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the production of judicial construction and technical expertise vestment and  construction

project is mentioned and ap-
proved as part of the project
documentation. However, the
SECTION 8: IN THE REALM OF EXCITING THINGS e e Einel USiie2on o 1153
decisions are made by the cus-
tomer and the investor already

(in the order of discussion)

Solovyov A.A. 79 at the pre-design stage
. . . Abdalov R.E.,
Content analysis of the category of effective use of urban territory Kulakov K.Yu.

In modern conditions of crisis
phenomena of economy and
increased competition of goods
and services marketing plays
a special role in all spheres of
activity, including the construc-
tion industry

Balashov E.B.

It has been proven that the ag-
gregation of big data makes it
possible to make current and
strategic management deci-
sions online and to prevent
possible incidents based on
comprehensive analytics , neu-
tralize their consequences

Sezemin D.E.

Factors that make it possible to
evaluate the design of a future
building from the standpoint of
low-carbon design solutions
used (construction resources,
space-planning solutions) were
identified in the study
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Spatial and resource development in creating
a quality framework for the urban environment
of the Donetsk People's Republic

At the time of the actual collapse of Ukraine in 2014, the Donetsk and Lugansk regions together provided about
18 % of all industrial production in Ukraine, and the share of Donbass in the sale of industrial products of the coun-
try was higher than any other region.
Based on the Der Spiegel report, as a result of the events of 2014, the following crisis changes occurred in Don-
bass:

« industry fell by 59 % in Donetsk region and by 85 % in Luhansk region. Production of coke and refined petro-

leum products decreased by 52.0 %, metallurgical products — by 28.3 %, engineering products — by 22.8 %,

electricity, gas — by 18.8 %;

* 69 of 93 coal mines have closed,;

« construction in Donetsk region decreased by 37.5 %, in Luhansk region — by 42.4 %,;

¢ 40 thousand small enterprises went bankrupt;

* more than half of the working population has lost their jobs and incomes.
By the end of 2023, the Ministry of Construction plans to restore 7,413 facilities on the territory of the DPR, LPR,
Kherson and Zaporizhye regions, 151 of them will have to be built anew. In particular, 4,018 objects are apart-
ment buildings, 39 of which will be built anew, and 238 individual housing construction facilities will also be re-
stored. It is planned to restore 1,625 housing and communal services facilities, among which 78 will be built
anew. 951 objects of social, cultural and household use will be restored, 27 will be built, and 7 objects of industri-
al and entrepreneurial activity will be restored. 402 infrastructure facilities are going to be repaired, 2 will be built
from scratch. 68 administrative buildings will be restored, construction of new ones is not planned yet, 22 facili-
ties will be improved. Buildings for 82 multifunctional centres will also be renovated, 7 will be built anew. In total,
in the period from 2022 to 2025, there is a plan to restore and build 16,000 facilities during the implementation of
a special infrastructure project of the Ministry of Construction of the Russian Federation.
The authors assess the state of the problem of updating and reconstructing the existing urban development.
Keywords: Renovation, reconstruction, revitalization, restoration of the destroyed housing stock, quality of
the living environment, interregional industrial cluster

INTRODUCTION

he leading industries in Donbass are metallur-
gy, mining (coal mining), electric power, me-
chanical engineering, coke and chemical in-

dustries, and the industry for the production of build-
ing materials (Table 1) [1].

For industrial facilities in Donbass, in condi-
tions of high anthropogenic load, the wear of
structures of buildings and structures, according
to experts for various sectors of the economy,
amounted to 50-70 % and had a steady trend of
further growth.

Table 1. The share of industries in the structure of industrial production

Weight, %
The structure of the industrial complex 1977 2014 Specific weight in gross
value added

Total industry 100 100 45.0
Mining industry 17.8 15.6 14.7
Processing industry 65.7 68.6
Including: food industry 75 8.2

light industry 4.7 0.2

coke production, oil refining 5.2 741

chemical and petrochemical 34 4.8 253

industry building materials 3.2 2.2

industry metallurgical production 27.4 33.8

mechanical engineering 12.8 10.2

other industries 15 1.6
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Before the outbreak of hostilities, Donetsk and Luhansk regions
occupied an area of 9.2 % of the total area of Ukraine (53,200 square
kilometers). 14 % of the total population of the state lived in Donbass
(863 % of it were in the category of able-bodied). The export potential of
Donetsk and Luhansk regions in 2013 amounted to $ 16.6 billion, while
imports amounted to $ 7.7 billion. The total trade surplus is $ 8.9 billion.

The territories of the former Donetsk and Lugansk regions of
Ukraine occupied 25 thousand and 27 thousand square kilometers,
respectively. Currently, the LPR and the DPR occupy today about
1/3 of the “initial” areas, located on the most urbanized and indus-
trialized lands. Thus, 15 thousand square kilometers is almost
the entire area of the republics of Donbass. According to the esti-
mates of the DPR authorities, as of September 1, 2020, the popula-
tion of the controlled territories was 2,244,547 people. The territory
under the administrative control of the DPR and LPR is small and
comparable in area to the smallest regions of Russia. However,
the population is very high — more than 3.6 million people in total.

The beginning of the Russian special operation in Donbas was
preceded by a humanitarian crisis that lasted eight years. Using
heavy weapons, the Ukrainian security forces completely destroyed
19.5 % of the infrastructure of the People's republics of Donbass, up
to 37 % of the infrastructure was destroyed with significant damage.

According to data from the DPR, most of the casualties oc-
curred in the first two years of the conflict — 2014 (2,546 people
died) and 2015 (1,395 people died) (Fig. 1) [2].

Despite the decrease in the intensity of hostilities, the humanitar-
ian situation worsened as a result of the systematic destruction of
civilian infrastructure and facilities protected by the Geneva Conven-
tions of 1949. At the same time, almost daily shelling by the Armed
Forces of Ukraine and nationalist battalions caused the destruction
of 4,115 and damage to 55,310 infrastructure facilities, including
residential buildings, educational institutions, hospitals and many
other socially significant facilities. The number of deaths in Donbass
has exceeded 14.5 thousand people since 2014 [3]. The Joint Centre
for Control and Coordination of Issues Related to War Crimes of
Ukraine analyzed data on the destruction (Fig. 2) of infrastructure
facilities'. As a result of the Ukrainian shelling, by the beginning of
the special operation, more than 23 thousand private residential
buildings and 5 thousand apartment buildings were destroyed, and
individual settlements were virtually wiped off the face of the earth.
The damage to the DPR industry due to the shelling of the Armed
Forces of Ukraine exceeded 4 billion rubles [4].

Statistics of shelling and destruction by the Armed Forces of
Ukraine in the territory of the DPR

120,000 T 1,400
100,000
100,000 F 1,200
80,000 r 1000
| 800
60,000
oo % [
] | 400
728
15,484 572 357
20,000 20,000 - —e 15403+ 200
0 2017 2018 2019 2020 2021 0

Damage to housing and infrastructure facilities
== Fired ammunition

— Violation of the ceasefire regime

Fig. 2. Data on the destruction of the DPR People's Militia direc-
torate from January 2017 to February 2022

2014 2015 2016 2017 2018 2019 2020 2021

44
5 160 "

Fig. 1. Statistics of the death of the civilian population of the re-
public

If 3,166 objects have been destroyed in the republic since April
2014, 1,893 of them are in 2022. In percentage terms, this is ap-
proximately 60 % of the total number of destructions over more than
eight years [5].

At first, there were about a thousand shelling attacks in Donetsk
alone. Accordingly, the amount of ammunition is measured in tens
and hundreds of thousands. To date, 837 apartment buildings,
more than one and a half thousand private houses, 73 schools,
51 kindergartens have been damaged... [6].

According to the Ministry of Construction and Housing and
Communal Services of the DPR, for example, only in Mariupol
(Fig. 3) out of the total number of (2,327) multi-apartment residential
buildings and (49,343) private residential buildings, 517 multi-apart-
ment buildings and 7,929 private housing buildings are not subject
to restoration. There are 261 apartment buildings and 10,802 pri-
vate houses without damage. The proportion of completely de-
stroyed houses in the city is about 15 % [7].

During the fighting in the territories of the Donetsk and Lugansk
People's Republics, as well as the Zaporozhye and Kherson re-
gions, housing stock, as well as social facilities, road network and
communal infrastructure were severely damaged. To restore new
regions, the Russian construction complex synchronized the efforts
of more than 20 federal ministries and departments, 8 federal cus-
tomers and 56 regional chiefs.

Fig. 3. The destruction of an apartment building that cannot be
restored

1 Has Ukraine violated the Minsk agreements? Statistics of shelling and deaths in Donbas according to the DPR. Pikabu. URL: tory/narushala_li_ukraina_minskie_dogovorennosti_

statistika_obstrelov_i_smertnosti_na_donbasse_po_dannyim_dnr_10106221 (rus.).
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Currently, 1,456 facilities have already been restored with
the help of the sponsoring regions. Territories where more than 220
thousand people live are assigned to the subjects of the Far East.
Among the protected areas are the cities of Torez, Debaltsevo, Ki-
rovskoye, Shakhtersk, Zhdanovka, Svetlodarsk and the village of Mi-
ronovsky, Starobeshevsky and Amvrosievsky districts, the villages of
Novoluganskoye and Luganskoye. In accordance with the agreed
plan for 2023, work is being carried out at 221 facilities. It is planned
to restore 21 schools, 14 kindergartens, 3 hospitals, 11 playgrounds
and sports grounds, 25 km of aqueducts, 219.9 km of roads.
13 schools, 9 kindergartens, 3 hospitals, 7 playgrounds and sports
grounds, 22 km of aqueducts, 219.6 km of roads have already been
restored. Construction and installation works are underway at 23
sites by 8 contractors. Construction and installation works have been
completed at 173 sites (78 %), 151 of them (68 %) have been com-
missioned [8].

HISTORICAL OVERVIEW

Intensive industrial development of the territory of Donbass is
associated with the industrial development of Russia in the nine-
teenth century. During this period, the first geological map of the re-
gion was created, industrial coal mining began, which accounted
for more than half of the total Russian volume at the beginning of
the twentieth century. The availability of its own fuel and energy re-
sources, the proximity of the iron ore deposits of the Krivoy Rog
basin, and access to the sea make it possible to establish a metal-
lurgical industry.

In the years of the first pre—war five-year plans, Donbass be-
came a huge construction site, where basic industries are being
modernized, mechanical engineering and chemical industry are
developing, the first energy facilities, glass and cement plants are
being built, etc.

In the territorial structure of the modern industrial complex of
the Donetsk region, large industrial formations prevail — production
agglomerations and centres concentrating the capabilities of verti-
cally integrated companies of a multidisciplinary orientation and
individual specialized enterprises [9, 10].

The metallurgical complex is represented by large metallurgical
enterprises located in Mariupol, Donetsk, Yenakiyevo, Kramatorsk,
Khartsyzsk, Konstantinovka and Druzhkovka. An important link in
the functioning of the metallurgical industry is the coke and chemi-
cal industry. The leading coke plants are located in Avdeevka,
Donetsk, Makeyevka, Yenakiyevo, Gorlovka, Mariupol.

The coal industry provides a raw material base for metallurgical,
coke chemical and energy production. Most coal mining enterpris-
es were developed during the Soviet period and require restructur-
ing and modernization.

Thermal power plants are provided mainly with their own coal,
which fully meets the needs of industry and the population. The largest
producers of electricity are thermal power plants, including Uglegors-
kaya, Starobeshevskaya, Slavyanskaya, Kurakhovskaya, Zuyevskaya,
Kramatorskaya. A wind power plant has been built in the Novoazovsky
district, on the coast of the Azov Sea, representing an alternative de-
velopment of electricity production methods.

The machine-building base of the Donetsk region was formed
during the Soviet period, includes a full cycle of technological pro-
duction, which is a decisive factor in the technical re-equipment of
the coal and metallurgical complex. The product range of machine-
building enterprises, among which the most significant are Azov-
mash, Mariupol Heavy Machinery Plant, Novokramatorsky Ma-
chine-Building Plant, Energomashspetsstal, Donetskgormash,

Gorlovsky Mashinostroitel, includes metallurgical, hydraulic engi-
neering, mining, lifting and transport equipment and specialized
equipment for the leading sectors of the region's economy, the Mid-
dle East and far abroad.

Thus, the industrial and technological development of the Do-
netsk region contributed to the structural formation of the Donetsk-
Makeyevka industrial agglomeration and Kramatorsk-Slavyansk,
Krasnoarmeysky, Gorlovsko-Yenakiyevsky, Torezo-Snezhnyansky
and Mariupol industrial districts.

The branches of the fuel and energy complex, metallurgy and
mechanical engineering are of predominant importance for
the economy of the region, which determine its position and impor-
tance in the system of territorial division of labor.

During the economic crisis of the 1990s, the largest reduction in
production was observed in the manufacturing industry, especially in
mechanical engineering and light industry. At the same time, the ex-
tractive industries and primary processing of raw materials have in-
creased their share in industrial production. Changes in the industrial
structure of the industry are also due to physical wear and aging of
equipment, which has affected the upper floors of the industry, pro-
ducing technically complex products. At the beginning of 2014
the degree of depreciation of fixed assets in the group of industries
producing minerals exceeded 53 %, in manufacturing industries —
46 %, and in industries engaged in the production and distribution of
electricity, gas and water — 52 %.

ENSURING THE IMPLEMENTATION

OF THE PROGRAMME OF CONSTRUCTION,
RECONSTRUCTION, REVITALIZATION, MAJOR REPAIRS
AND DEMOLITION OF THE DESTROYED HOUSING STOCK

An important direction for the development of the DPR in 2023
is the continuation of work on economic development and attract-
ing investments. Events to support small and medium-sized busi-
nesses, as well as to stimulate innovation, are of great importance.
The Ministry of Construction and Housing and Communal Servic-
es of Russia has developed a master plan for the development of
the Donetsk People's Republic, the priority concept of which will
be the restoration, construction of housing and life-supporting so-
cial infrastructure. It is planned to ensure the development of pro-
ject financing of housing construction using government support
measures, private housing construction, to ensure the creation of
road and communal infrastructure, and to expand the use of mort-
gages.

Despite the damage caused by the destruction as a result of
rocket and artillery strikes on basic (industrial) enterprises (Fig. 4),
the Government of the Russian Federation and the DPR set the task
to revive the former productive and industrial power of the region so
that residents who were forced to leave earlier return home to live
and work [4].

As structural elements of the programme of reconstruction and
renewal of the existing urban development, it is advisable to de-
velop regulatory, urban planning, economic, financial, organiza-
tional and managerial blocks. All blocks are in a causal relationship
that determines the sequence of their formation (Fig. 5).

The problem of implementing the urban renewal project pro-
gramme related to achieving this goal can be divided into several
components:

e functional, which reflects the main content of the programme,
representing various options for the reproduction of individual
elements, aggregates of elements and the land and property
complex as a whole;



HeaBmXnMMOCTb: 3KOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4YHO-TEXHUYECKUI XYpHan

O0®ULUANbHDIN PA3EN

#4 /2023

Fig. 4. Destruction of the industrial infrastructure of Donbass

¢ providing, mainly related to the development and organiza-
tion of the functioning of the mechanism of economic rela-
tions between participants in the investment process, financ-
ing and management of programme activities.

The totality of all these real estate objects is the task of forming
a portfolio of urban real estate, including real estate for various pur-
poses (housing, office space, land, city rights, etc.).

Portfolio optimization consists of two stages:

e choosing the optimal combination of risky assets;

e combining the obtained optimal set of risky assets with risk-

free assets.

Currently, a situation has arisen in the DPR housing market
caused by certain difficulties in implementing the city's real estate
renovation and new housing construction programme. The reasons
for this situation are objective and are related (Fig. 6):

e t0 high prices for residential real estate;

e with increasing competition in the housing market;

¢ with the increase in demand for residential real estate in rela-

tion to supply;

e with the possibility of purchasing housing only for high-in-

come segments of the population.

Data processing by the method of variant modeling has shown
that about 65 % of families express firm confidence in the need to
improve their living conditions, of which:

Population of
the DPR

Upper middle
class

Middle class '

Commercial
housing rental

Mortgage
lending

Other loans

Social
housin
rental

At own
expense

at a time

Fig. 6. Possible options for categories of citizens to purchase
housing and consumer preferences

2 URL: https://mer.govdnr.ru/index.php?option=com_content&view=article&id=6962:p
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Fig. 5. The decomposition structure of the Programme [15]

e group of “poor” and “lower middle class” — about 70 %;
e “middle class” group — about 25 %;

e “upper middle class” group — about 4 %;

e “rich” group is less than 0.5 %.

Thus, the housing problem, as the analysis shows, concerns
primarily the poor, the lower and middle classes.

The quality of the living environment determines the socio-eco-
nomic development of a society both at the national level and on
a city scale. The main criterion for assessing the quality of the living
environment is to ensure a safe and accessible environment for all
categories of citizens.

PROGRAMME-TARGETED MANAGEMENT
OF THE RENOVATION OF EXISTING URBAN
RESIDENTIAL BUILDINGS

The implementation of programme-oriented management
methods in the Donetsk People's Republic entails the need for
a detailed study of the features of spatial development of territories
that have a significant impact on current socio-economic process-
es (Fig. 7)? [12-15].

The analysis of demographic processes indicates that the pop-
ulation of the Donetsk People's Republic is increasingly concen-
trated in cities. In particular, by the end of 2018, the urban popula-
tion amounted to 95 % of the total available population, including
79 % living in such large cities as Donetsk, Horlivka, Makeyevka,
Yenakiyevo and Khartsyzsk. In this regard, problems in the opera-
tion of engineering and communal infrastructure are increasing;
uneven distribution of material objects is traced; congestion of
the road network and the social sphere is noted. Under the current
conditions, the priority area of activity is the integrated development
of territories through the development of new management mecha-
nisms while increasing its competitiveness and investment attrac-
tiveness [16-19].

The Ministry of Construction of the DPR and the Unified Institute
of Spatial Planning of the Russian Federation are engaged in sub-
stantiating the mechanism for using the Integrated Territorial Devel-
opment Tool (ITD). As an example, we can cite the experience of
developing urban planning documents for the central part of
the city of Mariupol in the Raketa microdistrict. In total, four sites are

rostranstvennye-osobennosti-razvitiya-gorodov-i-rajonov-respubliki&catid=40&Itemid=665 (rus.).
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Fig. 7. Investment urban programme of construction, revitalization and major repairs in the cities of Donbass
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being considered for the integrated development of territories in
the DPR and the Zaporozhye region [20-22].

Residents of Donbass through the implementation of the pro-
gramme will receive:

e modern, high-quality, comfortable conditions;

e the opportunity to improve your living conditions at an afford-

able price;

® minimizing the costs and inconveniences associated with re-
location and major repairs;

e the ability to effectively influence the processes of complex
reconstruction of existing buildings and the operation of hous-
ing stock.

The organization of programme management is determined by

the following aspects.

In the organizational and functional structure of the process of
complex reconstruction of the existing buildings, three main blocks
of functions are sequentially distinguished:

e city regulation;

e investment and construction works;

e exploitation of the territory.

CONCLUSION

World experience shows the advantages of the cluster approach
for a constructive dialogue between representatives of the business
sector and the state. In the context of the recovery of the industrial sec-
tor of the region, the investment strategy involves increasing the ef-
fectiveness of interaction between the private sector, the state, trade
associations, research and educational institutions in the innovation
process. The cluster participants are characterized by cooperation
and territorial concentration. In order to boost production, enterprises
need profitable cooperative ties that have historically existed since
the Soviet period. We cannot do without them, as our enterprises have
been drained of both financial and human resources.

Currently, the first interregional industrial cluster in Russia,
“KEMZ”, is being created in Kemerovo with the participation of en-
terprises of the DPR and the Tomsk region. The Kemerovo ma-
chine-building cluster should include about 10 companies from
the DPR, Kemerovo and Tomsk regions specializing in mechanical
engineering for the mining industry. The task of the cluster is the im-
plementation of projects providing for the development of compo-
nents for equipment designed for vertical, horizontal underground
mining and metro.

Small towns of the DPR open up wide opportunities for the imple-
mentation of bright and functional projects for the formation of a mod-
ern urban environment. Since joining Russia, one of the main tasks is
to restore and bring the existing urban infrastructure to the national
average. Of the 27 cities within the current borders, 23 belong to
small towns. More than 500 thousand people live in them, and more
than a third of the population is in their zone of influence. To partici-
pate in the All-Russian competition, the regional Interdepartmental
commission sent projects of 14 cities to the Ministry of Construction
of the Russian Federation for consideration. According to the results
of the VIII Competition of the best projects for the formation of a com-
fortable urban environment, the submitted works were selected by
experts in the field of architecture, urban planning, economics, soci-
ology of cultural heritage protection, archeology. Among the 145 win-
ners, three projects from the DPR received support: landscaping in
Volnovakha — the Revival of the Summer Park; landscaping of
the city centre Snezhnoye; landscaping of the square near the monu-
ment to V. Lenin in Shakhtersk.
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MpocTpaHCTBEHHO-PECYPCHbIN
AEBEeJNIONMEHT B CO3[4aHUM Kapkaca
KayecTBa ropofackou cpenbl [loHeLKoMn
HapopgHoun Pecny6nuku

Ha momeHT dhakTnyeckoro pacnapa YkpauHbl B 2014 r. [oHeukas
n JlyraHckasi o6nacTtv B COBOKYMHOCTM ob6ecneymBany okono 18 %
BCEro NPOMBILLIIEHHOrO NPoM3BoACTBa YKpavHbl, a gons JoHbac-
ca B peanmsaLumy NPOMBILLIIEHHOW NPOAYKLMW CTpaHbl 6binia BbILLE,
YeM No6Oro ApPYroro PernoHa.

Ucxoga u3 poknapga Der Spiegel, B pesynbrate cobbiTui
2014 r. B [JoH6acce npousowwnu crnegylolme KpuU3uCHble
VU3MEHEHUSA:

* MPOMbILLMIEHHOCTb ynana Ha 59 % B [oHeukon obnactu
1 Ha 85 % B JlyraHckoi. CokpaTunnoch Npon3BOACTBO KOKca
1 NPoAyKLWn HedpTenepepaboTku Ha 52,0 Y%; MeTarnypru4eckomn
NPOAYKLUMM — Ha 28,3 %; MaLLIMHOCTPOUTENBHOM NPOAYKLMA —
Ha 22,8 %; aneKTposHeprum, rasa — Ha 18,8 %;
3aKpbMCh 69 13 93 YronbHbIX LLUAXT;
cTpoutenbcTBo B [loHeLkor o6nactu obsanunnock Ha 37,5 %,
B JlyraHckon obnactn — Ha 42,4 %;
06aHKPOTUIOCH 40 ThIC. MasbIX NPEANPUATUR;
60rbLLe NONOBWHLI PA6OTOCMOCOBHOIO HaceneHust NoTepsno
paboTy n Ooxodbl.

Ho koHua 2023 r. MuHCTpoM nnaHuMpyeT BOCCTaHOBUTbL 7413
06bekToB Ha Tepputopum OHP, JIHP, XepcoHckoi n 3anopoxckon
obnacten, u3 H1x 151 npugeTtca cTpouTb 3aHOBO. B YacTHOCTY,
4018 06BbEKTOB — 3TO MHOrokeapTupHble goma (MKA), 39
M3 KOTOPbIX 6yAyT CTPOUTbLCA 3aHOBO, TakXe BOCCTaAHOBAT
238 06BEKTOB MHAUBMAYANbHOIO XWIIMLLHOIO CTPOUTENLCTBA.
MnaHnpyeTca BoccTaHoBUTL 1625 ob6bekToB XKKX, cpeau
KOTOPbIX 78 6yOyT NMOCTPOEHbl 3aHOBO. 951 06BEKT coumanbHo-
KYNbTYpPHOro n 6biToBOro HasHaveHus (CKB) BocctaHoBsT, 27
MOCTPOST, @ TaKXXe BOCCTAHOBSAT CEMb OGBEKTOB NPOU3BOACTBEHHO-
npeanpuHUMaTensckon peatensHocTn. OTpPeMOHTUpPOBaTb
cobupatotcs 402 o6bekTa MHPPACTPYKTYPBI, ABA MNOCTPOST C HYMS.
BoccTaHoBAT 68 agMMHMUCTPATUBHbBIX 30aHUA, CTPOUTENLCTBO HOBbIX
noka He nnaHupyetcsl, 61aroycTposT 22 obbekTa. Takxe 6yayT
OTPEMOHTUPOBaHbI 3aaHna nog 82 M®LI, aBa nocTpoAT 3aHOBO.
Bcero B nepuog ¢ 2022 no 2025 r. cyLLecTBYET MiaH BOCCTAHOBUTb
1 nocTpouTb 16 000 06LEKTOB B XOAE BbIMOSIHEHUS CNELIMANbHOMO
MHpacTpyKTypHOro npoekta MuHctposi PO.

ABTOpbI OLEHMBAKT COCTOSHWE MPO6/EMbI MO OOGHOBMEHMUIO
1 PEKOHCTPYKLIMN CIOXMBLLEWCS 3aCTPOVKY ropoa.

Knro4yeBble crnoBa: 06HOBIEHNE, PEKOHCTPYKUMS, PEBATAIN3ALNS,
BOCCTaHOBJIEHNE Pa3pPyLLEHHOIo XWINLYHOMO (hoHAa, Ka4ecTBo
JKWUITOVi CPefbl, MEXPErVOHAsbHbIN MPOMBILLITIEHHBIV KIACTEP
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Improving the organizational scheme

for conducting state examination of design
documentation in order to obtain a reliable
estimated cost using BIM

The organizational possibilities of resolving the problem of discrepancy between the estimated and actual costs
of capital construction assets by dividing the process of state expertise into two organizational phases: checking
the design solution of a capital construction project and assessing the reliability of the estimated cost were
explored. The authors conducted an expert analysis of the current number of capital construction projects based
on a survey of an expert group. The assessment revealed that on average 59.5 % of capital construction assets
per year, financed from the state and municipal budgets, have more than 2 % discrepancy between the estimated
cost at the stage of architectural and construction design and the actual cost of construction. The labour costs
of specialists from the Ministry of Construction and Infrastructure Development of the Sverdlovsk Region
were assessed if it was necessary to adjust budget programmes. The current scheme of interaction between
participants in the construction process was formed, on the basis of which problem phases were identified. In
problem phases, there is an information gap between the detail of the building information model necessary for
the examination of design solutions and for assessing the reliability of the estimated cost of a capital construction
asset. The authors of the paper have developed and proposed an interaction scheme using building information
modelling technologies to obtain the estimated cost of capital construction assets eliminating the information
gap by dividing the state examination process into two phases and calculated the difference in the time costs
of processes in both schemes that is 51 days. It was proposed to make adjustments to the legislation with
the approval of the examination process in two phases, as well as the approval of unified requirements for
building information models for the implementation of the proposed scheme and the introduction of building
information modelling technologies into the state examination process.

Keywords: building information modelling (BIM) technologies, building information model, state examination,
design documentation, reliable estimated cost, life cycle of capital construction objects
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INTRODUCTION

he introduction of building information

I modelling technologies into construction and
investment design processes is becoming
increasingly popular in our country. For various
reasons, Russia is currently an objectively “catching
up” country in the large-scale development of
building information modelling technologies (BIM)
implementing according to the “top-down” scheme
[1]. Recently, this approach was adopted in the UK,

a building information model, its composition and
a description of the conditions when it is necessary
to generate building information models. Thus,
the large-scale application of building information
models at all stages of the asset life cycle becomes
almost inevitable in the future, despite the typical
difficulties of BIM implementation [9].

At the same time, the necessity of developing
building information models entails not only
an increase in labour costs for their creating, but

where the British Standards Institute began to
develop standards for building information modelling
technologies in 2007 [2], and the government
launched the process of implementing building
information modelling in 2010, gradually adding
the requirements until the release of requirements for
all facilities financed by the state in 2016 [1, 3, 4].
The UK is now widely recognized as a world leader
in the field of building information modelling
technologies standards and guidelines.

In our country, the stagnation in the level of BIM
development and the redistribution of resources was
facilitated by a forced market shift towards domestic
vendors, while the majority of the market was
occupied by foreign software systems [5]. The more
active BIM implementation is facilitated by the current
editions of regulatory documents [6], [7], as well as
past editions of the government regulations [8],
the current version of which is currently at
the development stage. The listed documents
contain necessary requirements to develop

also the models can provide solutions to applied
problem tasks of construction organizations,
including the development of design solutions and
their expertise. To achieve these goals, general
requirements for building information models have
been proposed in various documents already in
force [10], [11] or emerging [12]. However,
the process of conducting state examination at
the stage of architectural and construction design is
not fully adapted to the use of building information
models when checking project documentation.

The current version of the Government Decree
[13] provides for fundamental solutions for sections
of the design documentation: standard structural
units, lack of reinforcement, finishing sheets only in
a tabular form, schematic diagrams of engineering
systems. In this case, a specialist of an expert
institution, in the process of examining design
documentation, must obtain and analyze an array of
necessary information to assess the reliability of
the estimated documentation according to [14].
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Thus, objectively, there is an information gap due to the different
requirements for level of detail sections of design documentation
according for [13] and the information necessary to assess
the reliability of the estimated cost. It is obviously that it is impossible
to prepare the specification necessary for drawing up an estimate
based on a typical unit or schematic diagram. At the same time, on
the one hand, a building information model is not able to contain
a table with data, since it does not have a three-dimensional
representation in a real object; on the other hand, it is not able to
contain elements by which a specification can be formed, since
then the composition of detail of the design documentation dictated
[13] will be exceeded. This means that the requirements for
the building information model in one situation will contain excessive
information on [13], in another situation there will be insufficient
information for the requirements [14].

Thus, specialists who carry out the examination of design
documentation are faced with the problem of the lack of
an unambiguously described scheme of interaction between
participants in an investment and construction project at the stage
of architectural and construction design using building information
modelling technologies. As a result, an ordinary specialist, being
a participant in the construction process in the field of determining
the estimated cost at the stage of architectural and construction
design, tries to avoid using of building information models due to
the uncertainty of his responsibilities and specific tasks when
working on a building information model.

Based on the main fundamental tasks of building information
modelling technologies, accuracy, leading to a reduction in the risk
of price increases, is the most crucial among them [15]. However,
despite the use of building information modelling technologies, due
to insufficient detail of the building information model at the time of
the examination, there is an information gap between the level of
the graphic part detail of the design documentation, which is
necessary to assess the reliability of the estimated cost at the stage
of architectural and construction design, and the graphic part detail
of the design documentation in accordance with the requirements
[13]. Therefore, at the stage of working documentation and
clarification of the project, it may be necessary to recalculate
the volumes of elements that were in the work volume statement of

quantities or specifications, but were not present in the building
information model. In case of an unfavourable outcome, having
an underestimated project cost, the technical customer faces
problems in the form of failed tenders, time costs associated with
adjustments to the design documentation, and this also becomes
one of the reasons for the emergence of unfinished construction
projects.

METHODS

The authors formed an expert group consisting of
the representatives of the Ministry of Construction and Infrastructure
Development of the Sverdlovsk Region, municipal customers, such
as the Capital Construction Department of Yekaterinburg,
the Capital Construction Department of the Sverdlovsk Region.
The group also included experts from the State Autonomous
Institution of the Sverdlovsk Region “Department of State Expertise”.
The participants of the expert survey, based on professional
experience, had to indicate the percentage of construction assets
per year, for which the discrepancy between the estimated cost at
the design stage and the actual construction costs was less
than 2 %, from 2to 5 % and from 5 to 10 %. According to the results,
it was found that about 59.5 % of construction assets from
the extensive combined experience of experts have a discrepancy
in the estimated cost of more than 2 %. The graph of the survey
results is shown in Fig. 1.

