting the interests of all its participants. In a market economy,
the objects of state real estate act as an economic basis for
building relations between the state and all market participants
by means of the taxation system, rental relations, mechanisms of
public-private partnership, privatization, as well as providing in-
dustrial and social infrastructure [5].

Let us reveal the term “Real Estate Management” from
the point of view of the realization of the rights of disposal, use
and possession of property belonging to the owner of the pro-
perty.

Disposal of real estate — the ability to determine the future
of the property: change ownership, condition, purpose. Existing
mechanisms for the disposal of real estate: liquidation; alienation
into the ownership of other persons; transfer of ownership and
use rights to other persons; capital investments in the construc-
tion and reconstruction of capital construction facilities; change
of purpose and redevelopment (Table 5).

The use of mechanisms for the effective disposal of real es-
tate will reduce unnecessary costs for the maintenance of prop-
erty — the liquidation of dilapidated and alienation into the own-
ership of other persons of excessive, unused or misused
property, as well as to involve the property in economic turno-
ver — the transfer of ownership and use rights to other persons;
the implementation of capital investments in the construction
and reconstruction of capital construction facilities; change of
purpose and implementation of replanning.

The disposal mechanisms are applied only with the consent
of the owner of the property acting through the federal executive
authority, in whose jurisdiction the university is located. At
the same time, an autonomous institution, unlike a budgetary
and state institution, has the right to dispose at its own discretion
of real estate that was acquired at the expense of the institution's
funds or received as a donation. According to the Civil Code of
the Russian Federation, state institutions do not have the right to
dispose of land plots, but in fact state universities can initiate
measures to dispose of land plots by the owner.

For the alienation of property into the ownership of other per-
sons, in addition to the consent of the founder, the consent of
the receiving party is required. When renting out real estate,
the owner of the property assesses the feasibility of approving
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Table 5. Real estate disposal mechanisms

Liquidation (demolition) and write-off of shabby and dangerous structures, constructions, objects under construction

Liquidation (demolition)

Demolition of a capital construction facility is the liquidation of a capital construction facility by destroying it (with the exception of
destruction due to natural phenomena or illegal actions of third parties), deconstruction and/or dismantling of a capital construc-
tion facility, including its parts*

Write-off

Demolition of a capital construction facility involves the writing off property. The writing off federal property is understood as a set
of actions related to the recognition of federal property unsuitable for further use for its intended purpose and/or disposal due to
the complete or partial loss of consumer properties, including physical or moral deterioration, or being out of possession, use and
disposal due to perish or destruction, and also with the impossibility of establishing its location. The regulation on the specifics of
the write-off of federal property, approved by the Decision of the Government of the Russian Federation dated October 14, 2010
No. 834 “On the particulars of writing off federal property”

Alienation of excessive, unused or misused real estate into the ownership of other persons

The owner of the property has the right to withdraw excessive, unused or misused property assigned to the institution or acquired by the institution at the expense
of funds allocated to it by the owner for the acquisition of this property’. The owner of the land plot has the right to withdraw the land plot due to non-use of the land
plot for its intended purpose or use of the land plot in violation of the legislation of the Russian Federation, as well as in case of refusal of the land user (a person who
owns and uses the land plot on the right of permanent (indefinite) use or on the right of gratuitous use) from the right to the land plot belonging to him? The with-
drawal of real estate property by the owner may be carried out for the purpose of its transfer to

The state treasury of
the Russian Federation

The funds of the relevant budget and other state property not assigned to state enterprises and institutions constitute the state treasury
of the Russian Federation'. The property of the state treasury is managed by the Federal Agency for state property management, whose
powers include ensuring the effective state property management. A citizen or a legal entity may renounce ownership of the property
belonging to him by announcing this or by performing other actions that definitely indicate his removal from possession, use and dis-
posal of property without the intention to retain any rights to this property. The transfer of property to the state treasury of the Russian
Federation is carried out simultaneously with the termination of the operational management right of the state university to property.
Such a transfer, which does not imply further assignment of property to another organization, can be made only with the consent of
the Federal Agency for state property management, which will bear the burden of maintaining such property

Other state organization
(assigning by the right of
operational management/
economic control)

The list of documents required for making decisions on the issues of securing (lawful seizure) of immovable property objects is estab-
lished by the Federal Agency for State Property Management. The corresponding list is indicated in the letter of the Federal Agency for
State Property Management dated January 31, 2020 No. VY-08/2882 “On the Procedure for Disposing of Federal Property”. A prere-
quisite for securing (lawful seizure) of real estate property is the availability of consent (waiver of the right) of the state university and
Federal Executive Authorities, under whose jurisdiction the university is located, for the lawful seizure of immovable property, as well as
the consent of the state organization and the Federal Executive Authorities under whose jurisdiction the organization is located, for
the consolidation of real estate property

Into the ownership of another
public legal entity (from
federal ownership into

the ownership of

the constituent entities of

the Russian Federation or
municipal entities)

The list of documents required for a decision making on the property transfer from federal ownership to the ownership of a consti-
tuent entity of the Russian Federation or municipal property is established by Decree of the Government of the Russian Federa-
tion No. 374 of June 13, 2006. Proposals of the constituent entity of the Russian Federation and municipal entity on the transfer of
property from federal ownership to the property of the constituent entity of the Russian Federation and municipal property are sub-
mitted to the Federal Agency for State Property Management by the authorized executive body of state power of the constituent en-
tity of the Russian Federation and the authorized body of local self-government, respectively. The transfer of federal property to
the ownership of a constituent entity of the Russian Federation or municipal property is possible in respect of property that can be
and is intended to be used for the purposes of the locality in which the university is located. For example, provided that it is possi-
ble to use the property in the implementation of the Housing Renovation Program in Moscow, approved by the Decree of the Go-
vernment of Moscow dated August 1, 2017 No. 497-PP

In the ownership of another
public legal entity to provide
power grid organizations
with regards to engineering
and utility facilities

The procedure for the transfer of engineering and utility facilities, lists of documents necessary for making a decision on the transfer of pro-
perty, are established by the constituent entity of the Russian Federation and/or municipalities on the territory of which engineering and uti-
lity facilities are located. For example, the procedure for the acceptance of engineering and utility facilities into the ownership of the city of
Moscow was approved by the Decree of the Government of Moscow dated August 22, 2020 No. 660-PP. The transfer of federal property
to the ownership of a constituent entity of the Russian Federation or municipal ownership for provision to power grid organizations is pos-
sible in relation to engineering and utility facilities, in the receipt of which the relevant power grid organization is interested

To the Unified Institute for
Housing Development in
order to promote

the development of housing
construction

The procedure for preparing proposals and making decisions on the use of land plots and other objects of real estate owned by the federal
government for housing construction, for the construction of facilities intended for the production of building materials, products, structures
for housing construction, the creation of parks, industrial parks, technology parks, business incubators and other development of territo-
ries, regulated by Federal Law No. 161 of July 24, 2008 “On Assistance to the development of housing construction”. Preparation of pro-
posals on the use of land plots and real estate objects is carried out by the Unified Institute for Housing Development, the decision on the use
is made by the Government commission on housing construction development and evaluating the effective use of land plots owned by
the Russian Federation, established by Decree of the Government of the Russian Federation dated August 22, 2008 No. 632
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Continue of the Table 5

Non-profit organization as
the Russian Federation
property contribution

The rules for the transfer of federal property by the Federal Agency for State Property Management to Non-Profit Organizations as
a property contribution of the Russian Federation were approved by Decree of the Government of the Russian Federation No. 1200
dated November 6, 2015. The decision on the transfer of property is made by the Government of the Russian Federation, the basis
for the preparation of a draft decision of the Government of the Russian Federation on the transfer of property to a non-profit orga-
nization is an order or instruction from the President of the Russian Federation, an order from the Prime Minister of the Russian Fe-
deration, the First Deputy Prime Minister of the Russian Federation or the Deputy Prime Minister of the Russian Federation

Religious organization

The procedure for the gratuitous transfer to the ownership or gratuitous use of religious organizations of religious property under
federal ownership, property of the constituents of the Russian Federation or municipal property is regulated by Federal Law No. 327
of November 30, 2010 “On the transfer to religious organizations of religious property under state or municipal ownership”. The de-
cision on the transfer of property to religious organizations is made by the Federal Agency for State Property Management

To the Unified Institute for
Housing Development in
order to transfer to

a housing construction
cooperative (land plot only)

The procedure for the transfer of land plots is regulated by Federal Law No. 161 of July 24, 2008 “About assistance to development
of housing construction”. The categories of citizens who can be accepted as members of cooperatives and their eligibility are ap-
proved by Decree of the Government of the Russian Federation No. 108 dated Febriary 9, 2012. The rules for forming lists of citizens
eligible to be accepted as members of a cooperative are approved by federal state bodies, governing bodies of federal state educa-
tional organizations. The standard charter of the housing and construction cooperative was approved by the Decree of the Govern-
ment of the Russian Federation No. 558 dated June 6, 2012.

The land plots of the Unified Institute of Housing Development are transferred for free use to cooperatives established in order to
provide housing for citizens — employees of federal state educational institutions of higher education and employees of federal exe-
cutive authorities, for the construction of multi-apartment buildings, residential buildings, including individual housing construction,
and the construction of engineering infrastructure facilities within the boundaries of these land plots.

