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Jlynskos M.A., KupnuyeHkos A.A.

Heobxoamma TLlaTensHas npo-
paboTka AeNCTBYIOLLIErO NOpPsAa-
Ka B3aVMOAENCTBIS YHaCTHUKOB
C LIENbtO BbISBNEHMS BO3MOXHbIX
npo6nemM 1 COBEPLLIEHCTBOBAHUS
MexaHu3ma yrnpaBneHus npu
peannaaumm NporpaMmbl PEHO-
BaLN XXUIULLIHOrO dooHAA.

BynaHos U.B.

[lokazaHo, 410 rpagocTpou-
TenbHas AesTeNbHOCTL BAUSIET
Ha coumarnbHyto 1 SKOHOMUYe-
CKYIO XV3Hb CTpaHbl B JOSIFOC-
poYHOM nepuroge. MNpobnemsl
COXpaHeHusa 6anaHca Mexay
BO3MOXXHOCTSIMU U NOTPEOHO-
CTAMW B coLManbHOM, domHaH-
COBOM, KY/IbTYPHOM 1 3KOSO-
rM4ECKOM acreKTax pasBuTUs
TEPPUTOPUM ropoda NPUBOAAT
Hac K Heob6XxoaVMMOCTU onpe-
LEeNeHns BEKTOPA YCTONYNBOrO
PasBUTHUS.

CumuoHosa H.E., Cumnonos P.10.

CTOMMOCTHasi KOHLIenuus
ynpaBneHus GU3HeCOM SIBNS-
€TCS OTHOCUTESIbHO HOBOW ANs
yNPaBEeHVS B CTPOUTENBHOM
copepe. MNpuMeHeHne cTan-
0apTHbIX MOOXOO0B M METOLOB
OLiEHKM Bu3Heca TpebyeT y4eTa
CneunuKm CTPOUTENBHOrO
6r3Heca, 0COBEHHOCTEN PyHK-
LIMOHMPOBAHWNS CTPOUTENbHOW
oTpacnn, akTopoB, BANSIOLLIMX
Ha KOHKYPEHTHbIE MO3ULMM
CTpOUTENbHbIX KOMI'IaHVII7I, cne-
LUMGOUKM PbIHKA HEABVXUMOCTM.

Benskos C.U.

BHe 3aBucumMocCTy OT TMna
NPVYMEHSEMO KopropaTne-
Ho Mofenv o6beaHeHUs
CTPOUTENBHbIX NPEeanpUaTUin
HEeN3MEHHbIMW OCTalOTCA OC-
HOBHbIE Lienu, MOTUBMPYIOLLIME
CYyObEKTOB K MHTErpaummn u
YCTaHOBJIEHWNIO [OITOCPOYHOrO
B3aMMOLENCTBUS, KITIOYEBOW 13
KOTOPbIX ABMNSETCA MOBbILLEHNE
adhdpekTnBHOCTU. BmecTe ¢
TeM Kateropusa adeKTUBHO-
CTW npegnonaraet pasnnyHble
noaxofdbl K ee TDaKTOBKE U Me-
TOAMYECKUI NHCTPYMEHTaPUM
OLEHKN 1 ynpaBneHus.
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1 PASAEN — O®ULUANIbHBIN PA3AEN

JlyHakos M.A., KupnuyeHkos A.A.

AHanmza athPeKTUBHOCTN B3aUMOAENCTBUSA YHaCTHNKOB
npu peannaawmm NPOEKTOB B paMKax nporpamMmmMbl peHoBauum
Ha npumepe ropoga Mocksbl

2 PASOAEN — TEMA HOMEPA

BypnaHos U.B.

MeTogn4eckme nogxofbl N0 060CHOBAHNIO YCTONYMBOro pa3BuUTUs
NCTOPUYECKN CNOXUBLLErOCS ropofa ¢ UCMONb30BaHNEM MPUHLMIMOB
peBuTanM3aumnm TeppUToOpPUn

3 PABAENl — 3KOHOMUKA U MEHEAXMEHT
HEABUXUMOCTMH

CumunonoBa H.E., CumuoHos P.10.

PasBnTre aHaIMTUHECKOrO MHCTPYMEHTapUsi OLLEHKM OeSTENbHOCTM
CTPOUTENbHbIX OpraHM3aLUnii Ha OCHOBE CTOMMOCTHOM KOHLENLUUn
ynpasrieHust

JlykmaHosa WU.T'., CynakoBa A.A.

O(hheKTUBHOCTL CTPOUTENBCTBA M MOLEPHM3ALNN OOBEKTOB
FOCTMHUYHO-XWIULLHOMO hOHAA B COCTaBE TYPUCTUHECKMX KNacTepoB

BenskoB C.WN.

OcHoBHbIe NOAXOAbl K OLLEHKE 3PPEKTUBHOCTM KOPNOPATUBHOWN
WHTErpaLmmn NpeanpusaTuim UHBECTULIMOHHO-CTPOUTENBHOIO KOMMJeKca

BnaceHko B.A.

dopMrpoBaHNE YCTONHUMBBIX KOHKYPEHTHbIX MPEUMYLLIECTB NpW
pa3paboTke cTpaTerum CTPOUTENBHOrO NPEAnpUATAS Ha OCHOBE
MHHOBaLMWN LLeHHOCTM

Xenuxosckun A4.0.

YCTON4YMBOCTb NpeanpuaTuii B KOPropaTUBHOM CTPYKTYpe
CTPOUTENBHOW FPYNMbl: COAep>XXaHue 1 onpefenstoLime akTopsl
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COOEP)XAHME

4 PASJEN — rPAAOPErYNIUPOBAHUE N YMIPABJNEHUE
XNNUWHO-KOMMYHANBbHbIM KOMMMIEKCOM
CaBBuHa U.C.

Pac4yeTHbIi MIHCTpYMeHTapuii ana onpegeneHns apdekTos
undpposuzanmm XKX

Edumos K.B.

KnacTtep Kak anemMeHT cTpaterum peanvsauum
MNHBECTULMOHHO-CTPOUTENBHBIX MPOEKTOB B CHEPE NHOMBMAYANBHOMO
XUMNWLLHOMO CTPOUTENLCTBA

5 PASAEN — TEXHONOIrnd n OPrAHU3ALNA
CTPOUTEJNIbCTBA

MNop6aHesa E.IN.

MHdopmaumoHHas MOLEeNb SHEPreTU4ECKOM N SKOHOMUYECKON
3APFPEKTUBHOCTU XXUSHEHHOTO LMKIIa OObEKTA KanuTasbHOro
cTpouTenscTea

6 PA3AEJ]l — OTEYECTBEHHbIA N 3APYBEXHbIW ONbIT

Ce3émuH [.E.

ASC KaK TEXHUYECKM CITOXKHbIA 0O0BEKT HEABUXMMOCTU — rrobdansHoe
yrnpaBfieHre HaeXHOCTbIo No metody «betweentrue&false»

7 PASAEJNl — NPABOBbBIE U COLUUNAIJIbHbBIE ACMNEKTbI

3BoHoB U.A.

Lincbposas TpaHcdopmauyms cTaHaapTU3aumm 1 KOHTPOSS KadecTsa
B CTPOUTENIbHOM NMPON3BOACTBE Ha OCHOBE peanu3aummn peecTpoBoro
npuvHUMNa ynpaeneHns Tpe6oBaHs MU HOPMaTUBHO-TEXHNHYECKON
JOKyMeHTaLum
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AKLIEHTbI HOMEPA

BnaceHko B.A.

KoHuenuust yCTom41BbIX KOH-
KYPEHTHbIX MPEMMYLLIECTB MO-
CTYNIMPYET UX ANUTENBHOCTb

1N YHUKANbHOCTb, TPYLOHOCTb
KOMMPOBaHWs, a rnaBHoe, Cro-
CcobHOCTb 06ECMNEYNTb CTPaTErM-
YECKYIO HanpaseHHOCTb KOHKY-
PEHTOCMOCOBHOCTM B YCNOBUAX
TpaHcdopMaLnm BHELLIHEN 1
BHYTPEHHel cpedbl. CyLIHOCT-
Has cocTaBnsioLLas yCTONYMBbIX
KOHKYPEHTHbIX MPEVMYLLIECTB
BUMANTCS B BO3MOXXHOCTU YCKO-
pPEeHHO ajanTaunm npeanpus-
TN K UBMEHSIOLLIMCS CPEe[0BbIM
YCMNOBUAM Ha OCHOBE MHHOBALN-
OHHOM CMOCOBHOCTMU

K CO3[aHuI0 HOBOW LIEHHOCTH
ONA CTEMKXONAEPOB.

Ce3émuH [.E.

B pamkax MHOrokputepuanbHom
CUCTEMbI OLIEHKM HAAEXHOCTM
TEXHNYECKM CINIOXXHOro 06bekTa
ctpoutensctea ASC pekomer-
[OBaHO OLIeHVBaTh BCIO COBOKYM-
HOCTb (DaKTOPOB OpraHM3aLy-
OHHO-TEXHWYECKOro MpoLiecca,
TakMX Kak Tpy[IoBble pecypcsl,
NVLEH3MOHHO-NPaBOoBbIE PeECYpP-
Cbl, MaTepunanbHO-TEXHNYECKNE
PECYPCBI, MHblE PECYPChI, KOTO-
pble BNAIOT Ha 6e30MacHOCTb

N PUCKM, CONYTCTBYIOLLIME CIIOX-
HbIM TEXHNYECKNM MPON3BOACT-
BEHHbIM MpoLieccam.

3BoHOB U.A.

BHeopeHve 1 peanuzaums
PEeCcTPOBOro NpWHLMNa Beae-
HUS TEXHUYECKNX TpeboBaHN

B CTPOUTENLCTBE — OfHA 13
3afa4 COBEPLLEHCTBOBAHNS
CUCTEMbI TEXHNYECKOrO pery-
nmMpoBaHns. A obecneyeHve
aBTOMaTU4ECKOV aKTyanuaaumnm
peecTpa 1 NPUBA3KM KOHKPETHO-
ro TpeboBaHWs K COOTBETCTBY-
tOLLIMM MPOV3BOACTBEHHBIM MPO-
Leccam — 3afava noBblLLIEHHOM
CINOXXHOCTMW.
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Lunyakov M.A.,
Kirpichenkov A.A.

It is necessary to thoroughly study
the current order of interaction of
participants in order to identify
possible problems and improve
the management mechanism dur-
ing the implementation of the hous-
ing renovation program.

Budanov I.V.

It is proved that urban development
activities affect the social and eco-
nomic life of the country in the long
term. The problems of maintaining a
balance between opportunities and
needs in the social, financial, cul-
tural and environmental aspects of
the development of the city territory
lead us to the need to determine the
vector of sustainable development.

Simionova N.E.,
Simionov R.Yu.

The cost concept of business man-
agement is relatively new for man-
agement in the construction sector.
The application o®f standard ap-
proaches and methods of business
assessment requires taking into ac-
count the specifics of the construc-
tion business, the functioning of the
construction industry, factors af-
fecting the competitive positions of
construction companies, the specif-
ics of the real estate market.

Beliakov S.I.

Regardless of the type of corpo-
rate model used to unite construc-
tion enterprises, the main goals
that motivate subjects to integrate
and establish long-term coopera-
tion remain unchanged, the key
of which is to increase efficiency.
At the same time, the category
of efficiency implies different ap-
proaches to its interpretation and
methodological tools for evaluation
and management.

Zvonov |.A.

The introduction and implemen-
tation of the registry principle of
maintaining technical requirements
in construction is one of the tasks
of improving the system of techni-
cal regulation. And ensuring auto-
matic updating of the registry and
linking a specific requirement to
the relevant production processes
is a task of increased complexity.
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Analysis of the efficiency of interaction
between participants in the implementation
of projects under the renovation programme
on the example of the city of Moscow

One of the most important directions of the social and economic policy of each state is to provide citizens
with safe and comfortable housing conditions that would meet not only the requirements of current norms and
regulations, but also the established requirements of modern society. In order to improve housing conditions
and renovate dilapidated and emergency housing, a programme of residential renovation is underway. One
of the peculiarities of the housing stock in many cities of the Russian Federation is the large and often pre-
dominant number of residential buildings built in the period from 1958 to 1967 — the period of industrial hous-
ing construction. According to current regulations, the service life of these houses is up to 70 years, provided
that they are maintained in a timely manner. This means that in the next 10-15 years the general condition of
the housing stock may significantly deteriorate and there will be a sharp increase in dilapidated and emergen-
cy housing. In order to prevent the mass appearance of emergency buildings, for which at this stage of their life
cycle capital repairs are inexpedient, a programme of residential renovation is being implemented. The main
objective of this programme is to modernize the existing housing stock and renovate the living environment in
order to bring it in line with quality standards ensuring comfortable living conditions.

Many participants are involved in the residential renovation programme: from government agencies to local contrac-
tors. Such a wide range of participants requires the most coordinated mutual work to achieve all the set tasks. But,
as practice has shown, the participants do not always act in a coordinated manner, which leads to various conse-
quences expressed in a significant increase in the cost or timing of construction. Thus, it is necessary to thorough-
ly study the existing procedure of participants' interaction in order to identify possible problems and analyze them in
order to improve the mechanism of management and interaction between the programme participants.
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Moscow, the housing stock in large numbers is

represented by industrial housing construction —
residential buildings built between 1958 and 1967.
According to the current normative documents (SP
255.1325800), the service life of these serial houses
is from 50 to 70 years (subject to proper maintenance
and current repairs) [1-3]. This fact indicates a sharp
increase in emergency and dilapidated housing,
which may occur within the next 10-15 years.
In this regard, the federal and regional authorities
have decided to develop and apply a programme
of integrated development of the territory. In
the Moscow region, this programme is frequent
and is called “building renovation programme of
residential development”. On the territory of Mos-
cow, the programme of residential development
renovation is presented in the form of demolition of
outdated, dilapidated and emergency housing
stock and construction either in place of demol-
ished houses or on new starting sites of new resi-
dential buildings that meet all modern standards
and requirements of comfort and energy efficiency
[1, 2, 4].

In accordance with the current definitions,
the renovation of the housing stock is understood as
a process of replacement and restoration of ele-
ments of the housing stock (residential buildings
and their parts) that have been retired as a result of

I n many cities of the Russian Federation, including

functional and physical deterioration by new ele-

ments or objects [2, 3, 5].

Renovation of housing stock is a cyclical process
of renewal of residential development, which can be
represented by the following methods (Table 1):

1. New construction refers to the erection of new
residential buildings on undeveloped or vacated
reused land.

2. Capital repair of housing stock — complex of
construction works on restoration, replacement
or strengthening of separate parts of residential
buildings or whole constructions, parts and en-
gineering equipment in connection with their
physical depreciation.

3. Modernization of the housing stock is a complex
of construction works that provides improvement
of consumer and operational qualities of resi-
dential buildings without restructuring of the ob-
jects themselves. Modernization allows eliminat-
ing their functional deterioration and is usually
limited to redesign of internal premises and im-
provement of existing engineering systems.

4. Restoration of the housing stock is a complex of
construction works that ensures restoration of
the lost architectural, artistic, and engineering
and construction and historical appearance of
residential buildings in their original form.

5. Reconstruction of housing stock is a complex of
construction works related to change of main
technical and economic indicators of residential
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buildings — number and area of flats, construction volume and
total area of buildings, as well as purpose of premises [4, 6, 7].

As can be seen, the renovation of the housing stock can be
represented by different types. The choice of the type of renovation
is based on various factors: the degree of deterioration of the exist-
ing building stock, physical feasibility of implementing one or an-
other type, economic feasibility and possibility. For example, in
Moscow, new construction prevails within the framework of residen-
tial renovation due to the high degree of deterioration of many resi-
dential buildings, as well as due to the economic feasibility of im-
plementing a resource-intensive project. In turn, in Europe, such
types of residential renovation as reconstruction and modernization
have become the most popular [8, 9]. It is also worth noting that
the housing stock of eastern Germany has much in common with
the housing stock of the Russian Federation, but in eastern Ger-
many the regional authorities have decided to modernize residential
buildings in stages, which allows to significantly increase the ser-
vice life and create comfortable conditions for citizens without dem-
olition of residential buildings [10, 11].

In addition, modernization of residential buildings allows to sig-
nificantly reduce operating costs for the maintenance of residential
buildings through the use of energy efficient solutions in terms of
engineering systems, the use of modern insulation materials and so
on, which reduces the financial burden on the residents. Neverthe-
less, many residential buildings built in Moscow and other regions of
the Russian Federation do not have the same margin of safety and
reliability, and their physical deterioration is significantly higher. In
many respects, the changes are the result of lower frequency of cur-
rent repairs, peculiarities of operation and even weather conditions.

Table 1. Methods of implementation of residential renovation

Thus, the most rational method for renovation of the housing stock in
Moscow turned out to be new construction [7, 12, 13].

The Moscow housing stock renovation is an extensive programme,
which includes more than 5,000 demolished houses, which should
result in the construction of more than 9 million sg. meters of housing.
In the preparatory phase of the programme, 561 start-up sites have
been identified on which modern and comfortable houses will be
built. The housing renovation programme is designed for a period
of 25 years, from 2017 to 2032, and consists of three phases of
wave resettlement [1, 2, 5]. As part of the legal and regulatory
framework, government decrees have been developed that define
the list of houses to be demolished and dictate the rules for
the participants in the process (Table 2).

Given the success of the building renovation programme in
Moscow, other cities in the Russian Federation have also an-
nounced the start of the renovation programme. For example, cities
such as Nizhnevartovsk, Ufa and Novosibirsk have started to de-
velop regulations for the implementation of a region specific pro-
gramme. In turn, as of the third quarter of 2022, in Irkutsk, Yaroslavl
and Yekaterinburg, construction work has already begun on new
houses, demolition of the emergency fund, as well as capital and
current repairs of habitable residential buildings [11, 14, 15].

Irkutsk should be singled out from the list, as the ratio of emer-
gency building stock to total number of dwelling square meters is
the highest in Irkutsk. This arose in view of the large number of
wooden houses on its territory, so the implementation of
the renovation programme in Irkutsk is particularly detailed.
The following table provides a more detailed look at the status of
renovation in some of the participating cities (Table 3).

Renovation methods Characteristic features

A set of works

New construction

The construction of new residential properties on undevel-
oped or reused land that has been cleared from existing
development

e construction of a new capital construction facility on a vacant land plot or
land plot to be vacated through demolition. These works may include
the re-laying and installation of new utilities, landscaping of the adjacent
area, etc.

Capital repair
of housing stock

A set of construction works to restore, replace or reinforce
parts of residential buildings or entire structures, parts, and
engineering equipment due to their physical deterioration

e restoration of building envelopes, openings, restoration of facade struc-
tures; repair and/or replacement of engineering systems and equipment

Restoration
of the housing stock

The complex of construction works ensuring restoration of
the original architectural, engineering and historical ap-
pearance of residential buildings

e restoration of envelope structures, openings, restoration of facade
structures;

e refurbishment of premises;

o repair and/or replacement of engineering systems and equipment

Modernization
of the housing stock

The complex of construction works that provides improve-
ment of residential buildings in terms of quality of use and
performance without any modification of the building itself.
Retrofitting eliminates functional deterioration and is usu-
ally limited to redesign of internal spaces, improvement of
existing engineering systems

e replacement and improvement of engineering systems, increasing
the energy efficiency of buildings;

e improvement of envelope and roof structures;

e improvement of surrounding area;

e redesign of premises and flats;

e replacement of glazing

Reconstruction
of housing stock

The complex of construction works related to the change
of basic technical and economic parameters of residential
buildings — the number and area of flats, building volume
and total floor area, as well as the purpose of the premises

e modification of the building exterior, improvement of the building envelope;

e construction of additions and/or extensions;

e enlargement of the flats;

e changes in floor plans;

e enlargement of window openings;

e replacement and modernization of utilities, systems and equipment;

e rehabilitation and/or replacement of the load-bearing structures of
the building

#3 /2023
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> Table 2. General parameters, indicators and regulatory documents for the renovation of residential buildings in Moscow

The state of Moscow’s housing stock Implementation of the renovation programme Regulatory framework

o the total housing stock in Moscow
amounts to 251.8 million sq. m;

e the volume of panel housing of
the demolished series is 9.8 million
sq. m;

1) The programme is to run until 2032;
® 1st stage (2020 to 2024) — 930 houses; e No. 497-PP “On the Programme for the Renovation of the Housing
e 2nd stage (2025 to 2028) — 1,630 houses; Stock in the City of Moscow”;
e 3rd stage (2029 to 2032) — 1,800 homes. e No. 245-PP “On Consideration of Public Opinion on the Housing
2) 561 start-up sites; Renovation Project in the City of Moscow”;

Resolutions have been drawn up:

o tear-down batch houses were built | 3) Construction potential — 8.8 million sg. m; e No. 708-PP “On Approval of the Addressed List of Neighbourhoods
(Territories)”;
e durability of houses of demolished | 5) 2.7 million sq. m under construction; e No. 515-PP “On Approval of the Basic Requirements for

)
)
in the period from 1957 to 1968; 4) 75,700 people resettled;
)
)

series is no more than 70 years 6) 2.48 million sq. m under construction Improvement of the Residential Development Territory during
Implementation of the Housing Renovation Programme in the City
of Moscow”;

e No. 516-PP “On Approval of the Requirements for Improved
Finishing of Equivalent Residential Premises Provided in

Replacement of Residential Premises in Multifamily Buildings”

Despite the development of the building renovation
programme in various cities and regions of the Russian Federation,
it is difficult to assess the quality and effectiveness of the decisions
made by regional and municipal authorities at this stage, as
the programme is just beginning to take effect. Therefore, it is
proposed to assess the effectiveness of decisions in
the implementation of the building renovation programme using
the example of the city of Moscow, where the programme has
been in place since 2017 [13, 15].

The main regulatory document is government decree
No. 497 “Moscow Building Renovation Programme”. This decree
defines the number of start-up sites: land plots that will be used
for new construction [2, 3]. The decree also provides a list of
residential buildings to be demolished whose physical and moral

deterioration makes it impossible to continue their safe operation
even after a capital repair or it is economically inexpedient.

In accordance with Decree No. 497 the main participants of
the Moscow building renovation programme are determined as well
as the procedure, methods and stages of their interaction in
the process of realization of the goals of the building renovation
programme [2—4]. The main participants are:

¢ Department of Urban Planning Policy;

e Department of Urban Planning Property;

e Committee for Architecture and Urban Planning of Moscow;

e State Housing Inspectorate;

* Moscow Housing Renovation Fund.

Table 3. Progress of the building renovation programme in cities of the Russian Federation

City Characteristics and condition of the housing stock

Programme implementation phase

Nizhnevartovsk | ® 1,039 multi-apartment houses;
e Total housing stock — 6,894 thousand sg. m;
* 107 houses are to be demolished — 28.1 thousand sq. m

Development of legal and regulatory instruments

Ufa ® 6,412 multi-apartment houses;
o Total floor area — 24,683 thousand sq. m;
® 201 houses are to be resettled — 61.8 thousand sq. m

e Urban planning and development project is approved;
e Drafting of legal and regulatory instruments

Irkutsk e 5,589 apartment blocks;
o Total floor area — 11,689 thousand sq. m;

* 597 residential houses are subject to resettlement — 397,09 thousand sq. m | e Resettlement of dilapidated wooden houses as part of the “Hous-

e Elaboration and addition of legal acts;
e Elaboration of land development project;

ing Programme 2019-2024 is underway”

Yaroslavl e 4 452 multi-apartment houses;
e Total floor area — 14,551 thousand sq. m;

e 115 dwelling houses are subject to resettlement — 87.3 thousand sq. m | e Definition of list of houses to be demolished and reconstructed

e Development of legal and regulatory framework;
¢ |dentification of starter sites for the construction of houses;

Novosibirsk e 3,107 multi-apartment houses;
o Total housing stock — 26,500 thousand sq. m;

® 405 residential houses are subject to resettlement — 277.6 thousand sq. m | e Development of legal and regulatory framework

e Start-up sites have been identified;
e Areas identified for demolition;

Yekaterinburg e 7,111 multi-apartment houses;
e Total housing stock — 32,012 thousand sq. m;

* 528 residential houses to be resettled = 344.1 thousand sq. m

e Construction of the first new houses has started;

e Regulations are being completed;

e Site development project developed,;

e List of houses to be demolished and reconstructed identified
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Table 4. Main participants of the building renovation programme in Moscow

Programme participant

Main tasks of each participant

Department of Urban Planning Policy

Within the framework of the State Housing Programme of the City of Moscow, the following tasks are carried out:
o |dentification of start-up sites for new construction;

e Search and evaluation of land plots;

e Assessment of transport accessibility and infrastructure

Department of Urban Planning Property

Determination of the list of houses to be demolished, reconstructed or overhauled

State Housing Inspectorate

Commissions to determine the technical condition, obsolescence and physical deterioration of residential

buildings
Committee for Architecture and Town Planning e Determination of the architectural and planning solutions for the residential buildings;
of Moscow e Approving the appearance of the building;

e Deciding on the landscaping;
e Ensuring compatibility with adjacent development

Moscow Building Renovation Fund e Assistance in demolition works;

e Assistance in preparation of engineering surveys, design documents, construction;
e Assistance in securing the housing rights of homeowners;

e Implementation of investment activities;

e Handing over to the city of Moscow the residential premises owned by the fund

General contractors, technical client service, design | ® Selected after an open tender;

companies e Prepare project documentation in accordance with the elaborated terms of reference;
e (Carry out construction of the object;

e Carrying out engineering surveys;

e Acquisition of initial and approval documentation

In order to provide a more detailed study of the functions and
interaction of the above-mentioned actors, the information is pro-
posed to be displayed in tabular form (Table 4).

The order and structure of interaction of the voiced participants
can be considered in terms of 4 main stages [2, 13, 15]:

e at the first stage, the Department of Urban Planning Policy
and the Department of Urban Property determines the list of
residential buildings to be included in the programme of resi-
dential building renovation, taking into account their technical
condition. The Department of Urban Planning Property en-
gages the State Housing Inspectorate to determine the phys-
ical and moral deterioration of residential buildings in order to
accurately determine and select the method of renovation;
the Department of Urban Planning Policy together with
the Moscow Committee of Architecture search for land plots
for the construction of new residential buildings — strata
sites. On the basis of the data received, an initial terms of
reference are developed and an initial budget for the project
is agreed upon;
at the next stage, the Department of Urban Planning Policy
engages the Moscow Renovation Fund to organize and over-
see the implementation of residential renovation projects out-
side of the city. The Renovation Fund, in turn, engages spe-
cialized organizations to directly carry out the design and
management of the project (as a rule, a technical customer
organization is selected for integrated project management).
At this stage, an end-planning stage and an album of urban
solutions are developed, which should be subsequently
agreed and approved by the Moscow Architectural Commit-
tee, the Construction Department and the Department of Ur-
ban Planning Policy;

e after approval of the concept stage, the technical client
organization together with the general design organization

proceed with the development of the design stage, more de-
tailed engineering surveys in order to obtain a positive opin-
ion from Moscow state Expertise [2, 3, 13, 15].

Based on the analysis and study of the regulatory documenta-
tion and practical implementation of residential renovation projects,
it seems possible to identify the main levels and bring the order of
interaction between the participants at the various stages of project
implementation to a tabular form (Table 5).

To summaries the above, it can be said: the result of the first
stage is the initial terms of reference, technical and economic indi-
cators, and an initial budget for the project.

The next stage involves the Moscow Housing Renovation Fund,
which undertakes to supervise and organise the work necessary to
implement the renovation programme in accordance with the ap-
proved plan. In turn, the Renovation Fund usually organises a ten-
der and concludes a contract with a technical client organization,
which undertakes to carry out a set of design works. The result of
this stage should be a duly approved architectural and urban de-
sign booklet (hereinafter — the AGR booklet). Based on the results
of AGR booklet approval, the involved design organization shall
develop documentation of “Project” stage for further passage of
Moscow state Expertise and obtaining a positive conclusion during
consideration of the full set of documentation [10, 12].

The following difficulties may arise during the third stage, which
should result in: fully developed documentation of the “Project”
stage, positive opinion of the Moscow state Expertise, as well as
the clarified budget of the project. Due to the fact that detailed en-
gineering surveys have not been carried out before, they may im-
pose significant constraints on the Project. It is only at this stage
that a more in-depth investigation of the area to be constructed
begins, specifications are obtained and reports on the engineering
survey are produced. Thus, if the results of the engineering survey
reveal that it is impossible to design a building with the parameters

>
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Table 5. Procedure of interaction, goals and objectives of the participants of the building renovation programme in Moscow

) Level . Stage of prol.ect Participants in project implementation Composition of tasks to be solved
of interaction implementation
Department of Urban Planning Policy Determination of the stages of citizens’ resettlement, identification
1 Department of Urban Planning Property and approval of the list of houses to be demolished or overhauled
Department of Urban Development Property Determination of the technical condition of buildings, determination of
State Housing Inspectorate the list of apartment buildings in need of maintenance or major re-
2 pairs; determination of the list of apartment buildings to be demol-
ished
Department of Urban Planning Policy Determination of the list of neighbourhoods and areas designated for
Committee for Architecture and Urban Planning | the design and construction of starter homes. Development and ap-
3 of Moscow proval of the primary architectural and planning solutions, external ap-
pearance of the designed buildings, definition of the technical assign-
ment for project development
Department of Urban Planning Policy Drafting and submitting the initial technical assignment for the con-
Committee for Architecture and Urban Planning | struction of an apartment building within the boundaries of the allo-
I 4 of Moscow cated land plot; approval of the project budget
Moscow Housing Renovation Fund
Committee for Architecture and Urban Planning | Approval of architectural and planning solutions; external appearance
of Moscow of the residential building; approval of landscaping solutions
i 5 Moscow Housing Renovation Fund
Management company, technical customer service
Moscow Housing Renovation Fund Implementation of preparation of architectural and urban planning so-
Management company, technical client service | lutions, design and working documentation, passing the Moscow
v 6 Design companies, general contractor state Expertise, organization of construction production, conducting
engineering surveys, construction of capital construction facility

set earlier, one needs to coordinate them repeatedly with the Mos-
cow City Architecture and Construction Department, which slows
down or completely stops the design process until a decision is
taken. As a consequence, it may be necessary to correct the de-
tailed design documents and re-approve them at the Moscow City
Court of Appeal, which also increases the timing and budget of
the project [6, 8, 10].

The fourth stage should result in a capital construction project.
For this purpose, construction and installation works are carried out
by the general contractor. The technical customer performs finan-
cial and organizational control of the construction. It should be
noted that due to the nature of works, structure of interaction be-
tween the sections and stipulated approval process, the working
documentation is often issued simultaneously with civil and erec-
tion works. Therefore, if errors or inaccuracies are made at the de-
sign stage, it may be necessary to revise and modify the applied
solutions and re-approve the corrected working documentation
[7, 12]. During re-approval it is not possible to carry out construc-
tion works, which may have a significant impact on the project
schedule. It should be noted that it is often at the construction stage
that difficulties may arise in interaction with landowners of adjacent
plots, which may also complicate, slow down or completely stop
construction and installation works until all necessary approvals are
obtained.

In view of the above-mentioned specifics of work performance
during the implementation of the renovation programme, the exist-
ing procedure of interaction between the participants of the renova-
tion projects may lead to unforeseen situations where project solu-
tions need to be revised, additional approvals obtained etc. which

would either significantly slow down or fully stop the process of
construction and assembly works until the situation is resolved.

The assessment shows that a more detailed engineering survey
at the stage of land plot selection for residential house construction
as well as obtaining approvals from the property owners of neigh-
bouring plots and developing engineering solutions at an early
stage of the project can considerably reduce the time needed to
design and develop working documentation. Reduce the likely risks
of controversy, redesign and design changes, and improve budget
predictability. Reduce the duration of construction. Thus, increas-
ing the duration and cost of pre-design work at the first stage of
project preparation by 10-15 % can reduce the duration of design
and construction work by as much as 25-30 %.