To assess the statistical significance of the results obtained,
the Pearson test was applied. It was hypothesized that among
experts’ opinions, the average percentage value of projects with
a cost difference exceeding 2 % is a statistically correct value.

According to Table 1, this value is 59.5 %. The measure of
the dispersion was determined using the Pearson method using
X-square statistics according to formula (1):

n O —E 2
an = z—( ! ') , (1)
i=1 E/
were O; — the result according to experts (sum of columns 3 and 4
of Table 1);
E;, — expected result (in our case, 59.5 % was chosen).

Percentage of total construction projects with cost discrepancies greaterthan 2 %
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Fig. 1. Results of an expert study on the discrepancy between the estimated cost of construction assets and actual costs
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Table 1. The percentage of construction assets per year depending
on the discrepancy between the estimated cost at the design stage and
the actual construction costs according to the expert group opinion

EE[:LE Less than 2 % From21t0 5 % From 50 10 %
1 30 35 35
2 30 50 20
3 50 25 25
4 45 25 30
5 50 40 10
6 40 40 20
7 30 40 30
8 35 50 15
9 50 30 20
10 45 20 35
Average, % 40.5 35.5 24

2 2 2 2
, (70-59.5)" (70-59.5) +(50—59.5) +(55—59.5) .

= +
8 61.5 61.5 61.5 61.5
65—59.5) —59.5) —59.5)°
+( ) +(55 59.5) +(50 59.5) 145
61.5 61.5 61.5

Further, the obtained statistics were compared with the critical
value at 9 degrees of freedom k and a significance level of 0.05 (a)
according to the table of critical values of the X;-square distribution,
that is, with 16.91898. Since 14.5 < 16.91898, the initially selected
value of 59.5 % can be considered statistically significant.

The coefficient of concordance of expert opinions was also
calculated to assess the consistency of opinions using formula (2):

123" (0,-E)
W=—="""—
m*“(n° —n)

2

were m — a number of experts;
n — a number of selected objects (in our case 3).

>'(0,~E) =(70-59.5)" +(70-59.5)" +(50-59.5) +

i=1
+(55-59.5)" +(50-59.5)" +(60~59.5) +(70-59.5) +
+(65-59.5)" +(55-59.5)" +(50~59.5)" =862.5;

12-862.5
=———=43L
10°(3" -3)
So, the consistency was checked using the Pearson criterion by
the formula (3):

W-k-n=4.31-9-10=388.125>16.91898. 3)

The experts’ opinions are consistent. Thus, the hypothesis that
the value of 59.5 % of construction assets that have a discrepancy
in estimated cost of more than 2 % was found to be statistically
significant and accepted for further research.

The discrepancy between the estimated and actual costs of two
out of three capital construction assets reduces the accuracy of

budget expenditure planning, which can lead to disruption of
the planned implementation of large state and municipal
programmes. To assess the consequences of the failure, the authors
used an analysis of the labour costs of specialists from the Ministry
of Construction and Infrastructure Development of the Sverdlovsk
Region in case of necessity to increase the cost of the project.
The results of the analysis are visible in the diagram presented in
Fig. 2.

To adjust the budget programme, a total of 50 days of specialist
work are required. It can be avoided with a correct assessment of
the reliability of the estimated cost, which in turn is achieved by

Preparation of proposals from the relevant department for
the redistribution of subsidies

11.2 man-hour

v

Formation of proposals from the Ministry of Construction of
the Sverdlovsk Region to the Ministry of Finance of the Sverdlovsk
Region and consideration in the regional Duma of the Legislative
Assembly

344 man-hour

Has the draft law been adopted by the Regional Duma ‘
of the Legislative Assembly of the Sverdlovsk Region?

¢ Yes

Formation of a draft protocol for the selection of municipalities
whose budgets may be provided with subsidies within
the framework of the state program in the field of construction (_‘

and holding a commission

72 man-hour

Has the draft protocol been signed by the commission of ‘
the Ministry of the Sverdlovsk Region as agreed’?

¢ Yes

Preparation of a draft Resolution of the Government of
the Sverdlovsk Region on the distribution of subsidies and approval

at a Government meeting
24 man-hour
Was the project agreed upon at the meeting of the Government ‘
of the Sverdlovsk Region?

¢ Yes

Preparation of a draft Resolution of the Government of
the Sverdlovsk Region on amendments to the state program in <

the field of construction and consideration at the meeting

24 man-hour

Was the project agreed upon at a meeting of the Government ‘
of the Sverdlovsk Region’?

Yes
End

Fig. 2. Scheme for adjusting budget programmes taking into
account the labour costs of specialists
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a clearly described organizational scheme of interaction between
participants in an investment and construction project using
building information modelling technologies.

Thus, the authors of the paper formed the following goal of
the study — to propose an organizational scheme for interaction
between participants in an investment and construction project,
which includes the use of building information modelling technologies
and makes it possible to unambiguously describe the process of
conducting an examination of design documentation, taking into
account the assessment of the reliability of the estimated cost.

To achieve this goal, a couple of tasks were formed:

1. Describe the current organizational scheme of interaction
between the participants of an investment and construction
project and determine the deadlines for each stage using
the example of an actually constructed facility in
Yekaterinburg.

2. ldentify the stages of the organizational scheme, at which
there is an information gap between the attributive content
of the sections of the design documentation and
the possibility of generating on its basis lists of quantities
and specifications to assess the reliability of the estimated
cost.

3. Identify the stages the timing of which is increasing due to
the identified problems.

4. Develop an organizational scheme for interaction between
participants in an investment and construction project in
order to eliminate the information gaps that arise today and,
as a result, extended deadlines.

As a result of the analysis of the interaction of participants in
the investment and construction project using on the example of
preschool educational institution No. 1 with nursery groups in block
No. 11 of the Akademichesky district in the city of Yekaterinburg,
the diagram presented in Fig. 3 was formed.

In accordance with the current scheme design documentation
is developed using building information modelling technologies
and simplified detailing, then a state examination is carried out and
a cost limit is determined. Next, a tender purchase is carried out for
the development of working documentation and further construction
of the asset. It often happens that the state customer has to re-
execute the tender purchase, because they are not able to find
a contractor. After that, taking into account the discrepancy in
the volumes identified during the preparation, the working
documentation is adjusted and sent for re-examination. Then
construction is carried out and at this stage there are often time
costs associated with procedural work to increase the cost of asset
construction, such as acts of additional work and others, which
leads to the necessity of implementing the diagram in Fig. 2.

After a thorough analysis of the current organizational
interaction scheme, the following problematic stages were
identified.

At the stage of the state examination, an information gap occurs
between the information content of sections of the design
documentation and the possibility of forming on its basis statements
of quantities and specifications to assess the reliability of
the estimated cost, since the use of a building information model is
unreasonable either at the stage of fulfilling the conditions of
technical regulations due to oversaturation of information, or at
the stage of verifying the accuracy of the estimated cost due to
the lack of information content. As a consequence, delays in terms
of searching for a contractor occur at the stage of the tender
procurement due to undervaluation and the need for repeated

Development of design documentation for
the stage of architectural and construction
design using building information modeling

technologies Designer

192 days

Transfer of the information model of design documentation
to the customer service

Conducting an internal audit of the completeness
of design documentation and compliance with
requirements State customer

14 days

Transfer of the information model of design documentation
to the state examination

Checking compliance with the terms
of technical regulations

50 days
Conducting
state
examination

Checking the accuracy of the estimated cost

24 days

Positive conclusion of the state examination with estimated cost

Conducting tender procurement for construction
work, incl. for the development of working
documentation State customer

60 days

Conclusion of an agreement for the development of working
documentation and further construction

Development of working documentation

Designer
60 days

Construction

Fig. 3. The current scheme of interaction between participants in
the investment and construction project
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Development of design documentation for
the stage of architectural and construction design
using building information modeling technologies

192 days

Designer

|
Transfer of the information model of project documentation
to the customer service

Conducting an internal audit of the completeness
of design documentaf[ion and compliance with
requirements State customer

14 days

|
Transfer of the information model of project documentation
to the state examination

Checking compliance with the terms Conducting
of technical regulations state
examination
50 days 1 part

|
Positive conclusion of the state examination regarding design solutions

Finalization of design documentation until it is
possible to issue a statement of quantities using
information modeling technologies Designer

30 days

I
Transfer of the modified information model of project
documentation to the state examination

Assessing the reliability of the estimated cost Conducting
state

24 days examination
2 part

|
Positive conclusion of the state examination regarding
the estimated cost

Conducting tender procurement for construction work,
incl for the development of working documentation

29 days

State customer

|
Conclusion of an agreement for the development of working
documentation and further construction

Development of working documentation

Designer
10 days

Construction

Fig. 4. Proposed scheme of interaction between participants in
the investment and construction project

tenders, which also leads to additional labour costs described in
Fig. 2 at the construction stage.

The information gap in the current interaction scheme occurs
due to the fact that the design documentation is submitted once for
state examination, and therefore for verification of design solutions
and assessment of the estimated cost reliability. However, the detall
required to accomplish these tasks varies. The information content
of the building information model necessary to verify design
solutions can be generated on the basis of the composition
specified in the annex to the Government Decree [13], [16].
However, in order to assess the reliability of the estimated cost, it is
necessary to be able to generate bills of quantities and
specifications from a building information model, which requires
additional detail from it and bringing the level of elaboration closer
to the stage of working documentation due to elements such as
utility networks instead of schematic diagrams, wall finishing
elements instead of information about the belonging of the finishing
to the premises and others. Thus, it is proposed to divide the state
examination into two stages corresponding to the ongoing
inspections. The scheme proposed by the authors is shown in
Fig. 4.

RESULTS

To carry out an examination of design solutions for compliance
with the requirements of technical regulations, it is proposed to
perform a building information model for filling that meets
the requirements specified in [13], without additional detail. Experts
from technical departments express a positive opinion on
the design documentation of the architectural and construction
design stage in terms of technical regulations. This process can be
implemented within the framework of expert support according
to [14]. Next, the model is finalized by the designer, during which
the building information model is filled with a list of parameters that
is minimal and sufficient to assess the reliability of the values from
the bills of quantities and specifications, thereby bringing the model
detail to 80 % of the working documentation stage. After that, a re-
examination of compliance with the requirements of technical
regulations is carried out, and changes made to the approved
version are monitored. Further, such a model is sent to the estimate
department to assess the reliability of the estimated cost, which
becomes possible thanks to its detail. Thus, the information gap
identified in the current interaction scheme is closed. Due to the fact
that the reliability of the statements of quantities of work is checked
automatically, the accuracy of the calculation increases, therefore,
the time costs associated with re-searching for a contractor are
eliminated, which means the time for conducting a tender purchase
is halved. Moreover, the costs associated with budget reallocation
indicated in Fig. 2 are also excluded, since bills of quantities and
specifications are controlled using automated 3D model checks.

Thanks to the division of the process of conducting state
examination of design documentation into two stages (Fig. 5):
verification of design solutions and assessment of the reliability of
the estimated cost, the detail of the building information model is
not a contradiction [13] and [14] at each stage.

When estimating the total duration of mandatory processes
before the start of construction work, savings are also obtained.
Under the current scheme of interaction between participants,
the total duration of the processes is 400 days, while under
the proposed scheme this duration is 349 days. As a result,
the construction of an asset can be started 51 days earlier due to
a reduction in the time required to verify the scope of work,

>
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Current organizational scheme (Constant level of detail)

Checking design solutions

Conducting state examination

Assessing the reliability
of the estimated cost

Level of detail meets requirements (5)

' Conducting state examination
X Stage 1

Checking design solutions

Fig. 5. Dividing the process of state examination into 2 stages

eliminating problems during tender procurement and eliminating
the need for re-examination.

It is worth mentioning that nowadays, the implementation of
the planned interaction scheme is possible only with legislative
support, since despite the problems described in the paper when
using building information modelling technologies, the requirements
for the composition of design documentation [13] are mandatory and
cannot be expanded without adjusting the legislation. Conducting
a state examination in two stages is also not currently legally justified
and can only be implemented as part of the expert support process.
Therefore, for the further implementation of the research results, it is
necessary to legitimize the requirements for building information
models used in assessing the reliability of the estimated cost, as well
as conducting a state examination in two stages, taking into account
the increasing detail of the building information model.

CONCLUSION

The authors of the paper, during an expert survey, found out that
on average 59.5 % of construction assets have a discrepancy in
estimated cost of more than 2 %. The current scheme of interaction
between participants in an investment and construction project was
developed and the problematic stages of such a scheme were
identified, related to the information gap between the detail of
the graphic part of the design documentation necessary to assess
the reliability of the estimated cost at the stage of architectural and
construction design and the detail of the graphic part of the design
documentation in accordance with the requirements [13].
The consequences of the presence of an information gap were
analyzed, such as conducting a repeated tender purchase and
the need for a repeated state examination. Based on the obtained
results the duration of all stages was estimated.

The authors proposed an interaction scheme that divides
the state examination process into two stages: verification of design
solutions and assessment of the reliability of the estimated cost,
allowing to avoid the emergence of an information gap.

Level of detail required to derive bills of quantities
and specifications from a building information
model

Conducting state examination
Stage 2

Assessing the reliability of
the estimated cost

The application of the scheme helps to eliminate the consequences
of the information gap identified in the current scheme, and makes it
possible to reduce the duration of mandatory processes before con-
struction work by 51 days. The need for legislative adjustments to
implement the proposed organizational scheme was also described.
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Pa3pa6oTka cxemMbl B3aUMOAENCTBUS
y4aCTHUKOB CTPOUTENbHOro npouecca

C Uenblo nosiy4eHns JOCTOBEPHON CMETHOMN
CTOMMOCTM Ha 3Tane nposeaeHus
rocyaapCcTBeHHOMW 3KCNEepPTU3bl MPOEKTHOMU
AOKYMEeHTaLuu ¢ NOMOLLbIO TEXHONOrUN
MHcopMaLMOHHOro MOAEeNMPOBaHUSA

B pa6oTte 6binv MccnefoBaHbl OpraHn3aunoHHbIE BO3MOX-
HOCTM paspeLleHns npobrnemMbl HECOOTBETCTBUS CMETHOWM
N (akTU4eCKONn CTOMMOCTM OO6BLEKTOB KamuTanbHOro
CTpoMTeNnbCTBa 3a CHeT pasfeneHuns npouecca NpoBefeHus
rocyfapCTBEHHOW 3KCMepTU3bl HA ABa OPraHU3aLUOHHbIX
3Tana: NPoOBEPKN MPOEKTHbIX PELLEHUA 06beKTa KanuTasnbHOro
CTPOUTENBLCTBA U OLIEHKN JOCTOBEPHOCTU CMETHOW CTOMMOCTM.
ABTOpamu 6bina NPoBeAeHa 3KCNepTHasA OLeHKa TeKyLLero
KonmM4yecTBa OOGBLEKTOB KaMUTanbHOro CTpouTeNbCTBa
Ha OCHOBaHMW onpoca 9SKCMEPTHOW rpynnbl, B XxopAe
KOTOpPOW 6bIN10 BbIABMIEHO, YTO B cpegHeM 59,5 % 06beKkToB
KanuTanbHOro CTpPOMTENbLCTBA B rof, PUHAHCUPYEMbIX
N3 rocygapCTtBeHHoOro n MmyHumuunanbHOro 6}0,[[)KeTa, nmerT
6onee 2 % pacxoxaeHuns Mexay CMETHON CTOUMOCTbIO Ha aTane
apPXUTEKTYPHO-CTPOUTENIEHOMO MPOEKTUPOBAHUA U (DAKTUHECKON
CTOMMOCTbIO cTpouTenbcTBa. bbina nposegeHa oueHka
TpyposaTtpaT cneuumanuctoB MuHucTepcTBa CTpoMTENbCTBA
N pa3BuUTMA MHMPacTPyKTypbl CBepanoBckon obnactv npu
HEeo6X0OMMOCTN KOPPEKTUPOBKM OHOOXETHBIX NMPOrpamMm.
Bbina cchopmmpoBaHa AencTByoLLas cxema B3auMoaencTBus
Y4aCTHUKOB CTPOWUTENbHOro npouecca, Ha OCHOBaHWUK
KOTOPOMN BbIABNIEHbl NPO6SIEMHbIE Y4acCTKW, Ha KOTOPbIX
NPOVCXOANT MHPOPMALIMOHHBIV pa3pbiB MeXAy Aetanu3aunen
uncpoBONn MHMOPMALMOHHON MOAENn, Heob6xoAMMOW
ONA 9KCNepTu3bl NPOEKTHbIX PeLleHUun U AN OLEeHKKU
[OCTOBEPHOCTN CMETHOW CTOMMOCTWU 06beKTa KanutanbHOro
cTpouTenbcTBa. ABTOpamMu cTaTbu Oblna pa3paboTaHa
N NpeanoxeHa cxemMa B3auMOAENCTBUS C MPUMEHEHUEM
TEXHONMOrnM WHPOPMAaLMOHHOrO MOAEeNMpoBaHWA AnNsg
nonyvyeHusa CMETHOM CTOMMOCTU OOBLEKTOB KamnuTanbHOro
CTPOUTENbLCTBA, UCKMOYaLWas UWHPOPMaLMOHHbIA pa3pblB
3a cyeT pasferieHns npouecca rocyfapCTBEHHOM 3KCNepTU3bI
Ha [Ba 3Tana, U paccyuTaHa pasHula BPEMEHHbIX U3AEPXeK
npoLeccoB 06enx cxeMm, kotopas coctaenset 51 geHb. bbino
NPeanoXeHo BHECEHNE KOPPEKTUPOBOK B 3aKOHOAATENbCTBO
C YTBEPXAEHVEM MpoBefAeHUs npoLecca 3KCnepTusbl B ABa
aTana, a Takxe yTBepxaeHve eanHbIX TpeboBaHUIM K LMpoBbIM
MHOPMALMOHHBIM MOAENAM ANA peannaaunn NpeasioxXeHHOn
CXEMbl W BHELPEHMWIO TEXHONMOrMN MHPOPMaLUOHHOIO
MOZEeNMpoBaHns B NPOLIECC FOCYAAaPCTBEHHOM 9KCMepTU3bI.

Knio4yeBblie cnoBa: TEXHOJOrMU UHPOPMALUOHHOIO
mMogenupoBaHus, Ungposas UHPoOpMaynoHHass Mogessb,
rocyfapcTBeHHasi aKkcrneptnaa, MpoeKTHas AOKyMeHTauus,
JOCTOBEPHAS CMETHAsH CTOMMOCTb, XU3HEHHbIN LUNKST 0ObEKTOB
KanuTasibHoro CTpoUTEIbCTBa
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Improvement of methods for determining
the cost of design solutions at early stages of
investment and construction projects realization

The list of basic solutions for the implementation of an investment and construction project is mentioned and
approved as part of the project documentation. However, the choice and justification of these decisions are made by
the customer and the investor already at the pre-design stage. It is at the pre-design stage that a decision is made
on the feasibility of the project, a feasibility research is formed, in which not only such basic technical and economic
indicators as area, construction volume, length, etc. are of particular importance, but also the composition and cost
of individual space-planning and design solutions. So, one and the same object can be erected from monolithic
reinforced concrete and bricks, or from pre-fabricated metal structures and multilayer enclosing structures. At
the same time, the functional purpose of the object will remain the same, but the cost will change significantly.

In this regard, the relevance of this article lies in the research of methods for determining the cost of various
design solutions at the pre-project stage as the basis for successful project implementation in the future. Since
the most economically sound solutions identified at an early stage can significantly reduce the costs of the entire
project and increase its efficiency.

The purpose of this research is to improve approaches to substantiating the cost of various design solutions at
the pre-project stage of the implementation of an investment and construction project.

The authors reviewed the existing methods of substantiating the cost of design solutions for construction
projects at the pre-project stage of an investment and construction project and also developed proposals for
their improvement: an algorithm for estimating the cost of construction at the early stages of an investment and
construction project, taking into account the cost of alternative design solutions.

The implementation of the algorithm became possible thanks to the authors' development of a methodology
for creating a data bank on the cost of design solutions, accumulation, analysis and structuring of data on
the cost of already implemented residential and civil facilities (administrative buildings with a total area of 1,000
to 20,000 m2). A factorial analysis of the cost of administrative buildings was also conducted with identifying
the causes of deviations in the cost of identical indicators from the average value.

The results obtained can form the basis for the formation of a new database of prices of constructive solutions
necessary for calculating the estimated cost at the stage of investment justification. Such data will be able to determine
the cost more reliably precisely at the early stages — at the stage of transition from the idea to the development of
basic technical solutions that will determine the appearance, manufacturability and cost of construction projects.
Keywords: cost of design solutions, investment and construction project, pre-design stage, aggregated cost indicators

Chernova P.A.
Bovsunovskaya M.P.
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INTRODUCTION

studied and summarized, taking into account
the phases of the life cycle of an investment and
construction project both in the Russian Federation
and abroad' 2 8 [3-6]. One of the key objectives of
Strategy for the development of the construction
industry and housing and Communal Services of
the Russian Federation until 2030 in the direction of
improving pricing in construction is to increase
the reliability of determining the cost at all stages of
the investment cycle, including at the stages of
investment planning, design, construction, operation
and maintenance, demolition®.

hen implementing any investment and
construction project (ICP) both the state
and private companies are always faced

with the task of achieving the greatest efficiency,
namely, the construction of a capital construction
facility with the necessary capacity, reliability,
durability at the optimal cost of construction, ensuring
profit from the implementation of the investment
project [1, 2]. In this regard, during this study, the work
on determining the cost of construction objects was

1 Methodology for the development and application of enlarged construction price standards, as well as the procedure for their approval :
Order of the Ministry of Construction of the Russian Federation dated 05.29.2019 No. 314/pr. URL: https://minstroyrf.gov.ru/upload/iblock/959/
Metodika-rarabotki-i-primeneniya-ukrupnennykh-normativov-tseny-stroitelstva_-a-takzhe-poryadok-ikh-utverzhdeniya.pdf

2 On approval of the Methodology for determining the estimated cost of Construction, Reconstruction, Capital Repairs, Demolition of Capital
Construction facilities, works to preserve cultural heritage objects (Historical and Cultural Monuments) of the Peoples of the Russian Federation on
the Territory of the Russian Federation : Order of the Ministry of Construction of the Russian Federation No. 421/pr dated 08.04.2020. URL: https:/
minstroyrf.gov.ru/upload/iblock/3fb/Metodika-opredeleniya-smetnoy-stoimosti-stroitelstva_rekonstruktsii_-kapitalnogo-remonta_-snosa-obektov-kapital-
nogo-stroitelstva_-rabot-po-sokhraneniyu-obektov-kulturnogo-naslediya.pdf

3 On approval of the Procedure for determining the initial (maximum) price of the contract, the price of the contract concluded with the sole
supplier (contractor, contractor), the initial price of a unit of goods, work, services during procurement in the field of urban planning (except for territorial
planning) and the Methodology for estimating the contract, the subject of which is the construction, reconstruction of capital construction facilities : Order of
the Ministry of Construction of the Russian Federation No. 841/pr dated 23.12.2019. URL: https:/minstroyrf.gov.ru/upload/iblock/331/Poryadok-opredeleniya-
nachalnoi_-_maksimalnoi_-tseny-kontrakta.pdf;  https:/minstroyrf.gov.ru/upload/iblock/ecf/Metodika-sostavleniya-smety-kontrakta_-predmetom-kotorogo-
yavlyayutsya-stroit....pdf

4 Strategy for the development of the construction industry and housing and communal services of the Russian Federation until 2030 with
a forecast for the period up to 2035. URL: http://static.government.ru/media/files/AdmXczBBUGfGNM8tz16r7RkQcsgP3LAm.pdf
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To do this, both Russian and international companies spend
a significant amount of money on optimizing the engineering
approach to design, creating variable models that evaluate both
the technical side of the project and its economic efficiency. It is
noted that currently large investors and customers, engineering
companies in Russia and the world have begun to analyze and take
actions aimed at organizing the process of choosing optimal
solutions in construction projects, starting from the moment of
defining the general concept [6-8].

The methods and indicators of determining the cost correlate
with the phases of the implementation of the ICP, for them there are
uniform clear rules for assessing and controlling the cost [9-17]. So,
at the pre-project stage, the estimated or approximate cost of
construction is determined on the basis of analogous facilities and
enlarged cost indicators, at the design stage, the estimated cost is
determined based on current resource prices and (or) specially
developed prices with their translation into current prices, and finally,
at the stage of concluding contracts, the contract price is calculated,
which takes into account actual and forecast inflation indices. In
many ways, they are determined depending on the type of financing
of the construction object: budget or commercial [9, 12, 16].

One of the most significant from the point of view of estimating
the cost of the ICP stages is the stage of pre-project studies. It is at
this stage that a decision is made to implement the ICP, its
investment attractiveness is calculated, data on the main planned
design solutions are considered, which means that the cost is
formed, which will later be clarified® ¢ [18-20].

The difficulty lies in the fact that at the time of substantiating
the estimated cost of construction at the early stages in the absence
of developed project documentation, the cost is determined
approximately: using enlarged construction price standards or data
on the cost of analogous facilities. In both cases, mainly previously
erected objects with their specific characteristics are taken as
a basis, often without detailing the cost for specific solutions. At
the same time, the use as analogues of project documentation for
facilities whose construction has not been started or completed
entails greater risks than when using documentation for facilities
put into operation. It is noted that there is no single algorithm for
evaluating specific design solutions, including space-planning and
structural ones at this stage.

METHODS AND MATERIALS

The methodological basis for writing this paper is the methods
of comparison and generalization in the framework of the literature
review, as well as a number of studies by the authors in the field of
construction economics, cost determination and management,
the methodology of the life cycle of investment and construction
projects, methods of economic cost modelling” [16, 17, 21]. In
addition, the paper uses the authors' work in the field of research of
the concepts of capitalization and cost of capital construction
projects in modern conditions [9, 22, 23].

The works of a number of authors were also reviewed, in which
it is noted that the final choice of design solutions is one of the most
important stages of architectural and construction design, which is
preceded by the stage of the investment plan? [10, 12, 14, 15]:

determination of the purpose of the investment project,
consideration by the customer of several options for
the implementation of the project, providing a given project goal,
but differing in the composition of the work, their cost, duration,
complexity and economic efficiency of the results of the project. It
is important that when working out design solutions, all stages of
the implementation of an investment and construction project are
studied and options for choosing design solutions are evaluated in
terms of their impact on the cost and revenue side of the project
(economic efficiency). In socially significant projects, economic
efficiency is not the only and sufficient condition for
the implementation of the project: budgetary and public efficiency
are also allocated, which also affects the choice of design solutions®
[10, 11, 24, 25]. However, a significant limitation for
the implementation of the project is its cost, hence such close
attention to decisions that directly affect it.

Consideration of various options for the implementation of
an investment project at the early stages is carried out based on
the initial data available at the time of consideration, and is subject
to adjustment at subsequent stages of development. At the same
time, when considering options, it is mandatory to take into account
a number of factors that affect the feasibility of the investment pro-
ject, the achievement of the specified parameters and goals, and
the period and cost of its operation [10, 13, 26, 27]:

e regional climatic and geotechnical features of construction;

¢ regional and economic features of the construction region;

e purpose and planned service life of the facility;

e customer requirements for the main technological solutions,
production flow chart (for industrial facilities);

e customer requirements for design and space-planning solu-
tions;

e customer requirements for architectural solutions;

e requirements of the current legislation in terms of labor pro-
tection, fire safety, industrial safety and compliance with
the requirements of technical regulations;

e conditions for the placement of objects, buildings and struc-
tures associated with the presence of zones with special con-
ditions for the use of territories.

Thus, the development of all options for the implementation of
an investment and construction project is carried out taking into
account the listed factors.

As part of the consideration of various options for design solu-
tions, the solutions planned for implementation are analyzed for
compliance with the current regulatory requirements, the effective-
ness and feasibility of the main (fundamental) considered solutions
are assessed, the availability of opportunities for optimization of
the decisions made is analyzed, requirements for the preparation of
initial data for the design of facilities are formed (Fig. 1).
The adopted project decisions must comply with the requirements
of legislative acts, regulatory legal acts of the constituent entities of
the Russian Federation, standards, set of rules, technical standards,
land use and development rules.

The result of a pre-design analysis of an investment and
construction project is an assessment of the main advantages and
disadvantages of the proposed project options, the proposal of

5 To speed up the construction needs the design stage “Justification of investments”. Ministry of Construction of Russia. URL: https://www.minstroyrf.ru/press/dlya-uskoreniya-
stroyka-nuzhdaetsya-v-stadii-proektirovaniya-obosnovanie-investitsiy/ (accessed: 13.01.2022)

6 Register of cost-effective design documentation for reuse. URL: https://fgiscs.minstroyrf.ru/#/

7 State Information System Unified State Register of Conclusions. URL: https://egrz.ru/

8 Official website of the Unified Information System in the field of procurement. URL: https://zakupki.gov.ru/epz/main/public’/home.html
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1. Planning organization of the land plot
(taking into account the list of
requirements and recommendations)

6. Assessment of safety,
environmental and social impact
of the investment project
on the environment

5. Basic technological solutions
(substantiation of the choice of technology
and resources)

Prerequisites
for choosing an option
for implementing
an investment project
as part of a feasibility
study

2. Schedule and duration of the project
(timing and duration)

3. Basic architectural solutions
(including space-planning solutions,
number of storeys, shape, orientation

of the building, taking into account
the natural conditions
of the construction site)

4. Basic design solutions (taking into account
the geotechnical and hydrogeological conditions
of the site, the intended purpose of the facility,
technical and operational characteristics
of materials, etc.)

Fig. 1. Prerequisites for choosing an option for the implementation of an investment and construction project as part of a feasibility study

recommendations for choosing an implementation option,
recommendations on the preparation of initial data for the design of
facilities, as well as the formation of a recommended list of regulatory
legal acts necessary for subsequent stages of the project life cycle
[12-14, 18].

When developing options for implementing an investment and
construction project, state and private companies can obtain
the proposed design options from various sources, but these
sources of information are imperfect and have a number of specific
features (Table 1).

All of the above sources do not form a single information field
and have limited use, which determines the need to improve
existing methods of forming databases on design solutions and
their cost indicators for their subsequent use in cost modelling of
projects (elaboration and evaluation of options for the imple-
mentation of investment and construction projects). It is also not
obvious exactly how and in what sequence the data from these
sources should be taken into account.

In terms of cost formation, consideration of various options for
the implementation of the project at the early stages is carried out
based on the initial data available at the time of consideration, and
is subject to adjustment at subsequent stages of development.
The difficulty lies in the fact that at the initial stages there is no clear
data as such on design solutions and their cost, hence
the complexity of a detailed calculation of cost elements.

So, it is natural to determine the value using enlarged cost
indicators. Thus, when financing the construction of an object from

the state budget, consolidated indicators of the cost of construction
(construction price standards CPS) are used® '* ''. However,
the nomenclature of indicator’s collections is rather limited'® ™ 2. At
the same time, the collections do not allow replacing certain
constructive solutions as part of their cost, on the one hand. On
the other hand, in most indicators, it is possible to adjust only
the cost of foundations, equipment and design and survey work. In
this regard, in the analysis of design options, in the absence or
inapplicability of the corresponding consolidated indicators of
the cost of construction, data on the cost of analog objects and
their design solutions are used. The selection of an analog object is
also a difficult task, since there is no single database of sources of
the cost of analog objects, regularly updated and available for
work, as evidenced by the data given in Table 1.

Analysis of existing sources of information on the cost of con-
struction and the cost of design solutions at the pre-project stage
showed:

1. Currently, there is no unified database on actually
implemented investment and construction projects and the list of
capital construction objects as part of such projects, which allows
an automated search for an object according to the main specified
characteristics, including the main performance indicators and
cost.

2. Existing data sources have a number of limitations that com-
plicate the search and comparison of capital construction projects,
which in some cases does not allow using the experience gained in
the development of design solutions for such projects.