Upon completion of construction, the Unified Institute for Housing Development carries out the gratuitous transfer of the formed land
plots of the Unified Institute for Housing Development occupied by residential buildings, including facilities of individual housing con-
struction, to the ownership of citizens, members of the cooperative; land plots intended for the placement of engineering infrastructure
facilities or occupied by them, to the cooperative ownership; land plots on which apartment buildings and other objects of real estate
property that are part of such houses are located in the common shared ownership of the owners of premises in apartment buildings

Sale
(limited)

The paid alienation of state-owned property into the ownership of individuals and/or legal entities is called the privatization of state
property. This area is regulated by Federal Law No. 178 dated December 21, 2001 “On Privatization of State and Municipal Proper-
ty”. At the same time, Article 102 of Federal Law No. 273 of December 29, 2012 “On Education in the Russian Federation” provides
that state and municipal educational organizations, assigned to them on the right of operational management or being at their own
disposal facilities (buildings, structures, constructions) of educational, industrial, social infrastructure, including residential premi-
ses, located in buildings of educational, industrial, social, cultural purposes, dormitories, as well as clinical bases, those that are un-
der the operational management of educational organizations or belong to them by another right are not subject to privatization

Donation
(limited)

According to the donation agreement, one party (the donor) transfers or undertakes to transfer the thing to the other party (the donee)
for free'. A legal entity to which a thing belongs on the right of operational management has the right to donate it with the consent of
the owner, unless otherwise provided by law'. The conclusion of gift agreements (donation) of real estate, where the state institution
acts as a donor (benefactor), is not provided for, while the state university can act as a donee (benefactor) — gratuitously

Exchange
(limited)

Under the exchange agreement, each of the parties undertakes to transfer one product to the ownership of the other party in ex-
change for the other. The conclusion of a contract for the exchange of real estate property for a state institution is not provided for,
but in fact this mechanism can be applied when transferring property between state organizations and state bodies (transfer of one
real estate object subject to the transfer of another equivalent real estate object)

Transfer of ownership and use of real estate rights to other persons

Lease
(limited for the land plots)

Under the lease agreement, the lessor undertakes to
provide the lessee with property for a fee for tempo-
rary possession and use or for temporary use'

Free use (limited for the land
plots)

Under the contract of gratuitous use, one party under-
takes to transfer or transfers the thing for gratuitous
temporary use to the other party, and the latter under-
takes to return the same thing in the condition in
which it received it, taking into account normal wear
and tear or in the condition stipulated by the contract'.
A land plot can be transferred for free use to a citizen
in the form of an office allotment, for state universities
the possibility of providing office allotments is not
provided for

The conclusion of lease agreements and gratuitous use agreements in re-
spect of real estate of state universities is carried out based on the results of
tenders or auctions for the right to conclude these agreements, except for
the cases established by Article 17 of Federal Law No. 135 of Jule 26, 2006
“On Protection of Competition”. Information about the holding of tenders or
auctions is posted on the official website of the Russian Federation on the In-
ternet for posting information about the bidding — www.torgi.gov.ru. At
the same time, in addition to the general exceptions relating to all state insti-
tutions, special cases are highlighted relating to the conclusion of lease
agreements and gratuitous use agreements by state universities with: medi-
cal organizations; catering organizations; physical culture and sports orga-
nizations; for research and development or practical training of students;
with economic societies established by universities
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Continue of the Table 5

Establishment of
an easement

Conclusion of an agreement on the establishment of an easement in respect of a land plot. Easement — the right of limited
use of someone else’s land. An easement may be established to ensure passage and passage through a neighboring land plot,
construction, reconstruction and/or operation of linear objects that do not interfere with the use of the land plot in accordance
with the permitted use, as well as other needs of the owner of real estate that cannot be provided without the establishment
of an easement

Transfer to trust
management (limited)

Under the contract of trust management of property, one party (the founder of the management) transfers the property to the other
party (the trustee) for a certain period of time into trust management, and the other party undertakes to manage this property in
the interests of the founder of the management or the person indicated by him (the beneficiary). The transfer of property to trust
management does not entail the transfer of ownership of it to the trustee. Property under operational management cannot be trans-
ferred to trust management’

Transfer to pledge (limited)

Under an agreement on the pledge of real estate property (mortgage agreement), one party — the mortgagee, who is a creditor
under an obligation secured by a mortgage, has the right to obtain satisfaction of its monetary claims against the debtor under
this obligation from the value of the mortgaged real estate property of the other party — the pledgor, primary to other creditors
of the pledgor, with exceptions, established by federal law. This area is regulated by Federal Law No. 102 of Jule 16, 1998 “On
mortgage (pledge of real estate)”. According to article 6 of the above-mentioned Federal Law, the mortgage of property (pledge
of real estate), the privatization of which is prohibited, is not allowed

Capital investments in the reconstruction of capital construction facilities, the implementation of which involves buildings, structures, construction-in-progress,

as well as in the construction of facilities within the boundaries of land plots

The objects created or acquired as a result of capital investments are assigned to state universities on the right of operational management with a subsequent in-
crease in the cost of fixed assets in operational management

At the federal budget
expense

Enrollment of facilities in targeted investment programs. Budgetary allocations for capital investments in state property of the Rus-
sian Federation are provided in the form of budgetary investments in accordance with Article 79 of the Budget Code of the Russian
Federation or by providing subsidies to budgetary and autonomous institutions in accordance with Article 78.2 of the Budget Code of
the Russian Federation

At the university expense

Enrollment of facilities in the University’s development program with funding from the University’s income-generating activities

By raising non-budget funds
through the closing of

an investment agreement,

a concession agreement or
an agreement on a public-
private partnership

As a result of the implementation of the investment agreement, part of the created facility becomes state property, the remaining
part is provided to the Investor on the right of ownership or on the terms of a long-term lease (for up to 49 years). The proce-
dure for the federal executive authorities decision making on giving consent to the conclusion of transactions to attract invest-
ments in respect of federally owned real estate facilities is regulated by Decree of the Government of the Russian Federa-
tion No. 505 of August 10, 2007. Decree of the Government of the Russian Federation No. 234 of April 3, 2008 “On Ensuring
Housing and Other Construction on Federally Owned Land Plots” prohibits the approval of transactions and auctions to attract
investments in respect of land plots and real estate facilities provided to federal state institutions and located within the boun-
daries of settlements or within their borders. Under the concession agreement, the Investor carries out the construction and/or
reconstruction of the property at his own expense and subsequently uses it for a certain period, after which all the property is
returned to the state. The procedure for the preparation, conclusion and execution of concession agreements is regulated by Fe-
deral Law No. 115 of Jule 21, 2005 “On Concession Agreements”. Under the public-private partnership agreement, the Investor
carries out the construction and/or reconstruction of the property at his own expense and subsequently operates or technically
maintains it for a certain period, after which the facility is returned to state ownership or may remain with the Investor if the In-
vestor's costs for the creation of the facility exceeded 50 % of the total costs, taking into account the cost of transferred prop-
erty. The procedure for the preparation, conclusion and execution of public-private partnership agreements is regulated by Fede-
ral Law No. 224 of Jule 13, 2015 “On Public-Private Partnership, Municipal-Private Partnership in the Russian Federation and
Amendments to Certain Legislative Acts of the Russian Federation”. The conclusion of an investment agreement is subject to
agreement with the Federal Executive Authorities and the Federal Agency on Property Management, and if the property value ex-
ceeds 150 millio.rubles and the volume of capital investments exceeds 500 millio.rubles, also with the Ministry of Finance of
the Russian Federation and the Government of the Russian Federation. The concession agreement and the public-private part-
nership agreement are concluded on the basis of a decision of the Government of the Russian Federation in coordination with
the FEA and the Ministry of Economic Development of the Russian Federation
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> End of the Table 5

Due to donations Implementation of the capital investments in construction and reconstruction of capital construction projects according to the con-

tract of donation

Change of purpose and implementation of replanning

Change of purpose of

the building, construction,
premise, implementation of
re-planning and
reorganization of the room

In accordance with Federal Law No. 218 of Jule 13, 2015 “On State Registration of Real Estate”, additional information about
the real estate object is entered into the real estate cadastre — the purpose of the building (non-residential, residential, apart-
ment building, residential building, garden house, garage), if the real estate property is a building; the purpose of the building, if
the real estate property is a structure; and the purpose of the premises (residential, non-residential), if the real estate property
is a premise. The redevelopment of a premise is a change in its configuration, requiring a change in the technical passport of
the premise. The reconstruction of a premise is the installation, replacement or transfer of engineering networks, sanitary, elec-
trical or other equipment that require changes to the technical passport of the premise

Land plot change of purpose | The purpose of the land plot is stated in the category of land, territorial zone, types of permitted use of the land plot. The Government
of the Russian Federation shall change the categories of lands for their intended purpose (lands of settlements; agricultural lands;
lands of industry, energy, transport, communications, radio broadcasting, television, computer science...) with respect to lands that
are federally owned. Lands of settlements are recognized as lands used and intended for the construction and development of set-
tlements. The composition of the lands of settlements may include land plots assigned in accordance with town-planning regula-
tions to various territorial zones (residential; social and business; industrial; engineering and transport infrastructures; recreational;
agricultural use; special purpose; military facilities; other territorial zones). The rules of land use and development of the territory es-
tablish town-planning regulations for each territorial zone individually, taking into account the peculiarities of its location and deve-
lopment, as well as the possibility of territorial combination of various types of land use (residential, public-business, industrial, rec-
reational and other types of land use). Town-planning regulations are mandatory for all owners of land plots, land users, landowners
and tenants of land plots, regardless of the forms of ownership and other rights to land plots. These persons may use land plots in
accordance with any type of permitted use provided for by the town-planning regulations for each territorial zone. In relation to
the land plot, the types of permitted use (one or more) are established: basic, auxiliary, conditionally permitted. The rightholder of
the land plot chooses the main or auxiliary type of permitted use. Permission may also be obtained for a conditionally permitted type
of permitted use. Changing the type of permitted use of a land plot and assigning a land plot to a certain territorial zone is carried
out by making appropriate changes to the Rules of Land Use and Development of the territory. For example, the Rules of Land Use
and Development of the city of Moscow were approved by the Decree of the Government of Moscow dated March 28, 2017
No. 120-PP, and the Procedure for sending and considering proposals to amend the rules of land use and development of the city
of Moscow was approved by the Decree of the Government of Moscow dated May 17, 2018 No. 457-PP

such a decision in terms of compliance with the objectives of
the university's activities (education and science) and the forma-
tion of the necessary infrastructure to ensure it. In order to carry
out the construction and reconstruction of capital construction
facilities, it is necessary first of all to ensure the allocation of fund-
ing.