Thus, a change in the methodology of interaction between
the participants of the renovation project implementation process
may become more efficient and productive, which will have an im-
pact on the financial results of the project. Therefore, the elabora-
tion of new methodologies as well as the adjustment of the scheme
and the order of interaction of the process participants is appropri-
ate from an economic point of view.
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AHanu3 acpheKTMBHOCTU B3auMMOAEeNCTBUSA
y4acCTHUKOB NpU peanu3auum npoeKToB

B pamMKax nporpamMmmbl peHoBaLuun

Ha npumepe ropoaa MockBbl

OfHUM 13 BaXXHENLLNX HanpaBneHui coLmanbHO-9KOHOMNYECKOM
NONMUTUKM KaXKAOro rocyfapcTBa fABNseTca obecneveHme rpaxnaH
6€e30MacHbIMU M KOMAPOPTHBIMU XUIULLHBIMU YCIOBUAMU, KOTO-
pble 6bl OTBE4ann TPeH6OBaAHNAM HEe TOSIbKO aKTyasibHbIX HOPM
1 NMpaBwJl, HO U CAOXMBLUMMCA TPe6oBaHUAM COBPEMEHHOMO 06-
wectia. C uenbto ynyyLweHUs XUIULLIHBIX YCOBUA U 06HOBIEHMSA
BETXOr0 Y aBapuMHOro XWUnbsa Be4eTcs nporpaMmma peHoBaLlumm
XWnow 3actporikn. OgHOW U3 0CO6EeHHOCTEN NPEACTaBIIEHHOMO
BO MHOrux ropogax Poccumnckmnx ®egepaumm Xunoro oHaa sie-
nsietcs 60nbLLOE 1, 3a4acTyto, MpeobnafarLLee KOMYecTBO Xu-
JbIX IOMOB, NOCTPOEHHbIX B nepuofd ¢ 1958 no 1967 rr., B nepuof
MHIOYCTPUanbHOro JOMOCTPOEHMUs. B cOOTBETCTBUM C OENCTBYIO-
LLUMN HOPMAaTUBHBIMU aKTaMn CPOK dKCnyaTauuy AaHHbIX Jo-
MOB cocTaBnseT oo 70 et npy ycrnoBun CBOEBPEMEHHOIO 06CIy-
XUBaHUs. ITO 03Ha4aeT, 4YTo B 6nmxanwme 10—-15 net obuiee
COCTOSIHNE XUMULLHOro OOHAA MOXET CYLLIECTBEHHO YXYALUUTb-
CSl U MPON3OMAET Pe3Koe yBeNnYeHe BeTX0ro U aBapumHoOro Xu-
nbs. C Uenbo He fONYCTUTb MAacCOBOMO MOSIBMIEHUS aBapUAHbIX
30aHWi, 0N KOTOPbIX HA AAHHOM 3Tane MX XWU3HEeHHOro LuKna
KanutanbHbI/ PEMOHT HellenecoobpaseH, peannayeTcsa nporpam-
Ma peHoBaLWn XWON 3aCTPonKW. [MaBHOW 3agadven JaHHOW npo-
rpammbl ABASETCA MOAEPHU3ALNA CYLLECTBYOLLErO XMINLLIHOMO
oHAa 1 06HOBMEHME cpelbl XU3HEAeATEeIbHOCTU C Lenbio npu-
BELEHUS ero B COOTBETCTBME CO CTaHAapTamu kadecTtsa, obecne-
YMBaOLLMMU KOMOPTHbBIE YCIIOBUSA NPOXNBAHMSA.

B peanusauun nporpaMMbl peHOBaLMKN XUION 3aCTPONKN 3a-
[eNncTBOBaHbl MHOIME YHaCTHMKN: OT roCyAapCTBEHHbIX CTPYK-
TYyp AO NOKasbHbIX NOAPAOHbLIX OpraHu3auui. Takon LWMpOKui
KPYr Y4aCTHVWKOB TpebyeT MakCUMasbHO CNaXXeHHOW B3anMHOW
paboThbl ANA AOCTUXEHUS BCEeX MOCTaBNeHHbIX 3adad. Ho, Kak
nokasana npaktuka, He BCerfga y4aCTHUKU AECTBYIOT CNnaXeH-
HO, Y4TO MPUBOAUT K Pa3nnYHbIM MOCNEACTBUAM, BblPaXXEHHbIM
B CYLLECTBEHHOM YBEJSIM4EHNN CTOMMOCTU UK CPOKOB CTPOU-
TenbcTBa. Tem caMblM Heo6xoguma TuiaTenbHas npopaboTka
OencTBytoLLero nopsaka B3anMoAencTBUS YHaCTHUKOB C LiEeNblo
BbISIB/IEHNS1 BO3MOXHbIX NPO6G/IEM 1 aHann3a ana COBEpPLUEHCT-
BOBaHWA MexaHu3Ma ynpasfeHus U B3anMoaencTBumsa y4acTHU-
KOB peanu3auuu NporpamMmbl.
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Methodical approaches to justify

the sustainable development

of a historically established city using

the principles of revitalization of territories

The task of urban development is to synthesize resource flows and create adequate anthropological condi-
tions for the implementation of rational programmes and plans for the revitalization of urban spaces. Turning to
the essence of the methodological principle of relativism, which consists in the absolutization of relativity and
conditionality of any knowledge, and, consequently, restricts the description of the object of research to their
immanent properties, the presence or absence of the latter ensures the priority not only of integrity, system-
ic reality over individual parts, but also of development over preservation. In other words, urban development
should be regarded as a managerial functional of expanded reproduction (capitalization) of urban assets in its
modern development. In relation to the city, it is also important that the material should not dominate and can-
not be considered in isolation. The property of the integrity of urban space creates the basis for the realization
of the advantages of systematicity and prioritization of development goals.

The preservation of real estate objects over time allows us to study the dynamically changing parameters of
real estate and the logic of urban development, reflecting the meanings of urban life, transformations of pro-
duction methods, challenges and overcoming, values and preferences. A comparative analysis of the causes
of emergence and factors of the development of settlements in Russia and Europe shows the similarity of evo-
lutionary trends. At the same time, the study of natural conditions, specialization and peculiarities of mentality
of the population of different countries, urban planning traditions allow us to identify common features and dif-
ferences in the urban development of cities.

The close relationship between urban development and the socio-economic development of the city has a dual
nature of interaction, determined by historical periods, which are essentially discrete projections of each other.
It is proved that urban planning activities affect the social and economic life of the country in the long term.
The problems of maintaining a balance between opportunities and needs in the social, financial, cultural and
environmental aspects of urban development lead us to the need to determine the vector of sustainable de-
velopment.

It is generally accepted to carry out the processes of real estate conversion in historically developed cities with-
in the framework of the Redevelopment Concept. The change in functionality and operational characteristics is
currently subordinated to the logic of the market economy, i.e. the support and multiplication of cash flows at
all stages of the life cycle of real estate. The decision on the degree of construction and architectural interven-
tion is subordinated to these motives. Targeted focus on solving social problems significantly changes the con-
ceptual foundations of redevelopment, giving them a social focus on creating a comfortable living environment.
In this regard, emergency housing, mothballed or abandoned real estate are subject to not just repurposing,
but literally “revitalization”, i.e. recreating conditions for comfortable human habitation. In terms of the theory
of sustainable development, this means the revitalization of the living space. According to the author, the term
“revitalization of urban space” corresponds much more to the targeted focus of National Development projects.
Keywords: revitalization, sustainable urban development, urban environment regeneration, spatial and territo-
rial development, cognitive approach, anthropological conditions of project implementation
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INTRODUCTION 2) Instability and cyclicality (management of cycli-

cal dynamics of development of urban economy

he desire of people to improve living condi-
Ttions has led to the rapid development of ur-

ban spaces. The synthesis of these direc-
tions makes it possible to highlight the strategic
context of urban development (Fig. 1). The practical
experience of development of various cities on
the regulatory basis of inclusive models due to
the underestimation of economic, social and cultur-
al heterogeneity came across inevitably low effi-
ciency of urban development [1].

At present, as a result of numerous studies of
the theory of sustainable urban development, five
synthesized basic patterns are distinguished:

1) Unevenness and heterochrony (management of
synchronization processes of development of
branches and segments of urban economy);

systems);

Sensitivity and manageability (stimulating
the perception and processes of overcoming
the backlog and parrying the challenges of ur-
ban economy);

4) Cumulativeness and continuity (planning and
analysis of continuity and multiplication of the re-
sults of management decisions in the sphere of
urban economy);

Divergence and convergence (expanded repro-
duction of diversity and convergence of all ele-
ments and systems of urban economy).

Taking into account the projections of urban
space analysis proposed on the basis of the analy-
sis of the patterns of urban development, as well as
synthesizing points of view on the determination of
the concept of urban development, as a result of

3

N
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Fig. 1. Fundamentals of the concept of a “harmonious city” in terms of the theory of sustainable development (structured by the author based
on the materials of the Shanghai Declaration)

the ontological analysis carried out by the author, we agree that for the minimum possible resource provision and for addition-
the main focus of the study concerns [2]: al investment attraction [3].

* the use of the concept of an integral urban space of life activ- The priority of the goals and processes of urban development

ity, acting in the form of socio-economic and natural-techno- over the goals and processes of their simple reproduction and

preservation requires a targeted focus of chaotically diverse situa-
tions, including those related to adjacent areas. At the same time,
the quality of the urban environment is created as a result of the in-
teraction of living and non-living matter at three epistemological

logical geosystems within the fixed territorial boundaries of
historically developed buildings, new areas of complex devel-
opment, as well as territories with hidden investment potential
with objects of cultural and architectural heritage of the his-

levels:
torically developed city; 1) statistical level, recording the facts characterizing the state of
e striving for self-sufficiency of development of each of the dis- the urban environment;
tricts of the historically formed city. This is manifested in 2) programme level, which sets the main trajectories for achieving
the availability of the necessary material and non-material de- the goals of the development of urban areas of historical

velopment resources within the established boundaries, both development;
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3) problematic level, revealing conscious contradictions of devel-
opment and ensuring the revitalization of the territories of his-
torical development [4, 5].

MAIN PART

Based on the revealed patterns of practical implementation of
the holistic approach, we formulate the main immanent properties
of urban areas of a historically developed city, bearing in mind that
this is, first of all, a community of people living within the specified
territorial boundaries and contributing to the revitalization of living
spaces. Let us combine the properties into a table and decompose
them by study levels (Table).

The preservation of real estate objects over time allows us to
explore the dynamically changing parameters of real estate and
the logic of urban development, reflecting the meanings of urban
life, transformations of production methods, challenges and over-
coming, values and preferences. A comparative analysis of
the causes and factors of the development of settlements in Russia
and Europe shows the similarity of evolutionary trends. At the same
time, the study of natural conditions, specialization and peculiarities
of mentality of the population of different countries, urban planning
traditions allow us to identify common features and differences in
the urban development of cities [6-9].

Itis generally accepted to carry out the processes of real estate
conversion in historically developed cities within the framework of
the Redevelopment Concept. The change in functionality and op-
erational characteristics is currently subordinated to the logic of

the market economy, i.e. the support and multiplication of cash
flows at all stages of the life cycle of real estate. The decision on
the degree of construction and architectural intervention is subordi-
nated to these motives. The targeted focus on solving social prob-
lems significantly changes the conceptual foundations of redevel-
opment, giving them a social focus to create a comfortable living
environment. In this regard, emergency housing, mothballed or
abandoned real estate are subject to not just repurposing, but liter-
ally “revitalization”, i.e. recreating the conditions for comfortable hu-
man habitation. In terms of the theory of sustainable development,
this means the revitalization of the living space. According to
the author, the term “revitalization of urban space” corresponds
much more to the targeted focus of National Development pro-
jects' [10].

So, the author's interpretation of the revitalization processes is
reduced to the implementation of the following functions:

1) urban planning in order to restore the viability of urban spac-
es of historically developed buildings;

2) urban planning and development for the organization of in-
vestment and construction processes of renewal (reconstruction,
modernization and overhaul) of existing buildings;

3) urban planning to ensure the balance of the functional struc-
ture of real estate;

4) creation of biospheric compatibility of urbanized territories
with functional and mobile mobility for various purposes and trans-
port infrastructure facilities;

5) urban regulation to create genera.rules of urban land use
and renovation of existing buildings, removing the conflict of private

Interpretation of the properties of territories of the historically formed city by levels of epistemological analysis (compiled by the author)

Features

Statistical level

Programme level

Problem level

The embeddedness of the processes
of functioning of the THC* in the spa-
tial vectors of development and
national goals

Key performance indicators (KPIs)
of the THC

Distribution of KPIs by programmes
and projects

Synchronization of KPIs of different
levels of urban economy

The integral existence of the material
and immaterial, subjective and objec-
tive, living and inanimate, objective
and subjective

Balance models of the THC city
development

Characteristics of strategic initiatives
software

Structuring of accumulated imbalances

Constellation of phenomena, process-
es, elements of the city, spatial syn-
chronization and relative stability of
the spatial configuration

The system of indicators of sustainable
growth of KPIs of the city

Indicators of programme conjugacy of
the THC of the city

Identification of depressive
urban development zones

Self-sufficiency and balance (re-
source, spatial, subjective) of conser-
vation and cyclical development of
the ascending type

Dynamics of indicators of sustainable
growth of KPIs of the city

Dynamic characteristics
of development software

Fixing the dynamics of turbulence
zones parameters

Self-optimization and self-regulation
as conscious, as well as the reverse as
a spontaneous movement of resource
flows to the optimum

Results of development, depending on
the own capabilities of urban areas

Development indicators included in
projects of regional significance

Deviations from
the set strategic priorities

Concentration and complex formation
of elements of the urban environment

Results of the creation of micro-
complexes on the THC of the city

Indicators of the implementation
of integrated education programmes

Settling parameters
from complexation

Manageability as the ability
to achieve goals

Indicators of economic reliability of
the management object

System of resource characteristics of
the control system

Development resources
scarcity indicators

* THC — the territory of the historically developed city.

1 Forum “Creating more «smart» and sustainable cities: Striving to achieve Sustainable Development Goals”. Rome, Italy, May 18—19, 2016. URL: https:/pandia.ru/text/81/115/15858.php
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and public interests in urban development. Dialog modes of imple-
mentation (authorities, business and the population) using platform
solutions in order to ensure advanced development and the need
for real estate of various types of urban environment.

Often, to characterize the restoration of areas of historically de-
veloped cities, the term regeneration is used as a designation of
the processes of preserving the historical and urban planning or
natural environment. In practice, this term is used in a broader
sense, as an integrated approach to the restoration of the historical
urban environment on the basis of reconstruction, meaning recon-
struction, and sometimes new construction. However, the classical
content of the term regeneration means, first of all, the conservation
nature of the construction work carried out to restore the historical
heritage.

The analysis of historically established criteria for assigning cit-
ies to a pronounced type allows them to systematize and substanti-
ate the main features that determine the significant differences in
urban living spaces (Fig. 2).

The analysis of the functional content of cities of various types
allows us to distinguish five main types of urban spaces: public-
business, combining administrative, business, commercial real es-
tate; street-road with the territories of streets, roads, driveways,
bridges, overpasses, crossings, parking lots, etc.; social-leisure,

covering medical, educational, cultural and leisure, sports facilities;
residential territories, including house territories and other territories
of a comfortable environment; citywide territories, including parks
and squares of green spaces, public squares, etc.

Itis suggested that the features of the real estate sector include
the currently accepted profile of characteristics:

1) diversity of types and types of real estate segmented not
only by location, functional purpose, number of floors, degree of
deterioration, etc., but also by the level of capitalization and pro-
spective advantage;

2) plurality of object composition with a characteristic internal
interconnectedness and interdependence of the incoming objects.
For example, the real estate structure of industrial zones and terri-
tories sets the configuration of energy, transport, housing and com-
munal infrastructure, and natural or cultural heritage objects objec-
tively limit, and in some cases expand the specific possibilities of
new construction;

3) functional determinism and relative inertia of real estate ob-
jects, requiring either giving the properties of multifunctionality or
redevelopment taking into account the dynamics of the structure of
needs;

4) the possibility of using various economic models of involving
real estate in economic turnover. This can be shared-equity

Target focusing
of the processes of urban

Strategic focus on ensuring the comfort of life of the population
(National project “Housing and Urban Environment”)

environment restoration

Revitalization tasks:
1. Restoration of viability, functional activity and the center of attraction
of the territory.
2. The strategy of changing spatial and territorial development through
a combination of renovation, new development and the location of the property.
3. Ensuring balanced and proportional development of the retd estate sector.
4. The preference for creating biospheric compatibility of urbanized territories
with functional and mobile real estate for various purposes
and urban infrastructure facilities.
5. Using dialog modes, etc.

Revitalization
of the territory
of historically
developed cities

The consequences
creating a space
of ty that develops
human capital

Truncation based
on historical
location

Regeneration tasks: Consequences
1. Restoration of lost elements of architecture and urban-planning ensembles. of returning to
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the urban environment

Regeneration
i of historical heritage

sites 3. Giving functional activity to the recreated real estate.

4. Using dialog modes

Organizational and
economic mechanism
for ensuring
revitalization

and regeneration

Redevelopment tasks:
1. Transformation of objects of any location.
2. Coverage of all forms of extended reproduction of real estate.
3. Conformity of redevelopment to the dynamics of needs.
4. Using dialog modes

Consequences
of creating a new
look of the urban

environment

Real estate
redevelopment

Sustanable development
of the urban environment

S

Economic education and capitalization of all elements and objects of the urban

Fig. 2. Hierarchical structure of concepits reflecting the processes of restoration and renovation of real estate in a historically developed city
(developed by the author)
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construction or project financing of new construction, acquisition of
real estate ownership, lease, trust management, co-working, etc;

5) features of the liquidity of real estate as an investment asset.
On the one hand, being a reliable asset, there is always demand,
on the other hand, given the capital intensity and duration of pay-
back periods, the period of operation of the facility can be long;

6) diversity of business entities involved in the real estate sec-
tor. At the same time, not only legal entities, but also individuals
participate in the management cycle of real estate, taking into ac-
count the organizational and legal forms of ownership of an eco-
nomic entity. Their dynamically changing needs give impulses to
changes in the structure of real estate.

Participants in the processes of cyclical development of real
estate carry out their activities in various spheres.

Multifunctionality of real estate was a characteristic feature of
the historically developed development of Russian cities. Strategic
trajectories of their development, ranging from the creation of de-
fence industry to the formation of scientific and educational clus-
ters, naturally took into account the location, formed production
potential, existing specialization, quality of labour resources, busi-
ness traditions and social characteristics.

The priority of the production sector, the financing of capital in-
vestments in real estate serving the consumer sector of the national
economy, on a residual basis led to the emergence of the deepest
imbalances in the real estate sector, which necessitated the develop-
ment of a National project “Housing and urban environment”.

As the survey of developers, developers, representatives of
government and city self-government showed, the most important
structural factor characterizing the influence of the urban popula-
tion on the composition and structure of real estate objects is the in-
come structure of the urban population. Thus, if the vast majority of
citizens are in the zone below the subsistence minimum, it is not
necessary to count on the prosperity of commercial real estate for
non-industrial purposes. According to the respondents, in the so-
called “peripheral” areas of the city, the creation of real estate with
a large number of jobs is an absolute priority.

Structural factors reflecting the state of the urban population, as
shown by the study:

e firstly, they form the requirements for residential real estate, its
price characteristics, location, number of floors, apartment
construction, etc;

e secondly, they are decisive in relation to the profile and
functional component of real estate of socio-cultural purpose.
The new construction of educational institutions, their type
and scale directly depends on the dynamics of the proportion
of children and young people in the places of settlement of
the family part of the urban population;
thirdly, they set restrictions in the construction of commercial
real estate. Residential areas displace factory areas, and their
residents, even though they need jobs, oppose the placement
of various industries, voting for the development of public
spaces, retail and office real estate. Even the location of hotel
real estate according to surveys for 40 % of citizens is
undesirable;
fourthly, it is absolutely obvious that the attitude to the targeted
use of land in cities often becomes a zone of social tension.
This is especially true of the historical centres of cities;
fifthly, they determine the economically feasible functionality
of multi-profile real estate, determining the demand for retail
outlets, entertainment venues, catering places, pharmacies,
etc.

The existing resource base of urban development requires
restructuring taking into account the cognitive approach. The most
important role in its framework is played by the quality of labour
resources, assessed not only as the ability to work, but also as
the initial cost of labour resource that grows as experience accumu-
lates and education improves. In this capacity, it is human capital,
on which business and investment activity, the intensity of develop-
ment processes, the duration of periods of stagnation and crises
depend. In this regard, it is the structure of human capital, which is
based on the consideration of the previously considered structural
factors, that is decisive in the formation of the resource base (RBd):

RBd = RBc + RBb + RBa, (1)

where RBd — resource base of urban development;
RBc — the resource base available in the city;
RBb — borrowed resources;
RBa — attracted resources.
The task of the city authorities is to:
RBd — max, on condition RBc — max.

At the same time RBb — min, RBa — max.

The Coronacrisis also changed the existing trends in the real
estate sector. In contrast to the global financial crisis of 2008-2009,
the management system of the national economy did not collapse,
but functioned in a strictly controlled state regime. The controlled
contraction of the economy made it possible to prevent defaults
and collapse of prices in the real estate sector. Whatever threats,
for example, related to the closure of office and shopping centres
during lockdowns did not occur, real estate prices have resisted
and remained at about the same level as in the conditions of cycli-
cal crises.

The analysis showed that during the outbreak of the pandemic,
in the conditions of changing forms of activity (with the transition to
remote employment) and the explosive growth of online commerce,
which caused not only new construction and reconstruction of ex-
isting warehouses, but also the growth of jobs, including highly
qualified ones. Thus, the logistics segment has not only expanded,
but also attracted highly qualified personnel.

Thus, the revitalization of historical centres cannot be reduced
to the addition, completion, extension or reconstruction of existing
real estate. It implies a profound rethinking of urban functionality
that requires the reconstruction of industrial buildings and an as-
sessment of the possibility of resettlement, both in newly construct-
ed buildings and in existing areas that are being rebuilt and adapt-
ed for housing.

With regard to historically developed cities, we note that
the pandemic has only intensified the trends that have formed. In
particular, the difficulties of living in city centres with heavy traffic,
developed office, retail and sports and entertainment real estate.
This requires the revitalization of city centres, which in turn actual-
izes the scientific justification of the requirements for the implemen-
tation of the processes of revitalization of urban centres and the or-
ganization of a new wave of their settlement.

Thus, in all cases, it should be taken into that in order to imple-
ment structural maneuvers to meet the needs of the population,
a system of state support measures is needed that can support
demand, switch to an industrial construction basis, lay the infra-
structure foundation of a comfortable suburban environment. Oth-
erwise, this type of migration may become an insignificant factor in
the implementation of structural maneuvers aimed at revitalizing
the centres of historically established cities.
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So, based on the study of the response of the urban real estate
sphere to changes in structural factors characterizing the influence of
the urban population on the dynamics of the development of various
types of real estate, we formulate the basic principles of the revitali-
zation of urban spaces of the post-Covid recovery period:

1) preference for socially oriented, creative, people-saving,
cost-effective and environmentally safe real estate development
supported at all levels of public administration;

2) understandability and clarity, visibility and popularization of
the meanings, goals and accents of the revitalization of urban real
estate in the areas of existing development;

3) the focus of the declared changes in the structure of urban
real estate on ensuring investment attractiveness, allowing to de-
velop and launch a programme of restructuring and new construc-
tion in the sphere of urban real estate;

4) equalization of comfort levels and prospective advantages
(functional content, infrastructure provision, transport accessibility,
etc.) of all districts of the city;

5) deductiveness of conceptual, strategic, scenario, pro-
gramme and project approaches to the revitalization of urban
space and real estate development;

6) consistency of revitalization programmes and projects that
ensure the promising nature of creating an investment-attractive im-
age of urban development;

7) openness and dialogue mode of urban real estate revitaliza-
tion processes implemented using information and communication
technologies;

8) resource competitiveness, investment attractiveness and
stimulating nature of the launched revitalization processes.

The specified requirements formulated by the author systema-
tized the features of creating an investment-attractive environment
of historically developed cities.

Depending on the historical value of the reconstructed area, its
preservation and the degree of destructive interference, the regime
of protection of the historical environment, it is assumed to preserve
the scale of development, compliance with existing building lines,
limitation of number of floors, support of architectural and stylistic
features of the environment, etc.

Distinctive for a major and large city is its filling density of
40 people/ha (Fig. 3).

This value of the city density indicator gives the following ad-
vantages:

¢ high efficiency of investments in infrastructure, low costs for

A
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’ and modernization costs on population
density |
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1500 L oS~
1,000
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0
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Population density, people/ha

Fig. 3. City density and efficiency of spending/investment in in-
frastructure. Source: T. Matsurmoto

its operation, renovation and new construction, especially for
public utilities and transport system facilities;

* high efficiency of budget funds, including those used for
the maintenance and development of infrastructure and
the growth of the tax base (due to the renovation of the hous-
ing row and the regeneration of the centre);

e lower transport and logistics costs, including as a result of
optimization of the urban structure;

® increasing accessibility, connectivity, attendance and pass-
ability of the urban environment;

¢ high manageability of the territory in terms of the need to in-
crease administrative resources, motivation and competence
of city authorities;

e creation of biospheric compatibility of urbanized territories by
reducing the socio-economic damage caused by natural and
economic pollution of the environment by historically indus-
trial enterprises by transferring them to the city and reducing
the intensity of use of both cargo and personal vehicles.

This creates a sustainable:

e socio-cultural development of the historically developed terri-
tory;

e economic recovery and capitalization of all elements and ob-
jects of the urban environment [11-14].

The preliminary author's research made it possible to conclude
about the possibility and prospects of considering the GRS as a re-
vitalization of the historically established territory (hereinafter,
RHET) through the prism of conceptual modelling of spatial and
territorial development (PTD;;) with a functionally reliable separate
urban planning system consisting of certain stages and subsys-
tems of interaction with a criterion assessment of their planning by
integral indicators of total costs, effects and economic reliability.

CONCLUSION

At the first stage of the study, we will perform a conceptual
definition and clarification of the innovative term “spatial-territorial
development for urban real estate reproduction management”
(PTDj,). As the analysis of the theory of development has shown,
this terminology is absent in the modern scientific and practical
classification. In this regard, the author proposes to introduce
the following author's terminological definition of PTD,,.

The spatial and territorial development of real estate revitalization
(PTD;p) in the GRS of the cluster territory should be understood as
the professional activity of the head real estate developer and spe-
cialized developers (investors) in the sphere of urban construction
and real estate management with the function of forming a corporate
target alliance of business partners (business partners: construction
and installation organizations, concessionaires, logistics, transport,
operational enterprises and management companies), united by
the process of reproduction of a single urban land and property
complex for the revitalization of cluster-type real estate (investment
projects) and the tasks of effective implementation of cluster objects
of various types and purposes as part of an urban megaproject (IP)
due to its high organizational and economic stability, maximum eco-
nomic reliability of the construction of cultural and architectural herit-
age, historically industrial real estate transport, municipal and logis-
tics infrastructure, etc. with the minimum total cost of their ownership.

A detailed review of scientific research methods allowed the au-
thor to establish that the functional reliability approach provides for
the consideration of the object of research in the form of a set of
functions (targets) that allow such research to be conducted with
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a focus and effective obtaining maximum efficiency (commercial,
budgetary, social). The functional model of the object under study
is primary, and its structural and effective functional-reliability mod-
el is secondary (depending on the type of implemented functions).
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ropofckoe pa3BuTUE LOMMKHO paccMaTpuBaTbCs Kak yrnpasrieH-
YECKMI (OyHKLMOHAN paclUMpeHHOro BOCNpPOM3BOACTBA (Kanu-
Tanusaums) ropoACcKMX aKTUBOB B €r0 COBPEMEHHOM Pa3BUTUN.
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NCTOPUYECKMMU NEepUogamm, no CyT! ABASIOLLUMUCA OUCKPETHBIMU
npoekumamu gpyr gpyra. [JokasaHo, YTO rpagocTpouTesnbHas
[esATeNbHOCTb BAUAET HA COLIMANbHYIO U SKOHOMUYECKYHO XU3Hb
CTpaHbl B JONrocpo4HoM nepuope. MNpobaembl coxpaHeHus
6anaHca Mexgy BO3MOXHOCTAMU U MOTPEGHOCTAMM B COLMANTbHOM,
(hMHAHCOBOM, KYNIbTYPHOM Y 3KOJIOTMYECKOM acrnekrax pa3BuTus
TEpPPUTOPUM ropoda NPUBOZAT HAC K HEO6XOQMMOCTM ONpeaeneHns
BEKTOpa YyCTONYMBOro pa3BUTUS.

Mpoueccbl nepenpodunnpoBaHns 06bLEKTOB HEABMXUMO-
CTW B UCTOPUYECKWN CNOXMBLLMXCS ropofax 06LLEenpuHATO OCy-
LLeCTBNATL B paMKax KoHuenumu pegesenonmeHTa. IameHeHve
yHKLMOHana 1 akKcnayataumoHHbIX XapakTepUCTUK B HACTOS-
Lee BpeMs NOAYUHEHO NIOMMKE PbIHOYHOWM 3KOHOMUKM, T.€. NoA-
OEPXKe N NPUYMHOXEHUIO AEHEXHbIX MOTOKOB Ha BCEX 3Tanax
XXW3HEHHOrO LMKMa HEABWXKXMMOCTU. OTUM MOTUBaAM MOJYUHE-
HO peLUeHne O CTEMEHN CTPOUTENBHOMO N apXMTEKTYPHOIO BMe-
warenbcTBa. Llenesas hokycupoBka Ha peLleHne coumasnbHbIX
3a4a4y CyLEeCTBEHHO M3MEHSIET KOHLENTyarnbHble OCHOBbI pefe-
BeNIONMeHTa, NpMaaBas UM coumanbHyo HanpaBneHHOCTb Mo COo-
30aHuI0 KOMYOPTHOM cpefdbl XU3HeAeATeNnbHOCTN. B aTon CBA-
31 aBapuHOE XUIbe, 3aKOHCEPBUPOBaHHAA UK 3abpoLLeHHas
HeABMXMMOCTb Nopanexar He NPocTo nepenpodunnpoBaHuio,
a B 6YKBaSIbHOM CMbICIE «OXWUBIIEHUIO», T.€. BOCCO3aHUI0 yC-
NOBUA KOMPOPTHOrO NpebbiBaHns Yenoseka. B TepmnHax Teo-
puUn yCTOMYMBOIrO pa3BUTUS STO O3HAYaeT peBUTann3aumio npo-
CTpaHCcTBa Xu3HepeaTenbHoCTU. 10 MHEHMIO aBTopa, TEPMUH
«peBuTann3aLmns ropofcKkoro NpocTpaHcTea» B ropasfo 60sb-
LIen CTeneHn oTBeYaeT LeneBon oKycnpoBke HaumoHanbHbIX
NMPOEKTOB Pa3BUTHS.

KnroyeBble cnoBa: peButanusaynsi, yCToNYMBOE ropohcKoe
pasBuTHe, pereHepaumsi ropoAcKos cpeabl, MPOCTPaHCTBEHHO-
TeppuTopuanbHbivi [EBENONMEHT, KOTHUTUBHbLIA MOAX0A,
aHTPOIOIOrN4ECKNE YCI0BUS peann3aumm npoeKToB
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Development of analytical tools for assessing
the performance of construction organizations
based on the cost management concept

The activities of construction companies are characterized by high resource and capital intensity of products.
There are many standards regulating the quality of construction products and technological processes. In addition,
construction is characterized by high risks, unstable cash flows, dependence on many external factors inherent in
an unstable economy. To ensure sustainable development, it is necessary to have an analytical toolkit focused on
the constant search for reserves and capable of systematically and comprehensively reflecting all the problems of
the organization. The modern system of complex analysis of economic activity, applied methods and indicators, in
general, meet the requirements. This also applies to the methods of rating assessment of companies. According
to the authors, it is necessary to improve the system by applying the market capitalization indicator. It requires an
annual valuation of the company. The system of business valuation methods reflected in the valuation standards
and works of domestic economists requires adaptation to the specifics of construction companies. The article
considers the peculiarities of construction activity from in terms of assessing the market value of the company,
analyzes approaches and methods of valuation, reveals the peculiarities of application in construction.
Keywords: analytical system of construction organizations, main subsystems, directions of development, cost
management concept, specifics of construction business valuation, valuation methods
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INTRODUCTION

he constant complication of business
Tenvironment requires new approaches to
sustainable development. Correct setting of
goals and their timely adjustment is necessary.
The organization cannot influence many external
factors, but they must be taken into account. This
requires a properly organized analytical system.
The analytical toolkit for assessing
the performance of organizations is constantly
improving and covers almost all management
subsystems. The main directions and subsystems of
complex analysis of production and economic
activities were formed by the scientific school of
A.D. Sheremet, who first developed the theory and
methodology of complex economic analysis of
enterprise activity. The analytical system contains
indicators that practically cover all aspects of
the production and economic activity of an
enterprise. In particular [1]:
e indicators of income and sales of products;
e indicators of costs and cost of sales;
e indicators of technical and organizational
level and other business conditions;
e indicators of efficiency of current and non-
current assets;
e indicators of financial position and solvency.
Improvement of the system of indicators
continues taking into account the changing
business conditions [2—-4]. The system of indicators
in the author's interpretation does not reflect
the specifics of a particular type of business, but it
has been developed in modern research and
adapted to the activities of construction companies
[5, 6]. The system of the above indicators is
focused on current management and allows to

identify reserves, plan and implement measures to
improve the efficiency of activities.

The system of rating assessment of enterprises’
activities has been developed and adapted to
the activities of construction organizations.
The system reflects not only the interests of
the organization itself, but also their environmental
and social responsibility, the interests of investors,
which affects the competitive position of
the organization in the contract construction market.
The rating system is used to evaluate
the performance of construction organizations not
only from the standpoint of internal, but also external
factors, and allows timely identification of strategic
reserves.