9 Town-planning Code of the Russian Federation dated 12.29.2004 No. 190-FZ. URL: http://www.consultant.ru/document/cons_doc_LAW_51040/

10 Official website of the Ministry of Housing and Communal Services of the Russian Federation, section “Pricing”. URL: https://www.minstroyrf.ru/trades/gradostroitelnaya-
deyatelnost-i-arhitektura/14/

11 Official website of the State Information System of Pricing in Construction. URL: https://fgiscs.minstroyrf.ru/#/

12 Cost-effective reuse project documentation, information about which, as of October 1, 2021, is included in the unified state register of expert opinions on project documentation

for capital construction projects, is recognized as standard project documentation
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Table 1. Analysis of data sources on capital construction facilities and their assessment

Data source

Advantages

Disadvantages

Register of cost-effective design
documentation for reuse® 12

o significant amount of information;

o presence of estimate documentation as part of the project doc-
umentation;

o reliability of information

o lack of data on production facilities;

o lack of data on unique, technically complex and es-
pecially dangerous capital construction projects;

o complexity of the analysis of posted information;

e lack of design and estimate documentation for
some objects

GIS USRR (Unified State Register
of Reports)’

o reliability of information;

 possibility of obtaining information about the results of non-
state examination of project documentation and (or) the results
of engineering surveys

e lack of open access to design (including esti-
mate) documentation of objects, information
about which is contained in the USRR

Databases of design organizations con-
taining data on objects, the design and
working documentation of which was
developed by these organizations

e accumulated information on previously designed facilities (for
organizations that have existed for a long time);
o reliability of information

o lack of information about the cost of the complet-
ed construction of the object

Databases of individual large compa-
nies, formed on the basis of data on
completed or planned investment pro-
jects of new construction, reconstruc-
tion, overhaul

 accumulated information on previously designed and implemented
objects (for organizations that have existed for a long time);

 availability of information on the actual cost of the completed
construction of the facility;

o presence in a number of companies of consolidated unit prices
for certain types and sets of work

o lack of information about other objects or alterna-
tive options implemented in other companies

Open sources (books, media, internet)

« availability of data on the cost of large investment projects

o unreliability of information

3. Available sources of data on investment and construction
projects contain information about the capital construction object at
the stage of “design documentation”. There is no data on changes
made at the stage of “working documentation” and information
about the facility at the stage of commissioning. Thus, there is no
statistics on changes in the cost of implementing an investment and
construction project at different stages of its life cycle.

4. Due to the lack of systematized data, comparison of both
capital construction objects in general and individual design
solutions and their cost is possible only within companies or
organizations that have accumulated experience in the design and/
or implementation of similar objects.

RESULTS

The results of the preliminary assessment of the cost of
implementing the ICP serve as the basis for making a decision on
the need, technical feasibility, commercial, economic and social
feasibility of investments in construction. For a preliminary
assessment of the cost of implementing an investment project, it is
recommended to make a decomposition of the main decisions and
factors affecting the cost indicators of the project. It is important to
take into account that all decisions should be considered
comprehensively, taking into account the stages of the life cycle of
the ICP.

A comparative analysis of the cost of projects can be carried out
both in an enlarged way, when considering implementation options
that differ significantly from each other, and in detail, by comparing
the cost of individual solutions, for example, in terms of foundations,
the cost of enclosing structures, solutions for interior decoration, etc.

During the initial consideration of options, as a rule, it is done
“from top to bottom”, by assessing from the total cost of the project

to the analysis of the cost of certain types of work and expenses. As
the cost is detailed, the types of expenses can be aggregated:

1. Necessary for any option for the implementation of
an investment project (costs of engineering surveys, development
of design and working documentation, payment for land and land
tax during the construction period, work on site preparation,
archaeological surveys (if necessary), cleaning the area from
explosive objects (if necessary), compensation payments for
the demolition of green plantings, payment for the state examination
of project documentation and the results of engineering surveys (in
cases stipulated by the legislation of the Russian Federation), costs
of temporary buildings and structures, costs of work in the winter,
etc.

2. Expenses, the cost of which varies depending on
the implementation option of the investment project (costs of
construction and installation work, purchase of process and utility
equipment, commissioning, costs of connection (utility connection)
to engineering networks, etc.

3. Expenses that, in some options for project implementation,
are not necessary (costs of relocation of certain types of
construction equipment, costs of a rotational work method,
individual solutions to protect construction from various geological
and hydrogeological processes (mudflows, landslides, flooding
and other hydrogeological processes).

For the most reliable determination of the cost of design solutions
at the pre-project stage, the authors have developed an algorithm for
justifying the cost of the ICP implementation option. The basis of
the algorithm was the decomposition of the stages of evaluation and
analysis of the cost as an object as a whole, and the main design
decisions and factors affecting the cost indicators of the project.

The first stage of the algorithm is based on a preliminary factor
analysis of the cost of implementing the ICP (Fig. 2).
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1.1. Analysis of regional climatic, geotechnical, regional economic features of the construction region

1.2. Analysis of the list of buildings and structures included in the ICP

1.3. Analysis of preliminary performance indicators (capacity of facilities, length of external

engineering networks, area of improvement and landscaping)

1.4. Analysis of the technical characteristics of space-planning and structural solutions (structural

diagram of a building, type of foundations, wall material, type of floors, roofs, etc.) (if any)

1.5. Analysis of the main technological equipment for the enlarged nomenclature

Fig. 2. Stage 1. Analysis of factors influencing the cost of an investment and construction project at the pre-project stage

2.1. Comparative
analysis of the cost
of the options
for project
implementation

2.2. Comparative
analysis of the cost with
similar objects
(including international
objects), implemented
in comparable
conditions, as well
as with their individual
cost indicators

2.3. Analysis
of methods for
determining the cost
of the project

1) determination of the cost structure of each variant of the project implementation with the determination
of the specific weight (in percentage) of each consolidated cost element;

2) comparison of the structure and specific weight of cost elements of all considered options;

3) factor analysis of changes in the cost of elements in comparison with other considered options;

4) if errors in the calculations are identified that significantly affect the cost of an option, an analysis of
changes in the final cost of this option is made, taking into account the correction of the identified
inconsistencies

~

1) selection of objects similar in functionality, design capacity, natural and other conditions of the territory
on which construction is planned,;

2) analysis of the similarity of the performance indicators of the object under consideration and
the analogue object in terms of the functional purpose of the investment project, design capacity,
composition of buildings and structures, construction region, main performance indicators;

3) analysis of the estimated regulatory framework and the current price level adopted to determine
the current cost of analogue projects, bringing the cost indicators of all analogue projects to the price level
of the object under consideration;

4) decomposition of the cost of an analogue project;

5) determination of the boundaries of the range of cost of analog projects for the adopted unit of
measurement;

6) comparison of the value of the cost indicator and similar indicators of analog projects. Analysis of
the reasons for deviations from the average cost;

7) in case of significant deviations of the value of the object under consideration from the cost of analogous
projects, an analysis is carried out in terms of the possibility of cost optimization, indicating the identified
factors affecting the cost of the project /

1) analysis of the analog method and the method based on aggregated cost indicators;
2) consideration of pricing methods: base-index, resource and resource-index methods

Fig. 3. Stage 2. Analysis of the cost of options for the ICP implementation
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3.1. Formation of the planned cost of the ICP implementation

3.2. Formation of conclusions on the compliance of the project implementation cost with the cost of objects similar
in purpose, design capacity, natural and other conditions of the territory on which construction is planned

3.3. Preparation of proposals for optimizing the cost indicators of the project

3.4. Proposing recommendations for clarifying the cost calculations at further stages
of the project implementation

Fig. 4. Stage 3. Estimation of the cost of ICP

The second stage of the algorithm directly describes the analysis
of the cost of options for the implementation of ICP (Fig. 3). It includes
working with similar objects (including international objects)
implemented in comparable conditions, as well as with their
individual cost indicators, a comparative analysis of the design
decisions adopted in the project, as well as methods of their
calculation.

The third stage is the final cost assessment at the pre-project
stage, including the preparation of proposals for optimizing the cost
indicators of the project, as well as proposals for recommendations
on clarifying cost calculations at further stages of the project (Fig. 4).

The algorithm proposed by the authors for the cost estimation
of project solutions at the pre-project stage is the basis of a system
for analyzing the cost of project implementation options. This
algorithm can be actively used in the customer's organizations
when evaluating various project implementation options, including
for the purpose of preparing a reasonable design assignment.

The application of the algorithm in the practice of construction
companies is difficult due to the lack of statistical data on the cost
of various solutions for previously implemented projects. However,
at the moment there is no unified methodology for analyzing
the cost of design solutions for the formation of such a data bank.
In this regard, one of the authors' proposals is to return to the idea
of creating at the state level a base of price standards for

constructive solutions that will allow forming an idea of the cost of
specific structural elements and work complexes at the pre-
project stage. Also, within the framework of using the prices of
constructive solutions, it is possible to finalize the indicators of
the CPS (construction price standards) in terms of allocating
the share of costs for the technical characteristics of constructive
solutions and types of work taken into account in the indicator. In
this case, it would be possible to replace the cost of a construc-
tive solution in the CPS based on the standards of the price of
constructive solutions.

At the same time, in the absence of officially approved collec-
tions of the standards of the price of constructive solutions in order
to create a data bank on the cost of project solutions, the authors
propose their own methodology and forms of documents for ana-
lyzing the cost of project solutions based on already approved pro-
ject documentation.

Next, we will give an example of the implementation of
the methodology of systematization, processing and accumulation
of data on the cost of already realized objects and the cost of their
design solutions. The data for the example are taken from
the project documentation of open sources® 8, as well as data from
development projects. Further, the analysis of the cost of design
solutions for housing and civil objects will be considered:
administrative buildings with a total area of 1,000 to 20,000 m2. For

Table 2. The cost indicators of the construction of administrative buildings

5 At the price level for 2022 (thousan.rubles, VAT included)

'§ Capital construction object name

= Cost of 1 m? Clw Equipment | Other | Costof1m? Clw Equipment Other
Average indicator for objects

1 Administrative buildings up to 1,000 m? 1101 86.8 10.1 13.2 229 18.2 2.2 2.5

2 Administrative buildings from 1,000 to 5,000 m? 99.7 69.5 19.9 10.3 23.6 16.4 4.8 2.4

3 Administrative buildings from 5,000 to 20,000 m? 1115 74.5 27.9 9.1 25.2 16.8 6.3 2.1

4 Administrative buildings more than 20,000 m? 178.6 139.0 27.6 12.0 25.1 19.5 3.9 1.7
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each type of the considered objects, the weighted average indica-
tor of the unit cost of the measurement unit was determined (1 m? of
total area, 1 m® of construction volume, 1 place (if any) at the stage
of “design documentation”).

The average value of deviations between the minimum and
maximum indicators of objects of the same functional purpose was
about 40 % (Table 2).

In terms of the cost of administrative buildings, the consolidat-
ed, object and local estimates developed at the stage of “design
documentation” were analyzed.

The comparative analysis was performed according to the fol-
lowing algorithm:

1. Selection of design documentation (including the section
“Estimates for building capital construction objects”) for capital
construction projects that are identical in functionality.

2. Grouping of objects by capacity characteristics (total area
“from” and “to”, number of places “from” and “to”, etc.) and thus
dividing objects of the same functional purpose into groups.

3. Analysis of objects within the formed group according to
the technical characteristics of design solutions.

4. Analysis of the structure of the estimated cost on the basis of
summary estimate calculations among objects within the same
group, aggregated identification of cost items that differ significant-
ly among the same type of objects. For comparison, the total cost

was reduced to a single specific indicator — the cost of 1 m? of
the total area.

5. |Identification of deviations in the values of the specific indica-
tor, as well as the difference in the ratio of costs in the technological
structure of capital investments (construction and installation work,
equipment, other costs).

6. Additional analysis of objects with significant differences in
cost items. In order to identify the reasons for the deviation of a sig-
nificant difference in the volume of work, the cost of types of work
and expenses were reduced to an indicator per unit of measurement
(m? of total area, m® of construction volume, 1 km of utility networks,
100 m? of landscaping area, etc.) in form based on the structure of
the consolidated estimate calculation, given in Table 3.

As a result of the analysis, identical indicators were identified
that significantly differ in cost.

Within the framework of factor analysis, the reasons for devia-
tions in the cost of identical indicators of capital construction ob-
jects were analyzed, subject to consideration for the reasons for
deviations from the average. Among the solutions that significantly
increase the cost of construction, we can highlight:

1. Design solutions related to the selection of the construction site:

¢ the presence of hazardous natural processes requiring engi-

neering protection of the territory. At the same time, the most

Table 3. Form of a table for analyzing the cost indicators of a capital construction object

Object name

Design documentation code;

Consolidated estimate calculation

Object name

Cost structure

Estimated cost, thousand rubles

Equip-

Total esti-
Installa- ment, mated cost,
: . Other th d
tion furniture costs ousan
works and rubles

Construc-
tion works

fittings

Number

Measurement

uantit
units a y

Price per unit, thousand
roubles, at the current
price level without VAT

Place

m? of total area

m? of construc-
tion volume

Chapter 1. Preparation of
the construction site

including:

Layout of the main axes of
buildings and structures

Payment for land upon
withdrawal (redemption) of
a land plot for construc-
tion, as well as payment of
land tax (lease) during

the construction period

and so on in accordance
with the chapters of
the consolidated estimate
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common solutions were the construction of retaining walls
from monolithic reinforced concrete and cementation of soils.
The solutions for the construction of the land cofferdam are
also expensive. Design solutions related to the seismicity of
the construction site and the possibility of karsts (installation
of damper joints in the building, installation of sleeves in
the foundation for cementation of possible karst cavities un-
der the foundation of the building) did not have a significant
impact on the total cost;

e design solutions involving the use of imported materials that

require significant transport costs.

2. Design solutions related to the type of foundations. The choice
of the type of foundation is largely affected by the results of
engineering surveys. However, in a number of cases, when
considering objects, excessive design solutions were revealed —
an increase in the thickness of the foundation slab, an excess
thickness of the basement walls.

3. Design solutions related to the construction of buildings with
complex shapes.

4. Design solutions related to the use of non-serial (non-stand-
ard) building products and structures, for example, non-serial prod-
ucts made of precast concrete, non-standard metal structures, etc.

5. Design solutions involving the use of expensive building and
finishing materials, for example, aluminum stained-glass mullion-
transom systems, porcelain stoneware, decorative wall panels, etc.

6. The use of expensive process and utility equipment exceed-
ing the necessary requirements in terms of its technical character-
istics.

DISCUSSION AND CONCLUSION

If we level out legal and permissive issues in the implementation
of an investment and construction project, then we can see that
the choice of imperfect or unsuitable design solutions for a particu-
lar case has the greatest impact on the timing of the implementation
of projects and on their cost in terms of achieving a given level of
quality.

When assessing the cost of design solutions for each variant of
the implementation of an investment and construction project, in
most cases, the need for a detailed assessment of the cost of
individual solutions is revealed, even at the pre-project stage.
Construction companies can apply the algorithm within
the framework of project implementation in order to accelerate
the cost determination process at the early stages of design, as well
as increase the reliability of cost determination. The algorithm will
also be relevant for government agencies to verify projects as part
of the technological and price audit of projects to include them in
state-funded budget programs. The algorithm is based on an up-
to-date data bank on the cost of design solutions, which determines
the reliability of cost forecasting. Processing and systematization of
this kind of information can be carried out by both large commercial
developers and other stakeholders, for example, Centers for Pricing
in construction, state and non-state expertise bodies, engineering
companies, etc. In general, such a detailed study of the cost of in-
dividual solutions at the pre-project stage will increase the accura-
cy of cost calculations and in some cases save budget funds.

At the moment, calculations within the framework of the meth-
odology are carried out only for administrative buildings, which is
a significant drawback. However, it seems promising to further
accumulate and systematize data on various implemented projects
with the allocation of initial data on various types of objects

implemented in various conditions and regions of construction ac-
cording to the forms of documents developed by the authors.

The results obtained can form the basis for the formation of
a new database of prices of constructive solutions necessary for
calculating the estimated cost at the stage of the project concept.
Such data will be able to determine the cost more reasonably pre-
cisely at the early stages — at the stage of transition from the idea to
the development of basic technical solutions that will determine
the appearance, manufacturability and cost of our facilities, as well
as be in demand at the early stages of object modelling using infor-
mation modelling technologies.
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CoBepLueHCTBOBaHME METOA0B
onpeaeneHns CTOMMOCTU NPOEKTHbIX
pelleHni Ha paHHUX 3Tanax peanusauumu
WHBECTULMOHHO-CTPOUTEJIbHbIX NPOEKTOB

[MepeyeHb OCHOBHBIX PELLEHWI N0 peanu3aunun MHBECTULIMOHHO-
CTPOUTENBLHOrO MPOEKTa OMUCLIBAETCHA W yTBEpXAaetcs
B COCTaBe MNPOEKTHOMW AOKyMeHTauuu, ogHaKo BbI6GOp
M 060CHOBaHME 3TUX peLleHUn NPOU3BOOATCHA 3aKa34YMKOM
N WHBECTOPOM YyXe Ha npeanpoekTtHom s3Ttane. MmeHHO
Ha npepnpoOeKTHOM 3Tane MNPUHUMAETCA pelleHue
0 uenecoo6pa3HOCTM MpoekTa, POPMUPYETCHA TEXHUKO-
3KOHOMMYEeckoe 060CHOBaHWe, B KOTOPOM 0CO60€e 3HaveHue
MMEIOT HE TOJSIbKO TakKme OCHOBHblE TEXHUKO-3KOHOMUYECKMe
nokasaTtenu, Kak nnowapb, CTPOUTENbHbIN 06beM,
NPOTAXEHHOCTb U T.M., HO N COCTaB M CTOMMOCTb OTAESIbHbIX
NPUHATBIX O6BEMHO-MAHUPOBOYHbLIX U KOHCTPYKTUBHBIX
peweHnn. Tak, OAWH N TOT Xe 06BEKT MOXET 6biTb BO3BEAEH
M3 MOHOJIMTHOrO Xene3o6eToHa M KMpnuya, a MOXeT —
13 6bICTPOBO3BOAMMbBIX METANIOKOHCTPYKLNA U MHOTOCNOMHbIX
orpaxgamLmx KOHCTPyKuui. MNpn aToM yHKUMOHAaNbHOEe
Ha3Ha4yeHMe OO6beKTa OCTaHETCs MPEeXHMM, HO CTOMMOCTb
3HAYUTENTbHO N3MEHNTCA.

B cBSi3u ¢ 3TUM akTyanbHOCTb JAHHON CTaTbX 3aKNOYaeTCs
B UCCleJoOBaHUM METOAOB OMnpeaeneHnst CTOMMOCTH PasfnyHbIX
BapUaHTOB MPOEKTHbLIX PeLUeHWii Ha NPeanpPOeKTHOM aTane Kak
OCHOBBI YCTELLHOW peanusauumn npoekta B 6yayLlem, Tak Kak
Haun6ornee 3KOHOMUYECK 060CHOBaHHbIE BapUaHThl PeLLEHW,
BbISIBIIEHHbIE Y)XE HAa PAHHEW CTaAuu, MOTYT CYLLECTBEHHO CHU-
3UTb 3aTpaThl BCEro NPOeKTa 1 NMoBbICUTb ero a(eKTUBHOCTb.

Llenbio nccrnenoBaHus SIBNSIETCA COBEPLUEHCTBOBAHWE MOAXO-
[10B K 060CHOBaHWIO CTOMMOCTW PasfiMyHbIX MPOEKTHbIX peLle-
HWUI Ha NPEANPOEKTHOM CTaaMu peanu3aumm MHBECTULIMOHHO-
CTPOUTENBHOrO MPOEKTA.

ABTOpamu pacCMOTPEHbI CYLLECTBYIOLLME METOALI 060CHOBaHMS
CTOMMOCTU CTPOUTENLCTBA HA MPEANPOEKTHOM dTane UHBECTU-
LIMOHHO-CTPOMTESILHOrO NPOoEKTa, a TakxXe paspaboTaHbl npef-
JIOXEHUSI MO UX COBEPLUEHCTBOBAHUIO: COCTaBIIEH anroputM
OLIEHKN CTOMMOCTU CTPOUTENLCTBA Ha PaHHWX 3Tanax UHBECTU-
LIMOHHO-CTPOUTENBHOIO NMPOEKTA C Y4ETOM CTOMMOCTM asnbTepHa-
TUBHBIX NMPOEKTHBIX PELLEHUIA.

Peanusauma aBTopamu anroputma OLEHKU CTOMMOCTU CTPOM-
TeNbCTBa Ha paHHUX 3Tanax MHBECTULMOHHO-CTPOUTESIBHOIO
npoekTa ctana BoO3MOXHON 6narofgapsa pa3paboTke MeToanKN
€o3aaHnsa 6aHKa AaHHbIX O CTOMMOCTU NPOEKTHbIX PeLUeHUI, Ha-
KOMMEHUs1, aHanM3a 1 CTPYKTYPUPOBaHUS AaHHbIX O CTOMMOCTH

22. Bovsunovskaya M. Investigation of profit rate as the main factor of
industrial plant's capitalization. Proceedings of Higher Educational
Institutions. Textile Industry Technology. 2020; 385(1):100-105. (rus.).
23. Lukmanova I.G., Yaskova N.Yu. On investment and construction
activity tasks in the context of Russian spatial development trends.
Vestnik MGSU [Proceedings of Moscow State University of Civil
Engineering]. 2019; 14(6):774-784. DOI: 10.22227/1997-
0935.2019.6.774-784 (rus.).

24. Kamenetskii M.1., Yas’kova N.Y. Construction and real estate
markets: From crisis to growth. Studies on Russian Economic
Development. 2018, 29(1):.35-40. DOI: 10.1134/S10757007 18010070
25. Yaskova N.Yu. Theoretical aspects of synchronization of
economic interests of business entities in terms of maximizing their
potential. Science Studies. 2015; 7:3. URL: http.//naukovedenie.ru/
index.php?p=vol7-3 DOI: 10.15862/1565EVN315 (rus.).

26. Lesniak A., Zima K. Cost calculation of construction projects
including sustainability factors using the Case Based Reasoning
(CBR) method. Sustainability 2018, 10(5):1608. DOI: 10.3390/
su10051608

27. Abdelrahman Osman Elfaki, Saleh Alatawi, Eyad Abushandi.
Using intelligent techniques in construction project cost estimation:
10-year survey. Advances in Civil Engineering. 2014, 2014:107926.
DOI: 10.1155/2014/107926

y>Xe peann3oBaHHbIX 06 bEKTOB XMULLIHO-TPaXKAAHCKOro HasHa-
YeHus (aOMWHUCTPATMBHBIX 34aHW o6Lel nnowagsto oT 1000
0o 20 000 m?). Takxe NpoBefeH haKTOPHbIA aHaNN3 CTOMMOCTMU
agMUWHUCTPATMBHbIX 30aHWUI C BbISBIEHWEM MPUYUH OTKIIOHEHUN
CTOUMOCTW MAEHTUYHbIX MoKa3aTtesien oT CpeaHero 3Ha4yeHus.

MMony4eHHble pe3dynbTaTtbl MOrYT fie4b B OCHOBY (hopMMpoOBa-
HVMA HOBOM 6a3bl AaHHbIX LleH KOHCTPYKTUBHbIX PEeLUeHnn, He-
06Xx0OMMbIX MPU pacyeTe npegnosiaraeMon CTOMMOCTY Ha 3Ta-
ne 060CHOBaHWS MHBECTULIMIA. Takne AaHHble CMOryT NO3BONUTL
onpenensaTb CTOMMOCTb 60/1€€ JOCTOBEPHO MMEHHO Ha PaHHUX
aTanax — Ha atane nepexofa oT 3afyMKu K pa3apaboTke OCHOB-
HbIX TEXHNYECKNX PELUEHU, KOTopble 6yayT onpeaenstb 061K,
TEeXHOJIOMM4YHOCTb U CTOMMOCTb CTPOUTESIbHbIX 06BLEKTOB.

Kniwo4eBble c/oBa: CTOMMOCTb [MPOEKTHbIX PELUeHUN,
WHBECTULMNOHHO-CTPOUTESTbHBIN MPOEKT, MPEeAnpPOEKTHbINA 3Tarl,
YKDYMHEHHbIe MoKa3aTesiy CTOUMOCTU
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Conceptual model of pre-project marketing
research and its impact on the quality
of investment and construction project

The scientific paper is devoted to the issues of pre-project marketing research and its impact on the quality of in-
vestment and construction project (ICP) and the quality of finished construction products. In modern conditions of
economic crisis and increased competition of goods and services marketing plays a special role in all spheres of
activity, including the construction industry. The authors note that not all organizations in their practical activities
pay due attention to pre-project marketing research. In order to develop the methods of pre-project marketing re-
search already used in practice by marketing departments and to form new unique approaches in organizations,
the authors have developed a conceptual model of pre-project marketing research. The author's conceptual mod-
el is aimed at improving the effectiveness of pre-project marketing research — obtaining information that meets
the established requirements. The article presents these requirements, in particular, the requirement for com-
pleteness of information is considered in the most detail, negative consequences of information insufficiency and
excess for the project and its participants are outlined, methods of ensuring completeness of information are pro-
posed. Attention is paid to the high value of marketing information obtained at the pre-project stage of a project
for decision-making at subsequent stages of ICP and for building a marketing strategy within an organization's
project activities. Based on the analysis, the authors provide a logical justification for the positive impact of pre-
project marketing research on the quality of individual processes and activities within the life cycle of ICP and, ul-
timately, on the consumer and production quality of finished construction products.
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he quality of the final construction product —
Ta real estate object — is determined by

the synergistic effect of the quality of each in-
dividual process of an investment and construction
project (ICP). Within the framework of the concept of
life cycle management of a real estate object, the in-
itial stage is the pre-project stage, which includes
measures and processes for initiating, conceptualiz-
ing and evaluating the viability of the project. A pre-
liminary idea and promising decisions about the ar-
chitectural and expressive and spatial-planning ap-
pearance, location, financial model and other param-
eters of the future real estate object are established
based on a comprehensive analysis of trends and
forecasts of the investment and construction indus-
try, its individual components and other sectors and
economic factors associated with it [1]. An effective
mechanism for searching and collecting data at
the early stages of a project is pre-project marketing
research [2, 3].

In modern realities, marketing research is car-
ried out in large holdings of investment and con-
struction profiles and development companies,
where there are separate departments and market-
ing departments in organizational structures [4, 5].
Such real estate market participants conduct their
profile activities mainly in the rapidly developing re-
gions of the Russian Federation - Moscow and
the Moscow region, St. Petersburg, Yekaterinburg,
Tyumen, Kazan, Krasnodar. In addition, according
to the authors' observations, over the past 5 years,
the number of individual consulting organizations
specializing in marketing activities in the field of in-
vestment and construction complex has increased
significantly on the market.

It is obvious that each department responsible
for the marketing activities of the organization has
its own developed methodologies for pre-project
marketing research to achieve the set goals of
the projects. These methodologies are mainly
based on the basic principles of marketing theory
and practice, taking into account the specifics of
real estate as a commodity [6-9]. The analysis
showed that at the moment there are no normative
methodological and recommendation documents
regulating the conduct of pre-project marketing re-
search in modern economic conditions.

At the same time, the prevailing number of de-
velopers and construction companies on the market
do not possess any marketing research mecha-
nisms at all, due to the saving of financial and time
resources, the lack of competent professional per-
sonnel and a low level of project management. Un-
der these circumstances, organizations rely on
the inertia of the real estate market, that is, on
a condition in which, regardless of location and
conceptual solutions, the real estate object will still
be in demand by the consumer.

Summarizing the above, today there are two
significant problems in the framework of pre-project
marketing:

1. Imperfection of existing marketing research
mechanisms, characterized by the incompleteness
of the range of objects and depth of research, as
well as the inconsistency of marketing analysis tools
with modern and promising economic conditions.

2. Partial or complete absence of marketing re-
search activities at the pre-project stage of the ICP
for most developers and construction companies,
especially regional ones.
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The conceptual model of pre-project marketing research pro-
posed by the authors is based on principles similar to marketing
research of consumer markets (Fig. 1) [10—12]. The first stage, pre-
paratory, consists in setting the problem, goals and objectives of
marketing research for an investment and construction project and
determining research methods. The second, research stage in-
volves the direct conduct of pre-project marketing research. Within
the framework of this stage, three independent but interrelated lev-
els are distinguished: the macro level is aimed at a comprehensive
study of individual spheres of society that most affect the project or
the activities of the organization as a whole; at the meso level,
the current situation and vectors of progress of the real estate mar-
ket, its objects, subjects and various kinds of relationships between
them are analyzed; the study of the micro level is focused on the ex-
amination of internal corporate activities and their results. In the fi-
nal third stage, the evaluation and processing of the data obtained,
the formation of conclusions is carried out, after which the market-
ing information is used for various purposes in subsequent project
phases.

The developed conceptual model will solve the following tasks:

1. To become a reference point for the creation of a corporate
principled model of marketing research in organizations of the in-
vestment and construction sector, which previously did not have
such a model.

2. To become an additional base for improving the existing
mechanisms of pre-project marketing research.

The imperative result of marketing research activities is informa-
tion. The value level of the final information characterizes the pro-
ductivity of research activities and determines tactical behavior in
the long-term management of project solutions [13, 14]. In order to
systematize the information obtained in the course of marketing re-
search, and target and rational application in the economic activi-
ties of the organization of the investment and construction complex,
the information must meet a set of requirements [15]. In the context
of pre-project marketing research for construction products,
the main requirements include reliability (the ability of information to
reflect actual facts), relevance (compliance of information with
a certain time period), objectivity (absence of dependence on
the human factor).

The authors note that a special requirement for marketing infor-
mation in order to consistently achieve the planned quality of
the project stages is the completeness of information, which is
characterized by a minimum set of data sufficient for comprehen-
sive analysis and decision-making. However, in practice, determin-
ing the sufficiency of information for its further use within

The impact of information deficit and surplus on the ICP

the framework of the ICP may cause difficulties. This is mainly due
to the argument that both a lack of information and an excess of it
can have a negative effect on the processes that are based on
the results of marketing research. The consequences of such an ef-
fect through the prism of deficit and surplus can manifest them-
selves in different ways (Table).

The analysis shows that the primary factor of the possible phe-
nomenon of information deficit or surplus is subjective, since
the data processing cycle for marketing research is controlled by
a person. In order to avoid the occurrence of adverse consequenc-
es for the participants of the ICP, it is proposed that specialists and
structural units responsible for marketing apply the following meth-
ods or combinations of them in practice:

1. Principle of the “golden mean” is the search and establish-
ment of a set of information determined by the optimality and mod-
eration of data.

2. Principle of reasonable sufficiency (similar to the Concept of
information security of the Federal Tax Service) is the search, pro-
cessing and archiving of a set of information, with further work with
which the costs, risk and amount of possible damage are consid-
ered acceptable within the framework of the project and the eco-
nomic activities of the research organization as a whole.

3. Principle of potentially redundant information (David Hoff-
man, 1952) — analysis and exclusion of unnecessary and repetitive
data that do not carry additional information benefits.

4. Method of data imputation (Maurice Bartlett 1937; Bradley
Efron 1977) —filling in missing data with other statistical values.