The existing mechanisms for the use and ownership of real
estate are structured in Table 6.

The use of real estate is an opportunity to use (exploit) pro-
perty with the extraction of beneficial properties. Existing mech-
anisms for the use of real estate: capital repairs, operation, meth-
ods of effective use of property.

Ownership of real estate is the possibility of actual posses-
sion, which imposes on the owner of the property the obligations
to account for the property and registration of rights; to comply
with the order of disposal and use of property; to pay taxes.

The mechanisms of use and ownership do not require coor-
dination with the owner of the property and are limited only to
the objectives of the activity and the purpose of the property.

With a long-term absence of repair and construction work,
the life cycle is reduced and the period of existence of buildings
is shortened. Without timely repair work, the operation of buildings
leads to excessive consumption of energy resources, hence an
increase in the cost of housing and communal services and an

increase in the cost of emergency recovery works [7]. The costs
of building operation amount to more than 75 % of the total cost of
the building's life cycle (design/construction/operation/disposal),
in this regard, the use of effective mechanisms for the use of real
estate leads to a reduction in unnecessary costs for the mainte-
nance of property and the extension of the service life of buildings
due to effective operation and capital repairs, which in general will
reduce the total cost of ownership of the building [8, 9].

Ownership, in turn, imposes obligations on the owner of
the property to account for property and register rights, to com-
ply with the order of disposal and use of property and to pay
taxes, if they are not fulfilled, restrictions will arise in the use of
mechanisms for the distribution and use of property.

The management mechanisms of the asset complex of
the state University are structured in Fig. 2.

The development of methods for the effective use of property is
one of the stages of creating a comprehensive mechanism for effec-
tive management of the asset complex of state universities. Such
methods include: increasing the occupancy of classrooms; transfer-
ring classes to the territory of industrial partners; reducing excessive
space; opening access to sports and service facilities of the univer-
sity for city residents and visitors; increasing income from the use of
property.
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Table 6. The use of real estate mechanisms

Major repairs of buildings and constructions

Major repair of capital construction facilities — replacement and/or restoration of building structures of capital construction facilities or ele-
ments of such structures, with the exception of load-bearing building structures, replacement and/or restoration of engineering infrastructure
and engineering infrastructure networks of capital construction facilities or their elements, as well as replacement of individual elements of
load-bearing building structures for similar or other elements that improve the performance of such structures and/or the restoration of these
elements*. Major repairs include the removal of all worn-out elements, restoration or replacement with more durable and cost-effective ones
that improve operational performance, while economically feasible modernization can be carried out, including improving the layout, increa-

sing the number and quality of services, equipping with missing types of engineering equipment, landscaping

At the federal budget
expenses

In accordance with Article 78.1. of the Budget Code of the Russian Federation, the budgets of the budgetary sys-
tem of the Russian Federation provide subsidies to budgetary and autonomous institutions for financial support
of their performance of state (municipal) tasks, calculated with allowances made for the standard costs for
the provision of state (municipal) services to individuals and/or legal entities and standard costs for the mainte-
nance of state (municipal) property. Subsidies may also be provided to budgetary and autonomous institutions
for other purposes. The Order of the Ministry of Finance of the Russian Federation dated December 13, 2017
No. 226n approved the list of codes of targeted subsidies provided to federal budget institutions and federal au-
tonomous institutions in accordance with the second period of paragraph 1 of Article 78.1 and Article 78.2 of
the Budget Code of the Russian Federation, including subsidies for the implementation of measures for the ma-
jor repairs of real estate, including restoration, with the exception of reconstruction with elements of restoration
(code 02-01), subsidies for the purpose of performing engineering surveys, preparation of project documenta-
tion for the repair of real estate facilities, as well as conducting a state examination of the specified project do-
cumentation and the results of the specified engineering surveys (code 02—10)

At the expense of
the university funds

Adding facilities to the university’s development program with funding from the university’s income-generating
activities

Due to donations

Implementation of major repairs of capital construction facilities in accordance with the donation agreement

Operation of buildings and constructions

In accordance with “SP 255.1325800.2016. A set of rules. Buildings and structures. Operating rules. Basic provisions” operation of buildings
(structures) is a set of measures for the maintenance, servicing and repair of buildings (structures), ensuring their safe functioning and sani-
tary condition in accordance with their functional purpose

Operational control

The parameters of the technical and sanitary condition of the building (structure) compliance control with the pa-
rameters that ensure the safety and design operating criteria of the building, structure. Operational control over
the technical status of buildings and structures is carried out through regular inspections, control checks and
monitoring of the status of building bases, building structures, engineering infrastructure and engineering sup-
port networks

Routine maintenance

Maintenance of proper technical status of buildings (structures) in terms of stability, reliability parameters, as
well as serviceability of building structures, engineering infrastructure, engineering support networks, their ele-
ments in accordance with the requirements of technical regulations, design documentation

Routine repair

It is carried out in order to restore the serviceability or operability of structures and engineering infrastructure, as
well as to maintain operational parameters; it consists in systematic and timely work to protect the parts of buil-
dings and equipment from premature wear and eliminate possible minor damages and malfunctions

Emergency and dispatch
office

service

Carries out day-to-day control over the engineering infrastructure of buildings (structures) operation and utilities
quality control, registration and control of the execution of requests related to the operation of buildings (struc-
tures), and takes operational measures to ensure the safety of citizens in case of emergency situations or
the risk of their occurrence

Sanitary maintenance

A set of measures to maintain the condition of real estate facilities in accordance with the sanitary and epidemi-
ological requirements established for such facilities in order to ensure work safety, living and recreation condi-
tions for people [6]

Utilities Utilities include cold and hot water, electricity, gas, thermal energy, as well as sewage and wastewater disposal.
The provision of utility resources is carried out on the basis of contracts with utility providing organizations
Security Security of real estate facilities is carried out by providing security services to ensure access and on-site modes

and property protection
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Efficient property use methods

Property accounting and rights registration

State cadastral
registration and state
registration of the rights

The right of ownership and other property rights to immovable things, restrictions on these rights, their oc-
currence, transfer and termination are subject to state registration in the unified state register of real estate
by the bodies performing state registration of rights to real estate and transactions with it'. State registra-
tion of real estate is regulated by Federal Law No. 218-FZ of Jule 13, 2015 “About State Registration of Re-
al estate”. State registration of real estate includes state cadastral registration and state registration of
rights. State cadastral registration is the entry into the EGRN of information about real estate object that
confirm the existence of such a real estate object with characteristics that allow it to be defined as an indi-
vidually defined thing, or confirm the termination of its existence. State registration of rights — making
an entry in the EGRN about the right to real estate property, information about which is entered in the EGRN.
In accordance with the Decree of the Government of the Russian Federation No. 457 dated June 1, 2009
“About the Federal Service for State Registration, Cadastre and Cartography”, state cadastral registration,
state registration of rights, maintenance of the Unified State Register of Property Rights and Transactions
are carried out by the Federal Service for State Registration, Cadastre and Cartography and its territorial
bodies

Accounting of property in
the federal property
register

In respect of federal property along with the state registration of real estate it is also registered in the register
of federal property. Accounting of federal property is accompanied by the assignment of the registry number
of federal property, the register is maintained in electronic form in the subsystem “Automated system of ac-
counting of federal property” of the federal state information and analytical system “Unified system of State
Property Management”. Accounting of federal property and maintenance of the register of federal Property is
carried out by the Federal Agency for State Property Management and its territorial bodies

Inventory of property

Within the framework of accounting, inventory is understood as checking the availability of an organization's
property and the state of its financial obligations on a certain date by comparing actual data with accounting da-
ta. At the same time, the procedure and rules for conducting an inventory are regulated by the Order of the Mi-
nistry of Finance of the Russian Federation No. 49 dated June 13, 1995 “On approval of Methodological Guide-
lines for the inventory of property and financial obligations”.