The third direction in the development of
the analytical system is the assessment of
the company's market capitalization. It does not
replace, but only complements the above
directions. The market value of an enterprise as an
indicator can be used not only for market
transactions, but also for measuring
the performance of an enterprise. This approach is
used in foreign management practice.

The growth of value shows how effective
the management system is. The indicator reflects in
an integrated way both negative and positive impact
of external and internal factors, factors of direct and
indirect impact, intensive and extensive factors and
the ability of the management system to effectively
use the opportunities and adapt to the threats of
the business environment. This convinces of
the need for further improvement of the toolkit for
assessing the market value of an enterprise for
management purposes.

The cost management concept opens new
opportunities for the development of analytical
tools. Company value management is focused on
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the interests of shareholders in order to increase the value of
the company and includes the processes of creating, managing
and measuring business value'. The system is different from
management focused on profit growth. The system based on
the growth of the company's market capitalization. The choice of
valuation methods requires reflecting the specifics of the business
and, in particular, its industry affiliation.

Increasing the value of a company means managing the factors
that affect its value. These factors can be divided into internal
factors, which are influenced by the organization itself; and external
factors. External factors can affect the value of a business,
independently of internal ones, reflect not only threats, but also new
business opportunities. External factors should be forecasted and
possible risks should be taken into account. There are methods of
strategic analysis to identify factors and take them into account to
maintain economic sustainability.

The assessment of the market value allows to take into account
all factors comprehensively. Market capitalization ratio is able to
supplement the system of analytical business indicators for
the current management and rating of the company for participation
in auctions and investment attraction. The formation of this indicator
requires an annual assessment of the market value of the enterprise,
selection of a reasonable valuation method that reflects
the specifics of construction activities.

ANALYSIS OF MARKET VALUE METHODS

The Federal standard for Business Valuation provides for
the application of cost, comparative and income approaches to
determining the market value of an enterprise?. The object of
assessment in accordance with the requirements of the Federal
Standard may be the property complex of the organization or part
of it. The property complex must be identified.

Business valuation tools are given not only in the valuation
standards, but also find constant development in the works of
scientists [7-10]. Standard approaches and valuation methods require
taking into account the specifics of construction, taking into account
the peculiarities of the functioning of the construction industry itself, as
well as the real estate market. With regard to the choice of valuation
tools, these features appear in instability of the activities of construction
companies due to a number of factors, in particular:

® long investment and construction cycle;

edemand for  construction

the development of the region;

products  depends on

¢ the need for a significant amount of investment;

e problems related to the allocation of land for construction;

e unstable cash flows during the investment and construction
period;

e regulated requirements to the quality of construction products
and construction processes;

* high requirements for the business reputation of a construction
company that affect the results of tenders;

e cash flows of construction companies reflect the economic
situation in general;

e limited opportunities for market diversification.

Consider the possibilities and peculiarities of application of
standard approaches to evaluation of construction companies for
management purposes. The cost (property) approach is focused
on the calculation of net assets. In this case, assets and liabilities
are taken into account not at book value, but at market value.
The assessment will reflect the property status of a particular or-
ganization and the structure of its obligations.

A company that has construction machinery, equipment and
other fixed assets on its balance sheet will receive a high market
assessment. Otherwise, the valuation will be undervalued. At
the same time, it should be taken into account that construction
companies often use leased fixed assets in the production process,
focusing on the economic feasibility of leasing. This has the effect
of reducing costs and increasing the profitability of the company.

The net asset method can objectively reflect the property status
of the company on the basis of market, rather than balance sheet
indicators. In this case, the method regulated by the document
“Procedure for determining the net asset value®. The importance of
calculating this indicator lies in the fact that it is controlled by the tax
authorities. Net assets should not be less than the authorized capi-
tal of the company. By conducting a market valuation of assets,
a company can avoid problems and timely find reserves aimed at
eliminating the discrepancy.

The comparative (market) approach is based on sales informa-
tion from similar companies. The market multiples thus obtained
(value/profit; value/income) are taken into account when calculating
the market value of the subject company. Information about
the sales of companies can be closed and the income received is
distorted. In addition, the market for such enterprises is not active,
which makes it difficult to apply the comparative approach.

The income approach is focused on determining the value on
the basis of expected future cash flows or other economic indica-
tors. Each of the applied valuation methods has peculiarities, ad-
vantages and disadvantages. The analysis of methods allows to
justify the choice of evaluation tools within the framework of the cost
concept of management, to identify reserves [8].

In our opinion, when evaluating the market value for manage-
ment purposes, it is advisable to take the income approach as
the dominant one. The choice of a specific assessment method
must be justified. The most common methods of income approach
are: net profit capitalization method; discounted cash flow method;
excess profit method. Each of the listed methods has features, ad-
vantages and disadvantages, the analysis of which makes it pos-
sible to justify the choice of valuation tools within the framework of
the cost management concept, to identify reserves. These features
are shown below (Table).

The given characteristics predetermine the choice of the evalu-
ation method. To assess the construction business, taking into ac-
count all the features of its functioning, a high level of risk, cash flow
instability, the discounted cash flow method can be used (1).

C=CF +CT, (1)
where C — the market value of the business;

CF — discounted cash flow of the forecast period;
CT — terminal value of the post-forecast period.

1 Company value management. URL: https://blog.iteam.ru/upravlenie-stoimostyu-kompanii/pdf (rus.).

2 Federal valuation standard “Business valuation”. Approved Order of the Ministry of Economic Development of Russia No. 326 dated June 1, 2015. URL: ootvetstvie-fso/62-fso-8-

otsenka-biznesa (rus.).

3 The procedure for determining the value of net assets. Approved by Order of the Ministry of Finance of the Russian Federation No. 84n dated August 28, 2014. URL: olvency/net_

assets.html (rus.).
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Peculiarities of applying income approach methods

Income approach methods

Specifics of application

Net profit capitalization method

Method is used to evaluate a stable business. The projected profit for one year is capitalized. The valu-
ation is based on the fact that the level of profit does not change in subsequent periods

Cash flow discount method

The method is used to evaluate businesses with unstable cash flows. The estimate is based on a fore-
casting cash flow for the period after which the business will reach a stable level. Other approaches to
substantiate the forecasting horizon are also possible

Excess profit method

The method is used to evaluate companies with high business reputation, whose profits significantly
exceed the industry averages

The method has a number of features. Features must be taken
into account in order to obtain a reliable assessment. Firstly,
the calculations are based on forecasts, which are difficult in
construction due to the large number of risks. With a long-term
forecast, the uncertainty of income and costs increases. Secondly,
the final result of the assessment depends on the forecast horizon,
which requires a reasonable approach to its selection. In particular,
there is an approach when the forecasting horizon is taken equal to
the period during which a stable level of income [7] will be provided.
This is quite justified when it comes to valuation for the purposes of
buying and selling a business, which at the valuation stage was
characterized by instability of income. For management purposes,
the forecasting horizon may be taken equal to the period of
contracts concluded by the construction company for
the development of residential complexes or other objects.

Thirdly, it is required to substantiate the discount rate to
determine the current value of the forecast cash flow and adjust it
for risk. In valuation practice, the discount rate is formed on
the basis of the current risk-free rate of return on capital. This rate
reflects the minimum interest that can be received from investing
in risk-free assets with the maximum guarantee of receiving
income. Taking the rate as stable for the entire forecast period,
a significant error arises in the calculations. Adjustments to
the discount rate are made taking into account the risks that have
developed at the valuation date. The presence of certain risks is
taken into account as a risk premium to the hypothetical buyer.
The most typical practice in business valuation are risk premiums
of insignificant scale of business; unsatisfactory financial structure
of the enterprise; the need to diversify products in response to
changing market needs; the need for additional costs to diversify
the sales network and customer base; market diversification;
inefficient management.

Logically, this set of risks is quite reasonable. Making
reasonable cost adjustments is difficult, but necessary within
the framework of the application of this method. This requires
constant monitoring of the real estate market, the construction
market, and assessment of one's own competitive position.

Business instability in construction requires risk identification* [11].
Focusing on the results of research in risk management, we can
conclude that, in relation to the activities of construction organizations,
when forming the discount rate using the cumulative construction
method, it is advisable to take into account the following risks:

1. Business scale risk premium if larger companies operate in
the industry market and the scale of their business provides
effective management of production costs.

2. Premium for the risk of the financial structure, if the capital
structure has a significant share of borrowed funds. For correct

conclusions about the risk of the financial structure, one can focus
on the requirements of credit institutions for borrowing enterprises.

3. The risk premium for inefficient management is taken into
account if, based on the analysis of profit and profitability indicators,
it is determined that these indicators are below the industry
average.

The following assumptions can be used to calculate the termi-
nal value, which will determine the choice of calculation method:

e at the end of the forecast period, cash flows will become
even; the terminal value is determined by the method of capi-
talization of the profitability of the post-forecast period;

e at the end of the forecast period, all work under a long-term
contract has been completed and the terminal cost is deter-
mined by the liquidation balance method.

The specifics of the economic conditions of construction com-
panies allow us to conclude that it is advisable to use the second
approach for management purposes.

One of the methods of the income approach is the method of
capitalization of the company's net profit. The method is based on
the estimation hypothesis that the profit is constant and is projected
for a year (2):

_ NP (2)
CR’
where C — market value of the business;

NP — net profit of the forecast year;

CR — coefficient of capitalization of net profit.

This method is suitable for valuing companies with long-term
contracts that provide stable income. The problem can arise in
the calculation of the capitalization ratio if there is no active market
for sales of similar business or shares of companies.

The market value of an enterprise with goodwill can increase
significantly. Business reputation (goodwill) as an economic cate-
gory is characterized by the presence of a permanent clientele,
permanent business partners, investors, competitive advantages in
product quality, ensuring environmental safety of products and pro-
duction processes. These items can be valued.

CONCLUSION

The cost concept is relatively new to management in general.
This also applies to business activities in the construction indus-
try. The use of standard approaches and methods for business
valuation requires taking into account the specifics of construction
business, peculiarities of the construction industry functioning. It
is necessary to control the factors influencing the competitive po-
sitions of construction companies.

4 Tsvetkova E.A. Management of economic risks of a construction organization. URL: https://cyberleninka.ru/article/n/upravlenie-ekonomicheskimi-riskami-stroitelnyh-organizatsiy/

viewer (rus.).
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Studies show that the foundations of the analytical toolkit for
the activities of construction organizations have been largely
formed. Methods of analysis ensure the identification of problems,
the search for reserves, the formation of development directions,
and the preservation of the economic stability of organizations.
The dynamics of economic activity, the growth of competition in
the construction market, ever-increasing requirements for environ-
mental and social responsibility of the construction business re-
quire improvement of the analytical system. The market capitaliza-
tion ratio included in the analytical system characterizes the annual
dynamics of changes in the company's market value. This allows to
improve the analytical system, focusing it not only on internal man-
agement goals, but also on the interests of investors. This is possi-
ble only in case of reasonable choice and correct application of
the methods of company value assessment existing in the market
practice.

In assessing market value, not only the financial stability is im-
portant, but also the property condition of the organization. In order
to reflect both sides of the activity, it is necessary to use both in-
come and property (cost) approaches. It is quite expected that
the market value indicators obtained by different approaches will
differ. To generalize the result, it is necessary to determine
the weighting coefficients of each approach in the final assessment
of the business.
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The article proposes a comprehensive solution to the current problem of the tourism industry, the shortage of
accommodation facilities in regional tourist clusters, based on the intensification of construction and moderni-
zation of hotel and accommodation facilities (HAF). Based on the existing set of types of accommodation facili-
ties, the authors proposed a classification of collective accommodation facilities currently used in regional tourist
clusters. A comprehensive list of types and forms of development of accommodation facilities in two main direc-
tions: construction of new and modernization of existing facilities is developed. The article proposes a methodi-
cal approach of three-stage formation of complex efficiency of construction and modernization of HAF, as well as
a methodology for calculating the expected economic effect based on the income-cost method.
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The market of collective accommodation is
a basic element of tourism development. As
analysis has shown, the Russian Federation
has a high potential for the development of the tour-
ism industry, however, the domestic tourism infra-
structure is not sufficiently developed to realize this
potential' [1]. Russia's tourism industry currently
lacks quality hotel and accommodation facilities
(HAF), as well as there is a serious problem with
roads and transport [2]. It is known that tourism
clusters are a multi-faceted industry, in which
the problem of infrastructure development deficit is
closely related to the quantity and quality of servic-
es provided and the levels of availability and train-
ing of specialists.

It is established that the main priority direction
determining the effective long-term sustainable de-
velopment of tourist clusters is the factor of con-
struction and modernization of HAF?.

Based on the Decree of the Government of
the Russian Federation of November 18, 2020
No. 1860 On Approval of the Regulation on classifi-
cation of hotels, as amended on December 26,
2022, the author proposes the following interpreta-
tion of the classification of collective accommoda-
tion facilities (Fig. 1)°.

Collective accommodation facilities (CAF) are
hospitality facilities designed for the temporary ac-
commodation of tourists and travelers, which are
provided on a shared-accommodation basis. They

[ Collective accommodation facilities (CAF) ]
A 4 l
f;;\
Hotels v Campgrounds Sanatoriums
Rest homes, \ )
boarding v -
houses Private
v Motels residential sector
I Hotels I (apartments
and rooms
v Y for rent)
Specialized Specialized
accommodation accommodation facilities
facilities

Fig. 1. Classification of accommodation facilities

1 On the Strategy for the development of tourism in the Russian
the Russian Federation from September 20, 2019 No. 2129-r.

2 On approval of the Concept of the federal target program “Devel

Federation for the period up to 2035 : Order of the Government of

opment of domestic and incoming tourism in the Russian Federation

(2019-2025 years) : Order of the Government of the Russian Federation of 05.05.2018 No. 872-r (ed. of 07.11.2019).

3 On approval of the Regulations on the classification of hotels : Resolution of the Government of the Russian Federation of 11.18.2020

No. 1860 (ed. of 12.26.2022).
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include different types of facilities and can offer different levels of
comfort and services, from simple rooms with a minimal set of
amenities to premium rooms with a full range of services [3]. Collec-
tive accommodation facilities are one of the paramount elements of
the infrastructure of the tourism industry and play an important role
in attracting tourists to various regions [4].

The development of the hotel and accommodation stock of re-
gional tourist clusters is divided into two groups: new construction
of facilities, the second group - the modernization and conversion
of facilities (Fig. 2) [5, 6].

New construction of facilities is the creation of new hotels, re-
lated structures, utilities and communications in new areas or in
place of demolished old buildings, or as part of the existing tourist
clusters. New construction includes all stages of the life cycle of
the object: design, contracting, construction of the object, commis-
sioning.

Completion of commenced construction is the process of
bringing the construction facility to the completion of all work, in-
cluding interior and exterior decoration and equipment work, as
well as technical equipment and preparation for operation. Comple-
tion of construction in progress may occur for a variety of reasons,
such as changes in design, delays in the execution of work, techni-
cal problems, financial difficulties, etc. The purpose of the comple-
tion of the started construction is the actual complete delivery of
the object to the customer, obtaining operational documentation
and permits to use the building or facility [7].

Creating places of temporary seasonal accommodation is
the process of creating temporary tourist accommodation facilities
for the tourist season. Such facilities may range from tents and
campsites, to guarded cottages and turnkey hotels that are erected
as part of clusters or on a specific plot of land, often in picturesque
locations, and are used to accommodate tourists for the duration of
the vacation [8].

The repurposing of existing buildings into accommodation fa-
cilities is the process of changing the functional purpose of a build-
ing for its use as an accommodation facility. Such conversion can
be carried out for a variety of purposes, including increasing

the profitability of the building, meeting new market needs, reduc-
ing temporary downtime, and reducing the costs of building new
facilities. When repurposing a building, technical, structural, and
legal constraints must be considered, as well as the economic im-
pact of the change. As a rule, repurposing requires the reconstruc-
tion of the facility.

Reconstruction of facilities is the process of restoring and mod-
ernizing existing facilities and buildings. Reconstruction may in-
clude changes in the structure, functional purpose, appearance, as
well as updating of technical systems (heating, electricity, water,
etc.). The purpose of reconstruction can be improvement of living
conditions, optimization of production processes, saving energy
and resources, increasing the commercial attractiveness of the ob-
ject, etc.

Capital repair of constructions and engineering networks is
a vast complex of measures that includes replacement of outdated
or damaged elements, installation of new constructions, recon-
struction of objects, strengthening and reconstruction of bearing
elements as well as replacement of communications and networks.
Usually, major repairs are carried out taking into account the moral
and physical deterioration of fixed assets to improve the functional
properties of objects of the hotel and housing stock, as well as to
increase their operating life.

Improving the comfort and techno-equipment of facilities are
modern measures aimed at improving the living and working condi-
tions of people in the accommodation facilities. Improving comfort
can be achieved by installing new systems of heating, water supply
and water disposal, air conditioning, updating and improving
the furniture and interior, creating favorable conditions for recrea-
tion. Technological re-equipment includes automation and intro-
duction of new technologies in the organization of tourist facilities,
such as online reservation systems, electronic tours, etc. This helps
to ensure a higher efficiency of operation, increase revenues and
reduce the cost of operation of the facility, which is important in
the tourism industry [9].

Routine cosmetic repair is a type of repair that is done to im-
prove the appearance of a room or structure. It may include

The main directions of development of the hotel and accommodation stock
of regional tourist clusters

P e

New construction of facilities
and repurposing

P—

Modernization of facilities

Completion
of construction
that has begun

Construction
of new facilities

Creation of places
of temporary seasonal
accommodation

~
Reconstruction f Overhaul
of facilities (including of structures and
current repairs) networks
4
i N\
Improving the comfort and . .
technical equipment Conversion of existing
of facilities buildings into
accommodation facilities
J

Fig. 2. Types and forms of development of tourist cluster accommodation fund



#3 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

JKOHOMMKA N MEHEAXMEHT HEABUXXUMOCTH

28

painting or wallpapering, replacing flooring, installing new fixtures,
etc. The purpose of current cosmetic repairs is to maintain the aes-
thetic condition of the room.

As the results of the quantitative assessment of the factors of
influence and their weighting have shown, the priority area for
the effective development of tourist clusters is the construction and
modernization of HAF [10].

Improvement of this factor to the greatest extent is determined
by the increase in tourist flows and, accordingly, the growth of sales
of tourist services.

In addition, the construction of new accommodation facilities
allows to equip them with the latest technologies and communica-
tions, which increases the quality and level of service, as well as
improving the environmental and energy efficiency of HAF. As a re-
sult, the main goal of building new accommodation facilities in
the process of creating a competitive tourist infrastructure that can
attract more tourists and meet their needs for comfortable living
conditions is achieved.

During the analysis, the author found that the development of
tourist clusters in the aspect of new construction and modernization
of accommodation facilities provides a dual effect: economic and

social. Fig. 3 presents the scheme of the process of formation of
comprehensive efficiency in enhancing the reproduction of hotel
and accommodation facilities (HAF).

The first stage of the scheme outlines the purpose of the pro-
cess of forming the effects, the second stage sets the target perfor-
mance indicators of enhanced reproduction of accommodation fa-
cilities, the third stage provides evaluation criteria in the form of
economic and social indicators.

The economic and social effect of the construction and mod-
ernization of HAF as part of tourist clusters is manifested at three
levels of the economy:

Micro- meso- and macro-level, i.e.: cluster, region and country.
Table shows the three-level structural scheme of the expected
types of economic and social effects from the implementation of
the cluster development potential, developed by the author.

As can be seen from Table, the formation of economic and so-
cial effects begins at the micro level from the activities of tourism
cluster enterprises, then the process continues at the city, oblast,
regional level and ends at the federal level, taking into account
the functioning of not only accommodation facilities, but also all

Determination
of performance
targets

e Growth of jobs;

| step Effective development of regional tourism clusters based on the reproduction
Goal setting of accommodation facilities
e |[ncrease in accommodations;
¢ Improving the comfort of accommodation and technical equipment of rooms;
Stage Il e Increasing the list of services provided;

e Improving the quality of services;
e Increase of space for rent;
e Small business development;

® Average wage growth;
® Environmental protection

¥

Il stage
Assessment
of the results
of the achievement
of established
performance
indicators

1. Economic indicators:

e Sales growth;

e Increase in the price of services provided;
® Increase in rents;

® Increase in housing stock;

¢ Increase in regional and federal taxes;

e Small business development;

2. Social indicators:

e Decrease in unemployment;

¢ Growth of average wages in the region;

¢ Improving the cultural and educational level of the population;

e Improvement of the medical and recreational level of the population;

e Development of related infrastructure in the region;

¢ Improvement of environmental and ecological indicators of the environment

Fig. 3. The process of forming a comprehensive efficiency in improving the factor of construction and modernization of HAF
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Types of economic and social effects from the construction and modernization of HAF

Levels

Economic effect

Social effect

I. Micro-level (tourist cluster)

. Income from the operation of an accommodation facility
. Rent for non-residential premises
. Synergistic effect of cluster operation

. Job growth

. Increase in wages and salaries

. Small business development

. Environmental and ecological effect

II. Meso-level (region, territory, city)

. Taxes from the operation of the OGVF

. Taxes from small business operations

. Rents from the regional share of the OGVF

. Related cumulative income from the operation of regional

. Reduction of unemployment.

. Growth of average wages in the region

. Growing number of tourists

. Increase in cultural and recreational opportunities for

infrastructure

the population
. Environmental protection

[$2]

lIl. Macro-level (country) 1. Tax revenues to the federal budget

2. Increase in hotel rooms

businesses

3. Taxes to the federal budget from small and medium-sized

4. Taxes from the use of federal infrastructure

. Reduction of unemployment

. Increase in average wages

. Growth in the tourism industry

. Increase in the coverage of the population by cultural, ed-
ucational, therapeutic, sports and other services

S NN =

small businesses, renting premises, as well as other infrastructure
facilities included in the tourism cluster [11].
If the economic effect from the construction and modernization
of HAF in the presence of initial data can be estimated quantita-
tively, the determination of the social effect in most cases is based
on the expert assessment and comparison of statistical indicators
for the region [12].
The paper proposes a methodology for assessing the econom-
ic effect and a methodical approach to determining the social ef-
fect.
In developing the methodology for assessing the economic ef-
fect the income-cost method was used.
The algorithm of calculations within the method is as follows:
e calculation of income from the construction and moderniza-
tion of HAF as part of tourist clusters (D,);

e classification and determination of costs (Z,);

e accounting for the synergistic effect of cluster functioning
(k

e distribution of income among the participants in the invest-

ment process, depending on the share of participation;

xin);

e calculation of the economic effect of the cluster (E,).
Calculation of income from the construction and commissioning
of new hotels in the cluster:

Dt.c:[N'Zn'pn'kz-"aa'zu'pn'ka]Akxin (1)

were D, , — total income from construction.rub.;

N — number of rooms commissioned, pcs.;

Z,— average price per room.rub. pcs.;

p, — rate of return (average for the cluster);

k, — room occupancy rate (annual average);

Q, — area to be rented out, m?;

Z,— average rental price.rub/m?;

p, — average rental profitability (annual average for the cluster);

k, — coefficient of leased space (from the total number of Q);

k., — coefficient that takes into account the synergistic effect
of cluster functioning (determined on the basis of expert evaluation).

Calculation of income from modernization of reconstruction and
overhaul of existing HAF.

In this case, the income is provided by increasing the number
of rooms, the price of rooms and rent for rented space. The in-
crease in prices is explained by an increase in the level of comfort,
technical upgrading of rooms, implementation of cosmetic repairs,
improvement of the surrounding area, etc.

Income calculation D, is made according to the formula:

Dm = [Nm : Zm : pm : kz.m + Qavm : Za,m : pa,m : ku‘m] : kxm’ (2)
were N, — number of rooms after modernization, pcs.;

z,, — average price for the room, taking into account the in-
crease.rub/room;

p,, — average rate of return;

k, , — room occupancy rate after modernization;

Q,, — areato be rented after the modernization, m?;

z, , — average rent.rub/mz

p.m— rate of return on the lease of the premises after the mod-
ernization;

k, n» — coefficient of the volume of leased space (in relation to
the total);

ki, — coefficient of synergistical effect.

If the overhaul and technical equipment were made in part of
the rooms, then in (2) instead of N, — consider AN,,, instead of
Z,—NAZ,, instead of Q, ,, — AQ, ,, and AZ, , instead of Z, ..

3. After calculating income, it is necessary to make a classifica-
tion of types of costs and propose formulas for their determination.
Consider the following variants of produced costs:

* new hotel construction Z, ,;

o.n
e modernization of facilities with redevelopment and recon-
struction Z,, .;
e overhaul of structures and engineering networks Z,,.

The total cost of new hotel construction is calculated by the for-
mula:

Zon :[Z/rd +Zp/r +Zsmr +Zob+Zve +Zb/g]’ (3)

were Z,; — cost of the initial permitting documentation;
Z,, — cost of design and survey work;
Z,,— cost of construction and assembly work;
Z,, — costs of all types of equipment;
Z,, — commissioning costs;
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Zy,g— cost of improving the surrounding area;

k, ., — coefficient taking into account contingency costs, tak-
ing into account the construction of facilities in the cluster.

The costs of modernization and reconstruction of HAF are de-
termined by the formula:
Zo = Zoi + 2, +(Z

raz

+ err + Zobm + Zvem ) : kprm + Zb/m:| : knzm’ (4)

were Z,,, — cost of the initial permissive documentation for

the right to work on the modernization of HAF;

Z;m — cost of design and survey work;
Z,,,— costs for the development of structures and engineering

systems and waste removal;

Z,,m — cost of all types of engineering equipment;
Z,.m — cost of putting the facility into operation;

Zy,,, — cost of improving the surrounding area;

Kpm — coefficient taking into account losses from room stock
downtime for the period of repair and construction works.

Costs of capital repairs of premises and engineering systems
V4

k- We calculate by the formula:

Zukr = |:Zpr'rkr + Zb/.kr + (Zrezvk.r + errkr + Zobkr ) : kpr,kr ] : knpkr' (5)
were Z,,
tion;

Zy, - — cost of improving the surrounding area;

Z.o, . — costs for the development of structures and utilities
and waste removal;

Z....» — COsts of repair and construction work;

rsrkr
Zpir — COsts of repair and replacement of engineering and
technical equipment;

Ky — coefficient that takes into account the loss of income
from the downtime of the room stock;

knoxe — coefficient that takes into account contingencies.

The total cost is also necessary to know in order to plan
the necessary amount of investment and determine the sources of
their filling.

As a rule, the following main sources are used in the construc-
tion and modernization of HAF tourist clusters:

— cost of developing design and estimate documenta-

irkr

e owners’ own funds;

¢ bank loans;

e budget funds (region, federation);

® co-investors.

During the development and signing of contracts, the distribu-
tion of the built areas in accordance with the investment shares of
the participants is taken into account.

With the participation of regional and federal budgets, the rel-
evant part of the room stock and rental space is transferred to co-
investors.

4. After determining the size of the expected income D, and
the produced costs Z, we proceed to the calculation of the eco-
nomic effect:

Ean = Don _Zon or Eom = Dam _Zam’ (6)

were E,, — effect of new construction;
D,, — income from new construction;
Z,, — costs of new construction;
E,, — effect of modernization;
D,,, — modernization revenues;
Z,,, — modernization costs.

For all investors, a very important and sometimes decisive con-
dition for investing in a new construction or modernization project is
the expected payback period of the investment T,.

To this end, given the baseline value of the average profitability
of the hotel stock in the region, you can determine the payback
period, the invested funds or based on the results of the calculation
Z,orE,

ok

T :i, years. (7)
EO
In determining the social effect, the following functional relation-
ships are proposed, at the regional level:

Ervne = [(Qui Nai N3 s Yors Yii¥ep i 5 O, (8)

were AQ,, — space and room stock transferred to regional man-
agement, depending on the share of budget funding;

N, — taxes from the functioning of the tourist cluster in the re-
gional budget;

N,,, — taxes of small businesses;

An, ,, — growth in the number of jobs in the region;

AY,, — reduction of the unemployment rate;

AY,, — growth of average wages in the region;

Y,» — increasing the cultural and educational level of the popu-
lation in the region;

Al — regional infrastructure development;

0O, — environmental protection measures in the environment.

The implementation of investment and construction projects
related to the construction and modernization of HAF should be
considered appropriate at the regional level if the economic effect
of their implementation at the level of the investor is accompanied
by the social effect at the regional and local levels.

CONCLUSIONS

The proposals presented in this paper to assess the effective-
ness of construction and modernization of hotel and accommoda-
tion facilities allow for a comprehensive assessment of investment
and construction projects implemented within the framework of
tourist clusters. The comprehensive approach includes different
types of effects: social, economic for all participants of investment
and construction activities at three levels of the economy. The avail-
ability of assessment tools allows the analysis to be carried out at
the early stages of investment projects, which, in turn, ensures an
increase in the quality of investment decisions made at the concep-
tual stage.
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AdheKTUBHOCTL CTpOUTENLCTBA

M MoAepHU3aLMn 06bLEKTOB FOCTUHUYHO-
XunuwHoro ¢oHaa B coctase
TYPUCTUYECKUX KNnacTepoB

B crtatbe npepnaraeTcsi KOMMJIEKCHOE PELLEHME aKTyanbHOW
npo6nembl TYpUCTMYECKOW OTpacnv, gedwuumta MecT pasme-
LLIEHUS B PErMOHasbHbIX TYPUCTUHECKUX KNacTepax Ha OCHOBE
aKTMBM3aLun CTPoOUTENbCTBA M MOAEPHU3ALUMM OOLEKTOB rO-
CTUHUYHO-XMULHOro goHpa (OMXK®). Ha ocHoBe cyLiecTBy-
IOLLIero MHOXEeCTBa BWOOB OOBLEKTOB pa3MELLEeHWs aBTopamu
npeasioxeHa Knaccuukauus KoNeKTUBHbIX CPEACTB pa3me-
LLEHNSA, UCMOMNb3YEMbIX B HACTOSILLIEE BPEMS B PErMOHasbHbIX
TypUCTMYECKMX KnacTepax. Paspa6oTaH KOMMMEKCHbIN nepe-
YeHb BUOOB U hOPM pa3BUTUS OOBLEKTOB pa3MeLLieHUsi No ABYM
OCHOBHbIM HarpaBJieHUAM: CTPOUTENIbCTBO HOBbLIX U MOAEPHU-
3aums cyLlecTBylOLMX 06bekToB. [pepnaraetca meToguye-
CKWI MOAXOA TPexaTanHoro hopMUPOBaHUSA KOMMIIEKCHOW 3d0-
(PEKTUBHOCTU CTpOUTENBLCTBA U MogepHu3aumm OMNK®, a Takxe
MeTouyka pacyeTa OXMAAEeMOro 3KOHOMWMYecKoro addpekrta
Ha OCHOBE [0X0OHO-3aTpPaTHOro MeToda.

KnroyeBble cnoBa: TypUCTUHECKMI K/lacTep, pa3BUTNe Perno-
HallbHbIX TYPUCTUHECKUX K/1AaCTEPOB, KOJNIEKTUBHbIE CPEACTBA
paameLyeHns (KCP), cTponTenbCTBO U MoJepHU3aLmsi 0O6bEKTOB
FOCTUHNYHO-XnnLyHoro ¢poHga (O XK®), askoHomMu4eckas v co-
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Main approaches to the assessment

of the efficiency of corporate integration

of enterprises in investment and construction
complex

An important role in the framework of management activities is traditionally performed by the functional unit
of efficiency assessment (in a broader sense, effectiveness), which determines approaches to both the justifi-
cation of management decisions and their evaluation. Modern Russian and global practice of investment and
construction activity demonstrates stable trends towards the development of various forms of corporate as-
sociations of different entities. Corporate integration can significantly contribute to improving the sustainabili-
ty and efficiency of the functioning of entities, including through the synergetic effects of integration. The un-
derstanding of organizational performance in modern management is significantly expanding and is not limited
only to measuring the achievement of results as part of efficiency, but becomes a more systematic and gener-
alizing concept. Based on this, the performance of activities can be defined as a complex multiparametric char-
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nvestment and construction activity is one of projects, whether it is their own funds, bor-
I the foundations of the modern Russian econo- rowed funds or attracted investments. In ad-

my. The essential importance of this type of eco- dition, they also need to be able to effectively
nomic activity necessitates the constant updating manage and use these investments to
and improvement of scientific and methodological achieve the goals of the project;

approaches to the effective organization of
the functioning of its subjects. An important role in
the framework of management activities is tradi-
tionally performed by the functional unit of evaluat-
ing the effectiveness (or efficiency, in a broader
sense) of activities, which determines approaches
to both substantiating management decisions and
evaluating them.