The result of pre-project marketing research — systematized
marketing information that meets certain requirements — forms
the basis for future processes and operations within the project.
First of all, the data of marketing information predetermine specific
steps in the development of a business plan, architectural and
urban appearance, at all stages of architectural and construction
design, during the construction and operation of a real estate
object. In addition, the information obtained from the results of pre-
project marketing research serves as key input data for
the development of an ICP marketing strategy, which involves
the formation and management of a dynamic model for maintaining
the competitive advantage of the organization and fulfilling
the goals of the project throughout its life cycle. Acting as a satellite
in the systematic movement from stage to stage within
the framework of the ICP, marketing information is the most
important means of reducing project risks and achieving efficiency
at individual stages, contributes to improving consumer
(the product meets the requirements and desires of consumers)

Information obtained during pre-project marketing research

The deficit effect

The surplus effect

The developer (investor) does not have the most
complete preliminary idea of the project and finished construction products

Potential excess of actual financial and labor costs over
the originally planned values

Low level of input data for the development of a marketing strategy
for the project

Possible loss of time and a shift in the timing of subsequent
stages of the project

Poor quality of decision-making in individual project processes
under conditions of uncertainty

Poor quality of decision-making in individual project processes
in the context of a disordered information flow
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Fig. 2. The impact of pre-project marketing research on the quality of finished construction products

and production (the product meets the requirements of regulations,
standards and regulations) quality of finished construction prod-
ucts.

Thus, the influence of pre-project marketing research and its
results, as a generalization of the meaning of the proposed concep-
tual model, on the quality of the ICP and finished construction prod-
ucts is expressed by a correlated relationship. That is, the market-
ing research event, being the starting point of a logical chain,
through direct sequential dependence with other events — the key
processes of the project, affects the quality of finished construction
products (Fig. 2).

The basis of this logical view is the basic principle of scientific
research — the search for new knowledge, obtaining new information
in order to establish facts and implement ideas. The conceptual
model proposed by the authors, as a form of pre-project marketing
research within the framework of the ICP, together with the estab-
lished information requirements, makes it possible to provide the or-
ganization of the investment and construction complex with the most
meaningful, relevant and objective information fund. As a result of
systematic pre-project marketing, the stable and competitive activity
of the organization is ensured, its progressive development in the re-
al estate market with the ability to freely respond to factors of the in-
ternal and external environment and maintain high consumer loyalty.
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AX KPUSUCHBIX SBNEHUA SKOHOMUKN U MOBbILLEHHOW KOHKYPEH-
LK1 TOBaApPOB U yCNyr MapKeTUHI UrPaeT 0COBYH0 PoJib BO BCEX
chepax oeAaTenbHOCTU, B TOM YUCIE U CTPOUTENBHOM OTPachu.
ABTOpaMu OTMEYaeTcsl, YTO He BCe opraHvM3auuy B CBOEW npa-
KTU4ECKOW [eATeNbHOCTM yOensoT [OMKHOe BHUMAHWE Npeg-
NPOEKTHbIM MapKeTUHIroBbIM MUccefoBaHuaM. [ns pasButus
YK€ UCMOoNb3YEMbIX Ha MPaKTUKE MapKETUHIroBbIMM Nofpasae-
JIEHVSIMU METOAMUK NPEeAnpPOEKTHbIX UCCIIe[OBaHNA U hOPMUPO-
BaHWS HOBbIX YHMKaIIbHbIX MOAXOAOB Y OpraHn3auuin aBTopamum
6bina paspaboTaHa KoHUenTyanbHas MoAesb NPeanpoeKTHbIX
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MapKeTMHroBbIX MCcnefoBaHui. ABTOpcKas KoHLUenTyanbHas
MoAenb HanpasfeHa Ha MOBbILLIEHWEe pe3ynbTaTUBHOCTU Npea-
NPOEKTHbIX MapKETUHIOBbIX NCCNEA0BAHUA — MONY4YeHNe WH-
hopmaLum, oTBevatoLLe ycTaHOBNEeHHbIM TpeboBaHuAM. B cTa-
Tbe NPeACTaBeHbl AaHHble TPe6OBaHMSA, B YaCTHOCTU, Havbonee
nogpo6HO paccMOTpPeHo TpeboBaHWe K MOSHOTE MHhopMaLumK,
0603HaYeHbl HeraTVBHbIE NOCNEACTBUS MHPOPMALIMOHHOW Hepo-
CTaTO4HOCTU U U3NULLIKA AR NPOEKTa U ero y4acTHUKOB, Npej-
JIOXXEHbI MeTOAbl 06€CcrneyeHns NoMHOTLI MHdopMaumun. Yoenser-
Csl BHUMaHWe BbICOKOW LIEHHOCTN MapKeTUHIOBOW MHhopmaLmu,
NoNy4eHHOW Ha NpeanpoeKTHOM 3Tane NpoekTa, Ans NpUHATUA
peLueHni Ha nocneaytowmx ctagusax NCI v BeicTpanBaHua Map-
KETMHIrOBOW CTpaTernvn B pamkax NpOEKTHOW OeATEeNbHOCTU Op-
raHmnsauuun. Ha ocHoBaHun aHanusa aBTopamMu npuBognTCA J10-
rm4yeckoe 060CHOBaHWE OKa3aHMWS MONMOXUTENbHOIO BIUSHMUSA
npeanpoeKTHbIX MapKeTUHroBbIX MCCﬂeﬂOBaHMVI Ha KayecTBO
OTAESIbHbIX NPOLECCOB U MEPOMPUATUA B pamMKax XW3HEHHOrO
uukna UCI n, B KOHEYHOM c4eTe, Ha NOTPebUTenbLCKoe M Npo-
N3BOACTBEHHOE KA4eCTBO FOTOBOW CTPOUTENIbHOW NPOAYKLMN.

Knro4yeBble cnoBa: MapKeTUHIOBbIE UCCENOBAHUS, MPes-
MPOEKTHas cTagusi, Mofesb MpeanpoOeKTHbIX MapKETUHI OBbIX
uccnenoBaHnii, nHgpopmaymsi, Ka4eCTBO UHBECTULMOHHO-
CTPOUTESILHOIO MPOEKTA, KA4eCTBO CTPOUTENIbHOV MPOayKLUMU
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Design and digital transformation
of the Moscow urban management system

The article deals with the goals, objectives, features, principles and factors of the implementation of the infrastruc-
ture project for the creation of the Centre of Management of the Urban Economy Complex (CMUC) as a center of
competence and application of communication and digital technologies. The problematic aspects of the functioning
of the housing and communal services (HCS) as the most important socio-economic system of the city economy
and one of the largest in the world are revealed. The strategic directions of digital transformation of the management
system of the housing and communal services of Moscow are formulated. The main organizational and methodolog-
ical approaches to the formation of the structure of the project of the Centre of Management of the Urban Economy
Complex are identified. The principles of forming an automated information system (CMUC) are substantiated in or-
der to ensure the interoperability of departmental information systems of enterprises and municipal organizations.
A problem-oriented interoperability model has been developed, the main components of which are the software and
hardware complex of the control center of the CMUC, data storage, including indicators of the state of housing and
communal services objects, ranking them according to a set of criteria. It has been proved that the aggregation of
big data allows you to make current and strategic management decisions online and to prevent possible incidents
on the basis of complex analytics, to level their consequences. The materials proposed in the article on the digital
transformation of the Moscow urban management system include the formation of the process of management de-
cision-making by the leadership of the CMUC based on the transformation of existing functions and the develop-
ment of new analytical tasks, monitoring data on the identification and implementation of work to eliminate defects,
damage, emergencies by city engineering services situations. Transformation of the housing and communal servic-
es management system based on digital solutions can be carried out by a stage-by-stage transition to intermediate
models corresponding to different levels of digitalization.

Keywords: digitalization, housing and communal services, control center, interoperability, decision making

INTRODUCTION

oscow is one of the most promising and dy-
M namically developing megacities in the world

with modern and high-quality urban infra-
structure. A comfortable environment and high-quali-
ty maintenance of urban areas significantly influence
the development of the economy of a modern city.
Housing and communal services of Moscow, as
the most important socio-economic life-support sys-
tem of the city's economy include the operation and
repair of apartment buildings, roads, landscaping and
landscaping facilities, power supply systems, gas
supply, heat supply, water supply, sewerage and
drainage, and other facilities. The Moscow housing
and communal services sector at the present stage is
actively involved in the digitalization of the economy:
at the level of business processes of a technological
and managerial nature, at the level of interaction with
consumers and as a participant in the public services
sector, responsible for the quality of provision of utility
services. At the same time, the need for digitalization
of housing and communal services is associated with

limitations. In addition to known industry limitations,
these shortcomings are aggravated by the traditional
competencies of employed workers [1].

The quality of competencies for the development
of IT technologies and their use in the daily circula-
tion of providing quality services to the population
can be increased through the implementation of
a model of integration interaction between enterpris-
es and organizations in the housing and communal
services sector. The presence of a significant num-
ber of departmental information systems in a me-
tropolis does not make it possible to effectively use
the information integration of city services economy
in the digitalization of the housing and communal
services sector. Coordinated scientific, metho-
dological, organizational and economic methods for
incorporating digital technologies into management
decision-making in the housing and communal ser-
vices sector also require development [2].

CONTENT

In order to ensure the sustainable functioning of

the introduction of modern technologies and increas-
ing the requirements of service consumers for
the quality of housing and communal services.
However, today the positive influence of factors
increasing the digitalization of housing and communal
services faces many organizational and economic re-
strictions associated with rising costs caused by
the need to transform the infrastructure of “smart tech-
nologies” and attract investments. Housing and com-
munal services, like other areas that require digitaliza-
tion, have significant professional and production

the housing and communal infrastructure of Moscow,
for the first time in the Russian Federation, the largest
infrastructure investment and construction project was
implemented to create a Centre of Management of
the Urban Economy Complex (CMUC). The imple-
mentation of the CMUC is aimed at the digital transfor-
mation of the Moscow urban management system.
Over the 1.5 years of operation of the CMUC,
a regulated and coordinated interaction of all city ser-
vices and authorities has been built within the com-
mon information field in the CMUC. This made it
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possible to increase the speed and efficiency of response to changes
occurring in the city. The Control Center houses representatives of all
engineering, technological, organizational and management divisions
of Urban Economy Complex and government authorities. They super-
vise and monitor the functioning of systems and objects in real time.
Data on accidents, incidents and critical events are automatically dis-
played on the video wall screen in the Situation Room. As a result,
employees interact with each other as much as possible, quickly pro-
cessing incoming information. All industry events are ranked accord-
ing to the degree of criticality in the context of objects and depart-
ments, the scale of the incident is determined and a decision is made
to eliminate problem situations [3—6].

RESULTS

When forming the automated information system of the Centre
of Management of the Urban Economy Complex (CMUC), in order
to ensure the interoperability of departmental information systems
of enterprises and organizations of the urban economy, a problem-
oriented model of interoperability of departmental information
systems of enterprises and organizations of the urban housing and
communal services was created with the creation of a unified
intellectual center for strategic forecasting development of housing
and communal infrastructure and ensuring the sustainable and
reliable functioning of the city’s life support system' [7, 8].

The Moscow Service 112 is located on the basis of the CMUC,
which has increased the efficiency of its interaction with other services.

All parts of the capital’'s housing and communal services work
process have been formed into a single information chain, provide
a detailed assessment of the quality of work of all organizations in
the sector and ensure the comfort and safety of residents of the capital.
The Center employs almost 200 analysts from the State Budgetary
Institution “MAC”, who 24/7 conduct operational monitoring of the state
of the complex’s facilities, with an average of about 23.5 thousand
events, and forecast the development of the situation [3, 9, 10].

CONCLUSION

The design and digital transformation of the Moscow urban
management system includes the creation of a system of
information and forecast support for management decision-making
by the management of the Urban Economy Complex based on
the transformation of existing functions and the development of new
analytical tasks, including:

e monitoring data on the identification and implementation of
work to eliminate defects, damage, emergency situations,
technical condition of utility networks and public utility
facilities, residential areas by city engineering services;

e ensuring interaction of the monitoring system with administrative
and housing and communal city systems and databases,
generating statistical data based on the information received;

e creating models that predict the operating modes of utility
networks and production and technological infrastructure
during the operational period of their life cycle;

e organizing participants in information exchange, their interaction
with city resource-providing organizations in Moscow and
federal-level services to coordinate activities for the sustainable
and safe operation of urban management systems;

¢ improving the system for analyzing information and developing

regulatory documents, forecasting the revision and updating of
standards [11-14].

The transformation of the housing and communal services
management system based on digital solutions requires a phased
transition of intermediate states, which include the service econo-
my, the network Internet economy, and the Internet economy of ar-
tificial intelligence. For its implementation, the following methodo-
logical approaches are proposed with the definition of conditions
and models for transforming the housing and communal services
management system: selection of intermediate models correspond-
ing to different levels of digitalization; structuring digital compo-
nents corresponding to a certain intermediate digitalization model;
algorithm for determining the stages of transformation of manage-
ment processes in the housing and communal services system.
The transformation of the housing and communal services manage-
ment system can be interpreted as a controlled process, the pur-
pose of which is to synchronize the strategies of digitalization and
development of the housing and communal services sector [12, 13].

Scientific and practical recommendations for modelling regional
information and digital management centers for housing and
communal services using the example of the infrastructure project of
the Centre of Management of the Urban Economy Complex (CMUC)
of Moscow, as the basis for the digital transformation of
the management system and mechanisms for testing technologies
for new digital solutions in the housing and communal services
system, can be used as best practices for replication by other
regions and large cities with a fairly high digitalization index.
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lNMpoekTHO-UUppoBasg TpaHcopmaLma
cCUCTeMbl ynpasfieHUs ropoACcKUM
x03a1ucTBOM MOCKBbI

B ctatbe paccmarpuvsatoTcs Lenu, 3agadn, 0CO6eHHOCTU, MPUHLIN-
bl 1 haKTOpb! peanv3aummn MHOPaCTPYKTYPHOro NpoeKTa co3na-
HuA LleHTpa ynpaBneHus Kommnekca ropofckoro xossvcrea (LY
KIX), kak LeHTpa KOMNETEHLUUA U MPUMEHEHUSE KOMMYHUKATUBHO-
LOPOBbIX TEXHONOMMIA. PackpbITbl NPpo6ieMHbIE CTOPOHbI PYHKLW-
OHMPOBaHMS XXUITULLIHO-KOMMYHasibHOro xo3sanctaa (MKKX), kak Bax-
HenLen coLmanbHO-3KOHOMNYECKOM CUCTEMbI SKOHOMUKN OHOTO
13 KpynHenLmnx B mvpe ropopos. CchopmynmpoBaHel cTparermye-
CKMe HanpasneHus LnpoBon TpaHcdopMaLmm cUCTeMbl ynpas-
NEHVS XXUNULLIHO-KOMMYHambHOr0 FOPOACKOro xo3ancTea MocKBbI.
OnpepeneHbl OCHOBHbIE OPraHM3aLMOHHO-MeTOANYECKME NOAXOab!
K (hOPMUPOBAHMIO CTPYKTYpbI MpoekTa LieHTpa ynpaBneHusi Kom-
nniekca ropoackoro xossrctea. O60CHOBaHbI NPUHLIMMILI (OOPMUPO-
BaHWA aBTOMATU3VPOBAHHOW MHGOPMaLMOHHOM cucTembl (LY KIFX)
C Lenbto obecneyeHns nHTepornepabenbHOCTN BEAOMCTBEHHbIX UH-
hopMaLMOHHBIX CUCTEM NPEAMNPUATUAIN U OpraHU3aLmii ropoaCKo-
ro xosancrea. PagpabotaHa npo6nemMHO-OpNUeHTMPOBaHHasA Mo-
[enb MHTeponepabenbHOCTH, OCHOBHBIMW KOMMOHEHTaMM KOTOPOW
ABMSAOTCA NporpamMmmHo-annapatHbii komnneke LY KX, xpanunu-
LLIe JaHHbIX, BKMKOYatoLLEe nokasaTenn cocTosiHUsA 06bekToB XKKX,
paHXupoBaHue 1x no Habopy Kputepues. [lokasaHo, 4To arpera-
ums 60NbLUMX AaHHbIX NMO3BOMISET NPYHUMATL TEKYLLME U CTpaTeru-
Yeckue ynpaBiieHYeCcKme PeLLIEHVS B PEXMME OHNaWH 1 npeaynpe-
XOAaTb Ha OCHOBE KOMMNJIEKCHOM aHANUTUKM BO3MOXHbIE MHLMAEHTbI,
HMBenNupoBaTb Ux nocneacTeus. MNpepnaraemblie B cTaTtbe MaTepu-
asnbl No UMdpoBoK TpaHCAOPMaLMN CUCTEMBI YNIPaBNeHWs ropoa-
CKUM X03a1cTBOM MOCKBbI BKIKOHAOT (hOPMMPOBaHNE npoLecca
NPUHATVS YNPaBIEeHYECKUX PeLLIEHNA PyKOBOACTBOM Komnnekca ro-
POACKOro X03a1CTBa HA OCHOBE TpaHcopMaL UMEIOLLIMXCA (DYHK-
LW 1 pa3BUTKIS HOBbIX aHANMUTUYECKW 3aa4, MOHUTOPUHIA AaHHbIX
0 BbISIBIEHNM W BbIMOMHEHUN PA6OT MO YCTPAHEHWIO MHXXEHEPHBIMU
cnyxo6amu ropofa gedeKToB, NOBPEXAEHWIN, aBapUAHbIX CUTYaLMIA.
TpaHcdopmaumsa cuctembl ynpasneHus XKXKX Ha ocHoBe LidpoBbIX
PELLEHUI MOXET OCYLLIECTBIATLCA NO3TarNHbLIM NEPEXOAOM K MpoMe-
XKYTOYHbIM MOAENAM, COOTBETCTBYHOLLIMM PasnnyHbIM YPOBHAM LiMdd-
poBu3aLmn.

Knro4deBbie cnoBa: undposusaums, XXKX, LeHTp ynpasneHus,
NHTeponepabenbHOCTb, NPUHATUE PeLLEeHNIA
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Systematization of factors influencing
the formation of carbon footprint value during
the life cycle of capital construction objects

The purpose of the paper is a system representation of the factors influencing the formation of the carbon footprint
value formed during the life cycle of capital construction objects. The main methods of work are analysis and
systematization. The results of the work are presented in the form of a matrix of factors. The use of this matrix
makes it possible to make more accurate calculations of the carbon footprint value formed during the life cycle of
capital construction objects, as well as to develop databases for the calculation of the identified factors.
Keywords: carbon footprint, capital construction objects, factors, systematization

Oparina L.A.
Obukhova Yu.D.

INTRODUCTION

educing the carbon footprint (hereinafter
Rreferred to as the “CF”) formed during the life

cycle (hereinafter referred to as the “LC”) of
capital construction facilities (hereinafter referred to
as the “CCF”) remains a relevant topic of scientific
research. According to the Intergovernmental Panel
on Climate Change (hereinafter: IPCC), the built
environment generates 40 % of annual global CO,
emissions. Of these total emissions, construction
work account for 27 % per annum, while building and
infrastructure materials and structures (embodied
carbon, causing indirect emissions) are responsible
for an additional 13 % per annum. We are currently
seeing the largest wave of construction in human
history, with about 2.6 trillion feet (240 billion m?) of
new building construction expected to add to
the global building stock from 2020 to 2060. In 2040,
approximately 2/3 of the global building stock will be
buildings that exist today. Without widespread
decarbonization around the world, these buildings
will continue to emit CO, (direct or indirect) and
the Paris Agreement target of 1.5 °C will not be
reached'.

Despite the fact that the issue of decarbonization
is relevant, both in Russia and abroad, to date, in
domestic practice, a methodological apparatus has
not been fully developed that takes into account all
the factors in the formation of the CF, with software
and relevant information databases, which makes it
possible to produce calculations of the value of
the CF of the CCF, depending on the various factors
that form it and on the stages of the life cycle at which
they are located. However, identifying and taking into
account all the factors influencing the formation of
the CF of buildings will improve calculation methods,
create databases for information systems and
services for calculating the CF, develop systems for
low-carbon certification of construction projects and
solve a number of essential government tasks.

MAIN PART

Factors that make it possible to evaluate
the design of a future building from the standpoint
of low-carbon design solutions used (construction
resources, space-planning solutions) were
identified in the study [1]. However, the above
factors do not take into account the carbon footprint
of energy-saving engineering equipment used in
construction projects (water supply, heating, and air
conditioning systems), the use of energy-saving
windows with low-emission coatings and other
active and passive energy saving methods
indicated in [2] and others. Accounting for these
factors is extremely important, since there is
a directly proportional relationship between energy
saving and carbon footprint [3]. It has been proved
that engineering systems and technologies are
the determining factor at the stage of building
operation [4]. The carbon footprint of the operation
of engineering systems is primarily determined by
their energy consumption

The longest stage LC of CCF is the operational
stage, the energy costs for its provision are the most
significant. Around 43 % of energy resources are
spent on heating, 31 % on electricity supply [5].
According to a UNEP worldwide report, energy
demand in buildings has increased by about 4 %
compared to 2020 (to 135 EJ), while CO, emissions
from building operation have reached an all-time
high of about 10 gigaton of CO,, which is 5 % more
than in 2020, and 2 % more than the previous peak
recorded in 20192, Multi-apartment and individual
residential buildings, public and business buildings
form 80 % of the total area of buildings in Russia
and consume 927 million Geal of thermal energy for
heating needs per year, which is more than 75 % of
the total consumption of thermal energy in
the country. The production of thermal energy for
these buildings results in annual greenhouse gas
emissions of 252 million tons of CO,-eq. is 12 % of

1 Why the built environment? URL: https://architecture2030.org/why-the-building-sector/ (accessed: 08.15.2023).

2 United Nations Environment Programme. Global Status Report for Buildings and Construction: Towards a Zero-emission, Efficient and

Resilient Buildings and Construction Sector. Nairobi, 2022.
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the total greenhouse gas emissions in the country®. Therefore,
the stage of operation LC of the CCF contains a number of
important factors that form its carbon footprint during the life cycle.

The analysis of scientific works of domestic authors showed
that the determination the value of the CF of CCF has the following
methodological foundations:

1. Dividing the total value of the CF into direct and indirect
emissions.

2. Formation the CF during the life cycle of the CCF.

3. Directly proportional dependence the value of the CF on
the applied solutions for energy saving and reducing the resource
intensity of the life cycle of the CCF.

4. Use of information modeling technologies [6-8].

An analysis of the works of foreign authors showed that there
are four most important criteria that determine buildings with zero
carbon emissions: decarbonization, electrification, efficiency and

digitalization [9, 10]. The methodological basis for determining
the CF during the LC is the life cycle analysis (LCA — life cycle
assessment), used in various modifications [11-14].

The factors affecting the size of the carbon footprint of buildings
during the life cycle are heterogeneous, therefore, for their
systematic presentation and further work on the formation of an
information system, the authors systematized and compiled on
the matrix of factors (Figure). This form of presentation allows to
evaluate the factors by types of influence on the formation of
the carbon footprint (matrix rows) and distribute them according to
the stages of the life cycle of the CCF according to ISO 22263 in
conjunction with the stages of forming the CCF information model
according to CP 333.1325800.2020 (matrix columns).

The factors affecting the carbon footprint value of buildings
during the life cycle are heterogeneous, therefore, for their systematic
presentation and further work on the formation of an information

Stages of the life cycle of
CCF according to ISO
22263

Preliminary steps

Pre-construction
stages

Construction stages

Stages after completion of construction

Stages of formation of an
engineering model of
the CCF
according to
SP 333.1325800.2020
Model type

Direct Impact Factors

Factors
of indirect influence

Architectural and . Demolition
N ) : o Reconstruction, )
Engineering survey construction Construction Exploitation ) ) and disposal
} ) capital repair L
design (design) (liquidation)
EDTM, DIM EDTM, DIM
L EDTM, DIMCS T (.:S EDTM, DIMCS EDTM, DIMCS CCF — ' CS.
Engineering digital ) CCF — building . - CCF — Demoli-
) CCF — design . CCF — Operating building model exec- .
terrain model (EDTM) model executive ) tion model and
model model utive model ) )
model dismantling
The mass of green- The mass of green-
The mass of green-
house gases released | house gases released
D during the generation | during the generation
during the generation of elgctricgl or ther of elgctricgl or ther e greenhpuse
of electrical or ther- mal energy for heat mal energy to ensure ggses emited
mal energy to ensure | . 9y i gy. during the use of
the operation of ing and (lo.r) cooling the operation of rfe- construction ma-
the construction site of the facility, as well | pair and construction chinery and
= = as gas supply work mechanisms with
The mass of green- T The greenhouse gas- el.ectric driye ar?d
house gases emitted . e?mitted gs emitted during | diesel engines in
during the use of - n?aterials e transportation, dis- t'he process of
construction machin- T posal and processing dlsmgntllng and
ery and mechanisms temsgdurin 3 e);a of construction waste disposal
with electric drive . g and waste after re-
. . tion .
and diesel engines pairs
The mass of green-
house gases emitted The mass of
. The mass of green-
during the work on greenhouse gas- house gases emitted
the project (energy | es emitted during g

costs for the operation
of the project office
and data centers, con-
sulting, transport
emissions associated
with the selection of
a land plot)

the work on
the project (ener-
gy consumption
for the work of
the project office
and data centers)

during the extraction,
production and trans-
portation of materi-
als, products, struc-
tures and human re-
sources

The mass of greenhouse gases emitted

during the use of construction machinery

and mechanisms with electric drive and
diesel engines during repairs

Matrix of factors influencing the formation about CF of the CCF throughout the LC

3 Increasing energy efficiency and reducing the carbon footprint of buildings. Governing legislation and incentives. URL: https://www.abok.ru/for_spec/articles.php?nid=8440
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system, the authors systematized and compiled on the matrix of
factors (Figure). This form of presentation allows you to evaluate
the factors by types of influence on the formation of the carbon
footprint (matrix rows) and distribute them according to the stages of
the life cycle of the CCF according to ISO 22263 in conjunction with
the stages of forming the CCF information model according to CP
333.1325800.2020 (matrix columns).

CONCLUSIONS

The factors indicated in the matrix that influence the formation
about CF of the CCF during the life cycle are expressed as the mass
of greenhouse gases emitted directly or indirectly at various stages
LC of the CCF. Working with this matrix will make it possible to cre-
ate advising databases on the amount of greenhouse gases with
reference to one or another factor for carrying out multivariate cal-
culations on the value of the CF at different stages of its life cycle or
throughout the life cycle as a whole.
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Cuctematusauusa pakTopoB, BINAIOLMNX

Ha ¢popMupoBaHUe BeNIMYUHbI YrNepoaHOro
cyiefa B Te4eHue XU3HEeHHOoro Lukna
06bLEKTOB KanuTasibHOro CTpoUTeNbCTBA

Llenbto cTaTbn SiBNSieTCH CUCTEMHOE NMpefAcTaBneHne hakTo-
poB, BUAAOLWMX HA (DOPMUPOBAHME BENUYUHBI YIIEPOJHOrO
cnepna, MOPMUPYIOLLErOCs B TEHEHUE XXM3HEHHOrO Lkna o6b-
€KTOB KanuTanbHOro ctpoutenscTea. [poeegeH aHanus pspa
paboT OTeYEeCTBEHHbIX N 3apy6eXHbIX YHEHbIX, BbliBIIEHbI 06-
LLiye MeTOAO0MOrMHYEeCKMe OCHOBbI pacyeTa BENUYUHbI YrepoaHO-
ro cnefa o6LEKTOB KanuTanbHOro ctpouTenscTea. Pesynbrathbl
paboTbl NpeAcTaBneHbl B BUAE MaTpuLbl )akToOpoB, BAUSIOLLMX
Ha hopMupoBaHWe YrnepogHoro crnefa 06beKTOB KanuTasnbHO-
ro cTpouTesibCTBa B 3aBUCUMOCTU OT 3TANOB XMN3HEHHOro Lu-
Kna u aTanos opMMpoBaHusa MHMOPMALIMOHHON Mofenn 06b-
eKTa KanutanbHoro crpoutenscTea. akTopbl CrpynnMpoBaHbI
no cnocoby BMMAHWUA Ha hOPMMUPOBAHME Yr1IEPOQHOro cnepa:
npsiMoe 1 KOCBeHHoe. Micnonb3oBaHne gaHHOW MaTpuLibl NO3BO-
N5eT NPOM3BOANTL 60oNee TOYHbIE pacHeThbl BENUYUHBI YrNepoa-
HOro crnepga, hopMMpYOLLIEroCs B TEHEHUE XNU3HEHHOMO LnKna
06BEKTOB KanuTanbHOro CTPOMTENbLCTBA, a TakXe pa3pabaTbl-
BaTb 6a3bl AaHHbIX N1 pacyeTa BbIBIEHHbIX (PaKTOPOB.

KnroueBbie cnoBa: yrnepongu?l cnepn, 06beKTbl KanuTanbHOro
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Enhancing construction control possibilities
with the implementation of information modelling
technologies for multifunctional real estate objects

Enhancing construction control possibilities with the implementation of information modelling technologies (BIM)
is a method of ensuring the organizational and technological reliability of creating multifunctional real estate ob-
jects as a tool to increase the effectiveness of this type of commercial construction. Construction control is one
of the effective methods of ensuring the organizational and technological reliability of the creation of capital con-
struction facilities, the use of modern technologies can significantly increase their efficiency.

To date, there are still a huge number of questions and difficulties that designers, builders, regulatory authori-
ties and other participants in this area face every day. Large construction companies have already started test-
ing and implementing new technologies.

Every year, information modelling technologies in the Russian Federation are increasingly used at all stages of
the life cycle of objects.

BIM technologies are now quite common in design, a little less at the construction stage, and very slightly at
the stage of operation of buildings and structures. There are Russian developers who create new software for
the needs of modern realities, which helps to reduce the time for routine processes, save and verify information,
and bring it to all recipients as quickly and without loss as possible'.

This paper discusses some of the similar technologies that are already being used at the construction and construction
control stage in a common data environment (CDE). This allows you to receive data at the right time, and in the right
form, without spending a lot of time on all sorts of corrections, which become more costly the later they occur.

At the design stage, if the designer does not receive special requirements from the customer, he has the right to
perform the task assigned to him in any way convenient to him. If, at the initial stage of planning the construction
of any new or reconstruction of an existing facility, the customer will form a package of requirements not only for
the interim results of the entire investment and construction project, but also requirements for further work results
(construction and operation)?, this will allow to clearly build a strategy for all processes at an early stage, select
modern technologies that can reduce many costs, and especially financial and time costs.

Keywords: construction control, BIM, information, technology, quality

Khrabrov A.P.

INTRODUCTION Construction control is one of the effective
methods of ensuring the organizational and techno-
logical reliability of the creation of capital construc-
tion facilities [2].

According to the regulatory documentation,
construction control is carried out during the con-
struction and reconstruction of capital construction
facilities in order to verify the compliance of the work
performed with design documentation, technical
regulations, engineering survey results, require-
ments established on the date of issuance of the ur-
ban development plan of the land plot submitted for
obtaining a construction permit, as well as the per-
mitted use of the land plot and restrictions estab-
lished in accordance with the land and other legis-
lation of the Russian Federation [3].

In the Russian Federation, the rules for the for-
mation and maintenance of an information model of

rganizational and technological reliability

(OTR) is the ability of accepted managerial,

organizational, design, and technological de-
cisions to implement a construction project on time
and with proper quality. Organizational and techno-
logical reliability consists of two components: techno-
logical reliability and organizational reliability [1].

Technological reliability of construction is a pro-
perty of the accepted technology of work, selected
design solutions, materials and structures used to
prevent or minimize defects in construction work
leading to an increase in the cost of construction
and an increase in time.