In accordance with the Order of the Ministry of State Property of the Russian Federation dated October 12,
1998 No. 1289-r “On conducting an inventory of federal real estate objects”, the main goals and objectives of
the inventory of federal real estate objects are: identification of the actual presence of inventory objects, their
characteristics and comparison of the latter with accounting data; determination of the technical condition of
inventory objects and possibilities of their further operation; organization of the actual accounting of federal
real estate objects; bringing accounting data in line with the actual parameters of inventory objects; identifica-
tion of owners and users of inventory objects; identification of inefficiently used, unused or misused inventory
objects, as well as violations in their use; determination of measures aimed at improving the efficiency of
the use of federal real estate objects; creation of an information array of federal data property. Thus, the in-
ventory of real estate should be understood as a complete check of the availability of real estate, its actual
condition on a certain date by comparing the actual data with accounting data, the Unified State Register of
Real Estate and the Federal Property Register

Compliance with
the order of property
disposal and use

Compliance with the order of property disposal consists in coordinating transactions on property disposal with
the owner of the property. Compliance with the order of property use consists in monitoring the property use in
accordance with the objectives of the activity and the purpose of the property — in relation to buildings and struc-
tures; in accordance with the objectives established by the act on the provision of land for use and permitted
use — in relation to the land plot

Tax payment

The owner bears the burden of maintaining the property belonging to him, unless otherwise provided by law
or contract'. All the expenses of the owner for the maintenance of the property can be divided into permanent,
conditionally-permanent and variable. Conditionally fixed and variable costs can be reduced due to actions
carried out within the framework of the operation of buildings and structures, and fixed costs are an unchange-
able amount. Permanent expenses include taxes: corporate property tax and land tax
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» CONCLUSION

The analysis of legal organizational forms of universities and
the procedure of interaction between a state university and
the owner of the property allowed us to identify the current mecha-
nisms used to manage the assets of a state university, which are
associated with the realization of the rights of disposal, use and
possession belonging to the owner of the property.

The use of mechanisms for managing the asset complex should
take into account the tasks that education faces. The priority tasks
in the field of transport education until 2035 are defined as follows®:

e digitalization of education, the introduction of a “digital uni-
versity” model that provides management of an educational
organization based on big data using platform solutions;

e implementation of educational programs for the “profes-
sions of the future”;

e introduction of distance education technologies;

e expanding use of virtual simulators, virtual and augmented
reality tools;

e dual and project-oriented training, development of educa-
tional programs together with the customers of targeted trai-
ning, correlation of educational programs with the implemen-
tation of real projects commissioned by business partners;

e creation of business incubators and acceleration programs
on the basis of educational organizations that support
the entrepreneurial activity of students.

The implementation of digitalization plans, the introduction of

a distance education format using virtual simulators, interaction
with industrial partners, will affect the efficiency of the manage-
ment of the asset complex.

For technical higher education institutions, the introduction of
practice-oriented educational standards with the use of modern
equipment in the training process on the territory of existing pro-
duction facilities, as well as a mechanism for creating educational

MexaHn3Mbl ynpaBneHUs UMyLL,EeCTBEHHbIM
KOMIMJIEKCOM 06pa3oBaTesibHbIX
opraHu3auun BbicLLero o6pasoBaHus

(Ha npumepe rocyaapCTBEHHbIX
YHUBEPCUTETOB)

[ocypapcTBeHHble YHUBEPCUTETbLI, B UMYLLIECTBEHHOM KOMMJIEK-
Ce KOTopbIX Npeo6nagaroT 34aHns NocTporku KoHua XIX — nep-
BOM NOMOBUHbI XX BEKa, CTanknBatTCs C Npo61emMoi, CBA3aHHOW
CO 3Ha4UTEsNIbHbIM U3HOCOM UMYLLIECTBEHHOIO hOHAA 1 yBENNYe-
HVeM J0Nn pacxofoB YHMBEPCUTETA Ha ero CoaepXaHue.

MpodheccroHanbHOe ynpaBneHWe HeOBUXMMOCTBIO MO3BONS-
€T 3Ha4YMTeNbHO MPOAJSIUTL XWU3HEHHbIW LMK 06bekTa HeaBu-
>XXMMOCTW U NOBbLICUTL 3(PEKTUBHOCTL pacxofoBaHns cpeacTs
Ha ero cogepxaHue. [ina Bbibopa Hanbonee apPeKTUBHbIX Me-
TOOOB YMPaBfeHUs MMYLLIECTBEHHbIM KOMMIEKCOM rocyaapcT-
BEHHbIX YHNBEPCUTETOB, KOTOPblE B KOHEYHOM MTOre nNo3BoNAT
MOBLICUTb PE3YNbTaTUBHOCTL [AEATENIbHOCTU YHUBEPCUTETOB,
Heo6x0AMMO OMpefenuTb CyLLECTBYIOLUME MEXaHU3Mbl U MeTO-
[bl yNpaBneHns rocyfapCTBEHHbIM UMYLLIECTBOM.

B cTaTtbe NpoaHanuavpoBaHbl OpraH13aloHHO-NPaBoBbIe hop-
Mbl YHUBEPCUTETOB Poccun U Nopsifok B3avMOAENCTBUS rocy-
OApCTBEHHOIO YHMBEpCUTETa C COGCTBEHHWKOM WMYLLECTBA.
OnucaHbl CyLLEeCTBYIOLLME MEXaHW3Mbl YrpaBfieHUst UMYLLECT-
BEHHbIM KOMMJIEKCOM FOCYAapCTBEHHOIO YHUBEPCUTETA, BKIIO-

and industrial formations on the principle of “University-Produc-
tion” in the real sector of the economy, with the provision of advan-
tages and benefits to attract major industrial partners, will allow to
free the areas occupied by outdated educational equipment,
while increasing the efficiency of 1 student per 1 sg. m the area of
the asset complex, without requiring investments in updating
the educational and laboratory facilities.
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The engineering services industry:
the state of affairs, problems, and prospects

The article examines the current state of affairs in the Russian services industry and presents the properties
of services that distinguish them from tangible assets. It is noteworthy that over the past 30 years, the share of
services, provided to the population, has almost doubled. The authors have clustered services into groups and
singled out the services provided to the business community. The authors have identified the main features and
functions of engineering services that include complex, construction, operational, international, and computer
ones. The object of engineering services is the intellectual process of solving creative (engineering) tasks, related
to the design and arrangement of production processes, rather than products, design or production. Despite
the fact that the share of domestic companies in the Russian engineering and construction markets is currently
67 %, this indicator is projected to decrease in the future. Among the main problems, hindering the development
of the engineering services market in Russia, are: 1) the weak institutionalization of engineering services;
2) the insufficient number of highly qualified personnel; 3) underdevelopment of integrated engineering services;
4) insufficient attention to cost engineering; 5) insufficient measures of state support for the engineering industry. To
solve the above problems, the authors have proposed measures to stimulate the development of the engineering
services market. The Krasnoyarsk Metro project serves as an example of effective engineering, as a result of
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The activity of society is composed of various
spheres that are closely interrelated. Changes,
taking place in one sphere, have effect on
the other ones, and transformation processes are al-
so underway. Constant changes in the mode of life of
society, as well as the faster research and engine-
ering progress affect the behavior of the population.
Given a change in the nature of labour activities, its
mechanization and automation, the population has
more free time. The growth rate of society's wealth in-
creases the financial capabilities of its citizens and
triggers the development of the service industry. This
trend is particularly pronounced in urban areas [1].
The service industry is an economic sphere
where goods are produced, and its positive effect is
manifested by the manufacturing process. From
the point of view of economics, a service is a com-
modity or a benefit in the form of labour, consultation,
management art, etc., in contrast to a material com-
modity [2]. Also, a service is understood as a socio-
cultural phenomenon (of non-material nature): a ser-
vice is designated to satisfy spiritual, intellectual,
ethical needs and support the normal life of a con-
sumer, including his/her health, spiritual, physical,
and professional development of an individual'.
Services inherently have a number of specific
properties that distinguish them from tangible as-
sets. In the research literature, the main properties
of services include intangibility, non-preservation,
impermanence of quality, inseparability of a service
from its provider, the unity between the consumer
and the object of the service, the individual

character, etc. Despite the fact that the service in-
dustry does not produce material goods, it estab-
lishes fundamental conditions for their production.
Analysis of GDP statistics shows that the share of
services, provided to the population, has been in-
creasing in the total gross national product of Rus-
sia at a significant pace in recent years. In 1990, it
was 32.6 %, in 2002 — 48.4 %, in 2008 — 55.3 %,
in 2016 — 61.5 % [3]. If the degree of development
of the service industry depended on the success of
material production in the past, now, on the con-
trary, material production depends on the service
industry [4].

Depending on the types of services, the service
industry is most often divided into two blocks:

1) production of tangible services (transport,
trade, housing and consumer services, etc.);

2) production of intangible services (management,
activities of the army and security agencies, education,
healthcare, science, art, show business, social servi-
ces, marketing, auditing, lending, insurance, etc.).

Groups of services were made on the basis of
the all-Russian classifier (Fig. 1)2. Besides, it is
necessary to distinguish services provided to
the business community, which are understood as
services of legal entities and individual entrepre-
neurs engaged in the activities in the field of servic-
es provided to other organizations and individual
entrepreneurs®. In practice, business services are
designated as professional services. The classifica-
tion of professional services provided to the busi-
ness community is presented in Table.

1 GOST R 50646-2012. Services to the population. Terms and definitions. URL: http://docs.cntd.ru/document/1200102288 (rus.).

2 OK 002-93. The All-Russian classifier of services to the population : approved Resolution of the State Standard of Russia dated June 28,
1993 No. 163 (ed. dated October 17, 2013). URL: https://www.consultant.ru/document/cons_doc_LAW_39420/ (rus.).

3 GOST R 57488-2017. Services for business. Classification and general requirements. Moscow, Standartinform Publ., 2017; 8. (rus.).
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Fig. 1. Groups of services provided to the general public

Engineering services should be singled out as a separate
group. The content of the concept of “engineering” is continuously
expanding and absorbing the areas that are increasingly far from
classical engineering. In general, engineering is understood as en-
gineering consulting activity, the essence of which is the solution of
engineering tasks related to the development or improvement of
products, systems and (or) processes*. The subject of engineering
is not a product (the final result of production), its design or produc-
tion, but the intellectual process of solving creative (engineering)
tasks related to the design and organization of production proces-
ses (work, services). For the first time, engineering is mentioned in
the Treaty on the Eurasian Economic Union (clause 2, section 1 of
Annex No. 18 to the Treaty)®.