Organizational and economic features of
the functioning of enterprises of the investment
and construction complex (ICC) include a number
of factors that distinguish them from other enter-
prises. Here are some of the main features [1-6]:

e long life cycle of projects: the ICC is involved

in the implementation of large-scale con-
struction and infrastructure projects, which

integrated Project Management: ICC enter-
prises must have the skills of integrated pro-
ject management, including planning, coor-
dination, control and risk management. They
should be able to manage not only construc-
tion, but also other aspects of the project,
such as procurement, engineering, deadline
management, budgeting, contractual rela-
tions and interaction with stakeholders;

a complex composition of stakeholders: vari-
ous stakeholders participate in the ICC, in-
cluding government agencies, municipali-
ties, investors, financial institutions, design-
ers, contractors, suppliers and the public.
ICC enterprises should be able to effectively

usually have a long life cycle. It may take sev- interact and coordinate actions between all
eral years or even decades from the idea and interested parties;
planning to the completion of the construc- e compliance with legislation and regulatory
tion and operation of the project. This re- requirements: in the field of construction,
quires enterprises to seek long-term financ- there is a complex specific system and
ing and project management for a long time; standards that companies are required to fol-
e significant investments: the construction of low. This includes building codes, land legis-
large facilities requires significant invest- lation, safety standards and other relevant
ments. ICC enterprises should have access regulations. ICC enterprises must have

> to large financial resources to finance a good understanding and experience in
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applying thesy rules to ensure compliance with the law and
successful implementation of projects;

risks and uncertainty: the investment and construction com-
plex includes significant risks and uncertainty. These may
be financial risks associated with fluctuations in the cost of
construction materials and labour, changes in exchange
rates and financial difficulties of investors. In addition, there
are technical risks associated with the design and construc-
tion of complex engineering systems. ICC enterprises
should be able to identify, analyze and manage these risks
in order to minimize their impact on projects;

seasonality and cyclicality: some branches of the invest-
ment and construction complex may be subject to seasonal
and cyclical fluctuations in demand. For example, the con-
struction of residential buildings may have seasonal peaks
during certain periods of the year. ICC enterprises should
be flexible and able to adapt to changes in demand, effec-
tively manage resources and maintain stability of operations
during less active periods;

innovations and technologies: the ICC actively uses innova-
tive technologies to increase efficiency and reduce costs in
construction. This may include the use of project manage-
ment information systems, unmanned systems, modular
construction and other advanced methods and technolo-
gies;

competition and tender system: in Russia there is high com-
petition between enterprises that are fighting for the right to
implement construction projects. Many projects are played
out through a tender system, where companies apply for
participation and compete on price, quality and deadlines.
ICC enterprises should have competitiveness strategies and
effective management of bids for tenders;

procurement and supply: due to the scale and complexity of
ICC projects, effective procurement and supply manage-
ment plays a key role. ICC enterprises should be able to ef-
fectively interact with suppliers, conduct competitive bid-
ding for the purchase of construction materials and equip-
ment, control the quality of goods supplied and optimize
supply costs;

social responsibility and sustainable development: in recent
years, more and more attention has been paid to social re-
sponsibility and sustainable development in the ICC. Enter-
prises must comply with environmental safety standards,
social standards and participate in projects of social and
environmental significance. This includes taking care of em-
ployees, protecting the environment and participating in so-
cial initiatives;

international activities: many ICC enterprises are engaged in
international projects and have business relations outside
their country. This requires knowledge of international legis-
lation, standards and regulations, as well as the ability to
adapt to cultural differences and work in an international
team.

Modern Russian and global practice of investment and con-
struction activity demonstrates stable trends towards the develop-
ment of various forms of corporate associations of various entities.
Corporate integration can significantly contribute to improving
the sustainability and efficiency of the functioning of entities, in-
cluding through the synergetic effects of integration [7-9].

It is possible to distinguish quite a large number of types of
corporate structures (corporate models), to varying degrees used
in investment and construction activities, as well as alternative ap-
proaches to their typology, depending on various criteria [10—13]:

e organizational and legal classification: models can be clas-
sified in accordance with the organizational and legal forms
of enterprises and their associations. This approach to clas-
sification is traditionally basic;
size and scalability: models can be classified according to
the size of the company they are intended for. For example,
there may be models for small and medium-sized enterpris-
es or for large corporations;
functional classification: models can be classified accord-
ing to the predominant functional orientation of the activities
of enterprises and their associations;
technological classification: models can be classified ac-
cording to the technical and technological aspects of their
implementation. For example, it can be a classification
based on the technological paradigms or software used, as
well as project management methodologies;
regional classification: models can be classified according
to regional characteristics or requirements. For example,
there are models designed specifically for certain countries
or regions that take into account local legislative and tax re-
quirements;
integration level: models can be classified according to
the degree of integration or autonomy of individual entities
within corporate associations.

Regardless of the type of corporate model of association
used, the main goals that motivate the subjects to integrate and
establish long-term interaction remain unchanged, the key of
which is to increase efficiency. At the same time, the category of
efficiency implies different approaches to its interpretation and
methodological tools for evaluation and management.

Many scientists have made a significant contribution to the de-
velopment of the scientific paradigm of performance management
and, in particular, the effectiveness of the functioning of socio-
economic systems. Among foreign scientists, the works of Peter
Drucker, William Deming, Michael Porter, Robert Kaplan and Da-
vid Norton, Peter Senge should be highlighted.

V.V. Vangilder, V.F. Chepurnykh, Yu.A. Bashkirov, G.I. Osipov,
L.M. Glazer and other scientists made a significant contribution to
the development of the scientific paradigm of managing the per-
formance of the functioning of socio-economic systems in Russia.

In the context of the construction sector, among the Russian
scientists who have contributed to the development of the scien-
tific paradigm of performance and efficiency management, out-
standing researchers should be singled out: A.V. Shvedoy,
A.l. Chuev, A.G. Gushchin, N.A. Palamarchuk, A.A. Brychko.

A significant contribution to the development of this topic was
made by representatives of the scientific school of the Moscow
State University of Civil Engineering under the leadership of Pro-
fessor P.G. Grabovyy, having studied models and methods for
evaluating performance in the construction sector, they also pro-
posed indicators, indicators and evaluation systems that allow
determining the effectiveness and success of construction pro-
jects, organizations and management systems [1-6].

The study of modern management approaches to ensuring
and evaluating performance in relation to the organization's ac-
tivities, as well as the reflection of its essence in international and
national standards for management systems, allowed us to



#3 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

JKOHOMMKA N MEHEAXMEHT HEABUXXUMOCTH

conclude that it is necessary to consider this concept primarily
from the perspective of modern theory and methodology of enter-
prise management and project management as an integrating
platform of modern management approaches. Understanding of
the performance of an organization's activities in modern manage-
ment is significantly expanding and is not limited only to measur-
ing the achievement of results as part of efficiency, but becomes
more systematic and generalizing concept. Based on this,
the performance of the activity was defined as a complex mul-
tiparametric characteristic reflecting the ability of the organization
to achieve balanced strategic and tactical results that meet the in-
terests and requirements of stakeholders, from the standpoint of
increasing efficiency, improving the quality of management, creat-
ing added value, increasing the competitiveness of the organiza-
tion for its sustainable development [14].

The author's study of modern methodological approaches to
determining the effectiveness of economic systems in general and
subjects of investment and construction activity in particular al-
lowed us to identify the main approaches to assessing the effec-
tiveness of corporate integration in the investment and construc-
tion complex, depending on the prevailing criteria principles and
target vectors of efficiency formation [10, 15]:

1) Value approach. Key efficiency factors:

e synergetic effect of interaction;

e operational savings;

¢ increasing the scale of production;

® tax savings;

¢ increase in funds;

e diversification and risk reduction;

2) Competitive approach. Key factors of efficiency:

e improvement of consumer quality of products;

® price reduction;

® increasing innovation potential;

e growth of production and sales capacities;

e formation of long-term quality and competitiveness man-

agement plans;

3) Cost-based approach. Key performance factors:

e reduction of transaction costs;

e reduction of unit overhead costs;

e reduction of management costs;

e reduction of unit costs for the formation and development of

corporate infrastructure;

4) Cooperative approach. Key performance factors:

e reduction of mutual supply costs;

e formation of a common sales network;

e intensification of resource exchange (finance, personnel, in-

formation, competencies, etc.);

¢ increasing the possibilities of attracting debt financing;

¢ increasing sustainability through the formation of long-term

corporate strategies.

The structural decomposition of these approaches is shown in
Figure.

It should be noted that these approaches to evaluating effec-
tiveness do not exclude each other, and their separation is dic-
tated by the necessary logic of distinguishing factors and target
vectors of efficiency formation.

| VALUE APPROACH | | COMPETTIVEAPPROACH | | COST-BASEDAPPROACH | |  COOPERATIVE APPROACH
| Criterion principle |
| Increase in value | | Increasing market share | | Reduced operating costs | Ensuring long-term benefits

from sustainable cooperation

Key performans factors

Improving the consumer quality
of product

Price reduction

Synergetic effect of interaction
Operational savings
Increasing the scale

of production
Tax savings
Increase in funds

Diversification and risk
reduction

Increasing innovation potential
Growth of production
and sales capacities
Formation of long-term quality
and competitiveness
management plans

_—

Reduction of transaction costs Reduction of mutual supply costs

Formation of a common sales
network

Reduction of unit overhead costs
Reduction of management costs

Reduction of unit costs for
the formation and development
of corporate infrastructure

Target vectors of efficiency
improvement

Net profit — max
Income — max

TN

Intensification of resource
exchange (finance, personnel,
information, competencies, etc.)

Increasing the possibilities
of attracting debt financing
Increasing sustainability through
the formation of long-term
corporate strategies

Asset portfolio value — max

The share of products sold in the volume
of the target market — max

Investment costs — min
Transaction costs — min

K

//

Content of approaches to assessing the effectiveness of corporate integration of investment and construction complex enterprises



HeaBmXmMMOCTb: SKOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4YHO-TEXHUYECKUI XYpHan

3KOHOMMWKA U MEHEAXMEHT HEABMXUMOCTH

35

The application of this system of approaches in the practice of
solving management problems and evaluating the effectiveness
of corporate structures can expand the interpretation of efficiency
and contribute to the development of management tools.
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UMM B MHBECTULIMOHHO-CTPOUTENILHOM KOMMMEKCe B 3aBUCUMO-
CTW OT NpeBanupyrLLnX KputepuanbHbIX NPUHLUUNOB U LiefeBbIX
BEKTOPOB (hOPMUPOBAHUSA IPHEKTMBHOCTU Kak COCTaBMSAOLLEN
WHTErpanbHoOW KaTteropum — pes3ynbTaTUBHOCTU OEeATENbHOCTH.
lMpyMeHeHVe AaHHOWM cuCTeMbl NOAXOA0B B NPaKTUKE peLueHus
3afay ynpasneHus N oLeHKU 3MPEeKTUBHOCTU KOPMOPaTMBHbIX
CTPYKTYP MOXET pacLumpsTb TPAKTOBKY 3pEKTUBHOCTH 1 CrO-
CO6CTBOBaTHL Pa3BUTUIO YNPABIIEHYECKOr0 MHCTPYMEHTapUS.
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Formation of sustainable competitive
advantages in the development

of a construction company strategy based
on value innovation

The current situation, characterized in risk management as “external shocks”, leads to the need to adapt
the strategy of enterprises to focus on the formation of sustainable innovative competitive advantages that cre-
ate opportunities for technological breakthrough. The Russian economy still has a low level of innovation ac-
tivity, high dependence on imported technologies in the most important sectors of the economy, including con-
struction, a number of government programmes promoting innovation have not yielded the expected results.
Changing this situation requires new approaches, including the identification of trends in the formation of in-
novative values. This task is particularly relevant for enterprises in the construction industry, designed to be-
come a driver of economic development in accordance with industry strategic guidelines. The need to increase
the competitiveness of Russian construction enterprises in conditions of economic instability and external
shocks, which entails the search for possible ways to form and retain competitive advantages. The practical
significance of this study lies in the argumentation of sources and methods of formation of sustainable com-
petitive advantages, the key of which is innovation, from the position of value-oriented approach. The applica-
tion of value innovation, as a source of sustainable competitive advantages has led to the growth of the main
indicators of enterprise development. The article presents a methodological toolkit, which consists of the pro-
cedure and strategy for the formation of value innovation, as well as the scheme of “six ways” of value innova-
tion, forming sustainable competitive advantages in the development of the strategy of the construction enter-
prise based on value innovation, implemented on the example of a large infrastructure construction enterprise
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The relevance of the topic of the article is due
to the need to increase the competitiveness
of Russian construction enterprises in condi-
tions of economic instability and external shocks,
which entails the search for possible ways to form
and retain competitive advantages. Moreover, we
agree with the opinion of researchers [1-3] about
the need to form and develop sustainable competi-
tive advantages in modern conditions, that is, inno-
vations of all types that allow not only to maintain
the volume of construction and commissioning of
facilities at the existing level in the conditions of
shortage of construction materials and equipment,
severe sanctions pressure, changes in the princi-
ples of globalization of the world economic econo-
my, but also to achieve growth in volume along with
a breakthrough in the direction of technological sov-
ereignty of the industry, which should become
a driver of technological development'.

The concept of sustainable competitive advan-
tages postulates their duration and uniqueness,
the difficulty of copying, and most importantly,
the ability to ensure the strategic orientation of com-
petitiveness in the conditions of transformation of
the external and internal environment [4, 5]. The es-
sential component of sustainable competitive ad-
vantages is seen in the possibility of accelerated
adaptation of the enterprise to changing

environmental conditions based on the innovative
ability to create new value for stakeholders. At
the same time, the practical significance of this
study lies in the argumentation of the sources and
methods of forming sustainable competitive advan-
tages, the key of which is innovation, from the stand-
point of a value-oriented approach.

The value creation implemented in modern
business modelling concepts (A. Osterwalder's
business model, “blue ocean” concept, value
chain, and so on) proceeds from the creation of
a certain need and means to satisfy it in the con-
sumer [6-9]. The long-term period of foresight
forecasting, along with existing trends and limita-
tions of the investment and construction sphere
development determined by external shocks,
leads to the need for value innovation, that is,
a qualitative leap in the dynamics of product value
for the consumer (both final and intermediate con-
struction products) and the producer. Value inno-
vation comes from the reorientation of the econom-
ic thinking of the enterprise from competition-based
to the prospects of discovery or creation of new
demand. Foresight, presenting, on the one hand,
a vision of the goals of innovative development [2],
on the other hand, creates the need and the cor-
responding value innovation within the framework
of long-term strategic planning.

1 Strategy of innovative development of the construction industry of the Russian Federation for the period up to 2030. URL: https://view.
officeapps.live.com/op/view.aspx?src=http://www.minstroyrf.ru/upload/iblock/906/2_finalnaya-versiya-proekta-strategii_irso_28_06_206-s-

dopolneniem.docx
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Integrating the foresight methodology with the concept of value
innovation and the principles of P2M project management?, the pro-
cedure of value innovation formation in construction is formulated
(Fig. 1).

The result of creating value innovation is not just an increase in
the volume of innovative products due to the demand for innovative
value, but also an increase in the volume of construction products
certified according to various criteria (“green” certification, attribu-
tion of the project to sustainable development projects, creation of
new markets, and so on).

The proposed procedure was tested on the example of JSC
“RZDstroy”. When developing the Development Strategy of JSC
“RZDstroy” until 20183, the proposed procedure was already used in
planning the implementation of innovative projects, however, a prob-
lem-oriented approach was used as a starting point for value innova-
tion by searching for “bottlenecks”, technical and technological di-
rections of railway construction development (Fig. 2) [10, 11].

Currently, there is a change in the innovation strategy in the di-
rection of reorientation to import substitution technologies and
the creation of appropriate Russian technologies, as well as
the production of innovative building materials and structures in
Russia. This will make it possible to obtain a final product that
meets or exceeds foreign analogues in terms of its characteristics,
while realizing the effect due to cost savings, as well as reducing
the risks of dependence on imports in the unstable geopolitical
situation and economic sanctions.

Let's consider the scheme of “six ways” [3, 12] for JSC “RZD-
stroy” in two time horizons: 2013 (as an empirical confirmation of
the reliability of the proposed toolkit) and 2021 (Fig. 3).

The strategic outline of the railway construction industry is as
follows (Fig. 4).

Analyzing the strategic outline and strategic profile, we consider
it appropriate to implement as an innovation the value of construction
and installation works using innovative technologies of the ballastless

Production innovation values

| Foresight Trends |

v L] v

v v Y v

PROCEDURE

1. The procedure of the strategic outline of the ISS (sub-sectors)

2. Changing the value focus according to the modified 6-way scheme

3. Prediction of the scale of value innovation based on a modified setter map

4. Building a value innovation curve, forming a value proposition

5. Relaying value innovation on the web

v v v

v v Y

Clarification of IR targets

Formation of network interactions

Fig. 1. The procedure of value innovation formation in construction

Identification of problems, bottlenecks, technical and technological directions of
railway construction development

Search for the best foreign solutions in selected areas, conclusion of licensing
agreements with foreign partners (innovation of values in the Russian market)

— Preparation of structural units for the development of new equipment and technologies

Introduction of new equipment and/or technology on the example of one contract (for one customer)

— Search for third-party customers for innovative solutions

— Implementation of projects with innovative solutions for customers

Fig. 2. The procedure of value innovation formation in the Development Strategy of JSC “RZDstroy” until 2018

2 Innovations, startups and inventions. The guidebook for project and program management for enterprise innovation. URL: https://viafuture.ru/sozdanie-startapa/standart-p2m

3 Development strategies of JSC “RZDstroy” until 2018. URL: https://www.rzdstroy.ru/docs/
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- Traditional industry ;
Indicator competition Value Innovation
Construction of metro tunnels and railways with BSVP
Construction of railway ;
Branch production of building Construction of the HSR
structures LVT production
Production of BSVP VSM
JSC “Russian Railways”, other customers
Group of buyers “Russi [ » — .
P y JSC "Russian Railways Private investors of HSM
Maximum values for JSC “Russian Railways”
and private investors
Product offer Maximum value for JSC Maximum values for the State Unitary
volume “Russian Railways” Enterprise “Moscow Metro”
Maximum values for railway users
Functional and Price-quality ratio Maximum quality of work
emotional in theframework of railway
orientation construction Speed of movement
Time Adaptation to external trends Formation of the railway construction trend
-2013 —2020
Fig. 3. Diagram of the “six ways” of innovation values of JSC “RZDstroy”
structure of the upper track, including the use of a seamless ballast- a value innovation in the area of production of innovative materials
less track structure using LVT (Low Vibration Track) technology of and structures was developed — the design of the upper track slab
Sonneville AG. Accordingly, in 2013, a value innovation for the com- was developed and tested, as well as the organization of production
pany was the introduction and application of LVT technology. Further, and laying of the slabs was ensured. In 2019, pilot production of track
on the basis of foresight and the application of the four-action matrix, structural elements — VSP rail slabs was launched. The ballastless
A @ Mostotrest
Level 3 Mosinzhproekt
eve @ Common features of key
= market companies
=
g
=
g
—
N N A A I N A O I B | .
| | | | | | | | | | | | criteria of value
1 2 3 4 5 6 7 8 9 10 11 12 13
1. Flexible structure 8. Mobile capacities
2. Diversification 9. Geographical structure of the holding
3. Competence and specializations 10. PPP
4. Performing work on your own 11. Digitalization, BIM
5. Managing large projects 12. Work in the conditions of existing
6. Advanced technology railways, work "out of the window"
7. Qualified personnel 13. Production of railway structures

Fig. 4. Strategic outline of the railway construction industry >
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Fig. 5. Analysis of the results of the activities of JSC “RZDstroy”
with the use of sustainable competitive advantages based on value
innovation

track structure developed by JSC “RZDstroy” is in line with global
analogues (China, South Korea, Germany) in terms of its character-
istics.

Based on the results of the foresight in 2021, taking into ac-
count the forecast of the emergence and development of a new
segment — the construction of high-speed railway lines, for the VSP
technology, as a result of the application of the four-action matrix,
another innovation of the value of JSC “RZDstroy” was devel-
oped — the production of innovative VSP.

The use of value innovation as a source of sustainable com-
petitive advantage led to the growth of the main indicators of
the company'’s performance (Fig. 5).

This strategic step of the company showed the effectiveness of
the proposed procedure of value innovation in construction as
the formation of a sustainable competitive advantage when tested
in the practice of JSC “RZDstroy” in the framework of the Develop-
ment Strategy of JSC “RZDstroy” until 2018 and the Strategy of JSC
“RZDstroy” until 2030.

dopMupoBaHUe yCTONYMBbIX
KOHKYPEHTHbIX NPeMMyLLecTB Npu
pa3paboTke cTpaTerum CTpouTeNIbHOro
npeanpusaTUs Ha OCHOBE MHHOBaL UK
LLeHHOCTH

CoBpemeHHas cuTyauusi, xapakTepu3yemas B PUCK-MeEHe[-
XMEHTEe KakK «BHELUHWEe LUOKW», NMPUBOAMT K HEO6XOAMMOCTU
agantauum cTpateruv npegnpuaTuii B hoKycnpoBke hopmu-
pPOBaHWA YCTONYMBBLIX WMHHOBALMOHHbIX KOHKYPEHTHbIX Mpeu-
MYLLIECTB, CO3AaloLimMX BO3MOXHOCTb AN TEXHONOrm4ecko-
ro pbiBka. B poccuinckon aKoHOMUKE [0 HACTOSALLEr0 BPEMEHM
HU30K YPOBEHb MHHOBALMOHHOMW aKTUBHOCTW, BbICOKA 3aBK-
CMMOCTb OT MMMOpPTa TEXHONOrMN B BaXHEWLLMX OTpacnsax
3KOHOMVKW, B TOM 4UCIle B CTPOUTENbCTBE; PSAf rocyaapcT-
BEHHbIX MPOrpamm, CMOCO6GCTBYIOLUX CTUMYSIMPOBAHUIO WH-
HOBaLMI, HE Jan OXuAaeMbIX pe3ynbTaTtoB. VIaMeHeHne aTown
cutyaumm TpebyeT HOBbIX MOAXOAOB, B TOM 4MCRe BbisiBie-
HUA TeHAeHUMN hopMMPOBaHNA MHHOBALMOHHBIX LIEHHOCTEWN.
Oco6€eHHy0 akTyanbHOCTb AaHHas 3afjadya MMeeT Ansa npeg-
NPUATUIA CTPOUTESNILHOW OTpacin, NPU3BaHHOM cTaTb Apanse-
POM 3KOHOMWYECKOr0 pa3BuUTUA B COOTBETCTBUM C OTPacieBbI-
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MU CTpaTternyeckMmy opveHTupamu. Heo6xoammo noBbILIATb
KOHKYPEHTOCMOCO6HOCTb POCCUNCKNX CTPOUTENBHbBIX NPEANpU-
ATUA B YCMOBUSIX 9KOHOMWYECKOM HECTaObWUIIbHOCTU U BHELL-
HUX LLOKOB, YTO Bfie4yeT 3a CO60M MOUCK BO3MOXHbIX MyTen
HOpPMUPOBaAHMA N yOep>XaHUs KOHKYPEHTHbIX MPeUMYLLECTB.
[MpakTnyeckas 3Ha4MMOCTb OAHHOIO UCCnenoBaHus 3akiioya-
eTCs B aprymMeHTauumn UCTOYHMKOB U METOAOB (DOPMMUPOBAHMSA
YCTON4YMBbIX KOHKYPEHTHbIX MPEVMYLLECTB, KIIIOYEBLIMU U3 KO-
TOPbIX ABASATCA MHHOBALUUW C MO3ULMU LLEHHOCTHO-OPUEHTU-
poBaHHOro nogxoga. MNpumMeHeHne NHHOBaLIMIA LIEHHOCTU B Ka-
Y4eCcTBE UCTOYHUKA YCTOMYMBBLIX KOHKYPEHTHbIX MPENMYLLECTB
NPUBENO K POCTY OCHOBHbLIX Mokasatenen pasBuTua npea-
npuatus. B ctatbe AaH MeToAMYecKUn MHCTPYMEHTAPUA, KO-
TOpbIA COCTOUT U3 Mpoueaypbl U cTpaterum opMUpPOBaHUS
WHHOBALMWN LEHHOCTU, a TakXe CXEMbl «LUeCTU NyTen» WHHO-
BaUMM LIEHHOCTU, (DOPMUPYIOLLNE YCTONYMBBIE KOHKYPEHTHbIE
npevMyLlecTBa npu pas3paboTke cTpaTteruv CTPOUTENBHOro
NPeAnpUATUS Ha OCHOBE MHHOBAaLMU LEHHOCTW, peann3oBaH-
Hble Ha MpYMepe KPYMNHOro NpeanpusaTusa MHPPACTPYKTYPHOrO
ctpoutenbcTBa AO «P>X[OcTpoin».

Knro4eBble cnoBa: cTpatervisi, CTpOUTesIbHOe NPeanpuaTue, NH-
HoBauusi LJeHHOCTU, 3QhQbeKTUBHOCTb, KOHKYPEHTHOE npenumyLLe-
cTBO
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Sustainability of enterprises in the corporate
structure of the construction group: content
and determining factors

The development of construction complexes in modern economic conditions is conditioned by the significant im-
pact of negative environmental factors due to geopolitical and macroeconomic crisis phenomena. There is a need
to develop approaches to strategic management of construction enterprises and their associations in order to im-
prove sustainability and competitiveness in domestic and foreign markets. The specifics of the development of
modern of the investment and construction complex (ICC) enterprises lies in the complexity of the approach to
the creation of finished construction products, consisting in the complication of production and economic relations
between enterprises, the increase in the number of participants in production processes in construction, the de-
velopment of mechanisms of corporate associations of individual ICC entities. As an object of strategic manage-
ment within the framework of the ICC, it is reasonable to consider construction groups as a key form of corporate
intra-industry interaction of enterprises of various specializations, which allows to realize to the greatest extent
the possibilities of implementing flexible organizational modelling mechanisms both at the level of the construction
group and within the functioning of its individual participants. The solution of the tasks of strategic management of
the construction group should be implemented when the conditions for maximizing the level of strategic develop-
ment are met, while ensuring a sufficient level of general stability of the construction group. The key aspect of de-
veloping an approach to the formation and development of strategic management approaches is the definition of
the factor space that affects the functioning of the managed system as a whole and, as a consequence, the lev-
el of its organizational and economic stability. The results of the study allowed the author to form the structure of
the general stability of the construction group with an indication of the relationship of individual elements of sta-
bility and key factors-indicators of stability at each level of management of the company. The presented structur-
al model of the general stability of the construction group contributes to the development of methodological tools
in the implementation of a systematic approach to the strategic management of construction groups and enter-
prises operating in their composition.

Keywords: construction enterprises, construction groups, sustainability, factor space, management structures,
corporate management

he development of construction complexes in
I modern economic conditions is conditioned
by the significant influence of negative envi-
ronmental factors due to geopolitical and macroeco-
nomic crisis phenomena. There is a need to increase
the adaptability of construction enterprises and their
associations in order to increase stability and com-
petitiveness in domestic and foreign markets [1].
The specifics of the development of modern ICC
enterprises lies in the complexity of the approach to
the creation of finished construction products, con-
sisting in the complication of production and eco-
nomic relations between enterprises, the increase in
the number of participants in production processes
in construction, the development of mechanisms of
corporate associations of individual ICC entities [2].
As an object of strategic management within
the framework of the ICC, it is advisable to consider
construction groups as a key form of corporate in-
tra-industry interaction of enterprises of various
specializations, which allows to realize to the great-
est extent the possibilities of introducing flexible
organizational modelling mechanisms both at
the level of the construction group and within
the framework of the functioning of its individual
participants [3].

A construction group is the most common form
of corporate association of ICC entities. A construc-
tion group may include contractors, design organi-
zations, engineering and consulting companies, as
well as companies specializing in the procurement
and supply of construction materials and equipment
and other functions [4, 5]. The group may include
companies specializing in certain stages of con-
struction, for example, design, construction, pro-
curement, project management, etc. At the same
time, the key element of the organizational structure
of the construction group, as a rule, is the manage-
ment link — organizations that perform the roles of
customers-developers and management functions
in relation to the entire system of the construction
group' [6].

The formation of construction groups can occur
on various grounds:

e specialization by type of work. A group can be
formed from companies specializing in certain
types of work, for example, design, construc-
tion, installation, supply, etc. This allows to en-
sure a high level of specialization of each par-
ticipating company;

e geographical localization. A group can be
formed from companies located in the same

1 Artamonova ., Hrustalev B., Grabovy P. The main variants of regional construction complex development on the basis of increasing
enterprise flexibility. /OP Conference Series: Materials Science and Engineering. 2019. URL: https://iopscience.iop.org/article/10.1088/1757-

899X/471/10/102002 (accessed: 07.16.2023).
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region or nearby area. This facilitates interaction between
group members and allows to quickly respond to changes in
the external environment;

e technological solutions. A group can be formed from enter-
prises using the same technologies and methods of con-
struction. This allows to reduce the cost of training and train-
ing of personnel and increase work efficiency;

e financial decisions. A group can be formed on the basis of
financial mechanisms, for example, by creating special funds
to finance construction;

e partnership. A group can be formed on the basis of an estab-
lished partnership between enterprises that have successful
experience in joint implementation of investment and con-
struction projects. This allows to achieve deeper interaction
and a high level of trust between the group members.

At the same time, the solution of the tasks of strategic manage-
ment of the construction group should be implemented under
the conditions of maximizing the level of strategic development
while ensuring a sufficient level of general stability of the construc-
tion group [7].

Organizational and economic stability of construction enter-
prises refers to their ability to function successfully and overcome
the negative effects of external and internal factors that may affect
their activities and financial situation. This sustainability depends on
many factors, including financial condition, management, market-
ing, strategic planning, personnel policy and other aspects [8].

Important aspects of organizational and economic sustainabil-
ity of construction enterprises are:

e financial stability: this is the relationship between equity and
debt capital, the ability of a construction company to service
its obligations and maintain a stable financial position in
the long term;

¢ risk management: construction companies should actively
analyze and manage risks related to market conditions, legis-
lation, technical difficulties and other uncertainties in order to
minimize potential losses;

e risk diversification: focusing on one type of construction pro-
ject or market can increase the level of risk. For sustainability,
we should strive to diversify orders, customers and markets;

e effective project management: high-quality planning, cost es-
timation and effective project management help to avoid cost
overruns, deadlines and problems with the quality of work;

e qualified personnel: the presence of highly qualified

employees contributes to more efficient operation of the en-
terprise, improves the quality of construction and reduces
the risk of errors.

The key aspect of developing an approach to the formation and
development of strategic management approaches is the definition
of the factor space that affects the functioning of the managed sys-
tem as a whole and, as a consequence, the level of its organiza-
tional and economic stability [9].

Factor space in general is an area within which a set of factors
that determine the state of a system or object is formed.

Due to the assessment of the factor space, it is possible to
maximize the efficiency of decision-making, as well as to predict
possible scenarios for the functioning of the object under the influ-
ence of these factors.

In the process of constructing the factor space, it is advisable
to identify the factors of the external environment and the factors of
the internal environment that have the most significant impact on
the processes under study. It should be clarified that in the condi-
tions prevailing in the construction sector, it is impossible to clearly
divide the factors into external and internal, because the internal
factors of some elements of the control object will act as external to
other elements and vice versa. As a result, a closed chain of the re-
lationship of factors is created.

The influence of environmental factors may have the following
effects:

e significant, significantly changing the object of influence;

e insignificant, slightly changing the object of influence;

e weak, practically not affecting the object of influence.

Nevertheless, factors that have a weak impact can form chains
of consequences that indirectly have a significant impact on the ob-
ject under study. In this regard, when studying the factor space,
the entire chain of interaction should be taken into account [10].

Table presents the main groups of factors influencing the stra-
tegic management and organizational and economic stability of
construction enterprises and their corporate associations.

The factor space affecting organizational and economic stabil-
ity, taking into account the industry aspect, is characterized by
the peculiarities of the components of the production process in
the implementation of investment and construction projects by ICC
enterprises. These production processes affect the efficiency of
the enterprises of the construction complex at various stages of
the life cycle of the production of a construction object and should
be associated with it [11].

Groups of factors affecting strategic management and organizational and economic stability of construction enterprises and their corporate

associations

Groups of factors

Characteristic

Microenvironment factors

(enterprise and association level) ) ) )
innovation potential

Structure, size of the construction company’s business, its financial indicators, availability of liquid assets and current
liabilities, efficiency of organization and management, production potential, logistics, geography of business supplies,

Meso-environment factors
(regional or industry level)

Trends in the development of the industry in which the company operates, prospects for market expansion, including
at the national and regional levels.
Interaction with suppliers, contractors and partners. Social capital of the region

Macro-environment factors

Current legislation.
(federal level) g

Investment and innovation potential of the region.
Financial and economic policy in the construction sector.