Organizational reliability is the ability to organ-
ize construction production in such a way as to ex-
clude violations of construction indicators, and in
case of any deviations, their prompt elimination and

functioning of the system as a whole would be en-
sured, which ultimately will not exceed the estab-
lished estimated cost and the directive construction
period. One of the tools to ensure an OTR is the use
of information modelling technology (BIM).

a capital construction facility are regulated by De-
cree of the Government of the Russian Federa-
tion No. 1431, dated September 15, 2020. Accord-
ing to this Federal Law [4], an information model is
formed at 5 stages:

1 Braila N.V., Lazarev Yu.G., Romanovich M.A., Simankina T.L., Smybin A.V. Modern problems of construction science, engineering
and technology : textbook. Saint Petersburg, 2017; 141. URL: 17-50.pdf/download/s17-50.pdf (rus.)
2 On the establishment of cases in which the developer, technical customer, person providing or preparing the justification for investments,

and (or) the person responsible for the operation of the capital construction facility ensures the formation and maintenance of an information model of
the capital construction facility : Decree of the Government of the Russian Federation No. 331 dated March 5, 2021 (with amendments and as
amended on: December 20, 2022). (rus.).
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Fig. 1. The life cycle of the construction object

® engineering surveys;

e architectural and construction design;

® construction;

e operation;

e demolition.

In this paper, we will consider the way BIM technology is ap-
plied at the stage of the life cycles of a construction object [5], and
the opportunities that construction quality control provides using

information modelling in the BIM system (Fig. 1).

The information BIM model at the stage of issuing Working
Documentation (WD), in the production of works, makes it possible

to work with the project for all construction participants, such as:
® developer;
e technical customer;
e construction control of the Technical Customer;
e auditors of working documentation;

e general Contractor;

e author’s supervision.

i

d — Ty

£0.000=142,80

M3m. [Konuy.| Nuem | Nedok.| Modnucs | flama
llup. npoekma _ [Wmaavamobuy B ] 02/23 Cmadus | flucm Nucmob
Knadoyxsie naassl — 1 1
AN lUmanmamobuy 2w |02/23 Hadsemwas Yacms Pl 03
Apxumekmop K. fexuy 02/23 i
Apxumekmop  |A. BenuskoBuy | e | 02/23
[0 koscmp. B, Bylusuy e 02/23 Cexyua 2- Magx 2 3maxa- M 1100 N
NpoBepun M. Wauy Amilet | 2/23

Fig. 2. An example of an issued WD section for the production of works
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Fig. 3. Sequence of information technology implementation processes using aerial photography

The interaction of all participants in the construction is carried
out: by working with the model and issuing WD from it to the pro-
duction of works (by means of an electronic signature, with the as-
signment of a unique QR code to each document); using CDE [6];
with the help of which the audit procedure of Working documenta-
tion is optimized (it becomes possible to perform work simultane-
ously for a whole group of audit and reconciliation specialists “P”
and “WD” in one section) (Fig. 2).

The introduction of CDE technology in construction made it
possible to access up-to-date Working Documentation using a mo-
bile device during construction and installation works (CIW) and
Construction control. Using a QR code allows you to quickly deter-
mine the status of the documentation.

With the introduction of information technology into the work of
Construction control, it became possible to track CIW processes for

Fig. 4. Example of issuing comments by the Construction Control

the entire construction period by using high-resolution photographs
with 360° viewing and subsequent preservation (Fig. 3).

It became possible for the Construction Control to issue dig-
ital comments indicating the exact location of the identified de-
fect (section, floor, room and structure), a description of the vio-
lation, photo fixation and indication of persons responsible for
eliminating defects (Fig. 4), this allows you to promptly inform all
participants about the violations identified by sending comments
from the place of the detected violation, thereby significantly re-
ducing the response time to Contractors' comments [7]. These
comments can be exported according to previously set param-
eters (object, construction stage, section, floor, date of issue of
the credit, date of elimination of the comment) to a single regis-
ter.
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Fig. 5. Example of a card for an object under construction

In order to carry out timely construction work and carry out
further construction control, it is necessary to update the current
state of the facility and track the progress of construction at each
stage and intermediate stages. This gives in terms of the effective-
ness of construction control:

e Understanding the actual position of building elements and
communications, and deviations from their design position;

® Understanding the amount of work performed.

The technology of an unmanned aerial vehicle (UAV) using 3D
scanners is actively used in the work of Construction control, which
makes it possible to quickly, accurately and fully confirm the com-
pleted volumes at various stages of construction®. This 3D scan is
subsequently used to automatically build an executive digital infor-
mation model (DIM).

To structure the information received about the progress of con-
struction processes, services are actively used that allow structur-
ing the information received into short and accessible information
cards of the object, to which all project participants have access
(Fig. 5) [8]. This information allows to fully reflect the current state of
the object, according to such parameters as:

¢ technical and economic indicators;

e the number of specialists involved;

® project risks;

* the project implementation period in visual diagrams;

e an executive BIM model [9];

e control of made payments (to the General Contractor/to con-
tractors);

e the volume of planned / actually completed work (divided by type);

e control of the deadlines for the implementation of works.
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CONCLUSIONS

For further development, the global identifier (GUID) can also
be used in addition to the name [10]. This is necessary so that
the exchange of information, which today depends on the names
specified by the user, becomes interoperable and does not depend
on the systems used. Such a mechanism is the Library of Interna-
tional Data Dictionaries [11].
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PacLuMpeHne BO3MOXXHOCTEN CTPOUTENIbHOTO
KOHTPOJS C BHEAPEHUEM TEXHONOrUi
MHC(pOPMALIMOHHOIO MOAENUPOBaHNS

AN 06bEKTOB MHOrOCQYHKLIMOHAJIbHOM
HeABMXUMOCTH

PacLuvpeHve BO3MOXHOCTEN CTPOUTENBHOMO KOHTPONSA C BHEA-
PEHMEM TEXHOSOMMI MHEOOPMAaLIMOHHOTro Mogenmposanus (TUM) —
MeTo[, 06ecrneyeHns opraHM3aLnMOHHO-TEXHONOMMYECKON HaaeXHO-
CTN CO3JaHVsA 06BEKTOB MHOMOYHKLIMOHANIEHOW HEABUMXXMMOCTH,
KaK MHCTPYMEHT HapaluMBaHWs pe3ynbTaTMBHOCTW JAHHOro TMna
KOMMEPHECKOro cTpoutenscTea. CTpOUTENbHbI KOHTPOSb ABNSETCA
OOHVM 13 3PEKTUBHBIX METOAOB 06ECMEYEHNSI OPraHN3aLMOHHO-
TEXHONOrMHYECKOW HaAEXHOCTU CO3AaHNA 0OLEKTOB KanmTanbHOro
CTPOMTENLCTBA, UCTONb30BaHWE COBPEMEHHbIX TEXHOMOMMIA MO3BO-
NISET CYLLECTBEHHO YBENMNYUTb MX 3PPEKTUBHOCTD.

Ha ceropHsiLLHMIN IeHb OCTAETCA ELLE OrPOMHOE KONMYECTBO BOMPO-
COB W TPYAHOCTEM, C KOTOPbIMMN Kbl IEHb CTaNKUBAIOTCS MPOEK-
TUPOBLLIMKW, CTPOUTESNMN, KOHTPOSIbHbIE OpraHbl U Apyrue y4acTHU-
KV [l@HHOTO HanpaeneHus. KpyrnHble CTpouTesbHbIE KOMMaHUM yXXe
NPUCTYNWIU K TECTUPOBAHMIO Y BHEAPEHMWIO HOBbIX TEXHOMOMUIA.

C KaxAablM rogom TEXHONOrMM MHAOPMAaLMOHHOIO MOAENM-
poBaHua B Poccuiickon ®degepaLumm Bce akTUBHEE NPUMEHSIOT-
CSl Ha BCEX 3Tanax >XM3HEHHOro LnKna 06 bEKTOB.

Cenyac [OBOSIBHO PacnpoCTpaHeHbl TEXHONOrnu MHdopma-
LIMOHHOIro MmoaennpoBaHus B NPOEKTUPOBAHUN, HECKOJIbKO MeHbLLIE
Ha 3Tane CTpouTesnbCTBa, N COBCEM He3Ha4YuTesibHO Ha 3Tane
3KCnyaTauum 3aaHuin n coopyxxeHnii. CyLLecTBYOT poCcCUnCKme
pa3paboTyYNKKN, KOTOPbIe CO3[alT MOA HY>XAbl COBPEMEHHbIX
peanuini HOBOe MporpamMHoe obecne4veHne, nomoraroLiee
COKpaTuTb BpemMa Ha BbINOJIHEHUE PYTUHHBIX NPOLECCOoB,
COXpaHUTb 1 BepuuumposaTtb MHpopMaLImio, JOHECTU ee [0 BCeX
agpecaToB MakcMMarbHO 6bICTPO 1 6e3 NoTepsb'.

B paHHOM cTaTbe paccMaTpuBaloTCs HEKOTOpbIE U3 MOA06HbIX
TEXHOJNIOTUW, KOTOPble YXe WCMOoNb3ylTCs Ha aTane
CTPOUTENBLCTBA U CTPOUTENILHOFO KOHTPOJS B eAVHOW cpene
06LWMX JaHHbIX. DTO NO3BOJSISET MOMyYaTb AaHHbIE B HYXHbIN
MOMEHT W B NOAXoAsLLeM BUAe, 6e3 TpaThbl 60/bLLOro KoNnyecTsa
BPEMEHW Ha BCEBO3MOXHbIE UCMPABIIEHUS, KOTOPbIE YEM MO3Xe
NMpPOVCXOasAT, TEM CTAHOBATCS 60Jiee LOPOroCTOALLMMU.

Ha ctagum npoekTnpoBaHus, eCnv NPOEKTUPOBLLMKY HE MPUXOAAT
ocob6ble TpeboBaHMA OT 3akas4dmka, OH BMpaBe BbINOMHATb
Mopy4eHHoe emy 3adaHue iobbIM yAo6HbIM eMy crioco6oM. Ecnv xe
Ha Ha4aslbHOM 3Tare MnaHMpPoBaHWUa CTPOUTENbCTBA Kakoro-nm6o
HOBOrO, MO0 PEKOHCTPYKLMMN yXKe CyLLIeCTBYIOLLEErO 06beKTa, CO
CTOPOHbI 3aKas4uka bymeTr hopMMpoBaThbCs NakeT TpeboBaHWU
He TOMbKO K MPOMEXYTO4HbIM pe3ynbTaTtamM BCero MHBECTULMIOHHO-
CTPOUTENBHOIO MPOEKTa, HO U TPeboBaHUS K AanbHEenLInm
pesynbrataMm paboT (CTPOMTENbCTBO M 3KcnnyaTtaums)?. 3To
MO3BOMNUT Ha PaHHWX 3Tamnax YeTKo BbICTPanBaTb CTPATErmio BCEX
npoLieccoB, Nofo6paTe COBPEMEHHbIE TEXHOMOMMN, KOTOPbIE MOryT
COKpaTUTb MHOXECTBO M3AEPXeK, Y B 0OCOBEHHOCTU PMHAHCOBbIE
1 BPEMEHHbIe 3aTpaThbl.

Knro4eBble cnioBa: CTPOVIKOHTPOJIb, KOHTPOsb, TUUM, nHgop-
mauwusi, TEXHOJIOMsl, Ka4ecTBO

9. SP 471.1325800.2019. Information modelling in construction.
Quality control of construction works. (rus.).

10. SP 328.1325800.2020. Information modelling in construction.
Rules for describing information model components. (rus.).

11. GOST R (draft, first edition).Unified information modelling system.
Basic provisions. (rus.).

CIMNCOK NCTOYHUNKOB

1. CI148.13330.2019. OpraHn3aumnsi CTpouTenbCTBa (aKTyanu-
3upoBaHHasi pegakums CHull 12-01-2004).

2. Cratbsi 53. CTpoutenbHbIVi KOHTPOsb // [PagoCcTpONTENIbHbIN
kogekc Poccurickovi ®egepauumn ot 29.12.2004 Ne 190-®3 (pes.
o1 04.08.2023) (c uam. n gon., BcTyn. B cuy ¢ 01.09.2023).

3. O nopsigke npoBeAeHUs1 CTPOUTENIbHOrO KOHTPOJISI PY OCYy-
LLYeCTBIIEHUN CTPOUTEbCTBA, PEKOHCTPYKUNN U KarmnTasabHOro
peMoHTa 06beKTOB KanuTasibHoro crpoutesnsctsa : [locta-
HoBsrieHne [paButensctea P® ot 21 noHa 2010 r. Ne 468.

4. pagocTpounTtenbHbli Kogekc Poccuvickori ®epepaymn
o7 29.12.2004 Ne 190-®3 (pes. ot 04.08.2023) (c nam. n gor.,
BcTyn. B cuity ¢ 01.09.2023).

5. CI1 333.1325800.2020. UHpopmaymoHHoe mMopenmpoBaHue
B cTpoutenbcTBe. [paBuna ¢hopmMmupoBaHnsi MHGOPMaLNOHHOM
Mozenm 06bEKTOB Ha Pas/inyHbIX CTaAUAX XNIHEHHOrO UMKA.

6. ISO 19650-1:2018. OpraHu3auyms v oyngpoBka nHgopmalmm
0 3[aHUSAX M CTPOUTESIbHBIX paboTax, BKIItoHYas MHopMaLyMoHHoe
mogenupoBaHue 3gaHmii (BIM). VIHgbopmaymMoHHbIVi MeHeaXMeHT
C UCI0/Ib30BaHNEM TEXHOIOrMN MHEPOPMAaLMOHHOIrO MOAENPO-
BaHus 3gaHmi. Yacte 1. [MoHsTYS v MpUHYMIBI.

7. I1ISO 19650-4:2023. OpraHnsayms v oyngposka mHgopmaumm
0 3[4aHUsAX M CTPOUTESIbHBIX paboTax, BK/ItoHas MHGhopMaLyMoHHoe
mogenvposaHue 3aaHu (BIM). IHgbopmMaynoHHbIN MEHELXKMEHT
C MCrob30BaHNEM TEXHOIOrMN MHEHOPMaLMOHHOro MOJENNPO-
BaHws 3gaHni. Yacte 4: O6MeH nHgopMaLmen.

8. ISO 19650-2:2018. OpraHu3auyms v oymnghpoBka nHgopmaLmm
0 3[aHUSAX M CTPOUTESIbHBIX paboTax, BKItoHYas MHopMaLyMoHHoe
mogenupoBaHue 3gaHmii (BIM). VIHgbopmaymoHHbIVi MeHeaXMeHT
C UCI0/Ib30BaHNEM TEXHOIOMMN MHEPOPMAaLMOHHOIrO MOAENNPO-
BaHus 3aaHui. Yacte 2. Ctagms co3gaHusi aKkTUBOB.

9. CI1471.1325800.2019. VIHhopmaLmoHHOe MOo[enmpoBaHne
B cTpouTesnbcTBe. KOHTPOJb KavyecTtBa Mpou3BOACTBA
CTPOUTESTbHBIX PaboT.

10. CI1 328.1325800.2020. UHghopmaLmoHHOe MO[EeNNpoBaHne
B cTpouTenscTae. [paBuna onucaHnsi KOMIOHEHTOB MHopMa-
LIMOHHOM MogZenu.

11. TOCT P (npoekrt, nepBasi pegakuus). EguHas cuctema
MHopMaLyMoHHOro MogempoBanmsi. OCHOBHbIE MOSTOXEHUSI.

O6 aBTope: Xpa6poB AHTOH lMaBnoBu4 — acnvpaHT Kadenpsbl
opraHusauumn ctpoutenbCctBa U YynpaeleHUs HeOBUXUMOCTLIO;
HauvoHanbHbIi MccnepoBaTenbckuii MockoBckui rocypap-
CTBEHHbI CTpouTenbHbiA yHuBepcutet (HUY MICY); 129337,
r. MockBa, fipocnaBckoe Luocce, 4. 26; 5067844 @ gmail.com.

For citation: Khrabrov A.P. Enhancing construction control
possibilities with the implementation of information modelling
technologies for multifunctional real estate objects. Real Estate:
Economics, Management. 2023; 4:43-47.

Ona uutuposanus: Xpabpos A.[1. Enhancing construction
control possibilities with the implementation of information
modelling technologies for multifunctional real estate objects //
HenswxumocTb: akoHoMUKa, ynpasneHune. 2023. Ne 4. C. 43-47.

1 Bpaiina H.B., Jlasapes tO.I"., PomaHoBu4 M.A., CumarkuHa T.J1., Ynbi6uH A.B. CoBpemeHHble Npo6iemMbl CTPOUTENbHOWM HayKu, TEXHUKM 1 TEXHOMOrK : y4e6Hoe nocobue.

CIM6., 2017. 141 c. URL: 17-50.pdf/download/s17-50.pdf

2 O6 ycCTaHOBNEHUM Cry4aeB, MPU KOTOPbIX 3aCTPOMLLMKOM, TEXHUHYECKMM 3aKa34YMKOM, JIMLOM, OGECMEYMBAIOLLMM UMK OCYLLECTBSIOLMM MOATOTOBKY O60CHOBaHUS
VHBECTULMIA, U (UNK) NULOM, OTBETCTBEHHbIM 3a 3KCniyaTtauuio o6bekTa KamnuTanbHOro CTpouTeNnbCTBa, obecneunsaloTcsi hOPMMPOBaHNE U BeAeHne MHOPMALMOHHON MOJenu
o6bekTa KanuTanbHoro ctpoutenscTea : MNocraHoBneHve MNpasutensctea PO ot 5 mapta 2021 r. Ne 331 (c u3m. 1 gon. ot: 20 fekabps 2022 r.).

#4 /2023




#4 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TEXHOJIOTUA U OPTAHU3ALUA CTPOUTENILCTBA

48

UDC 614.842.8

Gvozdev E.V.

Gvozdev

Evgeny Vladimirovich,
Candidate of Technical Sciences,
Associate Professor, Associate
Professor of the Department of Gen-
eral and Applied Physics; Moscow
State University of Civil Engineering
(National Research University)
(MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian
Federation;

ID RSCI: 296055, Scopus:
57213143299, ResearcherID:
AAD-7686-2022, ORCID:
0000-0002-3679-1065;
evgvozdev@mail.ru

Management of complex security
of enterprises using the symbolic method

The formalized description of the symbolic method (complex numbers) is presented, by means of which
the complex value is determined in the form of the level of influence of causal factors on the damage caused
by accidents and fires. On the example of enterprises of oil and gas complex of Russia the substantiation on
use of the symbolic method by means of which there is a possibility to receive adequate results of an estima-
tion is presented. It is proposed to use software developed with the use of the method of hierarchy analysis
and pairwise comparisons, as well as the method of Bayesian Belief Network. As an output, the task of deter-
mining the complex influence weight coefficient assigned to the report on accidents and fires at the consid-

ered enterprises is solved.

Keywords: oil and gas complex, integrated security system, symbolic method, cognitive maps, influence coefficient

INTRODUCTION

The article considers the problem of integrated
safety management (hereinafter — ISM) at
the enterprises of oil and gas complex in Rus-
sia (hereinafter — enterprises of OGC in Russia) and
proposes an approach based on the use of symbol-
ic method for its solution.

The relevance of the presented problem lies in
the need for the development and improvement of
new expert knowledge, the need to search for new
ideas, methods and tools based on the application
of a specialized approach to the analysis of acci-
dent occurrence statistics at Russian OGC enter-
prises, which has not been previously used in
the ISM at Russian OGC enterprises. This article is
a development of the basics of complex and cogni-
tive modelling to improve the ISM at Russian OGC
enterprises; it was started in the studies [1-5].

BASIC COMPONENTS
FOR THE APPLICATION
OF THE SYMBOLIC METHOD

The methodological basis for obtaining new
knowledge is the interdisciplinary approach, it gives
an opportunity for obtaining new results with
the reasonable use of technologies applied in both
related and distant fields of science. It is defined as
the integration of two or more scientific areas, tech-
nologies, etc. [6-7]. If knowledge exists, then with
theoretical justification and correct transfer from
one scientific sphere to another, it can become
a means for obtaining results in a new researched
area. Such is the application of the symbolic meth-
od (complex numbers) [8—11], further on its basis
the construction of a cognitive model to assess
the existing system of integrated security (hereinaf-
ter — SIS) at Russian OGC enterprises. The math-
ematical apparatus of the symbolic method (com-
plex numbers) is successfully applied in various

fields, for example, to determine the magnitude of
deviation of characteristics (current from voltage) in
electrical engineering. The use of the method of
the symbolic method (complex numbers), allows to
represent the instantaneous value of the investigat-
ed characteristic in the plane through the proved
relationship between trigonometric functions and
the exponent. Their application makes it possible to
compactly outline the sequence in the build-up and
development of conditions for the occurrence of
dangerous events (accidents and fires) that cause
damage (material and economic, sanitary and irre-
coverable losses of personnel and third parties).

In order to improve the state of SIS at Russian
OGC enterprises, knowledge and experience gained
from accidents and fires' are taken into account and
attention is paid to those cases when the accident
and fire occurred sequentially after each other.
The analysis of cause-and-effect relationships lead-
ing to the emergence of regularities, when one dan-
gerous event (accident or fire) became the primary
factor, it became a source of damage to another in-
teracting subsystem can be realized using the sym-
bolic method (complex numbers).

It is reasonable to consider a complex number
used for solving problems in SIS at Russian OGC
enterprises as a point and as a vector. For example,
there is a vector displayed on the plane as 0Z
(Fig. 1) and Z its complex coordinate. When it is
rotated around the point O by the angle ¢ (anti-
clockwise), the complex coordinate will be dis-
played on the sinusoid as the instantaneous value
of the time period displayed on the scale t.

A complex number can be considered as a di-
rected vector, or as a point that belongs to a differ-
entiated (instantaneous) time index. An important
geometrical interpretation of a complex number is
noted. There is a vector OC in the plane (Fig. 2) and
C is its complex coordinate.

1 Website of the Russian Federal Service for Ecological, Technological and Nuclear Supervision. URL: https://www.gosnadzor.ru/

(accessed: 03.24.2023). (rus.).
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a -

Z - sin(wty + @)
\ Z_
%\
U - 0

Fig. 1. Instantaneous value of a vector rotating on the plane

When we rotate the vector around the initial point by an angle of
o (anti-clockwise if a > 0, clockwise if a < 0) and stretch this vector
by n times. As a result, a new vector 0Z with complex coordinate

Z will be obtained.
Any complex number Z can be represented (Fig. 3) in alge-
braic form:

Z=7'"+jAZ", (1)
trigonometrically

Z=Zcosa+ jZsina, (2)

demonstratively

where

e =cosa+jsina, (4)

is called the Euler formula.

A vector on the complex plane, where j = 1, imaginary unit,
Z'=Zcosa is the real part of a complex number Z (projection of
the vector onto the real axis of real fRe values); Z"=Zsina is
the imaginary part of a complex number Z (projection of the vector
onto the imaginary Jm axis); 7 :|;| =+/7"? + 7" isthe modulus of
a complex nunmber.

Fig. 2. Rotation of a vector on the complex plane

Ji Jm +F
Since e ? ==%j, multiplying the complex number Z by j will
b

increase its argument by +E and rotate the vector representing

T
} the complex number A by an angle +— in the positive direction,

Z =Zek 2
and multiplying by (/) will decrease its argument by _T and rotate

2

Z) [ - ————
the vector by the same angle in the negative direction.

Two complex numbers having equal moduli and equal but op-
posite in sign arguments are called conjugates.

For a complex number Z=2'+,Z"=2e" the conjugate is
the complex number Z*=2'-jZ"=Ze™* with ZZ*=2’.

Conclusion: any complex number, using the expression (4), can

0

Q
N o o o o

be represented in trigonometric form:

Fig. 3. Display of complex number values on the axes Ze!+®) = 7 cos(wt +@) +iZ sin(wt + @) . G »
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RATIONALE FOR THE USE OF SYMBOLIC METHOD
FOR SOLVING PROBLEMS IN COMPLEX SECURITY
OF ENTERPRISES

To assess the factors influencing the occurrence of joint haz-
ardous events (accidents and fires) it was necessary to analyze
the data on accidents? and fires® for the period of 7 years during
which there were accidents according to Rostechnadzor statis-
tics — 412 cases; fires according to the statistics of the Ministry of
Emergency Situations of Russia — 1,354 cases; deaths of employ-
ees of enterprises — 227 people were recorded, about 600 people
were injured. There were 21 cases of impact on the ecological en-
vironment [2].

The symbolic method (complex numbers) is based on the use
of transformations of the investigated characteristics, which are pre-
sented (see Fig. 4).

On the upper part of the graph with the axis YRe and Jm val-
ues, the areas of primary and secondary influencing factors from
accidents — /, fires — U, are presented, where each of the consid-
ered hazardous events can occupy the corresponding area.

The complex value on the influence of factors causing damage
from hazardous events (accidents and fires) is a vector, considered
as indicators Z for the domain of primary factors and C for second-
ary factors, mapped to an angle of deviation ¢; —¢. The angle a will
be used in the calculations for the equivalent determination of
the magnitude of influence on damage from hazardous events (ac-
cidents and fires). In complex form, the record can be represented
as a system of equations:

| = /eﬂiﬂ/Zi‘P)
= . 6
U:Ue/(in 2+g) ( )

The essence of using the symbolic method (complex numbers)
is that using the above transformations it is possible to go from
the system of differential equations for real functions of time to
the system of algebraic equations with influencing complex indica-
tors of damage from accidents and fires. Transition from differential
equations to complex equations is carried out by replacing in them
instantaneous values of primary and secondary influencing factors
I, U (formulas (1)—(6)).

In equation (6), the indicator e, is considered as a numerical
value displayed as a level value of the influencing value of the oc-
currence of a hazardous event (accident and fire), its indicator is
required to be determined using sound methods.

EXAMPLE ON THE USE OF THE SYMBOLIC METHOD
TO ASSESS THE IMPACT OF ACCIDENTS AND FIRES
ON THE INTEGRATED SAFETY OF ENTERPRISES

The total damage U at the enterprises of OGC of Russia was
calculated through the sum of damages related to the types of its
component processes of production U p g 7 oy inflicted to the ob-
jects of technosphere protection (personnel, materiel and equip-
ment), which was evaluated taking into account quantitative indica-
tors: human losses (sanitary and irrecoverable); by economic
damage in rubles (Table 1).

U=F, {UE’UP'US’UT'UOt} =
= Z[FU(E,P,S,T,OU (UE’UP’US’UT’UOf ):| : q(ovlfl)’

where E — extraction; P — processing; S — storage; T — transpor-
tation; Ot — other.

The framework for selecting indicators with the normalizing fac-
tor g is determined with the help of experts, its values are presented
in Table 1.

Further, to carry out calculations using the symbolic method
(complex numbers), it is proposed to use a vector-directional sym-
metric model (Fig. 5).

A symmetric model for assessing the influence of causal factors
related to the analyzed accident reports, in the content of which are
presented the areas / and U — primary and secondary factors.
Each domain is equipped with a limit level measured in degrees
from the axis with real SRe — values.

To assess the factors affecting the damage caused by acci-
dents and fires, we used the symbolic method (complex numbers)
and the programme “Rating Data Generator for the assessment of
industrial and fire safety at enterprises of the oil and gas complex
of Russia” designed to create a rating list of activities that caused

(@)

Table 1. Examination results for the use of the normalizing factor q

4 Casualties, _
Tm q pBrsons Victims, persons Damage, thousand roubles
Z
g=1 >5 >20 >50,000.0
I: U — the area of g=0.9 3to5 10to 20 from 1,000.0 to 50,000.0
secondary factors 7=08 1-2 51010 from 1,000.0 to 50,000.0
[; U —the area
! g=0.7 - 1to5 from 1,000.0 to 50,000.0
of primary
factors ¢ q=06 - - > 50,000.0
=05 - - from 1,000.0 to 50,000.0
Re I
= = g=04 - - from 1,000.0 to 50,000.0
g=0.3 - - 500.0 to 1,000.0
g=02 - - from 500.0
Fig. 4. Areas under consideration and characteristics displayed g=01 _ _ _
on the axes
2 Information on accidents at Russian oil and gas companies. URL: https://www.gosnadzor.ru/industrial/oil/lessons/

3 Letter from the Head of FSBI VNIIPO of the Ministry of Emergency Situations of Russia “On submission of fire record cards” No. 652 1 29 11 6 dated 06.04.2020.
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I; U — the area of secondary factors

I; U — the area of primary factors + Jm
® =80°% e =8, provided g = 0-8‘ ¢ = (- 80°); e = 4, provided g = 0.8
o. ; A
¢ =70%e=7 provided g =0.7 X LY } 4 ®=(n-70%; e=35, provided =07
¢ =60°e =6, providedg=0.6 ! v ; /A9 =(n-60°; e=3, provided g =06
A9 L 1 )
¢ =50° e =5, provided g = 0.5 %, M L L : ;’ P 7@ =(n-50°; e =25, provided g = 0.5
T X \ 1 I ! 4 o 3
. A
@ =40%e =4, provided g =04 3 w i v 0 2 o= (m-40°; e = 2, provided g = 0.4
M ) . ¥ \ ' e gl o rd
T \\\ \\ \\ ‘\ I] : f’ .r’ /, /, ,’7 .
¢ =30°% e =3, provided g = 0.3 ~~_ LT U W { o /’ -7 @ =(m-30°;e=1.5, provided g = 0.3
-~ ~ i -
“ \‘\ \-\\ \\ \\ \ ll : ' // ,/ ”r
20° e = 2, provided g = 0.2 ~ T, Mok, N G| TP e ,
=20°%e=2,providedg=0.2 ~~< oy “Faa ) 7 - e ‘
¢ P g T P N TR A gt e _.-="" @ =(n-20°;e=1, provided g = 0.2
P T i Y I!;’f,’/ S -
ey S SR ML Bt o e e
@ =10%e =1, provided g =01~ ~===o___ g e S R g e L 4 ,
***** RN };f:’:::,__—-—"" ¢ = (m-10°); e = 1, provided g = 0.1
Re
Fig. 5. Symmetric model for determining the assessment of the influence of factors
the occurrence of dangerous events (accidents and fires)* [13]. Jm ‘ LU
The general rating list can be specified for each of the directions I: U —the area y Z;=10 tyhe ;ea
of functioning of the production process considered for the enter- of primary 8.0 of secondary
prises (E; P; S; T; Ot). In addition, each of the activities presented factors M M, ~782 factors
in the list can be analyzed using the programme “Netica”, which
will provide an output for each cause — the indicator of recur- 7-Or\
rence for the period under study. Further, for each report from
the generated sample of accident and fire statistics, it will be pos- 6.0 ma Zs = 5.59
sible to determine its own estimated level of impact on damage. ) ,4.0
An example with a fragment of indicator selection is presented 5.0 - 13.5
(see Table. 2 and Fig. 6). 430
The results presented in the table are reflected in the vector 40 o 2.5
diagram (Fig. 6), taking into account the peculiarity of the frequency 30 < 20
of recurrence of events during the study period (i.e. during the year). \J 715 Re
For evaluation of the report No. 1 with organizational measures x
(Table 2) the indicator put off on the axis of imaginary Jm values
from the area of primary factors will correspond to 0.9, and from
the area of secondary factors will correspond to the indicator 0.45. To Fig. 6. Model showing the results of the integrated assessment
indicators

determine the value of influence of Z causal factors of organizational

Table 2. Information with reports on organizational and technical causes of damage from accidents

D Repetiti
. Organizational Casualties, | Injured, amage, Regulatory epetition
Date Enterprise 16aS0NS ors ors thousand coefficient rate
pers. pers. roubles q (per period]
PJSC Nizhnekamskneft- | Violation of the procedure for carrying out prepar-
19.04.2019 | ekhim TAIF Group of atory work for scheduled repairs of process equip- 4 13 4,200.0 0.9 1
Companies ment ...
LLC LUKOIL-Perm, _ ) )
wonzrs |G uwasy, | (OO TR |y e |0 |
0JSC LUKOIL perating field gas pip
Work in the protection zone of an underground gas
SUE MR Mosabl
18062017 | ytishchinf:;rfazéz pipeline without written permission from the organ- - - 899.0 03 3
¥0 ization operating the gas distribution network

4

* for each increase in the frequency of occurrence of a hazardous event >1, one level rank higher from the domain of primary and secondary factors of the vector-directional symmetric model is added.