Classification of types of services provided to the business

Engineering has the following features.

1. This is a type of intellectual activity that involves, among other
things, solving creative tasks. However, most often the task of engi-
neering is reduced not so much to inventing (creating) new objects,
processes, systems, as to the creative compilation of the best prac-
tices that allows solving a specific business task using minimal re-
sources, given that the risk of failure is minimal, as well. This is the at-
tractiveness of engineering for the business community: a guaranteed
reduction in the costs of implementing and launching a business pro-
cess, even taking into account the costs of engineering services.

2. This is not just design, construction, calculation and graphic
works. The scope of engineering is ultimately the creation of a new
item of intellectual property, as well as information. Engineering is
a superstructure over engineering (design) activities, allowing to
bring the results of engineering activities closer to implementation,
shorten the path from an idea to its practical implementation. At
the same time, from the consumer's point of view, engineering does
not create new information, rather, it reduces the uncertainty (en-
tropy) associated with the implementation of the designer's plan.

3. The centre of the engineering activity is not in the field of de-
sign, construction, software development, but in the field of organiza-
tion of design, construction, and software development. At the same
time, the scope of engineering always includes “design”, but not
the design of objects, systems and processes transferred to the cus-
tomer. It is the design of engineering processes and systems neces-
sary for the implementation of the customer requirements.

4. This is not a separate special field of activity, but a special
combination of well-known activities that allows to obtain a new,
synergetic result infeasible as a result of a simple sequence of
separate isolated processes of research, design, organization and
comprehensive support, development and industrial implementa-
tion of an object (system, process).

5. It is impossible to talk about a separate professional activity
in the field of engineering due to the fact that this activity includes
the knowledge of engineering disciplines (theory of mechanisms
and machines, theory of reliability, technology, system engine-
ering), management disciplines (project management, quality ma-
nagement, ecology and safety, human resources management),
legal and economic disciplines. Hence, engineering tasks can only

Groups of professional services List of types of services provided to the business community

Design services, engineering and architectural services, construction works (services), transport services,

Technical services ) ) ) - ) . ) - .
technical consulting services, communication services, including telecommunication services

Accounting services, banking, financial, auditing, insurance, legal, consulting, marketing (advertising and
public relations services), real estate services, services concerning the development and implementation of
information technology products, research and analysis services, examination services

Specialized services

Distribution services Logistics and transportation services, including courier, trade services, agency services

Services accompanying the production of products
(goods) of certain types

Maintenance and repair of equipment, instruments, equipment, machines, vehicles, installation, examination
and diagnostics, technical testing

Rental and leasing services, recruitment services, security services, consulting services, cleaning and
maintenance of buildings and territories, catering services for staff, transportation services for staff, social
services for staff (provision of medical services, provision of sports, educational services, supply, recreational
services), publishing and printing services, services associated with exhibitions and fairs

Business support services

4 GOST R 57306-2016. Engineering. Terminology and basic concepts in the field of engineering. Moscow, Standartinform Publ., 2016; 15. (rus.).
5 The Treaty on the Eurasian Economic Union : signed in Astana on May 29, 2014, ed. from October 1, 2019. URL: https://www.consultant.ru/document/cons_doc_LAW_163855/ (rus.). >
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P> be professionally solved by teams of professionals specializing in

these types of professional activities.

6. As a type of economic activity, it is primarily the provision of
services. The distinctive properties of a service are the mandatory
involvement of a consumer (customer) in the process of rendering
and consuming services in the process of their provision.

Engineering functions can be represented in the form of a tem-
poral logical sequence of the project life cycle (Fig. 2).

The following types of engineering are distinguished®.

1. Integrated engineering includes a full range of services, i.e.
the justification, development and implementation of a project, in-
cluding the supply of intellectual property, equipment and turnkey
delivery of an object.

2. Construction engineering includes a range of services rela-
ted to the construction of an industrial facility. An identical concept
is engineering services in construction.

3. Operational engineering includes engineering services
aimed to improve the production process at a facility in operation.

4. International engineering. A feature of this type of engine-
ering services is the provision of services in the world market. In
this case, the contract for the provision of engineering services is
an international contract.

Computer engineering is a multidisciplinary, multi-scale (multi-
level) and multi-stage research and engineering based on the so-
called “multi-physical” knowledge and computer technologies,
primarily high-tech technologies of computer engineering.

The most interesting task is to consider an independent area of
engineering, engineering in the construction industry. It encompas-
ses engineering consulting services in the process of investment and
construction activities carried out by consulting engineers and (or)
engineering organizations under contracts with customers and with
the ultimate goal of obtaining the best results from capital invest-
ments or other costs associated with the implementation of invest-
ment and construction projects’. The main types of engineering ser-
vices in the construction industry are shown in Fig. 3.

The engineering services market plays a significant role in
the economy, since it marries science and industry. Engineering

Determination of the cost

I Marketing H Development H

Designing I—a and financial parameters of

a project

Researches [|<

Material and

Ll Production HOrganizationH Construction |é’

engineering

Fig. 2. Engineering functions

support
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construction projects

technological

design and construction
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construction technology

cost

construction

in the field of material and
engineering support

control and supervisory

construction arrangement

in the field of project

management

Fig. 3. Types of engineering services in the construction industry

information technology

6 Engineering. Wikipedia — free encyclopedia. URL: https:/ru.wikipedia.org/wiki/Engineering (rus.).
7 GOST R 58179-2018. Engineering in construction. Terms and definitions. Moscow, Standartinform Publ., 2018; 17. (rus.).
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companies have a multiplicative effect in the manufacturing regions
due to the implementation of large-scale projects. It encompasses
employment and qualification of personnel, growing tax revenues,
developing territories.

The share of domestic companies in the Russian engineering
and construction market in the field of transportation and proces-
sing of hydrocarbon raw materials is currently 67 %®. However, ana-
lysts predict a possible drop in this share to 51 in 2023. The reason
for this development pattern lies in the transformation of global
energy markets.

The characteristic feature of foreign engineering companies, is
that they serve as managers (engineering services in the field of
management account for a significant share of 20-60 %) [5].
The profitability of such companies usually ranges from 25-30 %. If
we make a comparative analysis of the indicators in the USA and
Russia in the field of engineering, we can see significant differences:
for example, the engineering market of the USA has 142 thousand
firms (both small and large) in this field, where the most developed
and largest companies control mere 5 % of the entire market. If we
take Russia, where large firms dominate, for example, Stroygazmon-
tazh and Stroygazconsulting, we can see that they occupy 40 % of
the market®. The reason for this situation is that most of the orders are
large-scale capital-intensive projects of the state and state-owned
companies, which are implementable only by large companies.

Hence, at present, the state of the engineering market in Russia
fails to fit modern global trends, and the range of problems in this
area is quite wide. It is possible to identify the main problems hinde-
ring the development of the engineering services market in Russia.

1. Weak institutionalization of the sphere of engineering servi-
ces, accompanied by the imperfect regulatory and legislative
framework in the field of engineering.

Currently, there are no legislative acts regulating professional
engineering activities in Russia, as well as the relations arising be-
tween entities operating in the field of engineering, such as engi-
neering companies, engineering project examination authorities,
institutions that finance engineering activities, engineering funds.
Back in 2017, a draft law “On engineering activities in the Russian
Federation” was developed and submitted for discussion, but it has
never been adopted. Therefore, the legal status of a professional
engineer, the procedure of his certification, and qualification re-
quirements are still vague today. The problem becomes particularly
relevant on the eve of the Year of an Engineer in the Russian Fe-
deration in 2024.

2. An insufficient number of highly qualified personnel that have
cross-disciplinary knowledge and competencies.

As noted earlier, engineering activities include various techni-
cal, management, legal and economic disciplines. Therefore, any
successful operation of engineering companies requires specialists
having cross-disciplinary knowledge and skills in several fields of
engineering research and practice, such as design, engineering
and marketing services. The present training model used to train
engineering personnel in the Russian Federation can only fit a typi-
cal life cycle of technologies of traditional industries and is useless
in the present-day competitive environment. In turn, the shortage of
highly qualified engineering personnel reduces the competitive-
ness of companies operating in international engineering services
markets [6].

3. The underdevelopment of complex engineering, covering all
stages of the life cycle of an investment and construction project.

Despite the convenience of work with a turnkey object, inte-
grated engineering is not widespread enough in the Russian Fe-
deration. The scale of companies, operating in the domestic mar-
ket, does not allow for the comprehensive implementation and
maintenance of engineering projects. The players that are active on
the Russian engineering services market have a narrow focus, li-
mited to one area of activity or a certain stage of the life cycle of
an investment and construction project. As a result, the effect of
engineering activities on the project as a whole is minimal, due to
an increase in costs at the subsequent stages of implementation of
an investment and construction project.

4. Insufficient attention is paid to cost engineering in terms of
cost reduction at all stages of implementation of an investment and
construction project.

Cost engineering is primarily aimed at solving the tasks of ma-
naging the cost of an investment and construction project in order
to find the optimal balance between the cost, timing and useful-
ness/quality of assets, products, results of projects, programmes,
companies, etc. Despite the fact that cost engineering is aimed at
managing the cost of a project at all stages of its life cycle, its im-
plementation without taking into account other types of engineering
services, such as technical, technological, organizational and
managerial ones, does not allow to take advantage of all opportuni-
ties to reduce costs.