The political situation in the country.
Fiscal and economic policy of the state
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Sustainability management levels /\

Key factors-indicators of sustainability

Investment
and construction
project

IIl. Project
(technological) level

Technological stability S,

A A

« Technological stability
« Technological flexibility
« Product quality’

« Integral efficiency of ICP

Subject composition
of the construction
group

Financial stability S;

AN

« Availability of working capital
» Maneuverability of equity
« Capital structure
« Current liquidity
« Solvency

Construction group

r

A

« Investment efficiency
« Organizational stability

I. Strategic level | Managerial sustainability S, | ’

Business sustainability S,,

« Return on assets

i

!

« Market share dynamics

AN

Organizational and economic stability
sa.e =H (sm’ slz)

General stability of construction group
Sgen = (S0 Sp S)) — Max

Hierarchical structure of the general stability of the construction group

In addition, for the construction of the factor space, as well as its
evaluation, one should proceed from the prerequisites listed below:

e depending on certain limitations and factors of the external
environment and the internal environment, certain organiza-
tional and economic situations arise, in one of which the en-
terprise may be located;

e a set of factors influencing the activities of a construction
company should be formed for both the external and internal
environment;

e when constructing a set of factors, it is necessary to consider
various options for such a construction and take into account
the interests and needs of participants in the construction in-
dustry as a whole [12].

The results of the study allowed the author to form the structure

of the general stability of the construction group, which includes 3
main hierarchical levels of sustainability management:

1) strategic level,

2) operational level;

3) project (technological) level.

The hierarchical structure of the general sustainability of
the construction group with an indication of the relationship of indi-
vidual elements of sustainability and key factors-indicators of sus-
tainability at each management level is shown in Figure.

Modern theories of sustainability management of organizations,
including construction companies, focus on an integrated ap-
proach to ensuring stability and sustainable development [13, 14].
These theories take into account the interrelationships between
various aspects of management and strive to create more flexible
and adaptive organizations that can effectively respond to changes
in the external environment and internal conditions:

e adaptive management theory: the basic principle of this theo-

ry is that the organization should be able to adapt quickly to
changing market conditions and requirements. This is

achieved by creating flexible structures, training staff for rapid
adaptation and constant monitoring of external and internal
changes;

theory of sustainable development: this theory implies that
organizations should strive to meet their needs and goals
without compromising the ability of future generations to meet
their needs. It includes economic, social and environmental
sustainability;

resilience theory: resilience means the ability of an organiza-
tion not only to cope with crises and stressful situations, but
also to revive and strengthen as a result of these challenges.
The main elements include the ability to recover quickly after
a crisis, learning from experience and the ability to identify
and use new opportunities.

The presented structural model of the general stability of
the construction group corresponds to the most relevant methodo-
logical approaches to the strategic management of economic sys-
tems and contributes to the development of methodological tools in
the implementation of a systematic approach to the strategic man-
agement of construction groups and enterprises operating in their
composition.
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YCTONYMBOCTb NPeAnpUATUIA

B KOPNOpaTUBHOW CTPYKTYype CTPOUTESNIbHOW
rpynnbi: coaep)xaHue u onpepensiowve
c¢hakTOpbI

Pa3BuTe CTPOUTENbHBIX KOMMIIEKCOB B COBPEMEHHBIX 3KOHO-
MUYECKNX YCMOBUAX OOYCNOBMEHO CYLUECTBEHHbIM BIIMSHUEM
HeraTMBHbIX (DAKTOPOB BHELLUHEW cpefbl BCNeaCTBME reononu-
TUHECKMX N MAKPOIKOHOMMUYECKUX KPU3UCHBIX SBMEHWI. BO3HK-
KaeT Heo6X0AMMOCTb B Pa3BUTUM NOAXOQOB K CTPaTerm4eckomy
YNpaBeHWio CTPOUTESIbHBIMU NPEANPUATUAMMU U X 06beANHEHN-
AMW C LIENbi0 MOBbILLIEHUS YCTONYMBOCTU U KOHKYPEHTOCNOCO6-
HOCTW Ha BHYTPEHHWUX W BHELUHWX pbiHKax. Cneunduka passu-
TUSi COBPEMEHHbIX MPeAnpUATAN NHBECTULIMOHHO-CTPOUTENILHOrO
komnnekca (MCK) 3aknioyaeTcs B KOMMIEKCHOCTM NOAXOAA K CO-
3[0aHNI0 FOTOBOW CTPOUTENBLHOM NPOAYKLMM, 3akmnovaroLlerocs
B YCIIOXXHEHNN MPOM3BOACTBEHHO-XO3ANCTBEHHbIX CBA3EA MeX-
Oy npeanpusiTUsMK, YBENUYEHUN YMCNa YHACTHUKOB NPOU3BOA-
CTBEHHbIX MPOLECCOB B CTPOUTENLCTBE, Pa3BUTUN MEXaHW3MOB
KOpnopaTMBHbIX 06bEAMHEHWI OTAESbHbIX cy6bekToB VICK. B Ka-
YecTBe OO6bEKTA CTpaTern4eckoro ynpasneHus B pamkax MICK
Lienecoo6pa3Ho paccmaTpuBaTth CTPOUTENbHBIE FPYMMbl KaK Kito-
4eBylo POPMy KOPNOPaTVBHOrO BHYTPMOTPACIEBOrO B3avMoaew-
CTBMSI NPEANPUATUIA Pa3NUYHOW crieumanM3aunm, No3BOoMSAIOLLYIO
B HauMbOmbLUEN CTEMNEHN peanu3oBaTb BO3MOXHOCTU BHEAPEHWS
MEXaHU3MOB IMOGKOro OpraHu3aLvoOHHOr0 MOLENMPOBAaHUA Kak
Ha YpOBHE CTPOMTENIbHON Fpynmbl, TaK U B paMkKax oyHKLMOHW-
poOBaHWsi OTAENIbHbIX €e Y4YacTHUKOB. PelueHue 3apjay cTpare-
rMY4ECKOro ynpasneHns CTPOUTENbHOW rPynmo AOMKHO peanu-
30BbIBATbCA NPU BbIMOMHEHNN YCIIOBUIA MAKCUMM3ALIMN YPOBHS
CTpaTernyeckoro pasBuUTUA MpY O6GecneyYeHun [OoCTaToO4HOro
YPOBHS reHeparnbHOM YCTONYMBOCTIN CTPOUTENIbHOW rpynnbl. Knto-
4YeBbIM acnekToM pa3paboTkm noaxofa K OpMUMPOBAHNIO U pas-
BUTUIO NOAXOA0B CTPATErnyecKoro ynpassieHns ABRseTcs onpe-
nenexHve hakTopHOro NPOCTPaHCTBA, OKa3bIBAMOLLErO BAWAHWE
Ha nmpovecchl MYHKLMOHMPOBAHNS YNpaBisgeMon CUCTEMbI B Lie-
JIOM W, KaK CNefCTBUNE, HA YPOBEHb €€ OPraHN3aLMOHHO-3KOHOMMU-
YeCcKoW ycTon4mBoCTWU. PesynbTatbl MpoBeAeHHOro uccneposa-
HVS MO3BONWAWN aBTOPY ChOpMMPOBATL CTPYKTYPY reHepanbHOWn
YCTOMYMBOCTN CTPOUTENBHON FPynnbl C YKa3aHeM B3anMOCBA3M
OTAENbHbIX 9NEMEHTOB YCTOWYMBOCTU U KITHOHEBBIX (haKTOPOB-MH-
OMKaTOPOB YCTOMHMBOCTM Ha KaXaoM YpoBHe ynpasneHus. Mpep-
CTaBfIeHHasA CTPYKTYpHas MoAeNb reHepasibHoW YCTOMYMBOCTU
CTPOUTENBHOW rpynMbl CNOCO6CTBYET Pa3BUTUIO METOAUYECKOrO
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Savvina I.S. |

Calculation tools for determining the effects
of digitalization of housing and utilities sector

This article discusses the digitalization of housing and utilities companies. The relevance and expediency of stud-
ying the digitalization of management companies at the present time, taking into account the definition of the ef-
fects of digitalization, was analyzed. The author proposed to calculate the economic performance indicators of
the digitalization of the management company based on the calculation of transaction costs. Based on the anal-
ysis, the author gave the author's interpretation of the concept: transaction costs of the management compa-
ny in the conditions of digitalization of housing and communal services. The classification of transaction costs
of the management company by types was carried out, and their detailing was carried out taking into account
the impact of digitalization and the types of cost savings of consumers were identified. The main indicators of
savings of the management company as a result of reduction of transaction costs were determined. In addition,
the author highlighted the main indicators of consumer cost savings as a result of digitalization of the manage-
ment company. The author developed a calculation toolkit for determining the indicators for reducing transac-
tion costs of the management company and consumer cost savings, which was applied in practice to calculate
the efficiency of digitalization of the management company of Voronezh, LLC “Favorit’. The developed calcula-
tion toolkit helps to determine not only the amount of cost savings of the management company for each selected
type of transaction costs, but also the amount of total savings, taking into account the cost savings of residents.
As a result of the calculations made for LLC “Favorit” according to the calculation tools developed by the author
to calculate the indicators for reducing transaction costs of the management company and cost savings of resi-
dents, and allocating the main costs, it was concluded that digitalization of housing and utilities services is nec-
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a total digitalization of all spheres of life of the popu-
lation, we can safely say that it is the widespread
penetration of digital technologies into all spheres of
the economy that determines the trajectory of the eco-
nomic development of the entire country and society
as a whole. However, here it is worth paying special
attention to one of the most basic sectors of the econ-
omy, which has a huge impact on the standard of liv-
ing of the entire population, satisfying the basic needs
of people in comfortable housing, water, heat, electric-
ity, gas, namely the housing and utilities sector.
Within the framework of the national programme
“Digital Economy of the Russian Federation”,
the project of digitalization of the urban economy
“Smart City” is being implemented, which highlights
the standard “Smart Housing and Utilities”" 2.
“Smart Housing and Utilities” implies great
prospects for the development of the housing and
utilities sector, and despite the fact that the digitali-
zation of the housing and utilities sector is only at
the beginning of its development, we have all heard
more than once that it will help make the housing
and utilities sector more efficient, profitable, trans-
parent, fair, economical [1-3].
The main economic indicators of the effective-
ness of digitalization of the housing and utilities sec-
tor, for such participants as consumers and

In the age of information technology, when there is

management companies (MC), can be distin-
guished as follows:

® time saving;

® cost savings.

The author of this article analyzed possible op-
tions for achieving cost and time savings of the MC
and consumers of housing and utility services as
a result of digitalization and proposed a calculation
toolkit that can be used to assess the results of dig-
ital transformation and the efficiency of “Smart
Housing and Utilities”.

The author proposes to calculate economic in-
dicators of digitalization performance for the MC
based on the calculation of transaction costs, which
are typical for any sphere of the economy, including
housing and utilities sector.

In 1937, the English economist R.G. Coase, in
his article “The Nature of the firm”, for the first time
defined the concept of transaction costs as
“the costs of using the market mechanism” [4].

Currently, there are many different disputes
among scientists regarding the content of the con-
cept of transaction costs, but there is no single ap-
proach to their quantification assessment, which
contributes to the emergence of uncertainties and
inaccuracies in their definition and calculations [5, 6].

Organizations can determine their transaction
costs at their discretion, which makes it necessary

1 Passport of the national project “National Program “Digital Economy of the Russian Federation” (approved by the Presidium of
the Presidential Council for Strategic Development and National Projects, Protocol No. 7 dated 04.06.2019). URL: https://sudact.ru/law/pasport-
natsionalnogo-proekta-natsionalnaia-programma-tsifrovaia-ekonomika (accessed: 11.04.2023).

2 “Basic and additional requirements for smart cities (Smart City standard)” (approved by the Ministry of Construction of Russia 04.03.2019).
URL: http://www.minstroyrf.ru/upload/iblock/74f/Standart.pdf (accessed: 11.04.2023).
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to allocate, classify and evaluate the transaction costs of the MC in
order to manage them and accurately calculate.

The author of this article proposed the following interpretation
of the concept: transaction costs of the MC in the conditions of
digitalization of housing and utilities sector are the costs arising
from solving issues related to contractual and analytical work,
the functioning of the consumer interaction service and the MC on
all issues (including emergencies), information collection, storage,
processing and control services.

To determine the calculation tools for evaluating the results of
the digitalization of the MC, the author carried out the classification
of transaction costs of MC by type and their detailing, taking into
account the impact of digitalization of housing and utilities sector
and without, as well as the classification of consumer cost sav-
ings [7] (Table 1). In accordance with the selected classification,
the toolkit for calculating the indicators for reducing transaction
costs of the MC and cost savings of consumers were determined
(Table 2).

Table 1. The impact of digitalization on the reduction of transaction costs of MC and cost savings of consumers (Source: compiled by the author)

Detailing transaction costs of the MC and consumer costs

Type of transaction costs
of MC and consumer costs

Before digitalization

After digitalization

Indicators saving of MC and consumer costs

Costs of collecting infor-
mation on meter readings

The costs of bypassing controllers
and manual processing of meter
readings, conducting analytical work

Automatic remote transmission, col-
lection and processing of meter read-
ings

saving on wages ER;;

saving labour costs of engineering and technical
workers E;';

saving paper E;';

saving consumables (stationery, shoe covers) Ef’;
savings on transportation costs £,

Costs of interaction with
consumers of housing and
utility services

The costs of organizing reception on
the appeals of owners, keeping re-
cords on appeals, receiving and reg-
istering calls from owners

Automatic remote service for receiv-
ing, registering and processing re-
quests. Electronic remote communi-
cative communication with consum-
ers of housing and utility services

saving labour costs of engineering and technical
workers E/;
saving paper E,”

The costs of emergencies,
troubleshooting and unau-
thorized connections

The costs of eliminating the conse-
quences of emergencies caused by
MC (for example, flooding of neigh-
bors), malfunctions, the costs of un-
scheduled repairs/replacement of
communal property

Instant remote notification of acci-
dents, malfunctions and unauthorized
connections. Reducing the number of
utility accidents caused by MC

saving labour costs of engineering and technical
workers E;
saving damage from accidents £,

The costs of accrual of re-
ceipts, accounting

The costs of conducting analytical
work, manual calculation of charges
for housing and utilities services.
Visiting public service offices for re-
porting

Electronic document management,
automatic generation of reports and
receipts. Electronic access to public
services, signing documents with
a digital signature

saving labour costs of engineering and technical
workers E/
savings on transportation costs £,

Costs of holding general
meetings of owners

The costs of organizing general
meetings (paper notifications, leaf-
lets, minutes, working hours for
a face-to-face meeting of owners
and representatives of MC)

Electronic remote notification of
the meeting and electronic voting

saving labour costs of engineering and technical
workers E;;
saving paper £,

The costs of consumers for
payment of receipts for
housing and communal
services and utilities

Payment costs:

for the consumption of municipal re-
sources according to the standards;
“extra lines” in receipts for housing
and utilities services;

additional unclaimed services

Payment for the consumption of utili-
ty resources by “smart” metering de-
vices. Selection of necessary addi-
tional services and exclusion of “ex-
tra lines” from receipts for housing
and utilities services at the electronic
general meeting

reduction of individual consumption of municipal re-
sources R, ;

exclusion of “extra lines” from receipts for housing
and utilities services R,;

reducing the cost of additional services R,
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Table 2. Calculated indicators of savings of MC and consumer costs (Source: compiled by the author)

Indicators

The formula for calculating
the savings of MC
and consumers

The formula for calculating
the total savings

Costs of collecting information about meter readings

Ef,i — saving on wages;
Eff — saving labour costs of engineering and technical workers;

E,' — saving paper;

E* — saving consumables;

Ef,i — saving on transportation costs;

Jj— number of groups of dismissed employees;

ZP, — average monthly salary of employees of the j-th group;

C;— number of dismissed employees of the j-th group;

L — the number of engineering and technical employees of MC engaged in processing acts
of circumvention;

ZP, — average monthly salary of engineering and technical employees of the position /;

AT, — saving of working time of engineering and technical employees of the position / as
a result of digitalization;

K, — number of personal accounts allocated for crawling;

o ud . .

K, — the amount of paper spent on circumvention acts for 1 personal account;
C, — average cost of paper;

~ud .

C.° — the average cost of the office allocated for one crawler controller;
Ch, — number of dismissed crawler supervisors;

K — number of personal accounts allocated for crawling;

C,, — the average cost of shoe covers;
Ch, — number of dismissed crawler supervisors;

—ud
CT« —the amount allocated for transportation costs per crawler controller

i
£=3677
L

ES =S (ZP- AT ZP)

) =1 o !
EbS/ :Kes K;dcb
£ =CCh, +K° C,,

ES=Ch CTY

ER! =E; +E +E) +E +E;

Costs of interaction with consumers of housing and utilities services

E;” — saving labour costs of engineering and technical workers;

E,” — saving paper;

N — the number of MC engineering and technical workers engaged in interaction with con-
sumers of housing and communal services;

ZP, — average monthly salary of engineering and technical employees of the position /;
AT, — saving of working time of engineering and technical employees of position V as a re-
sult of digitalization;

0 — average number of registered applications of housing and utilities services consum-
ers in MC;

/?b“j — the amount of paper spent on registration of registered appeals and responses;

C, — average cost of paper

N
Ev= Zl (zb - AT, ZP)

£7=0K €,

ERP =E" +E)

The costs of emergencies, troubleshooting and

unauthorized connections

E; — saving labour costs of engineering and technical workers;
EZ — saving damage from utility accidents;

B — the number of engineering and technical workers involved in the elimination of munic-
ipal accidents;

ZP, — average monthly salary of engineering and technical employees of the position B;
AT, — saving the working time of engineering and technical staff of position B as a result of
digitalization;

EM — the average cost of eliminating accidents caused by MC before digitalization;

R,, — the average cost of eliminating accidents caused by MC after digitalization

B

E;=> (ZR — AT, ZR)
b=1

E;J :Eal _RUZ

ER® =El+E°
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The costs of accrual of receipts, accounting
EY — saving labour costs of engineering and technical workers; El= ﬁ(ZPD - AT, ZR) ER) =E +E;
Ef, — saving on transportation costs; Ei :;73 E;"

D — number of MC engineering and technical employees engaged in accrual of receipts and
accounting;

ZP, — number of MC engineering and technical employees engaged in accrual of receipts
and accounting D;

AT, — saving the working time of engineering and technical staff of position D as a result of
digitalization;

Chg — number of accountants;

CTBM — the amount allocated for transportation costs per accountant

Costs of holding general meetings of owners

E’ —savi ineeri i : 4 ER’=E’+E;
ts sav!ng labour costs of engineering and technical workers; £ ZZ(ZPV AT, ZPV) ., =L, +E,

E, — saving paper; V=1

I/ — number of MC engineering and technical employees engaged in accrual of receipts and

s _ T ud s\ —~
accounting; £, _(K“ Kop +Kb) Cy
ZP,— average monthly salary of engineering and technical employees of the position V;
AT, — saving the working time of engineering and technical staff of position V as a result of
digitalization;

K,, — number of personal accounts participating in the general meeting of owners;

ud

K,, — the amount of paper spent on ballots for 1 personal account;

K, — average amount of paper spent on notifications/announcements of the general meet-
ing and minutes;

C, — average cost of paper

Total savings of all transaction costs of MC

ER? — costs of collecting information about meter readings; ER, =ERY +ER” +ER® +ER’ +ER’
ER!” — costs of interaction with consumers of housing and communal services;
ER] — the costs of emergencies, troubleshooting and unauthorized connections;
ER? — the costs of accrual of receipts, accounting;

ER; — costs of holding general meetings of owners

u

Costs of consumers for payment of receipts for housing and communal services and utilities

R, — saving individual consumption of communal resources; R, = (Eko _Ekp) K ER, =R, +R, +R,

R, — saving on “extra lines”; ' T

R, — savings on additional services; i

ED 1 H i 1 1l Rk = lel KES
.« — average consumption for individual consumption of utility resources per consumer =

of housing and communal services before digitalization; L
Eopk — average expenditure on individual consumption of utility resources per consumer of Ry = (RDDu —R;u) Kes
housing and communal services after digitalization;

K — number of housing and communal services consumers;

R — expenses for the payment of “extra lines” in receipts for housing and communal ser-
vices;

K, — number of personal accounts in an apartment building;

ﬁfu — average expenditure on additional services per consumer of housing and communal
services before digitalization;

E[fu — average expenditure on additional expenses per consumer of housing and commu-
nal services after digitalization;

K., — number of personal accounts in an apartment building

Total cost savings of MC and consumers of housing and utilities services

ERU — cost SaVingS of MC, - E(EK) —FER +ER
ER, — saving the costs of housing and utilities services consumers T
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According to the proposed calculation tools (Table 2), in order 213.704.15
to determine the effects of digitalization, the author made calcula- P
tions of indicators for one of the MC, LLC “Favorit” in Voronezh?. - '
All calculations were made for one house located at: Chely- 2 250,000
uskintsev str., house No. 140 for one month, taking into account é 200,000
the operation of “smart” utility metering devices. The necessary é 150.000
data for calculations were provided by MC LLC “Favorit”, taking 3 '
into account the indicators before digitalization (December 2022) < 100,000
and after (February 2023). Also, data on tariffs and consumption 50,000
standards for water and electric energy established in Voronezh* > 0
and calculatio.rules for the consumed utility resource were used to . )
calculate consumer savings in the absence of individual meters’: ® Overall cost savings for the management companies and consumers
Pon.N-K_.T® Fig. 2. Total savings as a result of digitalization of the LLC “Fa-
i i J inc ’

where n;— the number of registered consumers living in 1 residen-
tial building of an apartment building;

N; — consumption standard;

K;,. — increasing coefficient (1.5);

T® — tariff’.

As a result of the calculations carried out by the author, the fol-
lowing data were obtained:
the total cost savings of MC LLC “Favorit” is

ER, =121,811.60 rub;
the total cost savings of housing and utility services consumers is
ER, =91,892.55 rub.

Clearly, the total cost savings of MC LLC “Favorit” and consum-
ers as a result of digitalization are shown in Fig. 1.

121,811.6

150,000 91,892.55
100,000

50,000

Cost savings, rub

0

m Cost savings for the management company LLC “Favorit”
= Consumers cost savings

Fig. 1. Total cost savings of the LLC “Favorit’” Management
Company and consumers as a result of digitalization (Source: devel-
oped by the author)

3 Management company LLC “Favorit”. URL: http://favorit36.ru (accessed: 10.04.2023).

vorit” Management Company (Source: developed by the author)

Having determined the amount of cost savings of the LLC “Fa-
vorit” Management Company and consumers, we will calculate
the total cost savings, which will be:

E(EK) =121,811.60 +91,892.55 = 213,704.15 rub.

Fig. 2 shows the total savings as a result of digitalization of
the LLC “Favorit” Management Company.

As a result of the calculations made, it can be concluded that
the tools developed by the author for calculating indicators for re-
ducing transaction costs of the MC and cost savings of consumers
make it possible to determine the amount of money savings of
the MC and consumers. Looking at Fig. 1, we can conclude that as
a result of digitalization, significant savings were obtained for
the MC and consumers and these data for 1 month. Accordingly,
the amount of savings for 1 year will increase significantly.

In addition, it is important to pay attention to the costs of the MC
and consumers for digitalization. In accordance with the Decree of
the Government of the Russian Federation dated June 29, 2020
No. 950, the service provider (in this case PJSC “TNS Energo Voron-
ezh”) has established from “Smart” electricity metering devices at its
own expense®. And consumers have installed “smart” individual meter-
ing devices for water supply at their own expense and the cost of such
a device is approximately 5-7 thousan.rubles (according to consum-
ers), respectively, the amount of savings is much higher than the costs.
Which suggests that digitalization of housing and communal services
is actually beneficial for the MC and consumers and gives us the op-
portunity to live more comfortably using “smart” technologies.
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PacuyeTHbIN MHCTPYMeHTapun gns
onpepeneHus achchekToB Lucposmnsauum
XKKX

B paHHOW cTatbe O6blna MNpoaHanM3upoBaHa aKTyanbHOCTb
N LenecoobpasHOCTb U3yHeHusi LmMcpoBU3aLmMmn ynpaBnsioLmx
KOMNaHW B HacTosiLLee BpeEMS C YHeTOM onpepeneHus addek-
TOB LuMcpoBu3aumm. PacyeT aKOHOMUYECKMX MoKasaTenen pe-
3yNbTaTUBHOCTY LMPpoBM3aLmm ynpasnsioLLein KoMnaHum aBTo-
POM 6bI510 NPEANOXEHO OCYLLIECTBNATH, OCHOBbIBAsICh HA pacyeTe
TpaHCaKUMOHHBIX n3aepxXek. Ha ocHoBe npoBefeHHOro aHannsa
6bina AaHa aBTopckas TPaKTOBKA MOHATUA: TPAHCAKLIMOHHbIE 13-
OEPXKN ynpasnsiowwern KOMNaHnm B yCnoBusax Lmudposmusaumnm
XKKX. Bbina npoBefeHa kKnaccuiukauusi TpaHCaKUMOHHBLIX W3-
OepXeK ynpasnsaoLer KoMnaHu no suagamM m ux getanusaums
C y4eTOM BANAHUA LMppoBM3aLmK, BbiAENEHbl BUAbI SKOHOMUK
3aTpar notpe6utenen. bbinn onpepeneHbl OCHOBHbIE MOKasa-
TENN 9KOHOMUW YMPaBnSIOLLEN KOMNaHWW B pe3ynbTaTe Cokpa-
LLieHWs1 TPAHCAKLMOHHbIX n3fepxeKk. Kpome Toro, aBTopom 6binn
BbleNleHbl OCHOBHbIE NMokasaTenin 3KOHOMUW 3aTpat noTpeduTe-
new B peaynsraTte uMdpoBu3aummn ynpaensaoLLen KomnaHmm. bein
pa3paboTaH pacHeTHbIN MHCTPYMEHTapuii Ansa onpepaeneHus no-
KasaTesiei CoKpaLleHWUs TPaHCaKLMOHHBIX U3AEPXeK ynpasnsto-
LLIe KOMMaHUM U 3KOHOMUM 3aTpaT NOTPedbUTenNen, KOTopbIv Obin
NPUMEHEH Ha MpakTuKe ANA pacyeToB 3PPeKTMBHOCTU LmdpO-
BM3auuM ynpaenstollen komnadum r. BopoHexa OOO «dago-
put». Pa3paboTaHHbI pacyeTHbI UHCTPYMEHTapuUA nomoraet
OMNpeaennTb He TOMIbKO pas3Mep 3KOHOMWM 3aTpaT ynpasnsto-
Ll.leVI KOMMaHUM No Kaxxaomy BblaeneHHOMY BUAY TPaHCaKLMOH-
HbIX U3OEPXeEK, HO N pasmep O6LLiE SIKOHOMUM C YHETOM IKOHO-
MUK 3aTpat Xxutenewn. B pesynbrate npou3BedeHHbIX pacyeToB
ans OO0 «®daBopuT» No pa3paboTaHHOMY aBTOPOM UHCTPYMEH-
Tapuio pacyeTa nokasateniev CokpaLLeHUsi TPAHCAKLMOHHbIX 13-
OepXeK ynpasnsaioLLe KOMNaHuM U 3KOHOMUU 3aTpart Xutenemn
1 BblAENEeHNs OCHOBHbIX 3aTpaT 6bIn CAenaH BbIBOA O HEO6X0Au-
MOCTW 1 Bbiroge undposusaumm XXKX.

KnroueBble cnoBa: XXKX, uymeposusauyus, «YmHoe MXKKX»,
TpaHCaKUMOHHbIe U3[EePXKU, SIKOHOMUS ynpaBﬂﬂiOLLleﬁ KomMria-
HUW, SKOHOMUST MOTPEOUTENIEN, «YMHbIE» CHETYUKU

4. Kose R.G. The nature of the firm. ECO: Economics and organiza-
tion of industrial production. 1993; 2:66-82. (rus).

5. North D. Institutes, institutional changes and functioning of
the economy / Trans. from the English by A.N. Nesterenko, preface
and scientific ed. by B.Z. Milner. Moscow, Foundation of
the Economic Book “Beginnings”, 1997; 180. URL: http://cee-mos-
cow.com/doc/izd/North.pdf (accessed 10.04.2023). (rus).

6. Dalman S.J. The Problem of Externality. The Journal of Law and
Economics. 1979; 22(1):141-162. URL: table/725216

7. Sawvina 1.S., Uvarova S.S. The influence of digitalization on the for-
mation of receipts for housing and communal services. Digital and
branch economy. 2020, 2(19):102-108. (rus).

CIIMCOK UCTOYHUKOB

1. CasBuHa W.C. OcHoBbI pa3Butus UnghpoBu3aumm B cgpepe Xu-
JIMLLHO-KOMMYHaJIbHOIO X035WicTBa // IHCTpYMeHTbI 3¢hheKTUBHO-
ro passuTUsi COBPEMEHHOV Hayku : ¢6. mat. MexayHap. HayH.-
npak. KoHe. (r. Kemeposo, 27 nexkabpsa 2019 r.). Kemeposo, 2019.
C. 164—169. URL: https:/elibrary.ru/item.asp?id=42322933

2. CassuHa W.C. lNpumererne loT TexHonoruii B cgpepe XXKX //
OkoHomuka v npegnpuHumarensctBo. 2020. Ne 10 (123). C. 1077—
1082. DOI: 10.34925/EIP.2020.123.10.214

3. CassuHa U.C. Ungbposusauyms XXKX kax oCHOBHOE ycrioBue KOH-
KYPEHTOCIOCOOHOCTY yrpaBisitoLMX KOMIaHuii // ArpapHasi 3KOHO-
MuKa rrasamuy MoJsiogoro crieynanucta : mat. MexayHap. oHnaiH-
KoHebepeHumm (r. Mavickmii, 20 anpens 2021 r.). Mavickmi, 2021.
C.45-47.

4. Koys P.I". lpupoga covpmbi // IKO: SkoHOMMKa 1 opraHu3ayms
npombILLneHHoro npoussogctaa. 1993. Ne 2. C. 66-82.

5. Hopt [. UHCTUTYTbI, MIHCTUTYLMOHAIIbHBIE M3MEHEHNS U (DYHK-
LMOHMPOBaHWE 3KOHOMUKM / Nep. ¢ aHr1. A.H. HectepeHko; npea-
ucn. v Hayd. pea. b.3. MunbHepa. M. : ®oH[ 5KOHOMUYECKOV KHU-
m «Hayvana», 1997. 180 c. URL: http.//cee-moscow.com/doc/izd/
North.pdf (nata o6paryerms 10.04.2023).

6. Dalman C.J. The problem of externality // The Journal of Law and
Economics. 1979. Vol. 22. No. 1. Pp. 141-162. URL: table/725216
7. CaBBuHa W.C., YBaposa C.C. BnusHune umgpposusaymm
Ha gpopmumpoBaHme keutaHumi 3a XKX // Lncbposas n otpacne-
Bas 9koHomumka. 2020. Ne 2(19). C. 102-108.

06 aBTope: CaBBuHa WpuHa CepreeBHa — acnupaHT kade-
Opbl LMMPOBOM M OTPaCNeBO 3KOHOMWUKW; BOpOHeXCKun ro-
CyAapCTBEHHbIVW TexHM4eckui yHusepcutet (BITY); 394006,
r. BopoHex, yn. 20-netna OkTa6ps, A. 84; SPIN-koa: 3359-6218,
ORCID: 0009-0007-0193-4066; iri-sav @ mail.ru.

For citation: Savvina |.S. Calculation tools for determining
the effects of digitalization of housing and utilities sector. Real
Estate: Economics, Management. 2023; 3:47-52.

[na untnposanus: CassuHa M.C. Calculation tools for determining
the effects of digitalization of housing and utilities sector //
HepemxumocTb: akoHOMMKa, ynpaeneHue. 2023. Ne 3. C. 47-52.



HeaBmXnMMOoCTb: 3KOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4YHO-TEXHUYECKUI XYpHan

TPAROPETYNINPOBAHUE W YNIPABJIEHUE XXUIULLHO-KOMMYHAJIbHBIM KOMIJIEKCOM

#3 /2023

53

uDC 332.1

Cluster as an element of the strategy

for the implementation of investment and
construction projects in the sphere of individual
housing construction

This article describes one of the ways of solving the problem of housing affordability for regions where individu-
al housing construction prevails. According to the National Project “Housing and Urban Environment” by 2030,
the annual commissioning of housing in the country should be up to 120 million square metres, of which more
than a third should be for individual housing construction. Statistics show that 68 % of Russian families consid-
er an individual house the most preferable type of housing. The transition to the cluster system of territorial de-
velopment is aimed at improving the efficiency and competitiveness of projects in the field of individual housing
construction. The ideology of cluster development projects implies the creation of a common social environment
for all residents of the settlement, the main goal of which is: the development of commercial and social infrastruc-
ture within the cluster. The main example of this approach is an infrastructure node located within a low-rise de-
velopment. Within this approach, several small settlements are gathered around one infrastructural core, within
which commercial and social infrastructure is located. The concept of cluster development of territories will allow
optimizing the costs of infrastructure development not only for one single settiement, but will also contribute to
the development of the entire territory. It is assumed that in the future the scheme of cluster development of terri-
tories will become the main principle of suburban real estate development. Another indirect advantage of cluster
development of territories is the opportunity for the developer to apply additional methods to increase the profita-
bility of their projects. The most popular of them is the sale of ready-made houses with finishing, landscaping, fur-
niture and additional options. As a result of the formation of a cluster, common property is formed, for the man-
agement of which a management company is needed, a specialized management company can be attracted to
manage the cluster of individual housing construction, which, in addition to the main services, will provide ad-
ditional services for the maintenance of personal plots. Transition to the cluster scheme for the development of
territories will significantly improve the quality of life of people who consider individual housing construction as
a place for permanent residence.