Gvozdev E.V., Migalchinskiy N.M., Koldin T.E., Sinyakin D.S. State Registration Certificate for Computer Software No. 2023611653, Russian Federation. Rating data maker for

evaluation of industrial and fire safety at enterprises of oil and gas industry of Russia. No. 2023610660; appl. 01.16.2023; publ. 01.24.2023. (rus.).
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causes on the level of inflicted damage (Fig. 6) it is advisable to per-
form an algebraic calculation according to the formula:

Z=\A+A, ®)

where A; and A, are indicators with results taken from the areas of
primary and secondary factors affecting damage.

Estimated indicators in the form of coefficients affecting the lev-
el of damage caused by accidents for reports No. 1-3 are pre-
sented below (see Table 2), where:

7, =+/9" +4.5* %10.0;
Z,=~7"+3.5" =7.82;
Z,=+/5"+2.5" =5.59.

CONCLUSION

The article substantiates the possibility of using the symbolic
method (complex numbers) to solve problems in the management
of SIS at Russian oil and gas companies. An example proving
the adequacy of using the method described in the article in prac-
tice is presented.
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Membrane method in assessment
of organizational and technical reliability
of NPP construction projects

The materials of the presented research paper are based on the analysis of recommendations for improving
the organizational and technical reliability of planned solutions in the conditions of system risk at the stage of prep-
aration and the main phase of construction of large industrial complexes, such as a nuclear power plant (NPP).
The system analysis carried out by the author forms the basis for methodology recommendations on the selec-
tion of a rational option of work plan for the construction of a technically complex industrial facility. The conclu-
sions are made on the basis of the development by the author of his own simulation model of risk analysis using
a modern approach to the application of automated systems for scheduling production processes of NPP project
implementation, including at the international intergovernmental level.

The research paper characterizes theoretical methods and practical recommendations for the development and
selection of a rational variant of work organization at the NPP construction site at all stages of the project life cy-
cle. As a basis for selecting the most rational work organization plan, the author proposes to develop and imple-
ment a simulation model on the basis of the Membrane Method, which accumulates data for comparative analy-
sis of the results of all project systems. The essence of this Membrane model is described below.

The paper presents the main requirements to the technical specification for the domestic development of soft-
ware for processing the data of risk analysis for the NPP construction project realization at each stage of the pro-
ject life cycle.

Keywords: nuclear power plant (NPP), NPP construction, NPP reliability management, NPP construction risk
management, construction economics, industrial construction, multi-criteria reliability assessment, enterprise eco-
nomics, mathematical modelling, machine risk modelling, automatic control system

INTRODUCTION and risk assessment, namely the Membrane Meth-
od of NPP risk estimation by Sezemin D.E. This
method views each stage of the project life cycle as
a layer of membrane, where first one or another risk
emerges and then passes, or rather, “germinates”
or evolves into the next layer (the next stage of
the project life cycle), having the opportunity to
pass through all layers of the membrane or, con-
versely, end on a certain layer, having had its im-
pact. Risks can grow, appear or disappear at any
stage, starting from the first and ending at the top of
the layers. The development of the software, neces-
sary and recommended by the author of this paper,
based on the membrane method will allow visualiz-
ing (by adding a contrasting colour) how much
the risk affects the final target parameters of
the whole system. Introducing the concept of “tar-
get parameters of the NPP construction system”,
the author adopts the following four parameters of
the system: timing, economic efficiency, quality,
and safety, associating them with the four corners of
a square. The presented description of the mem-
brane model in the form of a three-dimensional fig-
ure allows visualizing in the form of an image, as
well as in the form of a risk dynamics graph,
the main aspects of the investigated problem:

tifies the challenges of the modern international

market of nuclear energy, analyses domestic and
international experience in the construction of tech-
nically complex megaprojects, studies and system-
atizes organizational and technical aspects of
the concept of reliability and risks of technically
complex industrial facilities, based on the example
of an international project for the construction of
a nuclear power plant (NPP).

The author seeks to solve one of the most im-
portant problems — to define risk and its assess-
ment in an inextricable connection with the life cycle
stages of projects in the field of peaceful atom ap-
plications.

Both the principles of assessment of organiza-
tional and technical reliability of the system under
study and the methods of reliability and risk assess-
ment have been systematized. The author devel-
oped his own multi-criteria approach to the concept
of reliability using modern theoretical methods in
the context of the development of NPP construction
projects abroad, taking into account global and in-
tergovernmental risks.

Analysing the methodological recommenda-
tions for improving the system of preparation and
execution of construction works of large and techni-
cally complex industrial complexes, the author pro-
poses ways to improve the organizational and tech-
nical reliability of design solutions under risk
conditions. Thus, the author develops and imple-
ments his own concepts and methods of reliability

I n the presented research paper, the author iden-

e the fact of risk existence;
e the stage of risk occurrence;
¢ the stage of risk impact termination;

e at all stages of the life cycle, the impact of
each of the risks separately on the system of
the organizational and technical reliability of
the project;
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¢ the impact of all risks on the system, assessed by four angular
parameters;

e the assessment of the risk impact can be done before and
after taking compensating measures.

THE MEMBRANE METHOD

Having analysed current theoretical and practical problems
faced by the executor and the customer of EPC-contracts' used as
a modern risk management tool?, the author sees the need for
a comprehensive study of the issues related to non-performance,
improper performance, liability, and risks of failure to achieve or ob-
tain the full economic effect from the realization of megaprojects that
are implemented on the basis of international contracts and intergov-
ernmental agreements. These issues are becoming increasingly rel-
evant in the field of nuclear energy and peaceful atom applications.

At the same time, the very application of the EPC-contract in
NPP project realization, on the one hand, allows the transfer and
delegation of risks, and on the other hand, the system of risk man-
agement itself, mitigation and compensation of their consequences
is transferred to the contractor’s area of responsibility, while the pro-
ject risks themselves are retained and even increased, or new types
of risks are added. In this publication, therefore, the idea of risk
mitigation and management through the EPC-contract is seen as
not dominant, and risks are treated in their pure form impersonally
and independent of economic agents, Customer or Contractor.

The basis for the preparation of this paper is a thorough long-
term analysis of scientific and methodological recommendations for
improving organizational and technical reliability of design solutions
under risk conditions at various stages of the NPP project life cycle.
This work allows the author to develop his own recommendations on
selecting a sound risk management option and to develop the terms
of reference for a new national automated process control system. As
a basis for the terms of reference, it is proposed to apply the newly
developed membrane method of risk assessment and management.

When developing the concept of our own methodology of reli-
ability assessment and risk management, it should be noted that
one of the fundamentals of such management is the development
of a certain management strategy, when an individual reliability and
risk management strategy is implemented at the enterprise.
The methodology determined by the modern development of
the scientific and technical sphere recommends applying long-
term, medium-term and short-term strategic planning, which is also
acceptable for reliability and risk management of the main phases
of the life cycle of the NPP construction project.

Management of both internal and external risks can be carried
out on the basis of a specially created ACS TP (automated control
system of technical processes) at the enterprise, which is a set of
hardware and software that monitors and controls production and
technological processes, maintains continuous feedback and ac-
tively influences the process in case of deviation from the specified
parameters, as well as provides regulation and optimization of
the controlled process. On the basis of his own developments and
methods described in this publication, the author proposes to take
the following requirements for the ACS development as a basis for
the technical specification:

e the product should be designed to automate a specific facility;

e the product stabilizes the specified modes of the technological

process by measuring and processing the values of techno-
logical parameters, visualizing and issuing control actions (in
real time) on the working mechanisms in automatic and semi-
automatic mode (if applicable to a particular production pro-
cess, taking into account the technologist-operator’s actions);

e the product analyses the current state of the technological
process, allows to identify pre-emergency situations and pre-
vent accidents by transferring technological units to a safe
state, both automatically and under the control of operating
personnel;

e the product provides the engineering and technical person-
nel of the enterprise with the necessary information about
the technological process for solving the problems of control,
accounting, analysis, planning and management of the pro-
duction process.

In a broad sense, the engineered ACS, in our opinion, should
be based on a feasibility study of the NPP project, which specifies
the capacity of the NPP, the number of power units, the number of
reactors within a reasonable feasibility study, specifies the region of
construction, estimates the investment volume of investment, and
includes calculation of the project payback, project profitability and
return on investment.

Further, the author proposes to divide the ACS into levels and
suggests the following division acceptable for NPPs:

1. The level of technological process (field level).

2. The level of control and management of the technological

process (controller level).

3. Baseline network level (network).

4. The level of man-machine equipment (top level).

As a result of the conducted research, the basic principles of
the cybernetic model of a modern Russian-made ACS for NPP pro-
jects have been determined. The development stages include
the following steps (Note: the presented plan is equally applicable
to the development of the proposed risk assessment and manage-
ment method):

1. Definition of technical requirements to the control and man-

agement system.

. Development of design and cost estimate documentation.

. Collection and analysis of initial data.

. Compilation of a complete list of variables.

. Completion of the ACS system (risk assessment).

. Division of the control facility into technological sections and
subsequent allocation of variables to sections and groups.

7. Creation of in-house databases (libraries).

. Creation of a graphical interface of the screens of operators
and control personnel (links) alternately in dynamics and
statics.

9. Creation of transition schemes from static to dynamic images
on screens.

10. Development of control algorithms (for all possible modes of
operation of the facility, including emergency and post-emer-
gency).

11. Creating the possibility of generating printed documents by
sending to printers in subdivisions (in order to save time).

12. Verification of databases.

13. Preparation of operational documentation.

14. Testing of the system in stand-alone mode.

[ NN G) RNV V)

@

1 Engineering, procurement, and construction. URL: https:/ru.wikipedia.org/wiki/EPC_(koHTpaKT)
2 EPC contract. Neftegaz.RU. URL: https://neftegaz.ru/tech-library/menedzhment/141747-epc-podryad-kontrakt/#:~:text=EPC%20-%20koHTpakT%20(Engineering%2C%20

Procurement%2C,h1KcnpoBaHHo%20LeHe %20k %20drKcmpoBaHHon%200aTte
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15. Testing of the system in operational mode.
16. Formal implementation, commissioning, personnel training,
issuance of relevant orders and instructions.

In the proposed risk management model, the development of
the ACS TP model at the feasibility study is a strategically planned
step. In parallel with the risk management model, a system of con-
tinuous risk assessment and control is being implemented, leading
to the achievement of the main four project objectives, such as:

1) project timeline;

2) costs;

3) project quality;

4) project safety and security.

The membrane method of risk assessment is based on the al-
gorithm for calculating the full economic result of the risk manage-
ment strategy for each stage of the NPP project life cycle. For
the purposes of this study, the following steps or layers of a mem-
brane-based risk management approach are identified, followed by
software development based on the membrane method of risk

management:
1. Initiation.
2. Planning.

3. Development of criteria and strategy for NPP location (inter-

related with items 3-6, 9).
4. Design (interrelated with 1, 3-9).

5. Construction (interrelated with 1).

6. Commissioning.

7. Operation.

8. Extension of operation (modernization).

9. Termination of operation.

10. Shutdown of processes.
11. Decommissioning [1].

Each of the eleven project phases represents a layer of the risk
assessment membrane system (Fig. 1, Table 1, 2).

Risk accounting and analysis by membrane method will allow
to present calculation of the full economic result of the risk manage-
ment strategy for each period of project development (Fig. 2).

The 3D representation of the membrane method (membrane
model) is as follows: risks by groups form the membrane layers,
which, in turn, form the so-called “membrane pie” by stacking lay-
ers on top of each other The layers are arranged horizontally in
the order of the life cycle stages of the project of a technically com-
plex facility — a NPP. The lattice of stacked membranes has sev-
eral effects: “spring effect,” “impermeability effect” (hereinafter im-
permeability is understood as the optimal degree of overall project
reliability), and “layer — problem — balance” effect. It should be
noted that the description of the membrane method with the help of
a 3D picture gives an idea of the significance and relevance of
the task of systematization and digitalization of big data in the field

T -
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Fig. 1. Example of a risk summary table

Table 1. Example of a summary table of risk factor impact assessment

Impact on volume Impact on safety Impact on the public Impafr::nstsess—
Changes in volumes can be covered by current The level of decrease in public trust at the local level is in-
contractual obligations The assessment of the impact of | ggnificant !
risks on safety is carried out in ac-
Additi(.)ngl agreements are required within | . ouo0 oo the requirements of Decrease in the Ievt?l of public confidence at the local level. 9
the existing contractual framework current legislation and local regula- Short recovery period
Additional agreements with Contractors re- | tions. Methods of risk prioritization, | Decline in public confidence at the regional level. 3
quired scoring scales and significance cri- | Short/moderate recovery period
teria for environmental safety, in- | poiine in public confidence at the international/regional
Additional agreements with the Client required | dUStrial safety, occupational safety, | oo o at the level of important partners. 4
information security and other relat- Moderate/long recovery period
ed risks are set out in special docu-
Revision of substantial terms of EPC contract/ ments issued under the Project Damage to public trust at international or key partner level. 5
contract with Tier 1 Contractor required Long recovery period
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Table 2. Assessment of the impact of risks with background col- 7. Main risks — the most significant risks in terms of their mag-

ouring nitude.
8. Risk — a possible danger, threat of an adverse event, as well
Probability Impact assessment as an unexpected (including favourable) result of actions or
1Verylow | 2Low | 3 Medium 5 Very high event development, measured through the probability of
5 Very high 5 10 15 event occurrence gnd the amount of damage (result adjust-
ment) from a certain action [2].
4 High 4 8 12 9. Risk owner — a person responsible for a certain risk or group
3 Medium 3 6 9 12 15 of risks within the project at all stages of the project life cycle.
2 Low 9 4 6 8 10 10. Risk resporlwse strateg}/ —a de.cisionlbased on the outcome
of risk and its economic effect, including such types as (from
1 Very low 1 2 3 4 9 smaller to larger) reduction, acceptance, increase to an ac-
ceptable value, elimination, postponement of the stage®.
of assessment and reduction of the maximum possible number of 11. Risk management — a system adopted at the enterprise,
risks in the work of technically and organizationally complex con- aimed at influencing the risks identified or predicted and
struction projects. modelled in the course of analysis.

The membrane method of reliability and risk assessment of 12. Risk factor — cause, event, action (inaction), activity, influ-

a technically complex production system is based on the following encing the occurrence and possibility of risk adjustment.
concepts: 13. Risk management measures — planned and emergency

1. Risk value — an indicator that determines the weight (signifi- measures taken to manage risks.
cance) of a particular type of risk in relation to other (accept- 14. Risk immanence — a state of the system, in which the risk, as
ed in the system) types of risk. well as its analysis and management are a permanent inter-

2. Risk register — types of risks defined as significant for a par- nal property of the system, inherent in the project at all stag-
ticular technically complex production system. es of its life cycle and requiring continuous ongoing monitor-

3. Risk probability degree — probable, unlikely or improbable ing, due to empirically achieved understanding of
possibility of occurrence of the given type of risk depending the possibility of new unplanned risks at any stage of imple-
on the possibility of occurrence. mentation of a technically complex project.

4. Risk expert panel — a collegial body (project team) specially 15. Risk reporting — the process of preparation and approval of
formed for the project realization, which includes experts for data on risk analysis, results of risk analysis, measures taken
each type of risk, as well as staff and engaged specialists for to manage risks and the economic effect of these measures,
the development and implementation of software represent- formalized (reported) in accordance with the internal regula-
ing the corresponding membrane-type simulation model. tions of the company, as well as the requirements of GOSTs

5. Acceptable risk — the amount of risk that is tolerated by for each risk or group of risks at each stage of the life cycle

of a technically complex project.

In order to form a risk analysis system based on membrane-
based reliability and risk management, we propose to divide
the process into the following steps:

1. Search and identification of risks.

2. Verification of risks with the help of system methods used in
the organization (checklist, decision tree, event tree, “what will
happen if” method, as well as the expert method described in
detail in Chapter 2 of the presented qualification work).

3. Entering risks into a unified system adopted at the enterprise
and using network schedules, test reports, surveys of spe-
cialists with data entry into questionnaires, which is de-
scribed in detail and systematized by the author in Chapter 2
of the presented qualification work.

4. ldentification of planned risk parameters, deviations from
which are planned to be controlled and, if necessary, cor-
rected subsequently at all stages of the system life cycle.

5. General description of risk is performed for all types of risk

the simulation membrane model.
6. Compensatory measures — a set of actions leading to re-
duction of the risk value to an acceptable one.

<= Membrane layers; ~ Project target parameters: and includes:
T Risk factors; 1—Term * description of risk;
(a different color is assigned at 2 — Expenses . il f risk b " )
each stage o the project) 3 — Quality possible consequences of risk by options;
4 — Security e the impact of risk on the timing of the project;

Fig. 2. lllustration of the Membrane Method for assessing the or- e the monetary value of risk, affecting the total cost of
ganizational and technical reliability of a project the project; in this case, compensation measures,
3 In the presented work the concept of risk transfer to an external counterparty is not considered due to the fact that, regardless of the risk owner, this risk is to be managed as

a contractual arrangement and on the basis of labour relations and internal regulations of the company; the risk owner does not change, and his competence is expanded, integrating the function
of “risk curator” that is, the person responsible for interaction with the counterparty who technically accepts the risk. >
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> the decision taken, as well as the result of such a decision risks added to the system and to create an interpenetrating
are formalized at a later stage of the membrane-based risk fine-mesh structure of all risks of the project.
management process. . After determining all risks of the system (with understanding
The general formulation of the risk should contain, in addi- of the immanence of risks of the project system), their clas-
tion to the name of the risk, its causes, consequences of its oc- sification is carried out, which can be based on the method
currence and the degree of impact on the project objectives, Of TECOP.S.H — technical, economic, commerma!, organiza-
according to the membrane method, and an assessment of tlona.lz pollltlcal, supplemented'k')y the author of th_ls research
) ) . qualification work by the classification oh the social-humani-
the impact on the overall economic performance of the project. . o ) ) )
) ) tarian principle, including such groups of risks as demo-
It should be noted that to assess the risks of technically ) . ) . . .
| ) N N graphic, the position of the company in society, its reputation,
complex production systems, the aut. O Proposes to. aban- etc., as the basic approach to the classification of risks*[3] .
don ”_]e often used S'o'ca”?d pyram|d§| SySt?m of risk ac- . Risk assessment — the result of the risk assessment process
counting, based on hierarchical structuring of risks, because is the determination of the impact of a certain risk on the pro-
newly emerging risks at any stage of the life cycle of the sys- ject parameters included in the feasibility study. Qualitative
tem can and will claim a more important place in the already risks are divided by the degree of influence on the project;
formed pyramid of risks. The membrane type of risk stacking quantitative risks differ on the basis of probabilistic assess-
allows to supplement the already existing risk structure with ment.
Table 3. Risk scale. Layer 1
Type of budget risk for project Budget growth Budget growth Budget growth Budget growth Budget growth Budget growth from
implementation in%upto1% from1t02 % from21t0 3 % from 3t0 4 % from41to5 % 510 6 % and so on
Design delay

Delay in construction works

Delay in equipment delivery

Level 1 human error resulting in ac-
cident and equipment failure (by
type of equipment)

Changes in average annual air tem-
perature by 1° C

Currency exchange rate fluctuations

Strike of transport workers
for 10 days or more

Table 4. Risk scale. Layer 2

Weight/qualitative indicator
Target indicator
[tem No. [tem No. Item No. Item No. Item No.
Operational costs
Budget Increase by 1 % | Increase by 2 % - - -
Capital expenditures
Delayed by
Schedule Delayed by 1-2 months Delayed by 3-4 months - -
0 month yea by yed by
Minor impact (on part of The project is better not
Quality No deterioration | project activities), possible | Requires Client approval | Unacceptable to be implemented in
adjustment this capacity
ecological ) ) _— . ) ) )
On the basis of a specially created expert panel, legislative requirements and internal regulations and rules, an appropriate
Safet industrial membrane layer of risk impact on project safety is described, taking into account the assessment of costs to ensure the re-
y information quired level of safety. It is included in the terms of reference for the development of software for the risk assessment sys-
tem using the membrane method
labour safety
4 According to the data collected by the authors of the paper “Development of risk classifier as a stage of successful risk management” published in the scientific and practical journal

“Problems of risk analysis”, Rosatom Corporation uses the TECOP classification as a basic approach to the classification of risks. This classification was the basis for the development of
the Electronic Risk Classifier as part of the Unified System of Classification and Coding of Nuclear Energy (USCC NE).
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For qualitative assessment of risks, the author proposes
to introduce weighting of each risk individually and in groups,
with a total weight of 100.

The author of the presented research and qualification
work proposes to identify four main target parameters, which
are affected by risks (groups of risks) and in general the risk
exposure of the enterprise, namely:
® project realization timeline;

e budget of the project realization;
e quality of the project and its products;
e project safety.

For the Project Implementation Budget indicator it pos-
sible to introduce the following system of data recording on
risk analysis types, expert assessment of their impact on
the target indicator of the project, and the weight of each risk
(Table 3, 4).

8. Risk ranking. The assessment is made by evaluating the im-
pact of the relevant risk on the project targets, having previ-
ously determined the magnitude of each risk by applying
the previously described scoring system — the probability of
risk occurrence and the risk exposure of the system. The for-
mula is straightforward:

R=P-V,

where R is scoring of the value of a particular risk; P is score risk
assessment; V is scoring of the system exposure to the risk.
Here a convenient method is to fill in the table with values
of negative consequences of risks or the matrix of possibili-
ties (positive consequences) in the form of a table of risks in
the form of a table (it is not the values themselves that matter,
but the location of their gradient in Table 5).
9. Identify recommended strategies for the effective impact of
risk management activities on project targets.
10. Present the data to the risk expert panel. The results are sum-
marized in a table using the following example (Table 6).

Table 5. Gradient arrangement of risks

Impact assessment

Probability

Very low Low Medium High Very high

Very high

High

Medium

Low

Very low

Table 6. Development of strategies and interventions based on
the risk score determination

Risk score (deter-

trate Measures
mined by experts) Strategy u
1-4 Acceptance Control measures

. Compensatory ~ measures,
4-15 Control (reduction) .p y o
continuous monitoring

) - Compensatory ~ measures,

15-25 Reduction, rejection P y

continuous monitoring

11. Calculation of residual risk after application of compensating
measures is the next stage of the algorithm of work with
the risk management system. The calculation is recommend-
ed to be carried out in two directions: assessment of the pos-
sibility of influence on the probability of occurrence of a risk
event and assessment of risk on the possibility of application
of compensating measures. Here the derived function for-
mula is applied, similar to the risk analysis, when the value of
multipliers is reduced by the value of manageability for each
type of multiplier. Manageability can also be determined by
expert judgment, when each score (on a selected scale) is
assigned a degree from 0 to 100.

The final value of residual risk is calculated as arithmetic mean of
the normal Gaussian distribution, where the upper and lower values
of the studied parameter are not included into the area of analysis.

For quantitative assessment of risks, simulation models are used.
Each risk is assigned a rating in the form of a number, the impact of
risks on the project is assessed both for each risk separately and for all
of them together. After reducing the degree of risk, a second assess-
ment is done, based on the identified trends, and a decision is made
on the further implementation of compensatory measures. The Monte
Carlo method is used, based on the use of random number sampling.
A special algorithm assigns a random event, with the help of which
the probabilistic problem is solved. This method replaces complex al-
gebraic computations in the following three cases:

e when modelling complex operations with interaction of many

random factors;

e when verifying the applicability of analytical methods of re-
search and clarifying the conditions of their applicability; it
should be taken into account that the calculations are carried
out repeatedly (e.g., 100 times);

e when developing corrections to empirically derived analytical
formulas [4].

Speaking about the proposed method of risk assessment, it
should be noted that the author uses the parametric method as
a sub-method (for systems that do not have well-defined planned
costs and terms of implementation, in particular, for the assessment
of projects at the feasibility study stage). An example of a risk as-
sessed by such a sub-method is the probability of failure to build
a nuclear power facility in a given location, as in the case of the trans-
fer of the construction site of the Turkish NPP to Akkuyu from another
province. In 1980, the planned location for the NPP was Inceburun in
Sinop province, and later it was transferred to Akkuyu, the Gulnar
district of Mersin; “in 2017, the Turkish Atomic Energy Agency ap-
proved the design parameters of the Akkuyu NPP site” [5]. This case
is also suitable for risk assessment using the parametric method due
to the on-going situation with the postponement of the launch date
and, in general, the entire realization of the Turkish NPP project.

Based on the results of identifying all possible types of risks and
their assessment using the presented methodological approaches,
risk registers are developed, both integrated (for the entire project)
and localized (by project subdivisions), and experts on a particular
type of risk are involved in the finalization of each of the registers.

The author of the presented research proposes to organize
the activity within a single scale from risk acceptance to risk avoid-
ance (exclusion of action) and then divide the risks into groups de-
pending on the degree of riskiness of action:

1. Acceptable risks are those that can be accepted at a given

stage of the project life cycle; it should be noted that risks at
different stages of the project life cycle are also distinguished
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by the degree and the actions that need to be taken to bring
the risk to an acceptable level.

2. Risks that should be reduced are those whose management
reduces the likelihood of an event. Staff training is a prime
example.

3. Risks that should be increased are those leading to positive
effects for the project.

4. Planned risks are risks for which it is possible and accepta-
ble to develop and implement an action plan to reduce risk to
acceptable levels.

5. Transferable risks, for which the best solution is to transfer
them on a contractual basis under certain guarantees and
responsibility of the contractor.

6. Avoidable risks are those that result in the avoidance of a giv-
en action or such a significant change in the operation of
the system that eliminates the risk.

The author believes it is advisable to separately identify and
analyse the risks that may hinder the implementation of strategic
goals of the State Corporation through the implementation of a spe-
cific NPP construction project, namely:

e increasing the share in the international nuclear power markets;

e reduction of production costs;

¢ reduction of production process time;

e introduction of new products to the market;

¢ global leadership in the field of technology [3].

Risk analysis through the membrane of strategic goals of Ro-
satom State Corporation is the most important objective of
the methodology developed by the author of the research work.

The introduction of the membrane method of risk assessment
allows monitoring of all types of risks at all stages of the NPP con-
struction project life cycle due to the unified systematization of all
types of risks in one software program. This constant monitoring is
achieved by the idea of development and implementation of a sub-
function of regular system queries within a single software product.
This software should work similarly to the M2 DSS banking product,
which links the registration of a real estate transaction with the fact
of its payment by disclosure of a confirmed letter of credit, sending
electronic requests to the Russian State Register (operating on
an electronic online platform). There can be about twenty such re-
quests per day; after a positive response the funds are unblocked
and the transaction is completed. In the described risk assessment
system, it independently (without human participation) requests
codes (including readings from sensors of temperature, pressure,
altitude, chemical composition of the air in the system, and even
daily medical examination of employees), the frequency of such
readings is determined by expert judgment and passed to the de-
veloper for the creation of an algorithm in the form of a protocol of
the expert panel and the terms of reference for development.

It is worth mentioning that in the domestic economic science
an important place is given to the analysis of risks in the sphere of
development and real estate, and since no industrial project is cre-
ated in isolation from the facility, it is necessary to take into account
such risks analysed in the works of scientists as market risk, risk of
planning approval, risk of inexperience of the developer, financial
risk and risk of construction costs, as well as time risk [6].

CONCLUSIONS

In conclusion, the author would like to highlight the main nov-
elty ideas of the Membrane Method of risk analysis developed by
Denis Sezemin:

1. Distribution of risks by membrane layers. Each membrane
layer is a stage (and its internal sub-stages) of the life cycle
of the system; each risk presented in the membrane system
is taken into account and considered a “sprout” that starts its
way in the layer where it appears (or manifests itself) and can
grow through all membrane layers, affecting the target indi-
cators of the project.

2. The Membrane Method represents a unified system of risk
analysis regardless of risk category and degree, based on
three — quantitative, qualitative and parametric — methods.

3. By analogy with the medical method of contrast ultra-
sound (CT), the system allows using the colour contrast func-
tion to visually track certain types of risk, a more intense col-
our will indicate an area of increased risk.

4. It will allow visual and numerical data necessary for making
management strategic and operational decisions to be dis-
played on the monitors of project managers at corporate
headquarters.

5. Development of Membrane SDE software product on the ba-
sis of Sezyomin’'s Membrane Method of risk analysis will pro-
vide software independent from Microsoft and Apple sys-
tems, with the parallel task of creating software-specific
libraries.

6. The created libraries (of errors and risks) should be pub-
lished on a paid basis, including accessibility to foreign us-
ers under the condition of their multistage accreditation in
accordance with legally defined procedures.

7. Automatic generation of periodic reports (monthly, quarterly,
annually, at the end of a stage, as well as for the entire pro-
ject).

8. The ability to generate any report in one click, taking into ac-
count the principle of priorities of managers and technical
specialists in accordance with the specified scope of author-
ity in the field of risk management of the company.

9. The system is configured in such a way that the notification
about necessity of preparation by risk owners of the updated
information on groups of risks for the monthly (quarterly) re-
port is displayed automatically on a personal device of
the risk owner and also the head of the company. Such a set
of actions minimizes the risk of human factor influence on
the execution of simple instructions for preparation of report-
ing in time (there will be no delay in execution). This is espe-
cially important for situations of new risk occurrence at any
stage of the NPP project life cycle.

10. The software based on the Membrane Method of risk assess-
ment by Sezemin makes it possible to apply a new concept
of internal digital signature in the company, which will allow to
transfer materials for studying and collect data confirming
that the employee of the subdivision has read the document,
in electronic form?.

11. In the corners of the stacked layers of the membrane system
are four target parameters of the project: economic parame-
ters (costs, project budget, rate of return, net profit), time-re-
lated parameter — realization of the project within the terms

5 The costs of preparation, printing, collection of signature sheets and archiving in the physical sense of document flow should be estimated in monetary terms and compared with
the costs of implementing electronic document flow using internal digital signature in the Corporation.
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set by the feasibility study, qualitative parameters, and safety
parameters of the project.

Therefore, the purpose of the research presented in the paper
was achieved. The problem of risk identification and assessment at
various stages of the NPP project life cycle was solved by applying
the Membrane Method developed by the author.
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Mem6paHHbIN MeToA B OLlEHKEe
OopraHn3aLMOHHOW N TEXHNYECKOW
Hafle)XXHOCTU NpoeKTa ctpoutenoctesa ASC

Matepuvanbl npefcTaBneHHON Hay4YHO-UCCIIe[oBaTeNbCKON CTa-
TbW OCHOBaHbI Ha aHanNM3e MeTOAMHECKUX pekoMeHAaLUumi no no-
BbILUEHWIO OPraHN3auMOHHO-TEXHNYECKON HaZeXHOCTU Mpo-
EKTUpYyeMbIX peLueHvu7| B YCNOBUAX pPUCKa CUCTEeMbl Ha 3aTane
NOArOTOBKM M OCHOBHOW hasde CTPOMTENbCTBA KPYMHbIX MpO-
MbILLUNEHHbBIX KOMMJIEKCOB, TAKUX KaK aTOMHaaA 3N1IeKTpoCTaHUuS.
CuCTeMHbIV aHanus, NpoBeAeHHbIi aBTOPOM NpeAcTaBeHHOW
Hay4YHO-MUCCnefoBaTeNbCKON CTaTb, NMOJIOXEH B OCHOBY METO-
OVYecKnx pekomeraaumii no BbIGOPY paumoHanbHOro BapuaHTa
nnaHa opraHvsauuy paboT npy CO3AaHUN TEXHUYECKM CIIOXHOMO
NPOMBbILLISIEHHOro obbeKTa. BbIBO,ElbI, K KOTOPbIM NMpuUXoauT aBToOp
Hay4YHO-UCCnefoBaTeNbCKON CTaTbW, CAeNaHbl Ha OCHOBE pas-
pPaboTKM COBCTBEHHOM MMUTALMOHHOW MOLENN aHanM3a puCcKoB
C Mcnonb3oBaHMeM COBPEMEHHOrO MOAXOAA K MPUMEHEHUIO aBTo-
MaTU3NPOBAHHBIX CUCTEM KanleHAapHOro MnaHnpoBaHUs Npous-
BOACTBEHHbIX MpoLeccoB peanusaumn npoektos ASC, B TOM 1u-
Cre Ha MeXAyHapOAHOM MeXNpPaBUTENbCTBEHHOM YPOBHE.