5. Insufficient measures taken to support the engineering in-
dustry at the federal and regional levels.

In Russia, about 60 % of small engineering companies have dif-
ficulties raising debt capital [7]. High tax rates, uncertain market con-
ditions, and the absence of a liability insurance system for engine-
ering companies also have an adverse impact on the activities of
small and medium-sized companies. There are no legally binding
measures to support the engineering services, which would provide
companies with guarantees in terms of taxation, state order, etc.

The authors propose the following measures to stimulate
the development of the engineering services market.

1. Using an innovative approach to the professional develop-
ment of the construction industry personnel.

It is advisable to draft new professional development pro-
grammes and update the current ones taking into account an inter-
disciplinary approach. It is necessary to develop competencies in
the field of project management. New specialists, having in-depth
knowledge of engineering and economics, will be in demand in
the field of integrated engineering, that is, investment design, deve-
lopment of engineering solutions, feasibility study of design solu-
tions, streamlined budgeting, cost control and analysis of actual
costs for a construction facility.

2. Development of integrated engineering services at all stages
of the life cycle of an investment and construction project.

It is necessary to employ cost engineering as the basis for any
other type of construction engineering. To accelerate the propaga-
tion of integrated engineering, it is necessary to do away with
the consolidation and development of monopolies in this area, and
provide mechanisms ensuring interaction between small narrowly
specialized companies within the framework of integrated engine-
ering of one investment and construction project.

8 How the engineering services market is changing. Rossiyskaya Gazeta. URL: https://rg.ru/2021/03/25/kak-meniaetsia-rynok-inzhiniringovyh-uslug.html (rus.).

9 Application of engineering and reengineering of the organization. Domestic and foreign experience in the application of engineering. URL: https://vuzlit.com/1569712/primenenie_

inzhiniringa_reinzhiniringa_organizatsii (rus.).
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3. The issuance of a federal law regulating the development of
engineering activities in the Russian Federation, accompanied by
the consolidated measures of state support (within the framework
of national projects).

It is necessary to keep improving the regulatory framework,
governing the activities of enterprises in the field of engineering,
and bring it into line with international standards, as well as the le-
gal, economic and organizational mechanisms governing the rela-
tionship of participants in engineering activities. As measures of
state support, in addition to subsidies, it is advisable to develop
an “engineering menu”, which would provide gratuitous budget al-
locations for the development of companies in the field of engine-
ering. In addition, tax benefits should be provided to such organiza-
tions and set by the Tax Code of the Russian Federation.

4. Additional mechanisms aimed at promoting unified infra-
structure to support engineering activities.

The establishment of consulting companies, licensees, engi-
neering funds, commercial and non-profit organizations that stimu-
late activities in the field of engineering can be used as a tool to
support engineering activities. Representatives of the professional
community should be more actively involved as experts to solve
a number of urgent problems in the field of engineering.

We can present the case of the Krasnoyarsk Metro project as
an example of the effective implementation of integrated engine-
ering: its construction was launched in 1995. However, in 2013,
the project was put to a halt due to the lack of funding and resumed
as late as in 2018. The initial cost of implementing the metro con-
cept was 126 billion rubles. However, by using the basic principles
of integrated engineering, as well as thanks to several stages of
the project optimization, a decision was made to build an under-
ground and lightweight aboveground rail line (metro line) that has
the following characteristics:

e alarger length of metro lines compared to the original version;

® the main section of the line is closer to the surface to do away
with deep stations to avoid time-consuming and expensive
methods of construction work;

e it is proposed to place the engineering office and the office
for the operational personnel in the depot;

® deep integration of the underground rail transport system in
the urban network (development of the concept of RHTC,
a high-speed rail transport facility). RHTC has a single network

Cchepa MHXMHUPUHIOBbIX YCNYT:
COCTOSiHMEe, NPo6sieMbl, NEPCMNEKTUBBI

PaccmoTpeHo coBpemeHHOe cocTosHue cdepsbl yenyr B Poccun,
npefcTaBneHbl OCHOBHbIE Crieumduryeckne CBOMCTBA yCnyr, Ko-
TOpble OTNNYAOT MX OT MaTepuanbHbiXx ToBapoB. OTMeyvaeTcs,
4yTO 3a nocnegHue 30 net gonsa ycnyr, oka3blBaeMbIX Hacese-
HMIO, BbIpOCNa MpakKTUYeCKN B ABa pasa. ABTOpbl cchopMmpo-
Banu rpynnbl OKa3biBaeMbIX YCNyr, Npy 3TOM OTAENbHO Bblae-
JIUMN U packpbInv ycnyru, okasbiBaeMble 6u3Hecy. B npouecce
aHanm3a UHXWHUPUHIOBbIX YCIYr PaCCMOTPEHbI OCHOBHbIE HOP-
MaTVBHblE AOKYMEHTbI, PErynupyroLiMe MHXWHUPUHIOBYIO Oe-
ATENbHOCTb. BbISIBNEHbI OCHOBHblIE OCOGEHHOCTU W (PYHKLMK
VMHXWHUPUWHIa, KOTOPbIA Mogpasgensiercs Ha: KOMMSIEKCHbIN,
CTPOUTENbHbIN, SKCNyaTauMOHHbIA, MEXAYHAPOAHbIN, KOMMbIO-
TepHbIi. OTMEYaeTcs, YTO NPegMETOM UHXWUHUPUHIa SBNSeTCs
He NpopyKLUUs, He MPOEKTMPOBAHME U HE MPON3BOACTBO NPOAYK-
LUUW, a NHTENMNEKTYasbHbIA NPOLIECC PELLUEHUS TBOPYECKMX (MH-
>XEHEPHbIX) 3afay, CBA3aHHbIX C MPOEKTUPOBAHMEM U OpraHu-
3aLuen MpoLLeccoB NPOM3BOACTBa NpoAyKuun. HecmoTps Ha To
YTO OONS OTEYECTBEHHbIX KOMMaHUA HA POCCUACKOM PbIHKE WH-

of rail tracks. The versatility and flexibility of underground trams
allow to create a system of lines that will cover the entire city,
not just a strip along the metro line, and enable passengers to
drive through the whole city, practically without leaving the car;

¢ reduction in the project implementation period to 4 years.

As a result of the measures proposed by the centre for engi-
neering solutions of Mosproject-3 Group of Companies, the final
cost of the project was reduced to 89 billion rubles using integrated
engineering tools. Thus, the savings reached about 30 %. The pro-
ject will be financed using the mechanism of the federal “infrastruc-
ture menu” or a budget loan.

Today, engineering services are becoming more and more
popular in Russia in compliance with the development trends in
the global economy and the increasing competition between indus-
trialized countries in international markets. The development of do-
mestic engineering services in the Russian Federation in the con-
text of sanctions imposed by the Western countries is becoming
especially relevant.
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XWHUPUHra U CTPOUTENbCTBA COCTaBMAET B HACTOsLLee Bpe-
M 67 % B nepcnekTtuBe MNPOrHO3NPYeTCsl CHUXXEHUE [aHHO-
ro nokasartens. Cpedn OCHOBHbIX MPO6GIEM, CAEPXMBAKOLLUUX
pasBuUTUE PbIHKA WHXWHUPWHIOBLIX ycnyr B Poccuu, Bbigens-
toTcs: 1) cnabas uMHCTUTyanu3daums cdepbl UHXUHUPUHIOBbIX
ycnyr; 2) HefoCTaTO4HOE KONIMYECTBO BbICOKOKBANMMULMPO-
BaHHbIX kKaapoB; 3) HePa3BUTOCTb KOMMMNEKCHOrO NHXWUHUPWHIA;
4) He[oCTaTO4YHOE BHUMaHWE K CTOMMOCTHOMY WHXWHUPUHTY;
5) HepocTaToO4YHblE MeEpbl rOCYAAPCTBEHHOW MOJAEPXKN UHAY-
CTPUMN VHXWHUPUHra. [ns pelleHns npefcTaBfieHHbIX Bbille
npo6nem asTopamu NpeasioXXeHbl Mepbl, CTUMYNUPYIOLLME pas-
BUTME PbIHKA MHXWHUPUHIOBLIX YCnyr. B kayecTee npumepa ad-
(EKTUBHOIO MHXWHUPWUHIa MpUBEAEH MPOEKT KpacHOSPCKOro
MEeTpOMNoNUTEHa, B pe3ynbTaTte KOPPEKTUPOBKM KOTOPOro C UC-
Nofb30BaHMEM OCHOBHbIX MPUHLUMMNOB KOMMIIEKCHOMO WHXWHW-
pWHra, a Takxe 6narogaps HECKONMbKUM CTaauam ONTUMM3aLnm
3KOHOMMUS BIOAXKETHBIX CPeAcTB cocTasuna nopsgka 30 %.