Keywords: individual housing construction, cluster of individual housing construction, countryside real es-
tate, comprehensive development, strategies for the implementation of investment and construction projects in

the field of individual housing construction
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odern economic conditions created through
M the reforms carried out in the country have

led to significant regionalization, which to
a large extent predetermined the problems existing
at the regional level. In this regard, it should be noted
that the region is a social and economic complex,
which is aimed at establishing a relationship between
business, regional authorities and public organiza-
tions. This format of interaction stimulates a more
complete use of industrial, natural and labour re-
sources aimed at satisfying all possible needs of
the population.

Structural development of the country's econo-
my is impossible without a comprehensive study
and resolution of the most acute problems in the so-
cial sphere. One of the most important social prob-
lems of each region is the problem of housing af-
fordability, the solution of which is impossible
without structural changes in the industry and coor-
dinated actions of state authorities, public organiza-
tions and businesses [1-3].

One of the possible methods of solving this
problem in regions where individual housing con-
struction (IHC) prevails is the transition to a cluster
model of territorial development.

According to the National Project “Housing and
Urban Environment” by 2030, the annual commis-
sioning of housing in the country should be up to

120 million square metres, of which more than
a third should be for individual housing construc-
tion.

According to the statistics of the Financial De-
velopment Institute in the housing sector of Russia
“Dom.rf” and the All-Russian Center for the Study of
Public Opinion, which are shown in Fig. 1, the inter-
est in the format of individual housing construction
is quite high among Russians. According to data
provided by “Dom.rf” in its analytical report, ap-
proximately 68 % of 61.8 million Russian families
consider an individual house the most preferable
type of housing.

Country housing formats have become espe-
cially in demand among buyers due to the pandem-
ic and the transition to a remote work scheme. In
10 regions of the Russian Federation, at the end of
2022, half of all new housing turned out to be com-
missioned in the format of individual housing con-
struction. As for the top three, they have remained
unchanged for a long time, these are: Moscow,
Krasnodar Territory and Moscow Region.

For quite a long time, the cautious attitude of
many banks regarding the potential liquidity of pri-
vate houses hindered the development of mortgag-
es in this segment of the real estate market. At
the moment, the situation has changed for the bet-
ter. As shown in Table, in 2021, individual housing
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Fig. 1. Share of Russians who want to live in an individual house as of 2022

construction became eligible for most preferential mortgage pro-
grammes, such as “Preferential Mortgage”, “Family Mortgage”, “Far
East Mortgage” and “IT Mortgage”.

With the help of these programmes, the demand for individual
housing construction in 2021 increased by 4 times, and the share
of housing loans issued for the construction or purchase of indi-
vidual housing construction objects increased by 3 times com-
pared to 2020 [4-6].

Despite the increase in demand for preferential programmes,
the penetration of mortgages into the sphere of individual housing
construction remains low at the moment, in 2022 only every tenth
individual house was built using a mortgage, while in multi-apart-
ment buildings 8 out of 10 apartments are purchased with a mort-
gage. In the current situation, the main constraint to the develop-
ment of lending for individual housing construction is the lack of
a market for standard, liquid private houses, which has a significant
impact on the mortgage rate.

The cluster as an element of the strategy in low-rise construc-
tion is primarily aimed at improving the efficiency and competitive-
ness of projects in the field of individual housing construction.

A cluster of individual housing construction (hereinafter referred
to as the IHC Cluster) is a certain territory or group of territories that
can be distant from each other by a distance not exceeding 30 km.

The territory of the cluster has many common features of urban
planning use of territories, these include a total area of at least
100 hectares, location outside the boundaries of urban settlements,
and so on. As a rule, cluster development occurs takes place with-
in the framework of the mechanism of integrated development of
the territory, within which the territory is built up with individual or
blocked residential buildings. During such development, the devel-
oper is obliged to provide the population with transport, road, engi-
neering and social infrastructure facilities. The project should also
create common areas and places of employment. The main goal of
the cluster development of the territory is to create a comfortable

Dates of expansion of preferential mortgage programmes to
the segment of individual housing construction

Date of extension to individual
Programme Mortgage rate ) )
housing construction

Preferential Upto 7 % in 2022,

mortgage up to 8 % from 2023 10.18.2021
Family Mortgage upto 6 % 06.01.2022
Far East Mortgage upto2 % 05.01.2021
IT Mortgage upto5 % 12.01.2019
Rural mortgage up to 3% 05.12.2022

and safe living environment for the population. An example of
a conceptual plan for the development of territories within the IHC
cluster is shown in Fig. 2.

The main principles for the formation of an individual housing
cluster follow from its definition and are primarily aimed at meeting
the needs of the population living in the territory of the cluster.
Among the most significant are:

® good transport accessibility to all social and commercial in-
frastructure (formation of a network of public transport run-
ning through the cluster territory);

e synchronization of schedules for the commissioning of resi-
dential buildings with schedules for the construction of infra-
structure (when the building area increases, infrastructure fa-
cilities increase with it);

e a large number of public spaces located on the territory of
the cluster (at least 10 % of the total building area);

e provision of the population with jobs (at least 20 % of the total
population should work in the cluster);

e creation of an engineering network, where priority is given to
centralized engineering systems;

e arrangement of permanent car storage places within
the boundaries of land plots or in the adjacent territory (no
further than 800 meters);

e development of recreational and entertainment infrastructure
within the cluster (sports grounds, boulevards, parks, cafes).

The ideology of cluster development projects implies the crea-
tion of a common social environment for all residents of the settle-
ment. The basis of this concept is a variety of infrastructure facilities
within the cluster, aimed at providing a high level of comfort for
the owners. In this case, the construction of social infrastructure is
carried out in separate blocks, after the completion of the construc-
tion of each stage, the population within the cluster will increase,

Fig. 2. Conceptual plan for the development of territories within
the cluster of individual housing construction in Dmitrov city
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and the emerging need will be covered by commissioning an ad-
ditional block, so the developer will not have to bear the cost of
building a large social facility at one time. Thus, the developer pro-
vides a guaranteed volume of potential demand for all social infra-
structure facilities [7, 8].

The main criterion for the demand for commercial infrastructure
within the cluster is its availability for the surrounding residents. This
approach provides the possibility of the functioning of various busi-
nesses that cannot function in modern cottage settlements due to
the lack of the proper amount of demand.

The main example of this approach is an infrastructure node
located inside a low-rise building. As can be seen from Fig. 3, when
applying this approach, several small settlements are gathered
around one infrastructural core, inside which commercial and social
infrastructure is located, as well as landscaping and recreational
areas. A unified architectural environment is created inside the in-
frastructure node and residential development is completely ex-
cluded. This location can accommodate both modern schools and
kindergartens, as well as shopping centres, gyms and retail areas.

An analysis of transactions with IHC objects shows that only
a small part of buyers of suburban real estate objects live in it on
a permanent basis, since in the current realities, most high-level
settlements do not have sufficiently developed infrastructure. More
than half of the population would like to live permanently in
the countryside, but not everyone decides to do so due to the lack
of critical social and commercial infrastructure. In this regard, po-
tential buyers make a choice in favour of country houses for sea-
sonal residence [9, 10].

At the moment, only 30 % of all settlements in the “business”
and “elite” segments can offer buyers at least one type of infra-
structure of the proper level, and only 5 % of all projects assume
the presence of a full range of educational, social, commercial, lei-
sure and other conditions necessary for permanent residence in
the countryside.

The concept of cluster development of territories will optimize
the costs of infrastructure development not only for one single set-
tlement, but also contributes to the development of the entire terri-
tory. It is assumed that in the future the scheme of cluster develop-
ment of territories will become the main principle of suburban real
estate development. This approach will not only significantly in-
crease the capitalization of land plots and improve the liquidity of
investment and construction projects in the field of individual hous-
ing construction, but also optimize part of the costs allocated from
the municipal, regional and federal budget for the infrastructure
development of territories.

The next advantage of cluster development of territories is
the opportunity for the developer to apply additional methods to
increase the profitability of their projects. The most common of
them is the sale of finished houses with finishing, landscaping, fur-
niture and additional options [11, 12].

Such methods are beneficial both for the builder-developer,
since they can be used to increase marginality, and to the end buy-
ers.

The main advantages of finished objects include:

1. Savings that occur due to a decrease in the number of trans-
actions and economies of scale, since in order to prepare a house
for life, many operations must be done: order design projects for
houses, select contractors, purchase furniture, and so on. Since
the developer orders this for everyone at once, it costs less.

2. You can move straight into a finished house, rather than wait-
ing for the repair to be completed. The sooner all objects are sold,

Fig. 3. An example of an infrastructure node located inside
the designed building

the better for developers and residents, since in this case it is as-
sumed that there will be no stranger in the settlement.

3. When a developer can offer a whole range of services, it
widens the target audience, since the buyer can take out a mort-
gage for the whole cost at once. For potential buyers, paying off
the loan and doing the finishing is much more difficult than paying
the original mortgage payment. The payment will be higher, but
the amount of the payment will be known in advance.

Another competitive advantage that appears with the cluster
method of territory development is the ability to attract a full-fledged
management company. As a result of cluster formation the common
property is formed, it must be managed by someone.

In the current situation, if there is a good management compa-
ny in the settlement, this is a huge competitive advantage. The mar-
ket of management companies in individual housing construction in
our country is not developed, while the demand for quality services
among wealthy buyers is very high.

At the same time, requests from residents show that the ser-
vices offered by management companies in apartment buildings
are not sufficient for individual housing construction. Many resi-
dents are ready to pay for additional services such as snow re-
moval, grass cutting, house cleaning, dog walking and other minor
work on a regular basis [13-15].

Considering the transition from the current scheme of construc-
tion in the field of individual housing construction to the scheme of
cluster development of territories, we can conclude that the transi-
tion to the new model will increase the availability of social and
commercial infrastructure by placing it simultaneously for several
settlements within the cluster (now such infrastructure is not actu-
ally built). Builders-developers, due to the economies of scale, will
be able to sell IHC objects with ready-made finishes and furniture,
which will increase their marginality and potential buyers will be
able to purchase an object equipped with everything necessary for
life. There will be an opportunity to manage the common property




#3 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TPAJOPETY/IUPOBAHME W YNPABJIEHUE XUJTULLHO-KOMMYHAJIbHBIM KOMMJIEKCOM

56

of the cluster, to attract specialized management companies that
provide services not only for managing the common property of
the cluster, but also additional services aimed at improving the liv-
ing standards of people within the cluster.
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KnacTep Kak afieMeHT cTpaTterum
peanusaumm MHBECTULMOHHO-CTPOUTENbHbIX
NpoeKToB B cchepe MHAMBUAYaNbHOIO
XXUIULLIHOIO CTPOMUTESNIbCTBA

B ctatbe onucaH ogvH M3 MyTen peLueHWs npobiiemMbl JOCTYN-
HOCTU XWNbs A1 PEFMOHOB, rOe MpeobriagaeT WHAMBMAYanb-
Hoe XunuLyHoe cTpouTenbcTeo. CornacHo HaunoHansHoMy npo-
ekTy «XXunbe n ropofckas cpega», kK 2030 r. eXerofHblii BBOJ,
XWUnbsi B CTpaHe HOOMKEH cocTaensAtb Ao 120 MAH M2, N3 KoTo-
pbix 60nblle TPETU OOMMKHO MPUXOAUTLCA Ha MHAMBUZOyanbHOe
XUNULWHOE cTpouTenbeTBo. CTaTUCTNKa NokasbiBaeT, YTo 68 %
POCCUIACKMX CEMEN CuUTalT MHAMBMOyanbHbI OOM Haubonee
npepnoYTUTENBHBIM BUOOM XWnbs. MNepexon Ha KnacTepHyto cu-
CTEeMy OCBOEHUS TEPPUTOPUIA HanpaBJieH Ha NoBbILLEHWE IhEK-
TUBHOCTU U KOHKYPEHTOCMOCOOHOCTM MPOEKTOB B cdhepe MHOU-
BUAYasIbHOMO XUNULLHOrO CTpoUTENbCTBAa. oeonorns npoekTos
KIacTEpPHOr0 OCBOEHUSI TEPPUTOPUI NpepnonaraeT co3gaHue 06-
Len coumanbHOM cpedbl Ana BCex XUTenen nocesnka, OCHOBHOM
LeSblo KOTOPOM SBASIETCA: Pa3BUTUE KOMMEPHYECKOW U coumarnb-
HON MHPPaCTPYKTYpbl BHYTpU Knactepa. OCHOBHbIM MPUMEpPOM
Takoro nogxopa SABMAETCA WHPACTPYKTYPHBIA y3es, pacrosno-
>XEHHbIV BHYTPWY Masnio3aTaxHoW 3acTponku. B pamkax atoro nog-
XO[a HECKOJbKO HEeOOSbLLMX MOCESIKOB CObpaHbl BOKPYr O4HOrO
sApa, BHYTPU KOTOPOro pacnonoXxeHa kKoMMepyeckas 1 coumanbs-
Has MHMpacTpyKTypa. KoHuenums KnactepHoro OCBOEHUS Tep-
pUTOPUIA NO3BONUT ONTUMM3MPOBATbL pacxofdbl HA Pas3BUTUE WH-
PpacTpyKTypbl HE TOJILKO OOHOMO OTAENIbHO B3ATOrO MOCENEHUS,
HO 1 6yOeT cnoco6CTBOBaThL Pa3BUTUIO Bcen Tepputopun. Mped-
nonaraertcs, 4YTo B 6yAyLLEM cXeMa KacTepHOro OCBOEHUS Tep-
PUTOPUIA CTAHET OCHOBHBIM MPUHLIMINOM AEBENOMNMEHTa 3aropog-
HOW HepgBMXMMOCTU. Ellle ogHMM KOCBEHHbIM MPENMYLLECTBOM
KIacTEpPHOr0 OCBOEHWS TEPPUTOPUI SBNSIETCSA BOSMOXHOCTb AJ1s
3aCTPOMLLMKA NPUMEHSATb AOMOSTHUTESNIbHbIE METOAbI MO NOBbILLIE-
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HWIO peHTabenbHOCTN CBOMX MPOEKTOB. Hambonee pacnpocTtpa-
HEHHbIE U3 HUX — MpoJaXxka roToBbIX AOMOB C OTAENKOM, 6naro-
YCTPOWCTBOM, Me6ENbIo U AOMONHUTENbHLIMU onumaMK. Tak Kak
B pe3ynbrate 06pa3oBaHus Knactepa (oopMUpyeTcs 06LLee UMY-
LLIeCTBO, ANS yrNpaBieHNs KOTOPbIM Hy>XXHa yrpaBssioLas Komna-
HUA, Onga ynpaeieHna KnactepomMm nHaoneuayasnbHOro XunuLiHoro
ctpouTenbctea (MXKC) MOXHO npuBneYb cneuvanm3npoBaHHy
yNpaBnsioLLy0 KOMNaHUo, KOTopasi TOMUMO OCHOBHbIX YCryr 6y-
[eT OKa3biBaTb A0MOJIHUTENbHbIE YCYyrn No coaep>XXaHuto npuy-
cafebHbIX y4acTKoB. lNepexol Ha KNacTEPHY0 CXeMYy OCBOEHWUS
TEPPUTOPUIA NMO3BONUT 3HAYUTENBHO MOBLICUTbL Ka4€CTBO >XU3HMU
nopen, paccmatpusaromx MXKC kak Mecto fnsi NOCTOSHHOro
NPOXWBaHWSA.

KntoyeBbie crnoBa: nHAMBUARYANIbHOE XWITNLLHOE CTPOUTESILCT-
Bo, knactep UXKC, 3aropogHas HeaBMXUMOCTb, KOMI/IEKCHas
3acTpovika, cTpateruy peannsaymm MHBECTULNOHHO-CTPOUTESTb-
HbIX MPOEKTOB B chepe XKC
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Information model of energy and economic
efficiency of the capital construction object
life cycle

The potential of energy saving can be effectively realized by combining its tools with the methods of information
modelling of the life cycle of a capital construction object, which determined the problem statement of this study.
In this paper, the dependence of peak and average power of heating systems necessary to maintain comfortable
temperature in the building on the climatic characteristics of the construction region is determined. For the dome
part, the surface of which is realized in the form of a periodic sequence of elementary cells, the dependences of
heat losses through the dome part of the building on the characteristics of the cells are calculated. The parameter
describing the energy efficiency of space-planning solutions is determined, and its dependences on the geomet-
ric and thermophysical properties of enclosing structures are calculated. The total energy efficiency of the space-
planning solution for the heating period is calculated. It is proved that energy optimization of the life cycle is possi-
ble only on the basis of heat flows through the surface of enclosing structures, linear and point thermally stressed
elements (TSE) arising at the boundary of the dome part, the boundaries of the elementary cells filling the dome
and on the structural elements of the triangular hemisphere or stratodesic dome. The formulated algorithms for
describing all energy flows through the enclosing structures of the building made it possible to build an informa-
tion model of the energy and economic efficiency of the life cycle of a capital construction object. The construct-
ed vector information model of the energy and economic efficiency of the life cycle of a capital construction object
allows solving the following practical tasks: to determine the dependence of energy costs on climatic parameters;
to optimize the composition, terms of implementation and sequence of technical measures aimed at increasing
the heat-insulating properties of enclosing structures and thermally stressed elements; to determine the profita-
bility of these measures and their payback period.

Keywords: information model, life cycle, efficiency, optimization, factors, capital construction object, thermal-

ly stressed elements

INTRODUCTION

Taking into account the thermophysical proper-
ties of enclosing structures and climatic char-
acteristics of the building localization allows to
describe quantitatively the influence of the space-
planning solution on the energy efficiency of the life
cycle of a capital construction object. At the same
time, it is necessary to take into account both energy
flows through the enclosing structures proportional
to the area of contact with the environment and
the contribution of thermally stressed elements (ther-
mal bridges) to heat losses.

However, in practice, the dome part of the en-
closing structures is often structured and imple-
mented in the form of a periodic sequence of ele-
mentary cells having the form of regular polygons.
In this case, the boundaries of the cells and
the points of their intersections represent additional
TSE, generating additional heat loss. For buildings,
the dome part of which has a radius of curvature
much larger than the linear dimensions of the unit
cell, individual parts of the dome can be locally
considered flat, and the problem is reduced to
the problem of regular parquet (mosaics) [1]. There
are only three types of such parquet, the elements
of which are regular triangles, quadrilaterals
(squares) and hexagons.

Linear TSE occur at the interface of the struc-
tural elements of the dome part and the base, at
the elements of the geodesic or stratodesic frame
and at the boundaries of the parquet elements

filling the surface of the dome part. The contribu-
tion of this class of thermal bridges is proportional
to the extent of the corresponding boundaries. In
addition, when the linear elements are coupled,
additional point heat-stressed elements arise. For
all regular parquet floors without gaps and over-
lays filling the surface of a domed building,
the parameters of thermal bridges are determined
by the geometric characteristics of the project,
the number of sides and the size of the parquet
unit cell. The parameters of the unit cell are deter-
mined by technological and economic factors,
and the features of the architectural solution of
the project.

Taking into account the climatic characteristics
of the region where the project is implemented,
the algorithm developed in this paper for quantita-
tive description of heat flows through enclosing
structures makes it possible to calculate both
the peak capacities of the heating system neces-
sary to maintain comfortable temperatures during
the coldest periods and the total consumption of
thermal energy during the heating period. These
data make it possible to optimize space-planning
and technical solutions at the design stage and
calculate the dynamics of heating costs during op-
eration. In particular, the implementation of techni-
cal measures to improve the thermal insulation
properties of enclosing structures and thermal
bridges can improve the energy efficiency of
domed buildings, the compactness coefficient of
which is far from optimal.
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MATERIALS AND METHODS

Studies have shown that it is impossible to describe the energy
characteristics of buildings within the framework of a geometric
model and requires additional consideration of the thermophysical
properties of the elements of enclosing structures. The contribution
of these effects to the energy efficiency of the building is reflected
in the directive document SP 50.13330.2012" and for some spatial
planning solutions is analyzed in [2-6].

The integral heat flow through the enclosing structures is deter-
mined by three physical mechanisms with qualitatively different
dependence on the geometric parameters of the structure. Firstly,
there is the heat flow, the value of which is proportional to the area
of the enclosing structures and the average difference in indoor
temperature and ambient temperature AT. In accordance with
the law of thermal conductivity in the static approximation and
the one-dimensional temperature distribution along the axis per-
pendicular to the boundaries of the orthotropic structure, the power
of thermal energy losses determined by this part of the heat flow is
described by the equation:

P=k-S-AT, 1)

were « is the heat transfer coefficient of N-layer building structure,
expressed in terms of layer thicknesses @, (i = 1, 2, ..., N) and
the thermal conductivity coefficients of materials A, in the form:

1
K:N—'
24/
i=1

In the areas of sharp geometric and thermal inhomogeneities,
the so-called TSE (in English-language literature — thermal bridg-
es) arise, leading to the emergence of additional heat flows through
external enclosing structures. TSE arise, first of all, in the areas of
coupling of structural elements of the enclosing structure [7].
The presence of TSE leads to a decrease in the integral energy ef-
ficiency of the building [8-10]. In addition to reducing energy effi-
ciency in the areas of TSE, the intensity of condensate formation on
the inner surface increases, leading to the development of mold,
which negatively affects the health of the inhabitants [11, 12].

A highly effective method of reducing the negative impact of
TSE formed at the junctions of two outer walls and the interface of
the outer and inner walls is based on the addition of local layers of
thermal insulation (thermal pads) [13]. Heat flows through the TSE
are proportional to the lengths of the interface areas of structural
elements. In addition, additional heat losses are realized at
the points of intersection of the interface areas, independent of
geometric characteristics. The method of calculating heat flows av-
eraged over the area of enclosing structures is formulated in SP
50.13330.2012". Simila.rules are in EN ISO 102112 are mandatory in
EU countries.

We present the developed method for calculating the total heat
energy losses during the heating period of all types (including com-
ponents proportional to the areas, linear characteristics of thermal
bridges and independent of geometric parameters) through the en-
closing structures of perspective buildings having the shape of
a spherical segment, and methods of energy optimization of space-
planning solutions of such buildings.

)

The total power of heat losses through the areas of the spheri-
cal segment and the circular base in accordance with [14, 15] is
determined by the equation:

P, =2m-R-H-k -AT,+n-H-(2R—H)-x, - AT, =
=m-H-[2-R-x,-AT, +(2R—H)-x,-AT, |.

were kg and k,, are the heat transfer coefficients of the structures of
the spherical segment and the base, respectively;

AT, and AT, represent the average temperature differences of
the room and the surrounding air and soil during the description
intervals (hour, day, week, decade).

Let us determine the power of heat losses through enclosing
structures per unit of useful volume:

)

o n-H[2:-R-x,- AT, +(2R—H)-x, - AT, |

v

T

gz(3R—H)
3k, AT, [2+(2-x)x, ]
- XR(3-x) '

In equation (4), the following notation of a dimensionless ther-
modynamic parameter is introduced:

_x AT,

, 5
K, -AT, ®

;
from a practical point of view, describing the ratio of flows through
the base and the dome part.

Unlike the compactness coefficient, the position and value of
the minimum of the heat loss function (5) is determined not only by
the geometric characteristics of the space-planning solution, but
also by the parameter ;. The graph of the dependence of the re-
duced power P, on the geometric and thermophysical parameters
is shown in Figure. The scale along the application axis is logarith-
mic. The beginning of the ordinate axis, from a practical point of

13
0.8 1
0.6 1
0.4 3
0.2 3

The dependence of the reduced power at R = 1 (the axis of
the application) on the geometric parameter x (the axis of the abscis-
sa) and the thermophysical parameter « (the axis of the ordinate)

1 SP 50.13330.2012. Thermal protection of buildings (Updated version of SNiP 23-02—-2009).

2 EN ISO 10211. Thermal Bridges in Building Construction: Heat Flows and Surface Temperatures. Detailed Calculations.
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view, corresponds to negligible losses through the base of
the building.

By appropriate choice of k;, which corresponds to achievement
of necessary thermal insulation properties of the elements of en-
closing structures, energy optimality can also be achieved for hem-
ispherical dome part at x = 1. In this case, expression (5) is simpli-
fied and takes the form:

3k, - AT, ~(2+K7)

R, (1) R , (6)
minimized in the limit of small values of x; and large radii of curva-
ture. The nature of the dependence of the specific power on the x;
and the shape parameter x is reflected in Figure..

Dependencies (3)—(6) do not take into account losses through
TSE. Now let us take into account the heat flows through thermal
bridges. The interface area of the structural elements of the dome
part and the base in the structure under consideration is a circle
with a radius of:

r=yH-(2R—H) (7)

as a result, the power of heat losses through this linear element is
determined by the equality

P, =2m-AT, x,-\[H-(2R=H), (8)

where k, is the linear coefficient of heat transfer TSE at the junction
of the spherical segment and the base.

Summing up the heat loss capacities (6) and (8), we obtain
the total capacity of the heating systems necessary to maintain
a comfortable temperature in the building during the heating period:

P

tot

=m-H[2:R-x,- AT, +(2R—H)-k, - AT, |+
+1-AT, %, - JH-(2R—H) = ©)
= 1-H{2-R-x, - AT, + AT, -(2R—H)-| 1, + ——te
(2R—H)-H

Formula (3) describes the parameters of the heating system of
a building with homogeneous enclosing structures.

Let us consider an example of calculating the parameters of
TSE of the dome part of the building with the area S =2n-R - H (3)
for a parquet with an elementary cell in the form of a regular triangle

with side a and area S, =\/§az/3. The number of parquet tiles
completely and without gaps covering the dome is equal to
S/S, :3\/51r~R-H/az. The number of TSE points is equal to one
third of the number of tiles, and the total length of linear thermal
bridges is determined by half of the total perimeter of all tiles and,
therefore, is equal to 97t~R-H/\/§a.

The results of calculations of the TSE parameters for all types of
parquet are shown in Table 1.

The length of linear thermal bridges and the number of point TSE
are normalized by multipliers n - R - H/a and TE'R'H/GZ , respectively.

Linear thermal bridges and point TSE lead to additional thermal loss-
es, the power of which is described by the equality:

n-R-H-AT -(a-L-x,+n -K
Poga = . (az’ — 0)~ (10)

In equation (10) k; and k, are linear and point heat transfer co-
efficient, respectively, and the dimensionless normalized parame-
ters L; and n; are taken from Table 1. Taking into account equa-
tion (3), the total power of the building's heating systems takes
the form:

(a~L,.~K1+n,.~KO) N

aZ

P

tot

:TEH~{R-ATE~|:2KS+
(1)

K

+AT, -(2R-H)-| ¥, + ——=
N R Py

As can be seen from formulas (10) and (11), the contribution of
linear and point TSE to energy loss decreases uniformly with the in-
crease in the size of the unit cell and the number of sides. At
the same time, the optimal cell size is limited by technological fac-
tors, and the number of sides, in addition to energy efficiency re-
quirements, is determined by the features of the architectural solu-
tions of the project.

The highest power is consumed in the coldest periods when
the parameters AT, and AT, reach their maximum values. It is this
capacity that should serve as a reference point in the design of
engineering systems of the project. In addition, formula (11) makes

Table 1. Characteristics of the heat-stressed elements of the dome part of the building for parquet floors consisting of regular polygons with

side a
Number of \umber of slemenar Length of linear thermal bridges Number of TSE points
sides of the unit cells y Unit cell area
cell General Normalized General Normalized
3 3v2n-R-H J2a? on-R-H 9 Jan-R-H 5
a’ 3 V2a NG a’
2n-R-H 2n-R-H 2n-R-H 2
4 > a 2 > -
a a 3a 3
6 Am-R-H 3430 4m-R-H 4 Am-R-H 4
3430 2 V3a NE) 9342 93
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it possible to conduct an economic audit of the project, based, in
particular, on the assessment of the cost of measures to increase
the thermal insulation of the elements of enclosing structures and

reduce the cost of consumed thermal energy.

Energy efficiency of space-planning solutions is characterized
by the specific power of heating systems per unit of useful volume
of the building, and, in accordance with equations

V=nH’/3-(3R—H) [14] and (11), is equal to:

PV:;X R-AT,- 2"#% +
H-(3R—H) a
(12)
K
+AT,-(2R—H)-| k, + ————
R I P

Introducing the following designations for the specific loss ca-
pacities through all elements of the dome part of the enclosing
structure and the base, occurring per one degree of temperature
difference, we define:

- 3R 2KS+(0-L,.-K12+n,-1<0) ; 13
H-(3R—H) a
3(2R-H
szi( )| O SN (14)
H-(3R—H) (2R=H)-H

Let us express the indicator of the current energy efficiency of
the space-planning solution in the form of:

PV=PC-AT8+PB-ATQ. (15)

The total energy efficiency of the space-planning solution for
the heating period can be obtained by summing up the values of
current indicators for the intervals of determining average tempera-
tures, in the form of:

i
Q\/ ZZ[PC.(In_Tout)+PB.(7—/‘n_Tg):|=

t=t,

(16)
ty
=(P+R) Aty T, =D [P T +PT, |

t=t,

The following notation is used in equation (16):

T, — room temperature (for rooms of different purposes is de-
termined by sanitary standards);

T,.+ — average outdoor temperature for the evaluation periods
(hour, day, week, depending on the details of the description);

T, — average ground temperature for the assessment periods;

ty, t — the number of the period of the beginning and end of
the heating season, respectively;

Aty — duration of the heating season.

The formulated algorithms for describing energy flows through
the building's enclosing structures allow us to build an information
model of the energy and economic efficiency of the life cycle of
a capital construction object. The composition, dimension and for-
mats of the input data are determined by the technical content of
the corresponding components and are given in Table 2 and 3.

In Table 2, the data format of the first row is whole, the rest of
the data is valid. The data designations in lines 2-8 coincide with

Table 2. Technical parameters of the information model of
space-planning solutions

Number Content Dimension Class

The number of sides of ) )

1 . Dimensionless
the unit cell
2 R Geometric
3 H m
4 a
5 Ks
W/sq. mxK
6 Kp
Thermophysi-
7 Kt
W/mxK cal
7 Kq
8 Ko W/K
9 Specific price of thermal rub/W Economic
energy

the designations in (1)-(5). The data contained in line 4 describe
only heterogeneous dome structures.

In Table 3, parameter C is the unit costs (per unit of thermal
power savings) for technical measures aimed at reducing energy
consumption in the heating system. The data contained in co. 3
describes the specific cost of technical and technological meas-
ures carried out according to the results of an energy audit in
the process of capital repairs or reconstruction and aimed at reduc-
ing the corresponding heat transfer coefficients of structures and
energy costs (co. 2). Co. 5 shows the total duration of heating peri-
ods for the period of technical operation of the corresponding ele-
ments.

The information model also makes it possible to optimize not
only the technical, but also the economic parameters of the project.
At the design stage, summing up the cost of the energy carrier for
the heating period:

£
Grot :Cezpror(t)l (17)
t=t,
where C, is the unit cost of the energy carrier, we will determine
the total cost of heating for the season.
Similarly, the total economic efficiency of the space-planning
solution of the object for the heating period is equal to the sum of
the values of the current indicators of energy costs:

Table 3. Economic parameters of the information model of
space-planning solutions

Reduction of . Period
) Unit cost ) )
Number | the thermophysi- . Dimension | of opera-
of reduction ;
cal parameter tion
1 Ak C T
5 : W/sq. mxK s
2 Ak, Cy T
3 Ak c T
- - W/mxK -
4 Ak Cy T
5 Axg Cq W/K T
Unit costs
9 of reducing pow- Cc rub/W T
er consumption
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0, =C, Y [P AT(0+5, AT, ()]

t=t,

(18)

Replacing the heat transfer coefficients in (5) with the corre-
sponding specific reduction costs (co. 3 of Table 3) and adding
the costs of improving the heating system, we obtain expressions
for one-time costs for technical measures to improve the thermo-
physical properties of the project in the form:

c. =nH-{R‘An-{zKS+M
a
(19)
C
AT -(2R—H)-| ¢, + ———t L4y
R P

On the other hand, replacing the heat transfer coefficients in
formula (5) with their reduction (co. 2 of Table 3) allows us to calcu-
late the amount of reduction in heat consumption:

(a-L-Ax, +n-Ax,) .