Martepuvanbl NnpeacTaBNeHHON Hay4YHO-UCCie[oBaTeNbCKOM CcTa-
TbW COAEPXAT CyTb TEOPETUHECKUX METOAMK U MPaKTUYECKMX pe-
KOMeHpaumnin no pa3paboTke u BbIGOPY paumoHanbHOro BapuaH-
Ta opraHv3auum paboT Ha 06bEKTE CTPOUTENLCTBA — AaTOMHOW
3MEKTPOCTaHLMN — Ha BCEX 3Tanax XMU3HEHHOrO LMKna npoek-
Ta. Mpouecc BbiGopa Havbonee pauMoHanbHOro niaHa opraHu-
3auumn paboT aBTOp CTaThy Npepnaraet 6a3vpoBaTb Ha CPaBHU-
TeNbHOM aHanu3e pesynbTaToB paboTbl BCEX CUCTEM NPOEKTa,
Nosy4eHHbIX HA OCHOBE pa3paboTaHHOW N BHEQPEHHOW UMUTaLM-
OHHOW MOfenu nof Ha3BaHWeM «MembpaHHas Mofenb» (3[ecb
n panee — MMg) nnn «membpaHHbI MeToad» (30echb 1 ganee —
MMT), napagurma KoTopbIx (MOAeNV 1 METOAA) U3NOXEHA HUXKE.

B cTatbe npefacTaBneHbl OCHOBHbIE TPEGOBAHUSA K TEXHUHECKOMY
3afaHunio Ana pa3paboTKM POCCUNCKON TEXHUYECKOW HayKom Mpo-
rpamMmMHoOro o6ecneYveHuvst ans npoLecCcMHroBon o6paboTKn AaH-
HbIX aHann3a pPUCKOB peanuaaLumn NpoeKkTa CTPOMTENbLCTBA NPO-
ekta ASC Ha Kax[JoM 3Tane XMU3HEHHOrO LiMKa NpoeKTa.

KnroyeBbie cnoBa: aTtoMHas 371€KTPOCTaHUMs, CTPOUTESbCT-
Bo ASC, ynpasneHne HagexHocTeto ASC, yrnpaBreHne cTpou-
TesbHbIMY pyuckamu ASC, 3KOHOMUKA CTPOUTELCTBA, MPOMBbILLI-
JIEHHOE CTPOUTENILCTBO, MHOIOKPUTEPHASIbHAS OLEHKA PUCKOB,
SKOHOMMKA MPEeAnPUATUS, MaTeMaTM4yecKkoe MohesmpoBaHme,
KOMIbIOTEPHOE MOAENNPOBaHNE PUCKOB, aBToMaTndeckas cuc-
Tema yrnpassieHvs
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Formation of risk factors for construction of nuclear
power facilities in Latin American countries

The analysis of the development of the international nuclear power construction market makes it possible to identify
and assess the problems of economic reliability and risks in the implementation of international projects of the State
Corporation Rosatom. For many years, Rosatom has been consistently conducting international cooperation and
support for various projects abroad, developing the company's and peaceful atom's competencies in other coun-
tries. The main directions in the field of international cooperation are the maintenance and implementation of nu-
clear power plants, as well as the development of a new promising area of international business development for
the construction of nuclear research and technology centres. The article considers an example of the implementa-
tion of the centre for nuclear research and technology in the multinational state of Bolivia. The Centre for Nuclear
Research and Technology is a complex innovative technical project that embodies a complex of nuclear technol-
ogies for the development of various fields at the state level (research, agricultural development, advanced train-
ing, medicine, expertise, etc.). The project is being implemented within the framework of an agreement between
the Government of the Russian Federation and the Government of Bolivia, which also makes it possible to obtain
a new contract in the Latin American market in the future. Examples of international cooperation in the field of inter-
national activities of the Rosatom are considered. An expert risk analysis of the project in Bolivia was carried out.
Thus, in the future, several large pilot innovative high-tech projects will be implemented in Latin America, as well as
further implementation of similar projects in other parts of the world (Africa and Asia).

Keywords: Rosatom, nuclear construction industry, international cooperation, markets, risks, Centre for Nucle-

ar Research and Technology

INTRODUCTION

The constant increase in scale and engineering
complexity, the introduction of new advanced
technologies, the complexity of solutions used
in design and construction, the need to use modern
building structures, materials and modern construc-
tion equipment, the high dynamism of the external
environment of the project form the factor space of
a construction company in the field of nuclear ener-
gy construction and nuclear technologies operating
in the foreign market. This leads to an increase in
the degree of risk and uncertainty in its economic ac-
tivities [1, 2].

The main risk factors in foreign construction are
the following groups of factors: international risks,
socio-political risks, economic risks, regional risks,
risks of an energy construction company, project
risks.

International political and economic risks are
unmanageable.

Regional risk takes into account the character-
istics specific to a particular region.

The risk of an energy construction company is
generated by the characteristics characteristic of
the operation of a particular company and includes
business risk and financial risk. Business risk is de-
termined by the level of competitiveness of the com-
pany, the setting of marketing work. Financial risk is
caused by the national financial policy and requires
the creation of a special mechanism for rapid re-
sponse to changes in the financial environment.

The risk of a construction project takes into ac-
count the specifics of a specific project, the imple-
mentation and maintenance of which is carried out by
a construction company (General Contractor) [3, 4].

Rosatom unites more than 360 organizations
and implements a huge number of the most diverse
complex technical projects, including innovative
ones in the Russian Federation and abroad (energy,
medicine, science, education, transport, space,
medicine, industry, military-industrial complex, etc.)
(Table 1). Participation in such projects It implies
a large number of emerging risks, which requires
business entities to develop mechanisms for effec-
tive management of them (Fig. 1).

Many years of experience in the construction of
nuclear power plants and acquired competencies,
authority, resources, etc. allowed Rosatom not only
to become one of the world leaders in the construc-
tion of nuclear power plants, but also to master new
areas of activity that open up further prospects for
further development. At the moment, in the field of
nuclear energy use, Rosatom is one of the most in-
demand companies in the world in terms of
the number of high-power nuclear power plants of
the latest generation 3+ being built simultaneously
(Table 2)'-2 [5-9].

One of the key activities and priority goals of
Rosatom is the development of global products to
ensure effective import substitution processes with-
in the country and occupy leading roles in interna-
tional and global markets (Fig. 2).

1 Construction of most nuclear reactors is behind schedule. URL: https://www.economist.com/graphic-detail/2017/01/30/construction-of-

most-nuclear-power-reactors-is-behind-schedule

2 Approaches to reducing costs for the construction of nuclear power facilities, Practical guide for stakeholders. Nuclear Energy Agency
Organization for Economic Cooperation and Development. 2020; 33-34. URL: https://www.rosatom.ru/upload/docs/Unlocking_eductions_in_

Construction_Costs_of_Nuclear.pdf (rus.).
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Table 1. Rosatom State Corporation in the international energy market

A place in the international market Indicator
No. 1 in the world According to the portfolio of projects for the construction of nuclear power plants abroad (35 power units)
No. 1 in the world Uranium enrichment (38 % of the global market)
The only one in the world Nuclear Icebreaker Fleet
No. 2 By uranium reserves
No. 2 In terms of uranium production (15 % of the global market)
No. 3 In the nuclear fuel market (17 % of the global market)
19.7 % The share of nuclear power plants in electricity generation in the Russian Federation
362 Organizations within the Corporation

Note: data from the public report of Rosatom State Corporation® 4 .
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Fig. 1. Organizational model of RMS (risk management system) (data from the public report of Rosatom State Corporations+=¢)

Public report of Rosatom State Corporation for 2019.
Public report of Rosatom State Corporation for 2020.

Public report of Rosatom State Corporation for 2021.
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> Table 2. Financial and economic results of the activities of Rosatom Group from year to year
Key financial indicators, trillion rubles
Indicator 2019 2020 2021
Intangible assets 0.170 0.199 0.199
Assets 4.295 4.722 5.219
Revenue 1.151 1.207 1.447
Profitability indicators, %
Return on sales by net profit (ROS) 11.55 13.00 13.39
Return on assets by net profit (ROA) 3.10 3.32 3.7
Return on equity by net profit (ROE) 5.10 5.58 6.34

Note: data from the public report of Rosatom State Corporation® + %¢.

The business model of the State Corporation Rosatom

Creating of price in business cores i
Available capital for
31.12.2020

3rd core

Financial capital Radiation technologies Radiation technologies
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Fig. 2. Rosatom business model (data from the public report of Rosatom State Corporation=+5:)
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ANALYSIS OF NUCLEAR POWER CONSTRUCTION
PROJECTS ABROAD

For many years, Rosatom has been consistently conducting
international cooperation and support for various projects abroad,
developing the company's and peaceful atom's competencies in
other countries. The main directions in the field of international co-
operation are the maintenance and implementation of nuclear pow-
er plants, as well as the development of a new promising direction
for the development of international business for the construction of
nuclear research and technology centres [1-4].

The most illustrative examples of interaction and international
cooperation can be identified:

1. People's Republic of China (PRC) (cooperation, construction
of nuclear power plants).

2. Close cooperation with the Atomic Energy Agency and
the State Energy Administration of the People's Republic of China
continued. The completion of the strategic package deal with Chi-
nese partners has been ensured: general contracts for the construc-
tion of power units No. 7, 8 of the Tianwan NPP and power units
No. 3, 4 of the Xudapu NPP have been signed. A dialogue has begun
on expanding the agenda of bilateral cooperation in the field of nu-
clear energy. Such areas as the closure of the nuclear fuel cycle,
the reprocessing of spent nuclear fuel and the deepening of coop-
eration in the field of science and technology, including basic sci-
ence, were being worked out.

3. Repubilic of Belarus (construction, maintenance and commis-
sioning of nuclear power plants).

4. During the construction and maintenance of the Belarusian
NPP, cooperation was carried out with various ministries and state
authorities on a wide range of issues related to the development of
the regulatory framework in the field of atomic energy, safe and
peaceful use of atomic energy.

5. Within the framework of the Treaty on the Creation of the Un-
ion State, a program for the development of nuclear energy in the Re-
public of Belarus has been defined.

6. India (cooperation, construction of nuclear power plants).

7. The support of various stages of the Kudankulam NPP project,
the performance of various types of work and tasks continued: op-
eration of power units, supply of technological and other equipment,
development and transfer of documentation.

8. Preparations are underway for the possible implementation of
a separate project for the construction of a new generation high-
power nuclear power plant with a capacity of 1,200 MW.

9. The Republic of Bangladesh (cooperation, construction of nu-
clear power plants).

10. Support and implementation of the construction of the Rup-
pur NPP is carried out.

11. The multinational State of Bolivia (construction of the CNRT
Centre for Nuclear Research and Technology with a research reactor).

Construction and installation works were carried out. The pro-
duction, delivery and installation of the main and auxiliary equipment
for the NPP was carried out. Staff training was conducted, including
on the basis of the Rosatom Academy in the Russian Federation.

Negotiations are underway to identify promising opportunities
for international cooperation in these regions, as well as neighbor-
ing regions and countries in Asia and Latin America:

1. Iran (cooperation, nuclear power plant operation).

2. Consultations and cooperation in the field of safe and peace-
ful use of nuclear energy, in accordance with the regulatory legisla-
tion of the Russian Federation and international obligations in the field
of nuclear safety during operation of the Bushehr NPP.

3. Turkey.
4. Egypt.
5. Uzbekistan.
6. Hungary.
7. Finland.

In these countries, various types of work and consultations
were carried out on the implementation of projects to prepare for
the construction of nuclear power plants' [5-8].

THE NEW DIRECTION OF ROSATOM STATE
CORPORATION IS AN INNOVATIVE PROJECT IN BOLIVIA

As an example of risk management abroad in the “novice”
state, the consistent implementation of a pilot project in the multina-
tional state of Bolivia will be considered: the Centre for Nuclear
Research and Technology (CNRT) is a complex innovative techni-
cal project that embodies a complex of nuclear technologies for
the development of various fields at the state level (research, agri-
cultural development, raising the level of, medicine, expertise, etc.).
The project is being implemented within the framework of
the Agreement between the Government of the Russian Federation
and the Government of Bolivia dated 06.03.2016, as well as
the EPC contract dated 09.09.2017.

The centre consists of a research reactor, a multi-purpose ra-
diation centre, a preclinical cyclotron radiopharmacological com-
plex, and a laboratory of radiobiology and radioecology. This will
allow you to solve several important tasks at once. It will contribute
to increasing the pace of development of the national industry and
agriculture, improving the level of health in Bolivia, improving the in-
vestment climate in the region and creating jobs for Bolivian citi-
zens. It is planned that Bolivian specialists with specialized educa-
tion will be employed at the research centre. In total, it is planned to
create about 500 jobs for Bolivian citizens under the contract.

The reactor complex will allow for fundamental and applied re-
search, which will provide additional tools for the development of
various sectors of the economy, including the lithium industry.

Lithium is currently one of the most promising and critical ele-
ments for the development of energy storage systems and applica-
tions in a number of high-tech industries.

In June 2023, Rosatom State Corporation and the Bolivian state
Company signed an agreement on the construction of an industrial
complex for the extraction and production of lithium carbonate. This
implies the creation in Bolivia (the country with the largest lithium
reserves in the world) of a full-fledged scientific and production
chain from the extraction of lithium raw materials to the production
of a ready-made market product. This is a pilot foreign project of
Rosatom State Corporation in the field of lithium production, while
Rosatom will receive not only a profitable long-term contract, but
also control over a part of the strategic resource, the demand for
which only continues to grow. It is worth noting that a serious strug-
gle was waged against companies from the USA, China, etc. for
obtaining this contract. For example, Tesla and Lilac and Solutions
participated in the tender from the USA.

Thus, in the future, several large pilot innovative high-tech projects
will be implemented in Latin America, as well as further implementa-
tion of similar projects in other parts of the world (Africa and Asia).

RISK ANALYSIS OF THE PROJECT IN BOLIVIA

Analysis of risk events that could not be prevented by the Cus-
tomer or Contractor. These are the risks associated with:
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1. A political crisis (the resignation of the president, riots and
looting in the country in 2019, which could lead to the loss of expen-
sive equipment in warehouses and buildings of the centre).

2. The global COVID epidemic of 2019-2020 (inability to con-
tinue work and delivery of equipment).

3. The geopoalitical situation (conducting a special military oper-
ation, subsequent sanctions against the Russian Federation and en-
terprises). The economic consequences associated with the refusal
to cooperate with foreign suppliers, as a result of the disruption of
supplies, the conclusion of new contracts, the selection of ana-
logues, the change and increase in the cost of logistics, the need for
redesign, etc. (Table 3).

These events can be classified as unmanageable risks. Neverthe-
less, the management and organizational decisions taken made it
possible to minimize losses and continue the successful implementa-
tion of the project. Each of these risky events had a significant impact
on the timing of the implementation of this project with a 3-year delay
in delivery. This entailed additional financial costs (additional losses),
but did not stop the construction and commissioning of the centre's
facilities. In 2023, the commissioning of the centre's facilities and
the active construction of the reactor complex will continue.

As part of the operation of the project in Bolivia, the author has
established a list of risks, risk owners, conducted a risk assess-
ment, and implemented measures to manage them.

The analysis of key risks affecting the financial stability of
the company (General Contractor) was carried out on the basis of
expert assessments received, in accordance with a previously de-
fined list of identified risks.

For a qualitative assessment of the magnitude of the risks of
the project in Bolivia, the Harrington scale was used (Table 4).

Table 3. Classification of risks during the construction of a nucle-
ar research and technology centre in Bolivia

Risc Risk assess-
ment
International risk 4
Socio-political risk 4
Currency risk 3
Economic risk 3
Industry risk 3
Investment risk 2
Project risk 2
Reputational risk 2
Technogenic risk 2
Interest rate risk 2
Operational risk 2
Credit risk 2
The risk of industrial safety and labour protection 1
Liquidity risk 1
Risk in the field of services related to the nuclear fuel cycle 1
Environmental risk 1

Table 4. The Harrington scale

Qualitative charac- | Quantitative characteriza- . )
- ) A Quantitative characteri-
terization of proba- | tion of probability in rela- . .
. . ) zation of probability, %
bility tion to risk components
Very low 1 0-20
Low 2 20-37
Average 3 37-63
High 4 63-80
Very high 5 80-100

ANALYSIS OF THE FINANCIAL STABILITY
OF THE COMPANY (GENERAL CONTRACTOR)

The analysis of the financial stability of the enterprise (General
Contractor) is carried out using an approach related to the assess-
ment of the expediency of costs and is focused on the identification
of potential risk areas.

In addition to unmanageable risks leading to cost overruns, ex-
cess costs may also arise due to the unanticipated or incorrectly
predicted influence of the following manageable factors:

e incorrect design and further need for redesign;

e incorrect calculation of the cost;

e incorrect definition of the need for labor resources;

e incorrect forecasting of inflation.

Taking as a basis the list of key risks of the project, it is possible
to further detail the risks and build a management and control sys-
tem for each project individually, taking into account local charac-
teristics (political, economic, cultural, logistical, etc.).

It is possible to minimize the capital at risk by breaking down
the project allocation approval process into stages (areas). The ap-
proval stages should be linked to the design phases and based on
additional information about the project as it is developed. At each
stage of approval, having an analysis of the funds at risk, the inves-
tor can decide to terminate the investment.

It is proposed to determine three indicators of the financial sta-
bility of the company, in order to determine the degree of risk of fi-
nancial resources.

Such indicators are:

e excess (+) or shortage (-) of own funds (x£°);

e surplus (+) or shortage (-) of own, medium-term and long-

term borrowed sources of reserves and costs (xEY);

e surplus (+) or shortage (-) of the total value of the main sourc-

es for reserves and costs (x£").

The balance sheet model of the financial stability of the Gen-
eral Contractor has the following form:

F+Z+Ri=5"+C"+C°+R”,

where F is fixed assets and investments;

Z — inventory and costs;

R# — cash, short-term financial investments, accounts receiv-
able and other assets;

S° — a source of own funds;

C™ — medium-term, long-term loans and borrowings;

C° — loans not repaid on time;

R — accounts payable and borrowed funds.

To analyze the funds at risk, the overall financial condition of
the company should be divided into five financial areas (Fig. 3):
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Fig. 3. The risk and financial condition curve [2, 3]

e area of absolute stability, when the minimum value of reserves
and costs corresponds to a risk-free area;

e area of normal stability corresponds to the area of minimal
risk when there is a normal amount of reserves and costs;

e area of unstable condition corresponds to the area of increased
risk, when there is an excess amount of reserves and costs;

e area of critical condition corresponds to the area corresponds
to the area of critical risk, when there is overstocking of fin-
ished products, low demand for products;

e area of catastrophic condition corresponds to the area of un-
acceptable risk, when there are excessive stocks and over-
stocking of finished products, and the developer is on
the verge of bankruptcy [2, 3].

The calculation of three indicators of financial stability (+£°¢, +£7,
+E") makes it possible to determine the degree of their stability for
each area. Next, a three-component financial indicator will be used
to identify the area of financial stability:

S = {S(xE°), S(£E"), S(=EM)}.

The author of the article determined the values of financial sta-
bility indicators, as well as a three-component financial indicator for
the project:

dopmuposaHue pakTopoB puUcKa
CTpoUTENIbCTBA 06LEKTOB aTOMHOW 3HEpPruun
B cTpaHax JlaTUHCKon AMepuKun

AHanus pasBuTMSa MeXAYHapOAHOro pbiHKa aTOMHO-3HEPreTH-
4ECKOro CTPOUTENBCTBA NO3BOJIAET BbISIBUTL M OLIEHUTbL Npobne-
MaTUKy 9KOHOMUYECKOW HaAEeXHOCTU 1 PUCKOB NPpW peanusaumm
MeXJAyHapoaHbIX NpoekToB [ocynapcTBeHHoW koprnopaumm (MK)
Pocatom. 'K PocaToM Ha NpoTsXXeHun MHOrMX NeT nocsiefosa-
TENbHO BeJeT MexXAyHapoaHOe COTPYAHNYECTBO U CONMPOBOXAE-
HMe pasfinyHbIX NMPOEKTOB 3a Py6eXKoM, pa3BUTME KOMMETEHLIMN
KOMMaHWM N MUPHOrO atoma B Apyrux ctpaHax. OCHOBHbIE Ha-
npasfeHns B 061acTV MeXAYHapoOAHOro COTPYAHNYECTBaA: CO-
npoBoxpaeHvne n peanusauus ASC, a Takxe pa3BuUTUE HOBOrO

These indicators indicate the condition of the construction com-
pany, which corresponds to an absolutely stable or stable financial
condition.

CONCLUSIONS

The developed classifier of risks of project implementation in
foreign construction allows timely identification of negative risks in
the construction process at the stages of implementation of an in-
ternational project and monitoring the dynamics of changes in key
risks of the project, timely management and further control to elimi-
nate the negative consequences of risks.

The analysis of the main negative risks in the process of project
implementation shows that the greatest risks are associated with
the socio-political situation, financial and economic risks.

Indicators of financial and economic stability have been estab-
lished using the example of an ongoing project in Bolivia.
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NepCneKTUBHOMO HanpaBneHus pasBuTUS MeXAyHapoaHoro 6us-
Heca Mo COOPY>XXEHUIO LIEHTPOB AOEPHbIX UCCNENOBaHUN U Tex-
Honorun. B ctatbe paccMOTpeH NpuMmep peanusauuun LieHTpa
A0EepHbIX UCCMe[OBaHUN U TEXHOMOMMI B MHOFOHALMOHAIbHOM
rocypapctee bonueus. LIeHTp agepHbIX nccnefoBaHUi U Tex-
HONIOFUIN — CINOXHbIA WHHOBALMOHHbIA TEXHUYECKUIA MPOEKT,
BOMMOTUBLUMIA B cebe KOMMNEeKC AO4EPHbIX TEXHONOrMA Ans
pasBUTKSA Ha YPOBHE rocyAapcTBa caMbixX pasdHbix obnacten (uc-
crnefoBaHuin, pa3BUTUS CEMbCKOro XO3ANCTBA, NOBbLILLEHUS YPOB-
HSi MEOMUMHbI, 3KcnepTu3 u ap.). NpoekT peanu3yeTcs B paMKax
CornalueHus mexpay MpaButenscTBom Poccuiickon ®epepaumu
n MpaButensctBoM BonuBun. 310 Takxe NO3BONSET B Aasb-
HEeWLLIeM MOMy4YUTb HOBbIN KOHTPAKT Ha pbiHKe cTpaH JlaTuH-
ckoi AMepukun. PaccmMoTpeHbl MpuMepbl MeXAyHapo[aHOro co-
TpyAHMYECTBa MO HanpaBneHUIo MeXAyHapoaHOW AeATeNbHOCTM
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rockopnopauun Pocatom. BbinonHeH aKcnepTHbIV aHanus3 pu-
CKOB npoekTa B bonueuu. Taknum o6pasom, B nepcnekTuse B Jla-
TUHCKON AMepuKe NpeacTouT peanu3auns HECKONMbKNX KPYMHbIX
NMUAOTHBIX MHHOBALMOHHBLIX BbICOKOTEXHOJIOIMYHbLIX MPOEKTOB,
a Takxe panbHenlwas peanu3auus aHanormyHbIX NPOEKTOB
B Apyrux Yactax mupa (Adpuka n Asus).

KnroyeBble cnioBa: Pocatom, aToMHasi 0Tpacsib CTPOUTENIbCTBA,
MeXAyHapo[Hoe COTPYAHNYECTBO, PbIHKN, PUCKU, LUEHTP siAep-
HbIX UCCNIE[OBAHU N TEXHOIOMNM
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Influence of judicial practice

on the development of investment
and construction sector and ensuring
conflict-free project realization

In the current conditions of sanctions pressure and crisis phenomena, state regulation measures in the invest-
ment and construction sector should be aimed at preventing and eliminating contradictions and disputes between
business entities, that is, the effectiveness of such measures must be assessed based on the ability to ensure
conditions for conflict-free construction. At the same time, the concept of “conflict-free” does not mean the ab-
sence of disputes as such, but refers to the most constructive approaches to resolving disagreements, taking
into account the interests of the participants in the relationship and the development priorities of the system as
a whole. Of particular importance in achieving this goal is the activity of the judiciary in the field of forming a uni-
form judicial practice, focused on development priorities, as well as the application of judicial assistance technol-
ogies in the use of conciliation procedures in relation to construction disputes. Thus, the most significant recently
developed positions relate to the extension of framework that is absent in the legislation, the interpretation of con-
tract terms, the use of support measures and anti-sanction regulations, the peculiarities of bringing to responsi-
bility for violation of urban planning standards and the consequences of non-compliance with mandatory require-
ments at the starting phase of the project. Analysis of approaches developed in judicial practice allows to identify
risks associated with the implementation by public bodies (the prosecutor's office) of control and supervision func-
tions. Assistance in the use of conciliation procedures, in turn, allows parties to use more flexible formats aimed at
finding a mutually acceptable solution to a conflict situation within the court. At the same time, the problem of par-
ticipation of public bodies in conciliation procedures remains relevant, significantly reducing their effectiveness.

Keywords: judicial practice, conflict-free construction, government regulation measures, conciliation procedures,

Zaitseva Larisa Igorevna,
Candidate of Law Sciences,
Associate Professor, Associate
Professor of the Department of
Investment and Construction Busi-
ness and Real Estate Management;
Institute of Industry Manage-

ment of the Russian Presidential
Academy of National Economy

and Public Administration (IIM

project mediation

RANEPA); bldg. 1, 82 Vernadsky

he main criterion that determines the effective-
I ness of state regulation measures in the in-
vestment and construction sector is the ability
to provide conditions for conflict-free construction. In
the context of modern challenges, “absence of con-
flict” is transformed into the ability to resolve disa-
greements and eliminate contradictions in the most
constructive manner, taking into account the inter-
ests of the participants in the relationship and the de-
velopment priorities of the system as a whole. That is,
this concept does not mean the absence of disputes
and conflicts (their occurrence is inevitable, espe-
cially in difficult, complex realities), but the creation of
mechanisms that help to eliminate the destructive el-
ement, ensuring the most effective way out of a con-
flict situation (if it arises) and, as the option of highest
priority — preventing escalation of contradictions be-
tween disputing parties [1].

One of the conditions of conflict-free construction
is the practice-oriented activities of the judiciary,
which is formed taking into account the sectoral ap-
proach which performs, among other things, a regula-
tory function. In addition to basically resolving dis-
putes, the courts form approaches set out in judicial
acts (especially district courts and the Supreme Court
of the Russian Federation), which perform the func-
tions of contradictions elimination in current regula-
tions (regarding specific usage of norms in particular
legal relations) and filling in gaps, including extension
of framework (notions, principles etc.).

As an example, we can refer to the concept of
“construction in progress”, which is not defined in
legal acts, but at the same time its features are indi-
cated in the resolution of the Plenum of the Su-
preme Court of the Russian Federation dated June
23, 2015 No. 25 “On the application by courts of
certain provisions of Section | of Part One of the Civ-
il Code of the Russian Federation”. In accordance
with section 38, when resolving issues of recogniz-
ing as an immovable thing of an object being le-
gally under construction (an object of construction
in progress), it is necessary to establish that at least
the groundwork construction or similar works have
been fully completed (clause 1 of Article 130 of
the Civil Code of the Russian Federation). Paving of
a land plot that does not meet the characteristics of
a structure is part of it and cannot be recognized as
an independent immovable thing (clause 1 of Article
133 of the Civil Code of the Russian Federation)'.

In addition, currently judicial practice is being ac-
tively developed on disputes related to use of anti-
sanction measures of support to the construction in-
dustry, in particular with the use of moratorium on
the imposition of financial sanctions as an anti-crisis
tool aimed at minimizing the consequences of
the sanctions regime and ensuring the stability of
the state’'s economy. In one of the cases (No. A40-
78279/2022), it was concluded that such an instrument
is subject to application to both monetary and non-
monetary obligations, namely, the transfer of an object

1 On the application by courts of certain provisions of Section |. Part One of the Civil Code of the Russian Federation : Resolutions of the Plenum
of the Supreme Court of the Russian Federation dated June 23, 2015 No. 25. URL: https://vsrf.ru/documents/own/8435/ (accessed: 10.30.2023).
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in proper condition and on time. Let us recall that this moratorium was

provided for by Decree of the Government of the Russian Federation

dated March 28, 2022 No. 497 and was valid until October 1st, 20222,

Taking into account the large-scale regulation in the field of cri-
sis management, it is possible to predict a significant number of
disputes that will arise in connection with the use of anti-sanctions
measures. In this regard, the approaches of the judiciary will serve
as an important guide in practical activities.

The practice-influencing approaches which have been devel-
oped in the last few years by the Supreme Court of the Russian
Federation in relation to urban planning activities include.

Regarding contracts related structures:

¢ the conclusion that the identification of real legal nature of
a contract should be based on the actual type of obligations
and the characteristics of certain types of contracts provided
for by law, regardless of the title indicated by parties, their
description, as well as the specification of performance meth-
od. Interpretation of contractual terms, which may lead to
the extraction of unjustified advantage by one of the parties
due to the ambiguity of the wording proposed by it, is unac-
ceptable. If there is a valid contract, the date of transfer of
advance payment for the completion of work is not the mo-
ment when the limitation period begins to run;
if the contract provides for the right to withhold penalties and
other sums due to the contractor, it is necessary for the court
to establish whether there is a delay in fulfilling obligations in
disputes regarding the collection of funds for work performed.
The pre-court claim procedure of dispute resolution is aimed
at its prompt resolution and serves as an additional guarantee
for protection of rights, and therefore the deadline for filing
a suit established by contractual terms is not preclusive and
does not entail any consequences for the parties;

e when a contract specifies the maximum degree of a contractor's
liability, the amount of penalty for violating the deadlines for com-
pleting work cannot exceed such degree, taking into account
that the procedure for determining the amount of the penalty
agreed upon by the parties does not conflict with any express
legislative prohibition and does not violate the essence of legis-
lative regulation of relations under construction contract, or par-
ticularly significant interests protected by law and does not lead
to a gross violation of parties balance of interests;

e the presence of an supplemental agreement on changing
the timing of work performance does not exclude the possibil-
ity of terminating the contract by the customer on the ground
of violating deadlines by the contractor before conclusion of
supplemental agreement, if these violations were systematic.

Regarding prosecution for violation of urban planning regulations:

e on application of Article 9.5 of the Code of Administrative Of-
fenses of the Russian Federation (violation of the established pro-
cedure for construction, reconstruction, major repairs of a capital
construction project, its commissioning): the presence of a judi-
cially confirmed ownership of a real-estate object does not grant
the right to operate it after reconstruction without obtaining per-
mission to put the facility into operation in the prescribed manner;

e prosecution under Part 1 of Article 9.4 of the Code of Admin-
istrative Offenses of the Russian Federation (violation of

mandatory requirements in the field of construction and use
of building materials) does not exclude the accrual of a pen-
alty under the contract for similar violations;

e the possibility of being held accountable under Article 6.7 of
the Code of Administrative Offenses of Moscow (violation of
the permitted use of a land plot) in the event of the acquisition
of an object after its reconstruction, which led to a violation of
the requirements and restrictions on the use of the land plot.