KnroyeBbie cnoBa: WHXUHUPUHI, UHXWUHWUPUHIOBbIe yCIlyru,
KaﬂpOBbIVI roTeHymars, KOMMIEKCHbIV WHXWHWUPUWHI, Mepbl o4-
HAEePXKUn, yripaBrieHne CTOMMOCTbIO MPoeKTa
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Sternik S.G.
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2022 housing market trends in Russia

In the last two years, the housing market of Russia has been influenced by the powerful negative factors related
to the COVID-19 pandemic and household income decline. In 2021 thanks to the state support and preferential
mortgages the market situation improved; however in the first quarter of 2022 the powerful factor of geopoalitical
influence in the form of a monetary shock coupled with a financial crisis interfered with it. The relevant issue is what
methods the market will use to cope with this shock and to what extent the state and the market will overcome it.
In this paper, the authors review the main aspects of the Russian urban housing market development according
to the 2021 results: 1) the price development in the primary and secondary markets; 2) indicators of new housing
construction and commissioning; 3) the industry support from the state; 4) preferential mortgage programmes as
well as the forecasted 2022 trends. This review results in a preliminary (with account taken of the unknown direction
of development of the geopolitical situation) conclusion that, despite the predicted fall in GDP and real incomes in
Russia, the recession of both primary and secondary housing markets will stop and by the end of 2022, the market
will have gained positive momentum in terms of its turnover, while the dynamics of the nominal price level will
stabilize at the level close to the inflation rate largely due to the influence of preferential mortgage programmes.

Keywords: housing market, housing construction, state support of developers, preferential mortgage, price forecast
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End of the Table 1
Secondary market Primary market
Federal district/city Average bid pri P Markets price gap, %
ge bid price, o Average bid price, o
thousand rubles/sq. m Annual growth, % thousand rubles/sq. m Annual growth, %
Volga Federal District
Nizhny Novgorod 110.0 22.2 113.0 15.8 2.7 in favour of new buildings
Perm 75.9 24.0 84.6 17.0 11.5 in favour of new buildings
Samara 70.0 20.0-25.0 70.0 27.0 Approximate equality
Kirov 59.7 22.0 Not available Not available —
Ural Federal District

Yekaterinburg 93.0 16.0 106.0 20.0 14.0 in favour of new buildings

2.5 in favour of the secondary
Tyumen 935 23.0 91.2 16.0 market

Siberian Federal District
Novosibirsk 91.0 20.0 98.9 14.0 8.7 in favour of new buildings
Krasnoyarsk 87.0 23.0 92.5 27.0 6.3 in favour of new buildings
Far Eastern Federal District
. 18.5 in favour of the secondary

Vladivostok 150.0 12.0 126.6 5.0 market

5.7 in favour of the secondary
Khabarovsk 112.0 12.0 106.0 3.0 market

In 2021 the capital witnessed a record demand in the secon-
dary market: 150,565 transactions were registered against 148
thousand a year earlier, which became the highest absolute indica-
tor for the entire period of statistical monitoring [3, 4].

Data by cities confirm in general high price level in the Southern
Federal District (Table 2).

Construction and commissioning of new housing. Accor-
ding to Rosstat (the Russian State Statistics Service) [5-8], 92.6
million sg. m of housing were commissioned in Russia in 2021,
which is 12.7 % more than in 2020 (Table 3).

Stimul (The Incentive) federal programme has been functioning in
Russia since 2016 and is an integral part of the national project (NP)

“Housing and Urban Environment”. Its main source of funding is
the federal budget. Local authorities act as customers of construction
works during the construction of infrastructure facilities, subject to
the participation of the developer in the project of integrated develop-
ment of the territory (KRT), entrusted with the project development and
obtaining a positive opinion of the state examination authority [9—11].

If we consider the housing construction dynamics in the regio-
nal context, the drop in commissioning volumes was registered in
10 regions only, including Crimea and Sevastopol. The commis-
sioning dynamics was positive almost everywhere, including all
regions with a total volume of over 1 million sg. m of commissioned
housing (Table 4).

Table 2. Multi-apartment housing market prices and their dynamics broken down by the cities of Russia in 2021 (secondary and primary

markets are consolidated) [2]

City th:g:;gersijez;isc;' m Annual growth, % Markets price gap, %
Sochi 250.0 100.0 3-5
Novorossiysk 150.0 57.9 No data available
Sevastopol 142.0 44.2 No data available
Ryazan 71.0 Inisepcr?nr:(;?;ymn;?lil;ft_—gza No data available
Saratov 65.0 45.0 No data available
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Table 3. Commissioning of residential buildings in Russia
in 1999-2021 (the authors’ calculations [5-8])

Table 4. Housing commissioning in the Russian regions
in 2021 (in the order of the commissioning pace) [8]

Growth rates, % Region Housing commissioning pace, % by 2020
v Million sg. m of
ear total area Against the Against the year Moscow 156.8
previous year 2000
Chechnya 135.5
1999 32.0 104.2 105.6 -
Samara region* 128.7
2000 30.3 94.7 100.0 - -
Leningrad Region* 127.0
2001 31.7 104.6 104.6
Krasnodar Krai* 122.6
2002 33.8 106.6 111.5 -
Sverdlovsk region* 121.7
2003 36.4 107.7 120.1 ]
Stavropol Krai 121.0
2004 41.0 112.6 135.3
Bashkortostan* 118.4
2005 43.6 106.3 143.9 -
Orenburg region 113.9
2006 50.6 116.0 167.0
Tatarstan* 1124
2007 61.2 120.9 202.0
Chelyabinsk region* 109.8
2008 64.1 104.7 211.5 . -
Kaliningrad region 109.2
2009 59.9 93.4 197.7 -
Irkutsk region 108.9
2010 58.4 97.5 192.7 i
Voronezh region 108.1
2011 62.3 106.6 205.6 - -
Nizhny Novgorod Region* 107.7
2012 65.7 104.7 216.8
Dagestan 106.3
2013 70.5 107.3 232.7
Novosibirsk region 103.1
2014 84.2 119.4 277.9 i
Krasnoyarsk Krai 103.0
2015 85.3 101.3 2815
St. Petersburg 102.8
2016 80.2 94.0 264.7 -
Saratov region 102.0
2017 79.2 98.8 261.4 -
Moscow region* 101.9
2018 75.7 95.1 248.5
Rostov region* 101.6
2019 82.0/81.0* 108.3/107.0* 270.6/267.3* -
Belgorod region* 101.4
2020 82.2/77.1* 100.2/95.2* 271.3/254.5* i
The Tyumen region 1013
2021 92.6 112.7 305.6 (with autonomous areas)* '
* — excluding the commissioning of garden cottages, the number of which is provided Lipetsk region 100.3
according to the Rosstat initial data (2019 — 1.0 million sq. m; 2020 — 5.1 million sq. m,

there are no data for 2021)

The most important distinguishing feature of the market in 2021
was that the share of residential housing built by and at the expense
of the population or using borrowed funds for the first time exce-
eded 50 % (53 %). Correspondingly, the share of multi-apartment
housing, which has been steadily declining since 2016, amounted
to 47 % (Table 5).

An increase in the share of commissioned residential housing
has recently been caused by new factors that contribute to the re-
gistration of previously built housing [11]:

e since 2019, it has been possible to rent houses built on gar-
den plots with their subsequent registration for permanent
residence, and two years later this practice was extended
due to the pandemic;

* — regions where commissioning of private housing exceeded 1 million sq. m

* in 2021, a new incentive was introduced for the registration of
long-built houses, since the presidential initiative led to
the approval of the law “On Amendments to the Federal Law
«On Gas Supply in the Russian Federation»” of June 11, 2021
(No. 184-FZ), allowing free gas supply to the boundaries of
land plots (in gasified localities).

Given the above, a more adequate indicator should be used, that
is, the volume of housing under construction, to assess the real con-
struction activity in the housing sector. This indicator is published by
DOM.RF based on the data from the Unified Information System of
Housing Construction [12], and it shows the activities of developers,
i.e., professional building contractors. It is important that these statis-
tical data are available not only by region, but also by city.
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Table 5. The breakdown of commissioned residential buildings in the Russian Federation 2010-2021 (author calculations [8, 7])
ot Multi-apartment housing construction Individual housing construction at the expense of owners’ cash/borrowed funds
otal,
e million sg. m million sq. m Sha.re ?n t.otal million sq. m Share in total commissioning, %
commissioning, %
2010 58.4 32.9 56.3 25.5 43.7
2011 62.3 35.5 57.0 26.8 43.0
2012 65.7 37.3 56.8 28.4 43.2
2013 70.5 39.8 56.5 30.7 43.5
2014 84.2 48.0 57.0 36.2 43.0
2015 85.3 50.1 58.7 35.2 41.3
2016 80.2 48.4 60.3 31.8 39.7
2017 79.2 46.2 58.3 33.0 a7
2018 75.7 433 57.2 32.4 42.8
2019 82.0 435 53.0 38.5 47.0
2020 82.2 424 51.6 39.8 48.4
2021 92.6 435 47.0 49.1 53.0

According to the programme of integrated territorial develop-
ment, 144 million sq. m of real estate facilities are to be built in
the coming years, including 117 million sg. m of residential housing.

According to the Ministry of Construction, an integrated ap-
proach to the renewal of settlements allows to commission housing
volumes comparable to 120 million sg. m, to be achieved by 2029
in accordance with the 2020 targets [13].

In 2021, the volume of multi-apartment buildings under con-
struction increased by 2.5 % to 96.4 million sg. m, indicating that
there are no prospects for a breakthrough segment growth in
the short term [14].

According to the data as of the year-end 2021, the share of
multi-apartment housing constructed using escrow accounts
reached 76.8 % in total nationwide [15].

In general, we can talk about a significant slowdown in the pace
of construction of multi-apartment housing in recent years.
The moderately positive dynamics of 2021 was largely maintained
due to growth in several regions.

THE STATE SUPPORT
OF THE CONSTRUCTION INDUSTRY

To overcome the difficulties caused by the COVID-19 pande-
mic, the state has launched assistance programmes for the con-
struction industry:

e prolongation of modified family and preferential mortgage

programmes;

® shorter approval procedures in the construction industry [16];

¢ shorter project funding approval period [17].