2

AP = nH-{RATe ~|:2K5 +
a
(20)
Ax,

+AT (2R—H)-| Ak, + ———
g ( ) b (ZR — H) H
Summing up the values of the reduction coefficients for the pe-
riods of operation of the corresponding elements:

K,:min[rp,r,]-AKs. (21)

and substituting the result into formula (5), we get the total energy
savings during the project implementation:

(a-L-K, +n-K,) .

aZ

AQ=nH~{R-ATE-{2KS+
(22)
K
+AT,-(2R-H)-| K, + ———
(2R—H)-H
Formula (22) takes into account that the operating time of indi-
vidual elements, the modernization of which is carried out during
major repairs or reconstruction, may formally exceed the project
implementation time.
The total savings from technical energy — saving measures are
determined by the expression:

AC,

tot — Ce -AQ. (23)

Comparison of costs (19) and savings (23) determines the prof-
itability of technical energy-saving measures and their payback
period.

Conclusions and prospects of research. Thus, the informa-
tion model based on the data contained in Table 2 allows us to
calculate and optimize the consumption of stored and non-stored
resources necessary for the implementation of the project.
The scope of applicability of the model can be significantly expand-
ed with additional consideration of climate information describing
the localization region of the project.

In this case, in accordance with formulas (3)-(6) and (10),
the following tasks can be solved:
¢ at the design stage of engineering networks, the parameters
of the heating system can be determined, which make it pos-
sible to guarantee comfortable temperature in standard cli-
matic conditions and redundancy parameters in extreme con-
ditions;

the information model makes it possible to calculate the en-
ergy effect of using various types of elementary cells of
the dome part of the enclosing structure;

with additional accounting of the specific price of thermal en-
ergy, the information model allows you to calculate the dy-
namics of energy costs in both standard and extreme condi-
tions;

taking into account the data contained in co. 5 of Table 3,
the model allows us to evaluate the energy efficiency of tech-
nical measures aimed at increasing the thermal insulation
properties of all elements of enclosing structures, and opti-
mize the composition, timing and sequence of these meas-
ures.

The information model also makes it possible to optimize
the economic parameters of the project.

Supplementing the base of the information model with economic
data makes it possible to expand the scope of its practical application.
At the operational stage, the extended model allows us to calculate
the dependence of energy costs on climatic parameters. At the stage
of reconstruction, such information model makes it possible to opti-
mize the composition, timing of implementation and sequence of tech-
nical measures aimed at increasing the heat-insulating properties of
enclosing structures and thermally stressed elements, to determine
the profitability of these measures and their payback period.

Further development of the information model involves
the study of alternative methods of structuring the surface of
the dome part. For this purpose, it is necessary to develop methods
for describing heat-stressed elements for semi-regular and irregu-
lar parquet floors and rational methods for filling spherical surfaces
with heterogeneous cells. In addition, it is necessary to develop
methods for calculating losses through heat-stressed elements of
the triangular hemisphere and stratodesic dome.
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NHdopmaLmoHHaa mopgenb
3HepreTM4ecKom N 3IKOHOMUYECKOM
3¢pheKTUBHOCTN XKNSHEHHOIO LIKa
06beKkTa KanutanbHOro CTpouTenbLcTBa

[MoTeHuman aHeprocbepexeHnss MOXeT 6biTb 3PPEKTUBHO peanu-
30BaH MNpy COMPSH>KEHWUN ero MHCTPYMEHTapus ¢ MeToaammn NHAop-
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XOOUMOW Ansi NoafepXaHus KOMhOPTHOM TemnepaTypbl B 30aHUM,
OT KNMMaTUHECKMX XapaKTEPUCTUK pErMoHa CcTpouTenbscTaea. [ns Ky-
MONbHOM 4acTu, NOBEPXHOCTb KOTOPOKM peanu3oBaHa B BUAE nepu-
OOMYEeCKOM MocneaoBaTeslbHOCTU ANeMEHTapHbIX S4eekK, paccyuTa-
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NnogM3NYECKNX CBONCTB OrpakaatoLLmX KOHCTPYKLUMIA. PaccumtaHa
nosiHas 3HepProadHEKTUBHOCTb O6BEMHO-NIAHUPOBOYHOMO pELLIe-
HVS 32 OTOMUTESbHBIN Nepuof. [okasaHo, YTo 3HepreTMyeckas or-
TUMM3ALMA XKMSHEHHOTO LIMKI1a BO3MOXHA TOMbKO Ha OCHOBE y4eTa
TEMNoBbIX MOTOKOB Yepe3 MOBEPXHOCTb OrPaXkAatoLLMX KOHCTPYK-
LI, NIMHENHbIE N TOYEYHbIE TEPMOHANPSKEHHbIE 3eMeHTbl (THI),
BO3HMKaIOLLIME HA FPaHuLE KYMOSIbHOM YacTu, rpaHuLiaX anemMeHTap-
HbIX iYEeK, 3arONHAOLLMX KYMOJ, U Ha KOHCTPYKTUBHBIX 3rIeMeH-
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NPP as a technically complex facility. Global
reliability management using “Between True
and False” method

The presented research article gives an overview of modern aspects of the concept of reliability and risk man-
agement of technically complex construction objects using the example of a nuclear power plant (NPP). Through
the analysis of domestic and foreign approaches to the study of NPP reliability management systems, the paper
defines the vector of development of applied science in the field of project reliability assessment. The author out-
lines the problems of development of an integrated system of organizational and economic reliability manage-
ment of the main stages of construction of nuclear power facilities. The article presents the main theses and de-
scription of the author’s development of the methodology of reliability assessment of the technically complex NPP
system on the basis of multi-criteria approach. It is proposed to use stochastic and deterministic methods of re-
liability assessment for the technically complex NPP system. The relevance of applying the theory of fuzzy sets
is substantiated in the context of the analyzed problem when assessing the degree of reliability of the nuclear
power plant as a technically complex real estate property. The method of network graphs construction, forming
the basis of the applied software of the organizations performing the functions of customer and contractor of NPP
construction, is considered as a sub-base of the system of project reliability assessment by its stages and phas-
es. The article formulates the problems of reliability and risk management, draws conclusions and recommenda-
tions on the prospects of NPP reliability management systems development, and identifies directions of further
research in this field. It is proposed to create a global map-scheme of the international market of nuclear industry
facilities based on their reliability data. The paper substantiates the fact that the creation of such a map will make
it possible to inform humankind publicly about the state of energy facilities using peaceful nuclear technology.
Keywords: nuclear power plant (NPP), NPP construction, NPP reliability management, construction risk man-
agement, construction economics, industrial construction, multi-criteria reliability assessment, fuzzy set theory in
reliability assessment, enterprise economics, mathematical modeling
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INTRODUCTION

ithin the context of principles, generally rec-
ognized by the world community, on
the need to enhance international coopera-

tion in the field of nuclear energy and the development
of sales markets with a steady growth in demand for
nuclear energy, including energy produced using
Russian technologies, the issues of safety and reliabil-
ity of project management in the field of peaceful atom
nuclear technology are the most urgent ones that re-
quire extensive research. The International Nuclear
and Radiological Event Scale, adopted by the IAEA
and consisting of seven levels, makes it possible to
measure the degree of danger of accidents and inci-

with zoning of nuclear power facilities (NPP) by their
reliability, which will also help to identify the gradation
of zones with most favorable conditions for the devel-
opment of nuclear power. This map will make it possi-
ble to observe in real time the current situation in re-
gions whose population and governments are com-
mitted to or, on the contrary, opposed to the develop-
ment of nuclear power technologies, regions with
an increasing terrorist threat, as well as regions of pro-
spective development of “peaceful atom” projects.
As a result of the development of the ideas pre-
sented in this research, a multi-criteria research
method based on a probabilistic approach to relia-
bility assessment using deep expertise was devel-

dents that have already occurred. At the same time, it
is necessary both retrospectively and prospectively to
analyze, evaluate and form safety margins of the exist-
ing NPP facilities to prevent similar events in the future,
by ensuring the proper degree of reliability of all sys-
tems. The presented research and review article is de-
voted to organizational and economic reliability work
in facilities in question. The methodology and princi-
ples of reliability management are investigated and
the foundations of our own multi-criteria approach to
assessing and managing the reliability of a nuclear
power facility are proposed. In addition to assessing
the reliability of projects, one of the goals of the pre-
sented work is to develop the basis for further creation
and international use of an interactive map of the world

oped based on the obtained and systematized ex-
perience in the economic sector under study.

The concept of reliability is at the intersection of
such sciences as mathematics and statistics (prob-
ability theory, applied mathematics and control pro-
cesses, physics and chemistry (in terms of studying
external physical and chemical influences on
the object under study, as well as physical and
chemical processes inside the object being stud-
ied), as well as economic science (in terms of meth-
ods of economic efficiency) (Fig. 1) [1].

According to Nuclear Reactor Information Sys-
tem as of June 2023, the following current statistics
of NPP capacity distribution by world regions is
given and illustrated at Fig. 2.

1 In Operation & Suspended Operation Reactors. URL: https:/pris.iaea.org/PRIS/WorldStatistics/OperationalReactorsByRegion.aspx
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Fig. 1. Sketch to the nuclear plant

This information is of interest for solving the problem of devel-
oping and testing a methodology for assessing the organizational
and economic reliability of a nuclear power plant project at both
the pre-investment and investment stages. In matters of construc-
tion of technically complex structures, the basis for the success of
the project is location and economic efficiency, determined, among
other things, on the basis of the chosen location. The more de-
manded the project is, the higher its reliability potential due to
greater loyalty to the significant costs that:

® must be incurred;

e have guaranteed sources of financing, in addition to subsidy

and investment;

® have guaranteed consumption of the project’s products, in

the case of NPP — this is the supply of electric power and
energy to the grid with further distribution to consumer groups
[2, 3].

The relevance of the study of project reliability is determined by
the fact that in case of lack of reliability or reduction of its threshold
in the project, the latter will not be realized. Let us define the con-
cept of organizational and economic reliability. “This is such
an economic state of the company, which ensures the effectiveness
of its sustainable development, rational use of all types of resources

IN OPERATION REACTORS

and satisfaction of all stakeholders within reasonable economic
risk” [4].

Initially, let us consider the historical aspect of the scientific de-
velopment of the concept of reliability. It is accepted to believe that
scientific interest was formed in the first half of the twentieth centu-
ry, when the term “reliability of technical systems” appeared. Later,
in the second half of the twentieth and early twenty-first centuries,
the concept of economic reliability was formed, following the pro-
duction reliability [4].

“Modern economic realities of market relations have raised
the problem of economic reliability to a new level, ... the indicator of
reliability of the organization becomes a key indicator in making
managerial decisions; it is given attention by the heads of compa-
nies, financial and tax services, government agencies and other
organizations that make decisions regarding the position of eco-
nomic efficiency of the organization's functioning. Absolute reliabil-
ity of an organization, as well as other systems, is impossible. At
the same time, the management of each organization strives for this
indicator” [4].

The scientific novelty of the tasks and conclusions presented in
the article is due to the fact that many authors of domestic and
world science study the theory of economic reliability of the organ-
ization; however, the unity in the approach to its definition has not
yet been formed.

The author of the presented article sees the future for the devel-
opment and implementation of the methodology of multi-criteria
analysis of system data both at the stage of design and at the stage
of construction of a nuclear power plant. Development and imple-
mentation of systems of control and management of NPP facility
reliability in a unified form is the most important task of the world
community, as it becomes obvious that the efficiency of already
existing models of control and safety management of high-tech and
hazardous facilities has been decreasing. Reducing the influence
of the human factor is no longer within the framework of the “four-
eyes” method, and “manual” or even “semi-automatic” data collec-
tion and input into analytical systems are becoming too politicized
and biased, while the world community is making ever-increasing
demands to control over the reliability and safety of nuclear facili-
ties. Such integrated systems of management of organizational and
economic reliability of the major stages of construction of nuclear
power facilities, which can be integrated in a separate system, have

AMERICA-NORTHER:N  /
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not been developed and implemented in the proposed scope.
Hence, the article presents the main trends in the development of
the nuclear power facilities construction market, as well as the role
of ROSATOM in the development of large-scale international pro-
jects. In the third decade of the twenty-first century, in addition to
the technical reliability of complex structures, the need to develop
and improve the methodology for managing the organizational and
economic reliability of projects in the nuclear power industry comes
to the forefront.

According to the International Atomic Energy Agency, there are
currently 438 nuclear reactors in operation worldwide. This figure
means that the number of nuclear installations on Earth is more
than double than the number of states, and, according to the UN
data for 2023, there are 193 of them [5]. Such a scale of coverage
of the planet by nuclear technologies makes dedicated specialists
consider the reliability of technically complex industrial facilities in
the context of organizational and economic problems; first and fore-
most, how to organize the construction and operation of such fa-
cilities reliably and safely [5]. Therefore, the tasks of ensuring
the reliability of such systems both at the planning stage (pre-
investment stage) and at the stage of implementation and subse-
quent operation gain crucial importance.

Reliability is “a complex property of systems to perform satis-
factorily the required functions within a given time interval, when
the probability that the system will perform these functions within
a given time interval can be a qualitative characteristic of the prop-
erty” [6]. The first method will be to determine the reliability of
the system by means of a number of indicators, the main of which
will be the “percentage of implementation” of the economic deci-
sion. This indicator will be calculated as follows in the Formula 1 —
assessment of reliability of economic decision [6, 7]:

P’ -P,
P?

Hk=1—E=[ J,k=1,..., K, (1)
where H, is assessment of reliability of economic decision by k-in-
dicator of economic solution;

E is mathematical expectation symbol;

P2 is projected (planned) value of the k-indicator;

P, is its probable actual value;

K is nomenclature of assessed indicators.

The second method is based on the main property of reliabil-
ity: inverse dependence on risk. Here reliability becomes the main
criterion for evaluating the project being implemented. Thus, mech-
anisms and levers of reduction, mitigation and compensation of
risks of the project system are developed and implemented to man-
age the reliability of a technically complex system such as an NPP.
In this case, the concept of inertia of technological and economic
processes is involved, and each of the management decisions
taken is specified in the model, after which the researcher can esti-
mate how the inertia (namely, reliability reduction) of the system in-
creases with each subsequent stage. The main stages are planning
and organization of work, identification of hazards, risk assessment,
and development of risk mitigation recommendations [3].

“Risks cannot be separated from each other. Let us complicate
the speculative model by the fact that for such an assessment of
organizational and economic reliability of production systems we
will allocate stages (periods) according to the principle of stage-by-
stage analysis. In our case, the first stage will be the assessment of
reliability in the process of preparing a feasibility study (FS) of
the project”. This develops the assumption that “a high level of pro-
ject reliability at the stage of goal-setting significantly increases

the level of reliability of subsequent decisions related to the realiza-
tion of this project” [3]. The feasibility study of the project, in addi-
tion to all technical and economic parameters, contains a clear
formulation of the NPP project goal.

Here, the multi-criteria approach to the reliability assessment of
NPP projects proposed by the author of the article comes into
force. It is possible to supplement the range of analyzed criteria
with such criteria as no-risk and optimality, along with the already
known criteria of “adaptability, viability, maneuverability, failure-free
operation, and stability” [8]. We complicate the model by adding
weight and share characteristics, quantitative and qualitative crite-
ria, where the intermediate task of assessing the weight of each
criterion is assigned to a specially formed expert council for as-
sessing the reliability of the construction project. The more techni-
cally complex and risky the object is, the greater damage can be
caused by an error during construction and operation, and the more
criteria will be included in the evaluation program. The reliability of
the project becomes multilevel and more sustainable.

The proposal of a new multi-criteria approach is also greatly
conditioned by the historical aspect. Appealing to the history of
the issue development in the domestic science in the sphere of in-
vestigating reliability of technically complex systems such as NPPs,
it should be noted that a certain vector of studies has been formed.
For instance, according to the opinion of scientists who contribute
to the development of the concept of technical reliability of enter-
prises and who publish scientific papers on this subject in “open
press available to a wide range of scientific and technical work-
ers” [8], there is an opinion about some insufficiency of materials
due to the established view on “absolute safety” of national tech-
nologies and equipment, which “until recently was the foundation
for prescribing safety standards”. The requirement of “absolute
safety, i.e., zero risk, eventually led to costly and even tragic conse-
quences for the country’s population and economy” [8]. Accord-
ingly, “specialists operating technical systems and servicing haz-
ardous technologies in the chemical industry, power systems, and
pipeline transport turned out to be methodologically unprepared to
search for and analyze critical failures leading to accidents” [8].
Thus, referring to the retrospective aspect of the reliability of techni-
cally complex systems, and in contrast to the above opinion, we
emphasize the need to include in the assessment of the situation
the assumption of a possible sabotage that could have taken place
in 1986 [8].

For this reason, the third method of reliability research and
assessment is proposed: reliability analysis on the basis of sys-
tematization of system failures by generic attributes together with
grouping and identification of regularities when drawing up sched-
ules for NPP organizational and economic management. The con-
sequence and the result of the wide introduction of this method will
be the increase of the level of knowledge about reliability and safe-
ty of technically complex industrial facilities up to the level of mod-
ern requirements in achieving reliability, in compliance with the cur-
rent and prospective tasks of engineering development and
scientific and technical progress.

The method of possible failure investigation should be applied
at the pre-investment stage, at the construction stage, and to
an even greater extent at the operation stage. This is dictated by
the fact that currently the whole world and Russia as the leading
state possessing the so-called dangerous technologies, is moving
from dry statistics of accidents to the use of engineering methods
of preventive analysis and research of “technical systems and high-
risk facilities in order to prevent accidents”. In fact, the world
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community is moving from the concept of “react and correct” to
the principle of “anticipate and prevent”, including the task of elimi-
nating the global negative effect in the form of disasters and huge
economic, social and environmental damage. When working on
reliability assessment by the method of investigation of possible
failures, such criteria should be added as analysis of the legislative
framework of safety of technically complex industrial production,
engineering reliability, cyber and information reliability. Here we can
use the normative definition of reliability given in GOST standards,
where reliability is “the property of an object to preserve, within
the established limits, the values of all parameters characterizing
the ability to perform the required functions in specified modes and
conditions of use, maintenance, repairs, storage and transpor-
tation”?. This definition characterizes the systems, failures in the op-
eration of which should be critically evaluated when analyzing
the reliability of the entire system.

Thus, most methods come down to the fact that reliability
should be denoted by a dimensional value. The fourth method is
the method of probabilistic description of failures depending on
the given criteria. Such reliability indicators as failure-free opera-
tion, maintainability, durability and safety can be described a) prob-
abilistically, which is more suitable for analytical calculations, and
c) statistically, which is used for empirical assessment of the relia-
bility of technical systems. Combining the third and fourth methods,
we introduce the concepts of “the time to failure” and “failure prob-
ability”. To identify the criteria of NPP system reliability assessment,
the concept of mean time to failure is used as a mathematical ex-
pectation of the facility operation before the first failure and mean
time between failures as a mathematical expectation of the facility
operation between failures [8]. Calculation and introduction of indi-
cators into the multi-criteria model will supplement it with a neces-
sary layer of system failure probabilities. The existing systematiza-
tion of reliability types of NPP systems and equipment, including
unit reliability, functional reliability, operational reliability, construc-
tion reliability (as strength and durability of building structures),
software reliability, and operational reliability will be supplemented
by human resource reliability, as further stated in the article. Simul-
taneously with the assessment of each of the types of reliability
given in the systematization, it is necessary to analyze the so-called
failures, to identify and assess their causes, which may be the fol-
lowing: the presence of design defects, the presence of errors in
the applied technology, the presence of operational errors, tempo-
rary failure of a certain system. At the same time, it is necessary to
correctly assess the nature of the failure, which can be either in-
stantaneous, or phased, or cumulative, or combined. It is important
to understand the nature of failures in order to distinguish between
instantaneous and phased failures, as well as stable and quickly
ending failures, the latter are called setbacks (in this case the per-
formance of the system is restored immediately and no repair works
are needed), in order to further interpret them in the form of proba-
bilistic stochastic models. As the next step, primary and secondary
failures are distinguished with the help of statistical probabilistic
patterns. By “primary failure of an element” we mean such a failure
when the element itself is the cause of the failure. For example,
metal fatigue is a primary failure [8]. An equally important role is
played by secondary failures when the cause is the current or previ-
ous exposure limits affecting the elements of the system, for exam-
ple, by such energy sources as thermal, mechanical, magnetic,
radioactive, thermal, chemical, natural, geothermal, or geological.

2 GOST 27.002-89. Reliability in engineering. Basic concepts. Terms and definitions.

Specified factors such as structural factors during design, struc-
tural factors during construction, disturbances (deviations) during
operation and maintenance of the system, external regular impact
including temperature, dirt, moisture, dust, vibration, external emer-
gency effects including fire, flood, earthquake, hurricane, factors of
lack of diversification of supply, where the concentration on one
manufacturer in case of a system error in the production of units
results in the system having a repetitive defective element, seam,
equipment, etc. All the above parameters, including assessment of
the equipment power supply, both main and backup, operation of
measuring devices, planning of protective measures, etc. are all
included in the multi-criteria system of NPP facility reliability assess-
ment.

It should be noted that the main task of the organizer and cus-
tomer of a complex technical system of NPP is to collect empirical
statistical data in order to systematize the experience of errors with
the subsequent determination of weight criteria for each of them in
the input data of the software to identify reliability stress factors of
both the project as a whole and its individual subsystems. Let us
consider several ways of collecting and analyzing data to assess
the reliability of systems. One of the rather simple ways is check-
lists, as well as “what will happen if...” sheets, i.e. special docu-
ments and instructions developed by the engineering and manage-
ment division of the enterprise. Based on the data collection
method discussed above, the fifth method of reliability assess-
ment is the development of analytical tables or diagrams of differ-
ent types: “fault tree”, “decision tree”, “outcome tree”, and “event
tree”, which, in its turn, is an advanced version of “decision tree”.
The decision tree can be presented in the form of a diagram, which
is convenient to apply for NPP operation and is illustrated at
Fig. 3 [8].
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In the context of reliability issues of technically complex pro-
duction facilities the role of the main link — the human resources —
cannot be underestimated. The author proposes to adopt the meth-
od of human reliability assessment as the sixth method of
reliability assessment, as the human factor is most important for all
technically complex enterprises and production facilities. Reliability
assessment with a human factor in mind is relevant both for the in-
vestment and design stages of construction, and for the operation-
al and final period. Reliability of human work is measured by
the probability of a positive result of this labour, in this case achieve-
ment of the task set for a specific period of time is assessed, equal
to the stage of the project under certain conditions. Conversely,
an error in the work of the project personnel means failure to ac-
complish the assigned task or a prohibited action or violating
the work schedule. It should be taken into account that most of
the work at the enterprise is related to human activity, whatever
the degree of automation is available.

Human error leads to the failure to fulfill the set goal or, on
the contrary, to the performance of a prohibited action, which is
the cause of damage to the technical system or violation of the es-
tablished order of regulated procedures. In the process of opera-
tion, most of both automated and non-automated systems require
human intervention. Over many years of practice of using both
highly skilled and unskilled human labour, it has become obvious
that errors are inevitable, and it is impossible to assess reliability
without consideration of the results of human participation in the op-
eration of all systems.

Nevertheless, under modern conditions it is not sufficient to as-
sess operator errors from the point of view of the probability of
the error itself as an influence of the human factor. There is a rela-
tively new direction in the modern approach of the international sci-
entific community: it involves countering threats from internal viola-
tors. This vector, studied and examined at the global level, is under
special attention of the IAEA (International Atomic Energy Agency)
that developed the relevant Practical Guide in 2008, which will be
updated in 2023. The term “operator” or “nuclear operator”, as de-
fined by the IAEA, is used “to designate an entity (person or or-
ganization) officially authorized to operate a nuclear or radiological
facility or officially authorized to use, store or transport nuclear ma-
terial and/or radioactive material”. The main condition for the exist-
ence of such a risk is the authority, knowledge, and “access that
internal actors at the facility may have, including physical access to
certain areas and nuclear material, internal or authorized remote
access to a computer or computer network, and access to ‘sensi-
tive’ information about the facilitys.

A simple example of countermeasures is the “two-person rule”
(or four-eyes method, in the language of programmers), meaning
a control method used to achieve a high level of reliability and se-
curity of sensitive facilities in the field under consideration, whereby
access and actions require two or more authorized persons to be
present at all times (as an example, start-up of an installation while
using two different keys at the same time). The following measures
can be useful: unannounced and unscheduled inspections of
the implementation of protective measures, development and im-
plementation of instructions, regular application of administrative
penalties, confidentiality and secrecy rules, inspections, including

those involving independent groups, changes in the organizational
structure by restricting access, changing the amount of available
information (transfer to another area).

Drawing conclusions on the basis for the development of a multi-
criteria system for assessing the reliability of a technically complex
NPP construction facility, it is recommended to assess the entire set
of factors of the organizational and technical process, such as labour
resources, including their sufficiency, qualification, loyalty to the en-
terprise, material and non-material motivation; licensing and legal
resources, including compliance of available and mobilized resourc-
es with the stated objectives in terms of time, scope and quality; as
well as material and technical resources, including production and
technical resources, and other resources that affect the safety and
risks associated with complex technical production processes.

The development of independent multi-criteria approach is dic-
tated not only by domestic, but also by Western developments, in-
cluding the “Swiss Cheese Model” introduced by James T. Reason
in 1990, which, in the context of the researched problems, the au-
thor of the article proposes to apply for the analysis of “cumulative
consequences of actions” when assessing the technical, organiza-
tional and economic reliability of complex production systems,
such as NPP. The analytical model should be supplemented by four
types of errors that can lead to so-called project failures that, in
turn, arise due to one or more of these errors, namely: management
errors (as an example, as a result of the crisis, the reduction in train-
ing and professional development costs that subsequently led to
the accident); insufficient managerial control at all levels; prerequi-
sites for unsafe actions (for example, placing on the NPP dash-
board a “destroy everything” button next to the public announce-
ment button); and unsafe actions themselves*.

As the conclusion of the development of a multi-criteria system
of NPP reliability assessment, various criteria become the prism of
design analysis at each of the following stages of NPP construction:

1. Negotiation stage — preparation for an intergovernmental

decision.
2. Preliminary feasibility study.
3. Decision-making at the level of state governments, signing of
the intergovernmental agreement.
4. Establishment of a joint working group and updating of
the feasibility study.
. ldentification of sources of financing.
. Site assessment and selection, survey work.
Design development.
. Construction of the facility, including supply of materials,
complex equipment, organization of works.
9. Pre-commissioning, commissioning and adjustment works.

10. Lifetime of operation.

11. Decommissioning®.

It should be noted that stages from 1 to 7 can be referred to
the preparatory stage of the construction project, stages 8 and 9 to
the main stage of the construction project, and stages 10 and 11 to
the operational stage of the construction project. Each stage should
have its own scheduling in order to predict the proper level of reliabil-
ity of each stage. The stages of NPP construction project realization
according to the Built-Own-Operate (BOO) model are described in
detail in the report and presentation by Denis E. Sezyomin, devoted

® ~N O O,

3 IAEA, Regulation on preventive and protective measures to counter threats posed by an insider. 2020. URL: https://www-pub.iaea.org/MTCD/Publications/PDF/PUB1858_web.pdf

4 Reason J. The contribution of latent human failures to the breakdown of complex systems. Philosophical Transactions of the Royal Society. 1990; 327(121):475-484. DOI: 10.1098/

rstb.1990.0090URL:https://royalsocietypublishing.org/doi/10.1098/rstb.1990.0090

5 Alshraideh M., Engovatov |., Morozenko A. Issues of NPP life cycle management. Energy Policy. 01.24.2023. URL: https://energypolicy.ru/voprosy-upravleniyazhiznennym-
cziklom-aes/energetika/2023/19/24/#:~:text=>)KnaHeHHbI %20unkn%20A3C%20nocneaosartensHo%20BKNo4HaeT, Hauane %201 %203aBepLueHnn % 20yKka3aHHON %20 [eATENBHOCTI
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to the integrated development of undeveloped territories and the ex-
perience of “Akkuyu” NPP construction by SC “Rosatom” in Tur-
key [9]. The results of achieving the design reliability of the NPP con-
struction facility can be illustrated by the creation of a special
protective containment resistant to all types of external impacts and
their combinations, namely: seismic resistance up to 9 points on
the MSK-64 scale, external explosions with a frontal pressure of
30 kilopascals, the fall of an airplane weighing 400 tons at a velocity
of 200 m/sec. Fig. 4 shows a general visualization of the containment
structure.

In the process of preparing and analyzing the construction
schedule, the decommissioning stage is often neglected, which is
not quite right, since history knows such examples, in particular,
the example of the Berlin NPP, designed, built and excluded from
the list of nuclear facilities due to sharp public criticism of the pro-
ject (1985-1986, coinciding with the Chernobyl accident). The Ber-
lin project underwent radical changes and turned into an amuse-
ment park (there is an attraction in the center of the main tower of
the NPP, see the Fig. 5). This is not accidental, since from the point
of view of reliability in the world practice of creating a nuclear facil-
ity, the undermining of confidence in the reliability of NPPs in
the global sense led to the rejection of the commissioning and im-
plementation stage of the project, making the project 100 % eco-
nomically ineffective due to its unreliability®. As a result, the invest-
ments did not have the planned effect, what is illustrated at
well-known panorama at Fig. 5.

When developing the new multi-criteria system, it is important to
take into account the domestic experience of studying and using
the concept of reliability of NPP project planning, included in Ro-
satom Order No. 1/1001-P dated 20.09.2013 “On approval of the list
of software products for calendar-network planning at the facilities of
the Federal Targeted Investment Program”. In order to unify work on
schedules, the Order approved the unified use of the Primavera soft-
ware, with the help of which the relevant schedules are generated.
A distinctive feature of the schedules in this software is the division

Fig. 4. The containment structure is resistant to all types of ex-
ternal influences and their combinations [9]

Fig. 5. Berliner unrealized NPP”

into “top-level schedules that determine the duration of stages and
major events of the investment project, the planned date of project
completion, a general detailed schedule that provides comprehen-
sive planning of the timing of work (DD, SW, construction and instal-
lation, supplies), costs, physical quantities, and detailed schedules
of project implementation, which provide management at the level of
design, delivery, construction and installation works,
commissioning”®° [10].

The application of fuzzy set theory becomes is a new approach
in the practice of developing a set of mathematical multi-criteria
models of complex assessment of organizational and economic
reliability of the construction of nuclear power facilities. Compre-
hensive assessment of organizational and economic reliability of
the NPP system construction is based on a combination of knowl-
edge and skills of the Customer (society as a whole and public in-
stitutions performing functions of the Customer) and the Contractor
(in a broad sense, with inclusion of subcontractors, engineers, op-
erational services, etc.); it is also recommended to apply the norms
of international law in the field of technical regulation of activities for
the creation of technically complex industrial facilities.

Network planning methods based on Gantt charts'® allow plan-
ning compensation measures on the basis of system reliability as-
sessment. They are based on either deterministic network models,
where the sequence and duration of works are unambiguously
specified or probabilistic (or stochastic) network methods (mod-
els) [11]. In the former methods, an increase in the actual duration
of critical works due to certain reasons leads to a corresponding
increase in the total duration of the project, while non-critical works
have some time reserve.

Because of the dynamic nature of construction and a huge
number of factors affecting the success of works, the actual dura-
tion and cost of works can only rarely coincide with the parameters
set in a deterministic schedule. In the case of technically complex
projects aimed at construction of unique buildings using new tech-
nologies, it becomes almost impossible to unambiguously identify
the duration of works and their interrelation. All this applies not only
to the planning of construction works, but also to the planning of
other stages of a construction project: development of design and

6 Small Modular Reactors — Was ist von den neuen Reaktorkonzepten zu erwarten? URL: https://www.base.bund.de/DE/themen/kt/kta-deutschland/neue_reaktoren/neue-
reaktoren_node.html

7 Wunderland (picture 1). Team Park Project. URL: https://www.teamparkproject.com/en/projects/wunderland/

8 Capital construction project management system of the State Corporation Rosatom E70707478. P. 4. URL: atomsro.ru

9 On approval of the list of software products for the implementation of calendar-network planning at the objects of the federal targeted investment program... : Order of the State

Corporation Rosatom dated 20.09.2013 No. 1/1001-P.

10 Free Online Gantt Chart Software. No Signup and No Download Required. 100 % Free Forever. URL: https://www.onlinegantt.com/#/gantt
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estimate documentation, preparation of construction works, etc.
The use of stochastic methods leads, on the one hand, to more
complicated calculations, but the results obtained are more ade-
quate to real conditions [11].

The application of the project efficiency indicator through net
present value (NPV) allows planning quite real probabilistic network
models. This method clearly shows that in certain cases when us-
ing deterministic models, the project becomes unprofitable and has
a negative economic effect. Since the main indicator of the eco-
nomic reliability of the project is its profitability, this indicator should
be planned using a probabilistic approach. A significant novelty of
this approach lies in the use of fuzzy set theory, developed back in
1961 by scientist Lotfi A. Zadeh, a Soviet and later American scien-
tist. Currently, the theory is widely used in the management of in-
dustrial enterprises and helps to solve challenges with a large num-
ber of evaluation criteria. The essence of the method is to determine
the best and worst solution, the area between which is called
a fuzzy set of solutions. At present, there are digitized mathematical
models for analysis of decisions’ probable variants; as a result,

Basic concepts of the theory of fuzzy sets and fuzzy logic [12, 13]

a function is created that takes into account the influence of internal
and external factors and it is possible to calculate the outcome of
organizational and managerial decisions. “The special value of
such models lies in the fact that the subject of the management
process has numerical values of the controlled parameters at
the output of the system, thus he or she not only sees the results of
the controlling influence, but also can determine which of them in
these conditions are the most flexible and to establish the degree
of their influence on the project, which allows to promptly intervene
in the management process, choosing the most effective measures
of influence” [12-14].

The theory of fuzzy sets and fuzzy logic [12] can be applied as
a modern method of assessing the quality of personnel. This theo-
retical approach is becoming increasingly relevant due to the need
to systematize and formalize uncertain information for the creation
of mathematical models. In mathematical science, the concept of
fuzzy sets is introduced as “the function of belonging of an arbitrary
element from a universal set to a fuzzy set”, what is well illustrated
in modern science and formed in following Table [12-14].

Category

Content

Fuzzy set A set of pairs where elements have different grades of membership to the fuzzy set

Membership function Degree of belonging of an arbitrary element of the universal set to fuzzy set A[0, 1]

Fuzzy variable Set <0L, X, A(oc)>, where a is the name of the variable; X is the domain of definition of fuzzy variable a (basic, universal set);

A(a) = {uA (x)/x € X} is a fuzzy subset of set X describing the constraints on the possible values of the variable

Set <[3, T(B), X, G, M), where B is the name of the variable; T(B) is a set of values of variable B (term-set); X is a universal set (defi-

Variable nition domain of B); G means general rules, often in the quality or quantity, generating the name of factor; M is the rules specifying

the membership functions of fuzzy terms generated by general rules

A set of fuzzy production rules
Fuzzy knowledge base ye

PR={pr,, pr,, ..., pr,} of the “if-then” types in deterministic form

o fuzzification;
e jmplication;
e composition;
o defuzzification

Fuzzy logic inference

The general logical scheme of logical inference includes:

CONCLUSION

The article presents an analytical review of methods for assessing
the reliability of technically complex projects of NPP construction, sys-
tematization of which helps the author to develop an updated meth-
odological multi-criteria approach to assessing the organizational and
economic reliability of a production system. The new multi-criteria
methodology assesses reliability both at the pre-investment and in-
vestment phases of construction of a technically complex industrial
facility, such as construction of a nuclear power plant in any state and
jurisdiction. The author uses a globalized approach, applying Russian
and international experience of addressing reliability problems.
The main idea is to develop a unified approach to such an assess-
ment and make the information more open through an interactive map
of the global international space with regional zoning of peaceful nu-
clear technology uses [15, 16].

One of the main directions of research conducted by the author of
this work is the development and systematization of methodology rec-
ommendations for the selection of a rational option of the plan of work
organization on the basis of a simulation model with the use of

modern automated systems of calendar planning. The main research
goal of the author for the medium term is the development of a strat-
egy to improve the organizational and economic reliability of the de-
signed construction and technical solutions under risk conditions at
the preparatory and main stages of construction of large industrial
facilities with the example of high-capacity nuclear power plants.

The author sees further research of the presented topic in the area
of development of the state-of-the-art automated system of technical
process and reliability management. It is proposed that this automated
system should be based on the feasibility study of the project, including
data on the design capacity of the plant with indication of the required
number of power units, in the composition of which it is necessary to
design a certain number of reactors, select the construction area and
assess the volume and return on investment, profitability and payback
of the construction project. Such a cybernetic model will allow calcula-
tion of the economic result of the strategy for each period of the project
development [17-19].

The study of issues related to organizational and economic relia-
bility of complex industrial facilities and production systems is one of
the leading directions of economic development of the countries all
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over the world regardless of climatic, geographical and political
features of countries and economies. The multi-criteria approach
outlined by the author is applicable to assessing the reliability of
technically complex industrial facilities not only in the nuclear indus-
try, but also in other technically challenging sectors of the economy
that affect a large number of people, such as the aerospace indus-
try and public healthcare.
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HeABMXXMMOCTU — rnobanbHoe
ynpasfieHne HafleXXHOCTbIO Mo MeToay
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B npepctasneHHoOM 0630pHON Hay4HO-UCCIIe[oBaTeNIbCKOM CTaTbe
pacKpbIBalOTCS COBPEMEHHbIE aCMEKTbI NOHATUS yNpaBneHus Haa-
€KHOCTbIO Y PUCKaMM TEXHUHECKW CIIOXHbBIX 0ObEKTOB CTPOUTESb-
CTBa Ha Npumepe aToMHou anekTpoctaHummn (ASC). Yepes aHanns
OTEYECTBEHHOrO M 3apy6eXXHOro NoAXoA0B K MCCMEAOBaHUIO CUC-
Tem ynpasneHus HagexHocTeio ASC B paboTe onpegensercs Bek-
TOp Pas3BUTUA NPUKNAZHOM HAyKN B 0611aCTN OLIEHKN HAAEeXHOCTN
NPOEeKTOB. ABTOPOM M3naratoTca npobnembl pa3paboTKu WHTEr-
PVYPOBaHHOW CUCTEMbI YNPAaBAEHWUSA OPraHU3aLMOHHO-3KOHOMM-
YeCcKOM HaAeXHOCTbI0 OCHOBHbIX (a3 CTPOMTENbCTBA OOLEKTOB
aTOMHON 3HepreTukn. CopepxaTca OCHOBHbIe Te3WCbl U onuca-
HVe aBTOPCKOW pa3paboTK METOANKN OLIEHKWN HAOEXHOCTU TEXHU-
Yeckun cnoxHon cuctembl ASC Ha OCHOBE MHOMOKPUTEPUABHOMO
nogxopa. MpepgnaraeTca UCNonb3oBaTb CTOXaCTUHECKMI 1 OeTep-
MWHWPOBAaHHbIA METOAbI OLEHKN HafEeXHOCTU TEXHUHECKU COX-
Hol cucteMbl ASC. O60CHOBLIBAETCS aKTyanbHOCTb MPUMEHEHUs
TEOPUWN HEYETKMX MHOXECTB B KOHTEKCTE mccnegyemon npobre-
MaTUKW NPU OLIEHKE CTENEHN HafEeXHOCTN TEXHNYECKM CIIOXHOMO
o6beKTa HegBVXXMMOCTM — aTOMHOM cTaHumn. MeTtog noctpoe-
HWA CETEBbIX rPadVKOB, 3aNT0XKEHHbIN B OCHOBY NPUKIIaAHOMO Npo-
rpaMmHOro o6ecneyveHns opraHM3aLmi, BbINMOMHALLMX hyHKLMN
3akasyvka n ucrnonHuTens ctpoutenscTea ASC, paccmaTpuBaeT-
€Sl Kak NMoJoCHOBa CUCTEMbI OLIEHKM HaAEeXHOCTW NpoeKTa no ero
aTanam u ctagusam. B cratbe dhopmynupyetca npobnemartvka
yNpaBneHns HafeXHOCTbIO U pUCKamu, B BbIBOAAX U PeKOMeHAa-
Lmsx 0603Ha4alOTCs NEPCNEKTUBLI Pa3BUTUS CUCTEM YNpaBieHus
HapexHocTbto ASC, onpepensieTca HanpaeneHve AanbHEenLInX
vccneaoBaHui B JaHHon obnactu. MNpepnaraetca cosgaHve rno-
6anbHOM KapTbl-CXeMbl MEXAYHapOAHOrO pblHKA 06LEKTOB aToOM-
HOM MPOMBILLINIEHHOCTU HAa OCHOBE [AaHHbIX 06 WX HafEeXHOCTW.
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Digital transformation of standardization

and quality control in construction production
based on the implementation of the registry
principle of managing the requirements

of regulatory and technical documentation

Ensuring the quality of construction and installation work is traditionally a priority task of the construction indus-
try, and today it is becoming the basis for the formation of criteria for the effectiveness of transformation pro-
cesses in the conditions of the formation of the digital economy. The article is devoted to the search for ways to
develop methodological tools for digital transformation of standardization and control of construction and instal-
lation works for a wide range of construction participants. Large-scale application of information modelling tech-
nologies and digital models at all stages of the life cycle of capital construction projects requires radical changes
in the organization and development of the industry regulatory and technical framework for quality assurance. In
many ways, improving the quality of construction and installation work depends on the loyalty of designers and
builders to the registry principle of technical regulation. The author focused on the criteria for improving the qual-
ity of technological processes in construction. To achieve this goal, in the article the author proposes to consid-
er the concept of formation and application of registers of regulatory requirements (RRR), designed to change
the approach to work with the regulatory document, including in the assessment of conformity of the presented
construction and installation works (CIW) carried out in accordance with this standard. The applied RRR assume
a different structure of information, where the key element is the requirement. The requirement structure contains
numerical parameters generated for specific processes.

The concept assumes integration of the registers of requirements with the building information model, formation
of a request and application of data uploaded from the model on the list of works, their volumes, organizational
and technological links between the works, etc. The register, with formulas for conformity assessment linked to it,
is considered as a tool for automating operational control. When the requirements of work acceptance are met,
data are generated to form digital performance documentation and fill in the digital performance model. The con-
cept is being developed as one of the directions of the scientific and educational programme of activities imple-
mented in the Scientific and Educational Center “Digital Construction and Operation” of Moscow State Universi-
ty of Civil Engineering with a partner — JSC “Codex”.

Keywords: standardization of construction technologies, digital tools for construction quality control, construc-
tion and installation works, register of regulatory documents, digital register of regulatory and technical require-
ments, building information model, regulatory and technical requirements

DEVELOPMENT OF THE REGISTRY
PRINCIPLE

acts include linking the implementation of the regis-
try principle and the creation of a system for manag-
ing safety and quality requirements of the CCO,
based on a digital register of requirements in

The article is a continuation of a series of stud-
ies on the role of the registry principle and par-
ametric rationing in the digital transformation
of the construction industry.

Introduction and implementation of the registry
principle of maintaining technical requirements in
construction is one of the tasks of improving
the system of technical regulation in construction. In
accordance with the Development Strategy of
the construction industry and housing and commu-
nal services of the Russian Federation for the peri-
od up to 2030 with a forecast up to 2035: the regis-
try principle of the development of technical
requirements is the principle of development of
technical requirements, assuming the possibility of
their practical implementation only after the inclu-
sion of such requirements in the relevant register [1].
At the same time, it is assumed that the principle will
be ensured by forming an integral system of regula-
tory documents that establishes uniform mandatory
requirements at all stages of the life cycle of a capi-
tal construction object (CCO). Currently, regulatory

the construction industry. With this in mind, the reg-
ister of requirements becomes a state information
resource designed to provide interested parties with
information about the requirements to be applied
during the examination, design, construction, re-
construction, operation and demolition of capital
construction facilities [2]. It should be noted that
the formation and maintenance of the register of re-
quirements in the field of engineering surveys, de-
sign, construction and demolition are carried out in
Russian in electronic form using the State informa-
tion system for urban planning activities (SISUPA)
system based on Stroykompleks.RF. The require-
ments included in the register are placed in XML
format. For state authorities, local self-government
bodies, legal entities and individuals, the require-
ments included in the register of requirements in
the field of engineering surveys, design, construc-
tion and demolition become open for review [3].
The most probable scenario is considered to be
when the formation of registries will technically take
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place in 3 stages: analysis of documents including requirements,
detection of requirements in the document and systematization of
requirements in the relevant registries.

At the same time, checking the relevance of the requirement is
a more resource-intensive process than checking the relevance of
the standard [4]. There are several reasons for this:

e document may contain a different number of regulatory and

technical requirements;

e same document may contain requirements for different jobs
Or processes;

e most documents include both mandatory and recommended
requirements;

e current document may contain modified requirements;

e document may continue to be valid, but the requirements
contained in it may be canceled or supplemented with new
requirements;

e multiple documents may contain cross-requirements.

The proposed concept, focused on ensuring the formation of
an integral system of regulatory documents that establish uniform
mandatory requirements at all stages of the life cycle of the CCO,
involves the development by the user of a register of documents
containing requirements and further work with requirements,
changing to an algorithm for the direct formation by the user of
a register of requirements [5]. Moreover, in terms of integration with
the digital information model, the registry becomes part of it and
receives the parameters of a digital tool.

INTEGRATION OF DIGITAL REGISTERS OF REGULATORY
REQUIREMENTS AND BUILDING INFORMATION MODELS

The concept under consideration assumes the initial formation
of a register of requirements in the preparation of Technical specifi-
cations for the development of design and estimate documentation,
including organizational and technological documentation.
The formed requirements in relation to the corresponding types of
elements, structures, materials and equipment used are integrated
into the information model along with other parameters. When form-
ing the structure of the library components of the information model,

the principle of highlighting aspects of the system is applied [6].
According to this principle, the registers of requirements can be
included in the model as functional aspects or product aspects.
After the transfer of the project information model to the construc-
tion site, this makes it possible to obtain from the model, in addition
to the names of works, their volumes, materials used, to obtain cur-
rent requirements for the production of works, requirements for
which structures, requirements for elements of engineering sys-
tems. The same requirements define quantitative and qualitative
criteria when carrying out construction control of the technical cus-
tomer, as well as when the contractor submits completed works or
finished structures for compliance verification. After acceptance of
the work, the requirements in the structure of the information model,
in turn, become the basis for the formation of operational require-
ments for structures, elements, and engineering systems. At
the stage of building operation, the registers will in turn become
the basis of operational service, maintenance, monitoring, current
and capital repairs, reconstruction and demolition [7]. Fig. 1 shows
a block diagram of the implementation of the concept.

The described concept, which in its structure provides for ap-
plication of the registry principle of the formation of regulatory re-
quirements, using Russian software and information reference sys-
tems, allows us to solve the following tasks:

e implementation of automatic unloading from the information
model of lists of construction and installation works, their vol-
umes, with the possibility of visual analysis of organizational
and technological links between the works, which allows to
provide automation of development of organizational and
technological documentation: work production projects
(WPP) and technological maps (TM);

e formation of a register of regulatory requirements for the qual-
ity of construction and installation works, with formulas at-
tached to it to assess the compliance of the results of con-
struction and installation works with the requirements of na-
tional standards, design, working and organizational and
technological documentation, which allows to implement au-
tomation tools for construction and operational control and
generate data for filling the digital executive model.

Building > Production Executive
information model > of works building model
A A

Construction control

Building construction
documents
in digital form

Register of requirements
as part of the terms
of reference

Verification of conformity
of completed works

A

Yes

No
Fig. 1. Block diagram of the concept implementation



#3 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

NPABOBBIE U COLUAJIbHBIE ACNEKTDI

In addition to the basic requirements, the register may include
requirements related to the work being carried out and required by
applicable regulations. These can be:

e requirements for ensuring technological modes of work, es-
tablished by organizational and technological documenta-
tion;

e labour protection requirements when performing the relevant
production operations;

e requirements to ensure compliance of quality indicators of
operations and their results with standardization docu-
ments [8].

IMPACT OF THE REGISTER OF REQUIREMENTS
ON THE QUALITY OF CIW

Introduction and implementation of the registry principle of
maintaining technical requirements in construction is one of
the tasks of improving the system of technical regulation in con-
struction. Ensuring automatic updating of the registry and linking
a specific requirement to the relevant production processes is
a task of increased complexity. It should be noted that at the mo-
ment there are no ready-made registers of mandatory and recom-
mended requirements for construction.

The register of requirements formed by the customer and inte-
grated into the building information model can be applied at one or
several stages of the object life cycle, for example, during the ex-
amination, preparation of design and estimate documentation, im-
plementation of construction or reconstruction, performance of
operational activities or demolition. The methodological basis for
the application of data from information models at different stages
of the object life cycle, the formation of requirements for them is
implemented within the framework of a set of standards of a Unified
Information Modelling System [9]. Accordingly, as part of the terms

of reference for the tender documentation or for the contract,
the register of requirements can be opened for review or already
applied by prospectors, designers, surveyors, contractors, operat-
ing organizations. The concept assumes that the registers, together
with the requirements, will contain the calculated parameters of
the requirements, which in turn determine the calculated parame-
ters of works being carried out. During the period of works, ensur-
ing compliance of the work performed with the project documenta-
tion and the requirements of regulatory and technical documentation
is carried out by means of current and acceptance control. The re-
sult of compliance is a qualitatively completed and commissioned
object. At the stage of conformity assessment of the submitted
works, controlling precisely the calculated parameters of the work,
it will be possible to control the specified level of quality of works,
the structures and products used. The concept contributes to
the formation of a systematic approach to the work with the regis-
ters of requirements through the detection, documentation, tracking
of requirements for the created constructions and conducted pro-
duction processes. It should be noted that in this case, the work
with the requirements is carried out without the need for constant
work with the entire documents.

From the above, the necessity of solving the problem of require-
ments management as a task of searching for an individually con-
figured or typical, but in any case balanced set of parameters by
which it is possible to determine the actual level of work performed.
It can be argued that the requirements management mechanisms
will become mechanisms for ensuring the quality of work.

APPROBATION OF THE CONCEPT

As part of the testing of the concept, we will consider the inte-
gration of the register of requirements for finishing works and data
that make up part of the information model of a residential building.

Name or room number Walls or partitions Area, sq.m Note ==
Monolithic Walls.: p.utty, primer, water- 536.17 Improved plaster :TZ t
Stairwell, based paint in two layers .
corridor, Walls made of cellular concrete: <
elevator hall primer, plaster on a grid of 20 mm, 238.54 | Improved plaster % ©
water-emulsion paint in two layers %b @
® @
1@ 7
Aei
Sy e
ﬂaﬁe
B
(3] Nect
S EE
< (115
< 829
& 274
@3 [nn
| [} [0

Fig. 2. Data on interior decoration from the building information model
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The object of testing will be an 88-apartment residential building in
Kaliningrad, Levitan str., 10. The project documentation for the ob-
ject is included in the GIS of the Unified State Register of Legal
Entities and is standard. The model was created in Renga auto-
mated building design system (version 5.5). To form a register of
requirements for finishing works, we use “Techexpert SMART: de-
sign” — a professional reference system containing services for
the introduction and use of information modelling technologies
(IMT), as well as regulatory documents, reference and consulting
information necessary in the work of the designer. Working on
the creation of a digital register of regulatory and technical require-
ments in the “Techexpert” system, it is possible to work with regula-
tory documents as with “data containers” [10]. When working with
the building information model, we will need the materials of
the sections “Spatial planning and design solutions” and “Con-
struction organization project”. It is possible to use attracting data
from a larger number of model elements. After all, the gradual ac-
cumulation in digital format of more and more information about
the object in the process of design and construction makes it pos-
sible to significantly increase the efficiency of operation of buildings
and structures in the future [11].

At the next stage, from the information model of the building, all
the data on the decoration of the premises necessary for compiling
a statement of the scope of work are unloaded. To simplify, the ex-
ample considers only one room — the stairwell of the floor. Fig. 2
shows a part of the statement of the scope of work on finishing, with
data uploaded from the information model of the building.

The task of forming a register of requirements with the use of
modern professional reference systems (for example, “Techexpert”
system) for the construction industry is gradually being transformed
into a system IT solution that allows you to fully automate the re-
quirements management process and select requirements accord-
ing to specified parameters. The article presents an algorithm for
working with the “Techexpert” system to create a register of require-
ments for finishing works on the stairwell of a residential building.
However, the algorithm is built in such a way that it can be shifted
to other, more complex tasks. When working with the standard,
mandatory, recommended and reference requirements are

B %- . e, STPRATIVYGA - s

binding to the standard
with the possibility of
checking the relevance

C (1] E F

Real value, | Compliance with |

Parameter Standard value, mm nm stan
3 Vertical deviation: |
1 bylm 1 yes
for the entire height of EI
5 the foom L 1 e
Horizontal deviati — - —
. e 3 binding to a bookmark inside the text

1 (to a specific requirement) for a quick

Deviation of window

and door slopes from check of the relevance of the require-
7 the vertical: | _| ment, and not the entire document
8 cnanareaof dm2by lm | 4 3 | Ves
o forthe entice clement | 10 s T e
Devianon of window
and door slopes from
e the horizontal: |
y onanareacfimlbylm | 4 5 0o
12 for the entire element ‘ 10 1 1 T no
Deviation of the slo |
15| width from the nroj::t 3 : yes

Fig. 3. Fragment of the desktop when comparing requirements
values

established in separate positions. The formation of the register of
requirements in the concept includes the following stages: selec-
tion of documents; detection of requirements from different docu-
ments; consolidation of requirements in the register. During the pro-
duction of CIW, respectively, the control of changes in requirements,
the analysis of changes, as well as the systematization of informa-
tion on the compliance of the actual parameters of the work per-
formed with the standards are carried out. The application of
the formed register of requirements, in our example, in the condi-
tions of the use of the “Techexpert” system and documents in
the *xlIsx format, will be presented as follows: automatic binding to
the standard with the possibility of automatic updating; manual
binding of each parameter to the appropriate place within the stand-
ard; verification of the status of the requirement (comparison of
standards, comparison of editions); automatic calculation compli-
ance of the performed works with the standards. In previous publi-
cations, the issues of solving the main tasks of allocating the regis-
try structure with their connection to the system of automated
control of the relevance of regulatory documents in the formation
and work with registries have already been disclosed [12]. The main
block of work on the register of requirements is undoubtedly
the process of comparing the normative values of requirements
with the values actually obtained. The registry considered in the ex-
ample includes requirements for all layers of the walls of the stair-
well of the building: improved plaster, primer coating, and painting.
By applying the register of requirements, the building control or
supervision officer receives a universal tool in the form of an auto-
mated quality control table, the template of which will be updated in
real time to ensure compliance with current editions of regulatory and
technical documentation. This allows you to analyze information
about the quality of requirements and procedures. In addition, many
control measures at the federal level will soon receive strict digital
binding to norms and requirements [13]. In addition to directly auto-
mated data updates, the *xIsx format allows you to automate
the analysis of regulatory and real parameters, automate and config-
ure the output of final data in a convenient form. The task of ensuring
the relevance of the funds of regulatory documents was taken over
by the “Techexpert” system, and the further level of automation of
the technological process depends on the skills of a particular em-
ployee of the construction control or supervision service [14].
Summing up, here are the main effects of the application of
the integration of registers of requirements and information models
of the building, directly or indirectly affecting the quality of CIW:
e reducing labour costs, and therefore reducing the risk of er-
rors when working with regulatory standards;
¢ the ability to automate work with requirements;
e performing calculations in standard programmes with refer-
ence to current databases of reference systems;
¢ the ability to automate individual processes during operation-
al control;
e the possibility of using registers in the formation of digital ex-
ecutive documentation.

CONCLUSIONS

Reproduction of the concept on a sufficient list of CIWs based
on the professional and loyal attitude of engineering and technical
workers of the construction industry to the use of project documen-
tation in the form of a digital information model will accelerate
the digital transformation of construction production and control
measures. The creation of such conditions is primarily facilitated by
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providing a wide range of engineering and technical workers in
construction and operation with simple and reliable tools for solving
everyday practical problems of ensuring the quality of construction
and installation work. In the future, it can be transferred to more
complex tasks, where you need to take into account a whole range
of requirements and parameters. Moreover, the development of
the proposed algorithm as an integrator technology and its applica-
tion by enterprises and organizations of the construction industry
will help ensure their competitiveness by improving the quality of
work at all stages of the life cycle and creating conditions for meet-
ing deadlines for their implementation.

REFERENCES

1. Strategy for the development of the construction industry and
housing and communal services of the Russian Federation for the pe-
riod up to 2030 with a forecast up to 2035 : Approved by the Decree
of the Government of the Russian Federation dated 10.31.2022
No. 3268-R. URL.: http://static.government.ru/media/files/ (rus).

2. On approval of the Rules for the formation and maintenance of
the register of documents containing requirements to be applied dur-
ing the examination of Project documentation and (or) examination of
engineering Survey results, as well as standardization documents
containing requirements to be applied in the implementation of archi-
tectural and construction design, construction, reconstruction, oper-
ation and demolition of capital construction facilities : Decree of
the Government of the Russian Federation of 09.12.2020 No. 1417.
URL: http://government.ru/docs/all/129791/ (rus).

3. The Town-planning Code of the Russian Federation of December
29, 2004 No. 190-FZ. Article 57.4. URL: https.//www.consultant.ru/
document/cons_doc (rus).

4. Zvonov I.A., Kashirina N.V. The registry principle and SMART doc-
uments as conditions for the digital transformation of technical

Linchbposasa TpaHcchopmaLums
cTaHgapTU3auun U KOHTPOJIS KavyecTBa

B CTPOUTENIbHOM MPOU3BOACTBE HAa OCHOBE
peanusauum peecTpoBoro npuHuMna
ynpasneHnsa Tpe6oBaHUAMN HOPMaTUBHO-
TEXHUYECKON AOKYMEHTaLun

O6ecneyeHve Ka4ecTBa BbINOMHEHNS CTPOUTENIbHO-MOHTaXHbIX
paboT TPaAMLMOHHO BNSETCA NPUOPUTETHOW 3ajaden CTpou-
TENbHOW OTpacnu, a cCerofHs B YCNOBUSAX CTAHOBMIEHNS LMgpo-
BOW 9KOHOMMKM BbICTyNaeT 0CHOBOW (hOPMUPOBAHUS KPpUTEPUEB
3(pheKTMBHOCTU TPaHCHOPMAaLMOHHBIX npoueccoB. CtaTtbs no-
CBfLLieHa MOWUCKY MyTen pasBUTUS METOANYECKOrOo MHCTPYMEH-
Tapus UMdpoBoOr TpaHcopmaLmm cTaHaapTU3aumm 1 KOHTPons
BbIMOSTHEHNA CTPOUTESNIbHO-MOHTaXHbIX PaboT AJf1s LUMPOKOro
Kpyra y4aCcTHWKOB cTpouTenbctea. MacwrtabHoe npvMeHeHune
TEXHOMOrNA NMHAOPMAaLMOHHOrO MOAENMPOBaHNA U LMEPOBbIX
MOfEnNen Ha BCexX aTanax XW3HEHHOro Lukna o6beKToB Kanu-
TaNbHOrO CTPOUTENbCTBA, TPebyeT paavkasnbHbIX WU3MEHEeHWUN
B OpraHusauuMv v pasBUTUM OTPaCNeBOW HOPMAaTWBHO-TEXHU-
Yeckomn 6a3bl obecrneveHns kadectsa. Bo MHOrom nosbileHne
Ka4yecTBa CTPOUTENbHO-MOHTaXHbIX paboT 3aBUCUT OT NOSAb-
HOCTU MPOEKTUPOBLLMKOB W CTPOUTENEN K PeecTpoOBOMY MPUH-
LMy TEXHWYECKOro perynvpoBaHus. ABTOP OpWEHTMpoBancs
Ha KpUTEpPUW MOBbILLEHWS KavyecTBa NpopaboTKN TEXHOMOrnye-
CKMX MpoLEeccoB B CTpouTenbCcTBe. [Ana OOCTUXEHWA Lenu as-
TOp npepnaraeT B cTaTbe K PACCMOTPEHWUIO KOHLLENLMIO (DOpMU-
pPOBaHNA M NPUMEHEHUS PEEeCTPOB HOPMATMBHbIX TPE6OBAHMUN
(PHT), npu3BaHHbIX M3MeHUTb Noaxon K paboTe C HopMaTuB-
HbIM JOKYMEHTOM, B TOM YM1CIIe MPW OLIEHKe KayecTBa npeabss-
NAeMbIX CTPOUTENbHO-MOHTaXHbIX pa6oT (CMP), npoBognmbix
B COOTBETCTBMM C AAHHbIM HOpmaTtuBoM. lNMpumeHsemble PHT
npegnonaratT WHYI CTPYKTYPY MHopMaumu, rae KitoYeBbIM

building operation. Real Estate: Economics and Management. 2023;
1:49-562. URL: https.//n-eu.iasv.ru/index.php/neu/article/view/117/139
5. Portal of the construction complex of the Russian Federation.
URL: https://stroi.gov.ru/ (rus).

6. SP 328.1325800.2020. Information modeling in construction.
Rules for describing the components of the information model.
Moscow, Standartinform Publ., 2021. URL: https.//minstroyrf.gov.ru/
docs/119943/ (rus).

7. Talapov V.V. BIM and operation: do not confuse the information
model with the eternal needle for the primus. Portal “Construction ex-
pert”. URL: https://ardexpert.ru/article/16915 (rus).

8. SP 48.13330.2019. A set o.rules. Organization of construction.
SNIP 12-01-2004. Moscow, Standartinform Publ., 2019. URL: https://
minstroyrf.gov.ru/docs/59616/ (rus).

9. Industry 4.0: criteria for digital maturity and the transition from
documents to requirements. URL: https.//www.connect-wit.ru/indus-
triya-4-0-kriterii-tsifrovoj-zrelosti-i-perehod-ot-dokumentov-k-trebo-
vaniyam.html (rus).

10. Requirements management system on the Techexpert platform.
URL.: http://www.Texakcnepr.online (rus).

11. Construction Management : textbook. Part. 2. Ch. 17.
P.G. Grabovy, A.A. Lapidus (ed.). Moscow, 2022, 620. (rus).

12. Zvonov I.A., Kuzmichev V.A., Kashirina N.V. Organizational and
technological objectives of construction in the conditions of digital
transformation of the industry. Information Technologies in
Construction, Social and Economic Systems. 2022; 2:564-58. URL:
https://elibrary.rufitem.asp?id=49593665 (rus).

13. On Amendments to the Decree of the Government of the Russian
Federation No. 128 dated February 6, 2021 : Decree of the Government
of the Russian Federation of 01.12.2023 No. 12. URL.: http.//static.gov-
ernment.ru/mediaffiles/WNgMtuDHI2ujgdEILzOJDmSsP2UCXCir.pdf
(rus).

14. Register of Requirements — a new service for working with
the requirements of regulatory documents. URL: https://cntd.ru/
news/read/reestr-trebovaniy-novyy-servis-dlya-raboty-s-trebovaniy-
ami-normativnyh-dokumentov (rus).

3MIEMEHTOM fIBNSAETCA MMEHHO TpeboBaHue. CTpykTypa Tpebo-
BaHWS COQEPXMT B cebe YMCNOoBbIE MapameTpbl, (hopMUpyeEMbIe
ANA KOHKPETHbIX NpoLieccoB.

KoHuenuus npegnonaraet MHTErpaLuio peecTpoB Tpeb6oBaHU
C NHOPMAaLMOHHOM MOZeNbio 3aaHus, hopMmMpoBaHmue 3anpo-
ca 1 NpUMEHEHVe BbIrpyXXaemblX U3 MOAENN AaHHbIX MO nepey-
HIO paboT, Mx o6beMam, OpPraHM3aLMOHHO-TEXHOMOMMYECKUM
cBA3AM Mexpay pabotamu u ap. Peectp, ¢ npuBsidaHHbIMK
K Hemy chopmynamm Ans OLEHKN COOTBETCTBUSA, paccmaTpuea-
eTCA KakK MHCTPYMEHT aBToMaTu3auuu OornepaumoHHOro KOHTP-
ons. MNpy ypoBneTBopeHun TpeboBaHMI NpueMkn paboT dop-
MUPYIOTCA AaHHble ANa co3[aHus LUMgPOBOM UCNONMHUTENIbHOW
OOKYMEHTALUMM N HaMONHEHNS LUMAPOBOW UCMONHUTENIbHON MO-
fenuv. KoHuenums pa3suBaeTcs kKak O4HO 13 HanpaBiieHWn Hay4-
HO-06pasoBaTesibHOW NPOorpamMMbl AEeATENbHOCTHN, peanudyemon
B Hay4Ho-06pasoBartenbHOM LeHTpe «LindpoBoe cTtponTenscT-
BO 1 akcnyataumsa» (HOL LIC3) HAY MICY B coTpygHuyecTse
¢ naptHepom AO «Kogekc».

KnioyeBble cnoBa: cTaHBapTu3auusi CTPOUTESIbHBIX TEXHOSIO-
i, UMghpPoBbIE MHCTPYMEHTbLI CTPOUTESIbHOrO KOHTPOJIS1 KA4€eCT-
Ba CMP, peectp HopMmaTuBHbIX JOKYMEHTOB, LiMGhPOBOV PEECTD
HOPMAaTUBHO-TEXHUYECKUX TPeboBaHui, MHGOPMaLUNOHHas Mo-
Aerb 34aHNs, HOPMAaTUBHO-TEXHUYECKNE TPe60BaHNs
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