Among the legal innovations are the amendments to the Urban
Planning Code of the Russian Federation dated July 1, 2021 [18],
according to which the “Procedure for submitting project documen-
tation for the state examination simultaneously with the state envi-
ronmental examination” is approved, and to facilitate the renovation

of the housing stock, the financial support of the resettlement of
citizens from the emergency state facilities has been expanded in
the subjects of the Russian Federation [19].

Besides, in accordance with Government Decree No. 1315 of
August 9, 2021, due to an increase in the cost of building materials,
developers are allowed to increase the contract price not more than
by 30 %, pursuant to an agreement between the parties, to partially
reimburse their expenses as part of the work performed under
the Law on Public Procurement (No. 44-FZ) [20].

As part of his Address to the Federal Assembly of the Russian
Federation delivered on April 21, 2021, the President of Russia sug-
gested that DOM.RF be funded by subsidies from the federal bud-
get to issue loans to developers at a minimum interest rate (3—-4 %
per annum) [21].

It is noteworthy that these measures did not satisfy all construc-
tion market players. For example, SGM-Most, Stroytransgaz, Avto-
ban found themselves in a difficult situation. In a letter addressed to
the President of the country, their executives described the state of
the industry as “a crisis”. The corresponding article published by
RBC analyses the problems of the construction industry related to
housing construction, including losses, bankruptcy of a number of
companies and a reduction in the number of employees in the in-
dustry [22].

In response to this letter, the Ministry of Economic Development
proposed a number of measures, including the most significant
ones:

e setting the minimum level of profitability for state construction
contracts in the amount of, at least, 20 % of their costs, since,
according to the National Association of Builders, the esti-
mated profit of construction projects does not exceed 4-7 %;

® {0 oblige state customers to make advance payments in
the amount of up to 70 % of the values of construction agre-
ements.
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A. Galaktionova, Head of InfraONE Research, suggests that
now advance payments, provided for in state contracts, usually do
not exceed 30 % of their values [23].

Following a press conference in late December 2021, the Pre-
sident of the Russian Federation requested to prepare “proposals
to increase the contribution of big industrial companies to the con-
struction of residential housing and social infrastructure facilities in
the areas where they operate” [24].

PREFERENTIAL MORTGAGE LENDING PROGRAMMES

According to DOM.RF and the Central Bank of the Russian
Federation, the total number of mortgage loans, issued in 2021,
was estimated at 1,908 thousand units amounting to 5.7 trillion rub-
les. The total amount grew by 28 %, compared to 2020, while
the number of loans increased by mere 7.2 %. As a result, the mort-
gage debt increased by more than 26 % over a year. As of the be-
ginning of 2022, its value was 11.7 trillion rubles (taking into account
securitized loans and acquisition of the right of claim worth 12.9 tril-
lion rubles) [25, 26]. The weighted average mortgage rate in 2021
(7.49 %) were lower than in 2020 (7.67 %) (mainly due to the pri-
mary market), although by the year end it had grown to 7.81 % [27].

The preferential mortgage programme for new buildings was
most popular in 2020, since the mid-year there was a slight increase
in the interest rate (from 6.5 to 7 %) with a reduction in the maximum
loan amount to 3 million rubles (for all regions without exception)
against 6 million rubles earlier (12 million rubles for Moscow and
the Moscow region, St. Petersburg and the Leningrad region) [28].

A change in the programme conditions on July 1, 2021 signifi-
cantly reduced its potential field of application. According to the ex-
perts, only one third of the country's regions had an average cost of
real estate below 3 million rubles [29].

In general, the results of 2021, especially the second half of
the year, showed that the preferential mortgage programme,
the most popular at the time of its launch and during the first year of

operation, was in certain decline due to the growing demand for
new buildings and a rise in the cost of building materials, which led
to a price increase for primary real estate [30].

On the contrary, the Family Mortgage programme became kind
of a driver of the mortgage market in 2021, since its conditions re-
mained unchanged. The interest rate (6 %) and the maximum loan
amount of 6 million rubles remained the same (for Moscow and
the Moscow region, St. Petersburg and the Leningrad region —
12 million rubles) [31].

According to Sberbank, under the family mortgage program,
the average down payment amounted to 27.9 % of the property
value in December 2021 [32]. Experts from Expert RA, Moody's,
and NKR rating agency believe that this programme may become
most popular among the citizens in the future [33].

The Rural Mortgage program applies to:

e rural settlements and cities with a population of up to 30 thou-

sand people [34].

The loan is secured by the collateral, or the real estate facility
being lent [35].

The following changes were made as of 2021 [36-39]:

e citizens obtained the right to build private houses on state or

municipal land plots;

* maternity capital could be officially used as the first installment;

e the Yamalo-Nenets Autonomous District was assigned

the status of a special territory with a maximum loan amount
of 5 million rubles (as a genera.rule, it was 3 million rubles).

According to the research, the main customers o.rural mort-
gages were urban residents, for example, agribusiness industry
workers, rather than villagers, whose share is less than 5 % [40].

A peculiarity of the Far Eastern mortgage programme is a low in-
terest rate (2 % per annum) with a maximum loan amount of 6 million
rubles. However, de facto banks do not issue loans at such a rate [41].

In general, in 2021 preferential lending looked as follows

(Table 6).

Table 6. Preferential mortgage lending 2020-2021 (calculations made by the authors [27, 42])

Loans Total amount
Loan category and programme Thousand items % Billion rubles %

2020* 2021 2020 2021 2020* 2021 2020 2021
Mortgage loans, total 1780.0 1908 100 100 4445 5699 100 100
“Preferential mortgage” new buildings 343.9 335 19.3 17.6 1008.8 1032.0** 22.7 181
“Family mortgage” 85.6 131 4.8 6.9 2417 449.5** 5.4 7.9
“Far East mortgage” 13.6 17 0.8 0.9 52.0 68.5 1.2 1.2
Preferential loans

4431 483 24.9 25.4 1302.5 1550.0 29.3 27.2
(total for 3 programs)
“Rural mortgage” 45.0 51.2 2.5 2.7 87.2 98.0 2.0 1.7
Preferential loans

) - R 488.1 534.2 274 28.0 1389.7 1648 313 28.9

(total for 4 programmes, including “Rural mortgage”)

* — indicators for 2020 are recalculated by the authors based on the data from the DOM.RF 2022 review;
** — calculated by the authors based on data on the average monthly disbursement within the programme in the first and second half-years of 2021
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PRIMARY AND SECONDARY HOUSING
MARKET TRENDS IN RUSSIA IN 2022

As the above data show, over the past two years, developers
have been increasing revenues, launching new projects, taking ad-
vantage of the demand spurred by preferential mortgages in the pri-
mary market. After February 24, the situation changed: due to
the “special operation” in Ukraine and subsequent sanctions against
Russia, the key rate increased to 20 %, and many companies
stopped supplying products to Russia. As a result, housing develo-
pers can neither bring new projects to the market, nor timely negoti-
ate the funding terms for buildings already under construction. In
the future, this may lead to a shortage of new buildings and disrup-
tions of commissioning deadlines.

Market players [43] are forced to postpone the launch of new
projects on the market, and concentrate their efforts on those already
started. The obstacle is not only too expensive project funding, but
also the inability to calculate the financial model of future construc-
tion projects, as well as doubts about the level of demand.

The next wave of disturbin.rumours was aroused by the news
about the suspension of the registration of the shared construction
participation agreement. There was another reason for this pheno-
menon. It was a decree on a special procedure for registering trans-
actions with residents of “unfriendly countries”. After the clarifications
had been issued by Rosreestr (Russian State Registration Agency),
the transaction registration process resumed.

The situation changed every week in the secondary market in
March from a hype at the beginning of the month to a slowdown.

By the beginning of April, the secondary housing market had al-
most frozen. Sellers refused to sell apartments, because buyers were
stopped by expensive mortgages, only alternative deals were practi-
cally implemented. The potential demand was 40 % less than usual.
The situation also threatened the market of new buildings, since
many received money for their purchase or from the sale of existing
housing.

The interest rate of preferential mortgages have risen from 7 to
12 % since April 1, the cost of project financing, even taking into ac-
count state support efforts, was over 15 %; building materials are al-
so getting more expensive. The price is growing, and the willingness
of people to buy expensive new residences is questionable.

Later the Bank of Russia cut the key rate twice in April: on April 8
at an extraordinary meeting of the Central Bank’s Board of Direc-
tors — from 20 to 17 %, and on April 29 — to 14 %. After that, by an
Order dated April 30, the Government of the Russian Federation
clarified the conditions for a preferential mortgage disbursement.
Now, if the borrower does not fit into the proposed limits (6 million
rubles for the whole country and 12 million rubles for the metropolitan
markets), the missing amount can be “bumped up at market rates”.
The first part will be issued at 9 % or lower, and the second — at
14-15 %. The adopted measure allows to increase the maximum
available loan amount — up to 30 million rubles in the capitals and
15 million rubles in the regions until the end of 2022. Preferential
mortgages are available for the purchase of housing in new buil-
dings, the construction of a private house or the purchase of land for
construction. The difference between the preferential and the market
rate is reimbursed to banks by the state.

Thanks to this key measure of state support, it can be assumed
that, despite the forecast of a fall in GDP and real incomes of
the population, the recession of both primary and secondary housing
markets in Russia will stop and by the end of the year the market

turnover will gain positive momentum while maintaining the dynamics
of the nominal price level close to the inflation rate.

A more accurate forecast depends entirely on the development
of geopolitical factors influencing macroeconomics and the market.
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