It seems that the disputes with the highest degree of conflict are
those that have the greatest relevance for jurisprudence, which have
the effect of “leveled value” and retroactive effect: when, despite
the prospects of the project and receipt of all necessary approvals,
proceedings are initiated leading to the freezing of the project and fur-
ther demolition of the already constructed objects (for example, recog-
nition of construction authorizations as illegal) by the initiative of regula-
tory authorities. At the same time, the rights of final buyers investing in
future properties at the early stages are significantly violated [2].

One should not forget that the lack of initial planning permits in it-
self cannot serve as a basis for the demolition of an unauthorized con-
struction site. The determining factor influencing the possibility of legal-
izing a building is compliance with safety requirements (no threat to
the life and health of citizens) and the possibility of preserving
the building (or restoring it to its original form). This is precisely the log-
ic contained in the draft resolution of the Plenum of the Supreme Court
of the Russian Federation “On some issues arising in judicial practice
when applying the rules on unauthorized construction”.

The analysis of practice showed the presence of the following
risks associated with the implementation by public bodies (prose-
cutor's office) of control and supervision functions:

¢ challenging a building permit after a significant period of time
after commencement of construction;

e the possibility of taking by the court of interim measures in
the form of a ban on construction work;

e recovery as the revenue into the budget of the damage relat-
ed to inability to use the land due to its buildings, as well as
due to damage to the soil layer during construction;

e foreclosure in favour of the Russian Federation on unfinished
construction projects;

e invalidation of the lease agreement for a land plot, and, as
a consequence, the need to vacate the land plot (in connec-
tion with the violation of the legally protected interests of
the Russian Federation and of indefinite number of persons,
for example, in connection with a change in the type of per-
mitted use of the land and the conclusion of an additional
agreement to the lease agreement, which may be regarded
as granting a land plot for construction purposes, bypassing
the procedure established by land legislation, taking into ac-
count paragraphs 2, 3 of the Review of the practice of consid-
eration by courts of judicial cases related to changes in
the type of permitted use of a land plot, approved by the Pre-
sidium of the Supreme Court of the Russian Federation on
November 14, 2018, determination of the Judicial Collegium
on economic disputes of the Supreme Court of the Russian
Federation dated January 23, 2020 No. 305-ES19-184883;

e non-application of the statute of limitations, since a transac-
tion for the transfer of a land plot for rent may be considered

2 On the introduction of a moratorium on the initiation of bankruptcy cases on applications submitted by creditors : Decree of the Government of the Russian Federation of March 28,
2022 No. 497 (as amended on July 13, 2022). URL: http://publication.pravo.gov.ru/Document/View/0001202204010040 (accessed: 30.10.2023).

3 Review of the practice of courts considering cases related to changes in the type of permitted use of a land plot : approved by the Presidium of the Supreme Court of the Russian
Federation on November 14, 2018. URL: https://www.consultant.ru/document/cons_doc_LAW_311024/ (accessed: 30.10.2023).
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void (in accordance with paragraph 71 of the resolution of
the Plenum of the Supreme Court of the Russian Federation
dated June 23, 2015 No. 25 “On the application by courts of
certain provisions of Section | of Part One of the Civil Code of
the Russian Federation” a void transaction, unlike a contested
transaction, is invalid regardless of whether it is recognized
as such by the court [1]. The defendant’s objection that
the plaintiff’s claim is based on a void transaction is assessed
by the court on its merits, regardless of the expiration of limita-
tion period for declaring this transaction invalid);
inability to compensate losses incurred due to the freezing of
a construction project if the construction company is found to
be guilty of violating land, town planning, and environmental
legislation. In such cases, the courts indicate that, with due
care and prudence, the person should have foreseen nega-
tive consequences associated, for example, with a change in
the type of permitted use in violation of the requirements of
land legislation. Likewise, a person could not have been una-
ware of the prohibition by current legislation from constructing
real estate in a certain area without conducting a state envi-
ronmental assessment of project documentation and con-
ducting archaeological field work.

It should be noted that in the event of an illegal refusal to issue
permits by the authorized body, the judicial practice of collecting
losses caused by such actions has not currently been developed:

e occurrence of direct losses due to liability to final buyers (in-
vestors) [3];

e finally, huge reputational costs, which question the possibility
of further successful implementation of other projects. Moreo-
ver, there is a high probability of bankruptcy of the construc-
tion company due to the losses indicated above, including
lost profits [4].

In addition, litigation on the nationalization of enterprises has
become a trend over the past few years. Since 2020, the number of
cases in which the Prosecutor General’s Office challenges the re-
sults of privatization in the 90s has increased 8 times. In 2023, ar-
bitration courts settled a record number of such disputes [5]. More-
over, in a number of cases, the initiation of the process of
“renationalization” of strategic assets occurs due to the emergence
of a conflict situation (as in the case of the “Bashkir Soda Compa-
ny”, the case became widely known due to large-scale protests by
environmental activists).

Taking into account the identified aspects and features of
the formation of judicial practice, the need for development and
implementation of out-of-court methods of dispute resolution that
can take into account the characteristics of a specific project be-
comes obvious [6]. We are talking, first of all, about project media-
tion, as well as specialized dispute resolution commissions (Dispute
Review Board (DRB)). At the same time, members of such commis-
sions should have experience not only in the field of dispute resolu-
tion, but also in the specific area of the project [7]. Resolution of
disagreements with the participation of a commission is one of
the most essential conditions of the contract (analogous to a media-
tion clause), which serves as a certain guarantee for the parties.
A distinctive feature of DRB from other alternative methods of dis-
pute resolution is the formation of the body at the early stages of
project implementation, that is, before a dispute arises. Members of
the commission are direct participants in the project, carry out

a kind of monitoring of its various stages, prevent the emergence of
disagreements and, in case of escalation of contradictions, directly
resolve the dispute [8].

However, “alternativeness”, as such, does not mean that having
initiated a dispute in court, the parties are deprived of the opportunity
to use more flexible procedures aimed at finding a mutually accepta-
ble way out of the conflict situation [9]. Thus, within the courts there is
an option that allows to postpone the consideration of the case and try
to conclude a mediation (settlement) agreement on the basis of the so-
called “rooms for conciliation procedures”. Moreover, this possibility
remains in courts of various levels and has an important impact on
the formation of a favorable business climate [10].

Thus, in addition to providing judicial practice that contributes to
the sustainable development of construction industry, the task of
the judiciary is to apply technologies of judicial assistance in the use
of conciliation procedures in relation to construction disputes.
The analysis showed that the vast majority of cases in which the me-
diation procedure was initiated in reconciliation rooms related spe-
cifically to the implementation of investment and construction pro-
jects. In all cases, the judges analyzed disputes from the point of
view of mediation potentials (the main criterion for the possibility of
concluding a settlement agreement) and explained the advantages
of using alternative methods, such as mediation [11]. Cooperation
with the College of Mediators at the Chamber of Commerce and In-
dustry of the Russian Federation was also constructive in order to
provide qualified services for carrying out this procedure*.

At the same time, the problem of involvement and participation
of public bodies in conciliation procedures remains unresolved to
date. Lack of awareness of the effectiveness of such procedures
leads to the impossibility of fully unlock its potential and, as a result,
leveling out the positive effect of collaborative models of interaction
among project participants.
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BnusiHne cyne6HOM NpakTUKKN Ha pa3BuUTHe
MHBECTULMOHHO-CTPOUTESIbHOMN
neATeNnbHOCTU U obecrneyeHne
6eCKOH(IMKTHOWN peanu3aumm NpoeKToB

B CNOXWBLUMXCA YCMOBUSAX CAHKLMOHHOMO AABNEHUA Y KPUSUCHBIX
SBNEHWIA MEPbI rOCYAapCTBEHHOIO PErYIMPOBaHNSA MHBECTULIMOHHO-
CTPOUTENBHOW Chepbl AOMKHBI ObITb HALIENEHbI HA NPefoTBpaLLe-
HWE 1 yCTpaHeHve NPOTUBOPEYNIA U CMIOPOB MeXAY XO3ANCTBYIOLLN-
MU Ccy6bekTamMu, T.e. AENCTBEHHOCTb TaknX Mep NOOMIEXMUT OLEHKEe
MNCXOA[S U3 CMOCOBHOCTN 06ecneynTb YCnoBusi 6€CKOHMIMKTHORO
cTpouTenbcTa. Npu 3TOM MOHATUE «6ECKOHMNNKTHOCTb» HE 03-
Ha4aeT OTCYTCTBME CMOPOB, KakK TAKOBbIX, @ OTHOCUTCS K Hambo-
nee KOHCTPYKTMBHbIM NoaxoAaM K YPerynMpoBaHuio pasHornacumn
C y4ETOM UHTEPECOB YHaCTHUKOB OTHOLLIEHWUI U MPYOPUTETOB Pas3Bu-
TMs cucteMbl B LienoM. Ocoboe 3Ha4eHve B peasi3aumm yKkasaHHoM
Lenn NMEET JeATeNbHOCTb CyAe6HbIX OpraHoB B 0611acT (hopMu-
poBaHVsA egMHO06Pa3HON OPUEHTUPOBAHHOW HA NPUOPUTETHLI pas-
BUTWS OTPacin cyaebHoN NpakTUKK, a Takke NPUMEHEHNS TEXHO-
norui cynebHOro CoaencTBUSA B NCMONb30BaHUM NPUMUPUTESTBHBIX
npoLeayp B OTHOLLIEHWI CTPOUTENBbHBIX CMIOPOB. Tak, Hanbornee 3Ha-
YMMble NO3ULMK, BbipaboTaHHble B MOCNeHee BPeMsi, OTHOCATCA
K OOMOMTHEHNIO MOHATUAHOMO annapara, OTCYTCTBYHOLLErO B 3aKOHO-
JaTenbCTBe, TONIKOBAHMIO YCIIOBUIA KOHTPAKTOB, MPYMEHEHUIO MEP
Nnogaep>XXkKu N aHTUCAHKLMOHHOIO perynmupoBaHus, 0COOEHHOCTAM
NPUBMEYEHNS K OTBETCTBEHHOCTY 3a HapyLLEeHWe rpagoCcTpouUTeSb-
HbIX HOPM U MOCNEACTBUSIM HECOOMIOAEHWS 0653aTerbHbIX TPeboBa-
HWIN Ha CTapTOBOW ha3e peann3aumm npoekta. AHann3 Noaxo[os,
BbIpaboTaHHbIX B CyAe6HON NPaKTUKe, MO3BONAET BbISBUTL PUCKMU,
CBsi3aHHbIE C peanuaaumnen nybnmnyHeIMmM opraHamu (MpoKypaTypo)
YHKLMI MO KOHTPOSIO 1 Hapg3opy. CogencTere B UCMONMb30BaHWM
NPUMUPUTENbHBIX NPOLEeayp, B CBOIO 04epefb, NMO3BOMSET CTOPO-
Ham vcnonb3oBaTb 6ornee rmbkue hopMarthl, HaLENEHHbIE HA MOUCK
B3aVIMOMNPUEMIIEMOrO BbIXOAA U3 KOH(NMKTHOW CUTyaLmK, B paMKax
cyna. BmecTe ¢ Tem akTyanbHoM octaercsa npobnema yyactus ny-
61IM4HbIX OPraHoB B NMPUMUPUTESbHBLIX NPoLeaypax, CyLLECTBEHHO
CHVKarLas nx 3pPEKTUBHOCTb.

Krnro4yeBble cnoBa: cyfebHas rnpaktmka, 6eCKOHQ/IMKTHOE CTPO-
UTENbCTBO, MEPbI FOCYAaPCTBEHHOIO PEryINpPOBaHUS, MPUMUPU-
TeJIbHbIE MPOLEeAYpPbl, MPOEKTHasH MeaNaLMs
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Methodology of research of design
documentation for construction in order

to assess its compliance with the requirements
of special rules in the production of judicial
construction and technical expertise

(in the order of discussion)

The article proposes a methodology of research of design documentation intended for construction, reconstruc-
tion and capital repairs (hereinafter referred to as construction) of capital construction facilities within the frame-
work of construction and technical forensic examinations, taking into account the regularly changing requirements
of urban planning legislation. The list of issues resolved within the framework of these examinations is given.
The objects of research are identified, the purpose of which is to resolve issues of compliance of project docu-
mentation with the requirements of special rules'. The principal differences and exceptional provisions are indi-
cated when conducting construction and technical forensic examinations of project documentation from the state
examination of project documentation conducted by a state body within the framework of Article 49 of the Urban
Planning Code of the Russian Federation (UPC of the Russian Federation). A list of regulatory requirements for
project documentation is formed, which are presented in various time by documents of urban planning legisla-
tion and national standards. The stages of conducting research on the composition and content of project doc-
umentation, to which different requirements are imposed in different time, are considered. The proposed meth-
odology for conducting research in relation to project documentation is intended for forensic experts conducting
research within the framework of forensic examinations on the materials of criminal cases or materials of proce-
dural checks appointed by the investigative body. Particular cases of application of regulatory requirements de-
pending on the time of development of project documentation or other documents establishing the legal status of
project documentation are considered.

Keywords: project documentation, buildings and structures, judicial expertise, construction, regulatory require-
ments, conformity assessment
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INTRODUCTION

orensic expertise is of great importance in
Fthe investigation of criminal cases and their

subsequent judicial review. The theoretical
and organizational foundations of forensic examina-
tion, the procedure for the appointment and pro-
duction of judicial examinations are currently suffi-
ciently elaborated by the criminal procedure legisla-
tion and are considered in detail in [1], as well as in
numerous methodological and reference manuals.
At the same time, construction and technical exper-
tise as a kind of forensic expertise, in comparison
with other types of expertise, is considered quite
young. It can rightfully be said that this kind of ex-
pertise is still at the stage of its formation and devel-
opment. General organizational approaches, meth-
odological and legal bases for the appointment and
production of judicial construction and technical ex-
pertise (JCTE) were formed and consolidated in nu-
merous works by A.Yu. Butyrin [2, 3], practical man-
uals, for example, in the work of O.S. Vershinina [4].
However, it is worth noting that in the sources known
to the authors, much attention is paid to the issues
of studying the construction sites themselves within
the framework of the JCTE, in isolation from their
design documentation, and issues related to

the study of design documentation for their con-
struction, as well as methodological approaches to
resolving these issues, are not given due attention,
or are purely illustrative. But it is in the design docu-
mentation that the reliability of the future construc-
tion facility is laid down, and subsequently, in ac-
cordance with this design documentation, the con-
dition of the construction facility is maintained
throughout its entire life cycle.

The need for the appointment of a forensic ex-
amination to study the design documentation for
construction is primarily due to the discovery during
the investigation of the criminal case of the facts
(circumstances) of the commission of a crime,
which may presumably be causally related to
the non-compliance of the design documentation
with the requirements of special rules. Such facts
(circumstances) may be, for example: defects (dam-
ages) of load bearing and enclosing structures of
buildings (structures), which indicate the presence
of danger to the life and health of citizens; non-com-
pliance of indoor microclimate parameters with
sanitary requirements; the collapse of a building or
a separate part of it; the impossibility or limited pos-
sibility of using project documentation for the devel-
opment of working documentation and construction

1 Under the requirements of special rules in the context under consideration, the authors understand the requirements of urban planning
legislation and legislation on technical regulation.

Kokovin Andrey Yurievich,
Senior Expert (in the engineering
and technical direction) of the Ural
branch (with a deployment in
Yekaterinburg); Forensic Expert
Center of the Investigative Com-
mittee of the Russian Federation;
11a Bolshakova st., Yekaterinburg,
620100, Russian Federation;
pan26512392@yandex.ru

o

£S5 ¥
-

Novozhilov

Viadimir Alexandrovich,
Head of the Department of Engi-
neering and Technical Research;
Forensic Expert Center of the Inves-
tigative Committee of the Russian
Federation; Bldg 2, 8 Stroiteley st.,
Moscow, 119311, Russian Federa-
tion; novozhilov050576@mail.ru



#4 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

NPABOBBIE U COLUAJIbHBIE ACNEKTDI

74

of the facility, as well as other facts indicating that the crime could
have been committed with intentional or negligent actions of per-
sons during the preparation of project documentation, examination
of project documentation, issuance of construction permits and (or)
commissioning the operation of capital construction facilities, and
SO on.

It is important to note that in the production of JCTE, forensic
construction experts do not replace or duplicate the bodies of state
(or non-state) expertise of project documentation, which carry out
professional activities within the framework of Article 49 of the Ur-
ban Planning Code of the Russian Federation (UPC of the Russian
Federation) [5] and the Decree of the Government of the Russian
Federation?. The main and significant difference in the approach to
the production of forensic expertise is that a forensic expert carries
out his professional activities within the framework of Article 57 of
the Code of Criminal Procedure® of the Russian Federation. At
the same time, they (the forensic expert) do not substitute the ex-
amination of draft documentation, which is provided for by urban
planning legislation (Part 6 of Article 49 of the UPC of the Russian
Federation [5]), with a forensic examination.

RESOLVED ISSUES

Based on the circumstances of the criminal case, among
the main issues raised by the investigation or the court for the per-
mission of an expert, the following questions can be attributed:

1. Did the project documentation comply with the requirements
of special rules for the composition of sections of the project docu-
mentation and the composition of the content of these sections as
of the date*?

2. Did the project documentation comply with the requirements
imposed on it by the state contract (or other contract, agreement) in
separate paragraphs (determined by the results of consultations
with an expert) and appendices thereto (terms of reference for de-
sign, calendar plan, etc.; if necessary, determined by the results of
consultations with an expert)?

3. Did the project documentation comply with the requirements
of special rules in certain parts of its sections (determined based on
the results of consultations with an expert) in force on the date of
issuance of the urban development plan of the land plot?

This list of issues is usually not exhaustive. Thus, for the permis-
sion of a forensic expert, in the presence of characteristic signs in-
directly indicating the presence of inconsistencies, for example,
the presence of progressive defects and damages, deformations
and rolls of capital construction facilities, questions may be raised
about the compliance of specific sections of the project documen-
tation with the requirements of special rules:

4. |s there a causal relationship between the appearance of
defects (damages) in the load bearing and enclosing structures of
a building (structure) with the non-compliance of the design docu-
mentation with the requirements of special rules?

5. Is the collapse of the building causally related to the non-
compliance of the design documentation with the requirements of
special rules?

We have considered the procedure and methodology for re-
solving issues 4 and 5 using specific examples in the methodo-
logical recommendations [6], as well as articles [7-9]. When resolv-
ing the above issues within the framework of the JCTE, in order to
avoid expert error, it is extremely important to correctly interpret
the results of calculations of load bearing building structures and
verify computer models for the correctness of accepted calculation
schemes when it is necessary to establish, for example, the cause
of destruction of an object or part of it, as indicated by the authors
of the work [10]. However, these issues are not considered in this
article, as this is the subject of a separate study.

OBJECTS OF RESEARCH

The objects of research are project documents in paper or
electronic form (scanned copies of project documents), as well as
calculation results substantiating technical solutions adopted in
project documents on paper and(or) electronic media.

Since changes may be made to it during the development of
project documentation and at the construction stage, as a result,
several versions of project documentation sets are formed. These
changes must be registered by the design organization in accord-
ance with Section 7 of the State Standard of the Russian Federation
21.1101% 6. Regardless of the fact that the designer fulfilled the reg-
ulatory requirements and registered the changes made in accord-
ance with the established procedure, different versions of the de-
veloped kits for which construction is carried out may be available
to different participants in urban planning activities (the designer,
the developer (technical customer), the authority that issued
the construction permit, the general contractor, etc.). In this regard,
the investigation may also have at its disposal different versions of
sets of project documentation in relation to one capital construction
object under consideration.

Therefore, before the appointment of a forensic examination of
the project documentation, depending on the circumstances of
the case, the investigator must determine which version of the pro-
ject documentation should be sent for research. At this stage of
the preparation of materials, it is recommended to involve a knowl-
edgeable person with special knowledge in the field of construction
design. A knowledgeable person may be a representative of a de-
sign or research organization in the field of construction.

The final version of the project documentation, the study of
which is to be performed as part of the forensic examination, should
be considered the version of the project documentation that meets
the following requirements:

e has the latest version (with all changes);

e approved by the developer (technical customer) by affixing
the appropriate stamp “for the production of works” or ap-
proved by an official letter from the technical customer, in ac-
cordance with Part 15 of Article 48 of the UPC of the Russian

2 On the procedure for organizing and conducting State Expertise of project documentation and engineering survey results : Decree of the Government of the Russian
Federation No. 145 dated 03.05.2007.

3 Criminal Procedure Code of the Russian Federation No. 174-FL dated 12.18.2001.

4 Depending on the circumstances of the case, the date as of which it is required to conduct a study of the project documentation should be agreed upon as part of the preliminary

consultation of the investigator before the appointment of the examination and unambiguously determined by the investigator in the matter being put to the expert's permission.

5 The State Standard of the Russian Federation 21.1101-2013. Basic requirements for design and working documentation (approved and put into effect by Russtandart Order

No. 156-st dated 11.06.2013) — effective period from 01.01.2014 to 01.01.2021.

6 The State Standard of the Russian Federation 21.1101-2009. The system of design documentation for construction. Basic requirements for design and working documentation
(approved by the Order of Rustech Regulation No. 525-st dated 11.30.2009) — the period of validity is from 03.01.2010 to 01.01.2014.
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Federation [5], including in cases provided for in Part 15.2
and Part 15.3 of Article 48 of the UPC of the Russian Federa-
tion [5];

e has a positive conclusion of the expert examination of the pro-
ject documentation (except for the cases provided for in
part 2 of Article 49 of the UPC of the Russian Federation [5] in
relation to capital construction projects, when the expert ex-
amination of the project documentation is not carried out).

When studying, within the framework of forensic examinations
(procedural checks), project documentation for facilities financed
with the involvement of funds from the budgets of the budgetary
system of the Russian Federation for compliance with the specified
documentation with the requirements imposed on it, a necessary
and sufficient criterion for the final version of the project documen-
tation is the presence of a positive conclusion of the expert exami-
nation of the project documentation’.

If there is no positive conclusion of the state expertise on
the above-mentioned project documentation (for example, the pro-
ject documentation has not passed the state expertise or has
a negative conclusion of the state expertise), then within the frame-
work of the forensic examination conducted in relation to such doc-
umentation, this indicates a direct discrepancy between the project
documentation and the requirements of special rules.

In addition, in the above context, it seems unacceptable to
send several versions of sets of project documentation for forensic
examination in relation to one capital construction facility and en-
trust the expert with the choice of the version of the set on which
the study should be conducted. It is possible to consolidate the fact
according to which version of the project documentation the con-
struction was carried out on the basis of an inspection of the scene
with the involvement of a knowledgeable person as a specialist.

THE LEGAL STATUS
OF THE PROJECT DOCUMENTATION

The design documentation is the main document that estab-
lishes requirements for the safety of buildings (structures), as well
as for their parameters and characteristics.

The project documentation is a legally significant document
and has the appropriate legal force on the basis of urban planning
legislation [5, 12] and legislation on technical regulation [13].
The working documentation is developed on the basis of the pro-
ject documentation. The preparation of project documentation and
working documentation can be carried out simultaneously® [5].

Due to the fact that the use of working documentation in con-
struction without design documentation is not allowed, within
the framework of forensic examinations, working documentation is
considered only if there is design documentation in accordance
with which it was developed.

The project documentation acquires legal force if it is prepared
and executed in accordance with the requirements of urban plan-
ning legislation and has a positive conclusion of the state (non-
state) expertise of the project documentation (except for the cases

provided for in Part 2 of Article 49 of UPC of the Russian Federa-
tion [5]).

During the study within the framework of the appointed forensic
examination, it can be established that the project documentation,
which received a positive conclusion from the state (non-state) ex-
amination, was amended after it was received. Changes that were
made to the project documentation after receiving a positive expert
opinion are considered insignificant and do not require repeated
examination® [5] if such changes are simultaneously [11]:

¢ do not affect the load bearing building structures of the capi-

tal construction facility, except for the replacement of individ-
ual elements of such structures with analogous or other ele-
ments that improve the performance of such structures;

do not entail a change in the class, category and (or) the orig-
inally established indicators of the functioning of linear ob-
jects;

do not lead to violations of the requirements of technical regu-
lations, sanitary and epidemiological requirements, require-
ments in the field of environmental protection, requirements of
state protection of cultural heritage sites, requirements for
the safe use of nuclear energy, industrial safety requirements,
requirements for ensuring the reliability and safety of electric
power systems and electric power facilities, requirements for
anti-terrorist protection of the facility;

correspond to the task of the developer or technical customer
for the design, as well as the results of engineering surveys;
correspond to the cost of construction (reconstruction) of
a capital construction facility carried out at the expense of
the budgets of the budgetary system of the Russian Federa-
tion, established in the decision on the provision of budgetary
allocations for capital investments adopted in respect of
a capital construction facility of state (municipal) ownership in
accordance with the established procedure.

Thus, if, during the study of the project documentation within
the framework of the JCTE, non-compliance with one or more of
the above points was established, then this is the basis for conclud-
ing that the project documentation does not comply with the estab-
lished regulatory requirements.

In the design documentation, the safety of the building (struc-
ture) must be justified by calculation™. The design justification of
constructive solutions is an integral part of Section 4 “Constructive
solutions”. In order to conduct a forensic construction and technical
examination, the design justification of the design solutions of
the object under study is requested from the investigative body at
the request of an expert. If there are characteristic signs of damage
to the object, indirectly indicating that Section 4 “Constructive solu-
tions” does not comply with the requirements of special rules, this
section should be examined for compliance with the requirements
of Federal Law No. 384-FL'"" dated December 30, 2009 “Technical
Regulations on the Safety of Buildings and Structures” [12]. At
the same time, if the design justification of the design decisions is
not available to the investigative body, the expert must indepen-
dently verify the compliance of the design documentation with

7 What is defined by Part 3 of Article 110.2 of Federal Law No. 44-FL dated 04.05.2013 “On the contract system in the field of procurement of goods, works, services for state and
municipal needs” (with amendments and additions, intro. effective from 01.01.2023).

8 Part 2.1 of Article 48 of UPC of the Russian Federation.

9 It is provided for in Part 3.8 of Article 49 of UPC of the Russian Federation.

10 An explanatory note containing the calculated justification of constructive solutions is stored in the archive of the project organization (the author of the project), this document is

not provided to the customer.
11 Further Federal Law No. 384-FL.
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the requirements of Federal Law No. 384-FL [12]. If the expert does
not have competence in narrow areas of research that require reso-
lution within the framework of the issues raised by the investigation,
the expert is obliged to file a petition for the involvement of a person
with special knowledge in this area of research.

The main requirements for project documentation, effective at
various periods of time, are set out in the following normative docu-
ments [5, 14]: national standards and codes of rules (parts of such
standards and codes of rules), as a result of which compliance with
the requirements of Federal Law No. 384-FL, approved by docu-
ments'? [15-18]; documents defining the requirements for graphic
and textual materials [19]; national standards and codes of practice
(parts of such standards and codes of practice), as a result of
which compliance with the requirements of Federal Law No. 384-FL
approved by Orders is ensured on a voluntary basis [20-23].

During each study, the expert forms a list of regulatory docu-
ments, depending on the circumstances of the criminal case in re-
lation to the design documentation of the object under study. As of
the date set in the question submitted for the expert's permission, it
is necessary to select the valid versions of documents from the lists
of national standards and sets of rules, as a result of which, both on
a mandatory and voluntary basis, compliance with the require-
ments of Federal Law No. 384-FL is ensured [12].

In particular cases, it is necessary to use documents and their
editions that establish regulatory requirements for a capital con-
struction facility on the date of legally significant actions in the pro-
cess of preparing project documentation (for example: the date of
approval of the design assignment, the date of issuance of a con-
struction permit, etc.). Following Part 5.2 of Article 49 of UPC of
the Russian Federation [5], the study The design documentation
can be performed for compliance with the regulatory requirements
in force on the date of issue of the urban development plan of
the land plot, on the basis of which such design documentation was
prepared, in the same way as it is performed during the production
of state expertise of project documentation.

According to Part 1 of Article 46 of the Federal Law “On Techni-
cal Regulation” No. 184-FL [13], before the entry into force of
the relevant technical regulations, the requirements for products
and related requirements for design processes (including surveys),
production, construction are subject to mandatory execution only in
the part corresponding to the goals of protecting the life or health of
citizens, property of individuals or legal entities, state or municipal
property. Within the framework of forensic examinations, this provi-
sion is understood as follows: if the design documentation does not
contain other justifications for ensuring the safety of construction
(for example, mechanical safety), such as the results of research,
calculations and (or) tests (performed using certified or otherwise
approved methods), then the regulations governing the methods of
ensuring the safety of construction facilities from lists of documents
approved by orders [20-23] in the field of standardization, as a re-
sult of which compliance with the requirements of Federal
Law No. 384-FL is ensured on a voluntary basis [12], are consid-
ered mandatory.

FINAL PROVISIONS

The main provisions set out in this article have been tested in
the course of judicial construction and technical examinations con-
ducted at the Forensic Expert Center of the Investigative Commit-
tee of the Russian Federation as part of research on project

documentation in criminal cases. Based on the results of this work,
a methodology is proposed that is applicable to conducting re-
search on project documentation intended for the construction, re-
construction and overhaul of capital construction facilities within
the framework of the JCTE, and the objects of research are identi-
fied. The principal differences between the forensic examination
and the state examination of project documentation conducted by
a state body within the framework of Article 49 of UPC of the Rus-
sian Federation [5]. The proposed methodology for conducting re-
search within the framework of forensic examinations does not con-
tradict the provisions of urban planning legislation [5] and legislation
“On Technical Regulation” [13].
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Content analysis of the category
of effective use of urban territory

At the present time, Russia is actively developing mechanisms for integrated territorial development, the main
purpose of which is to increase the efficiency of the use of urban areas. The analysis of scientific literature has
revealed many different formulations of this concept, however, the most rational way to reveal the meaning of
the category of effective use of territories is to divide it into several components. The efficiency of using urban
territory as a complex category includes its key components: social efficiency, economic efficiency, architectural
and planning efficiency, infrastructural efficiency, sanitary and environmental efficiency and investment efficiency.
Based on the analysis of scientific literature, it was determined that in the context of solving the problems of urban
development and socio-economic development of the territory as a whole, it is advisable to consider investment
efficiency as a basic element of urban development. At the same time, it should be noted that in a large number
of cases, urban development projects are not commercial, in such cases investment efficiency is achieved either
through mechanisms and means of state support, or by including elements in the content of the project that en-
sure investment efficiency. A number of principles that contribute to the efficiency of territorial development were
also identified. On the basis of the study it was concluded that the problem of managing the development of ur-
ban areas to a significant extent can be reduced to ensuring an optimal balance between the individual aspects
of urban planning efficiency, the basic one of which is investment efficiency, in the context of project implemen-
tation, taking into account strategic goal setting and ensuring the sustainability of urban planning environment.

Keywords: urban planning, efficiency of territory use, urban planning efficiency, investment efficiency, principles
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ecently, the number of vacant urban areas in
RRussia that could be used for housing and any

other construction has been decreasing, while
in Russia there is a significant percentage of emer-
gency housing, therefore, on December 30, 2020,
the Federal Law “On Amendments to the Urban Plan-
ning Code of the Russian Federation and Certain Leg-
islative Acts of the Russian Federation in order to en-
sure a comprehensive development of territories”
No. 494-FZ. As a result, a new mechanism has ap-
peared in the urban planning code — the mechanism
of integrated development of territories. The main ob-
jectives of its introduction are': ensuring balanced and
sustainable urban development, creating conditions
for the development of transport, social and engineer-
ing infrastructure, urban landscaping, and the most in-
teresting goal is to increase the efficiency of urban
use. Despite the use of the concept of “efficiency of
the use of urban areas”, there is no definition of it in
the urban planning or any other code.

Based on the results of the analysis of scientific
and educational publications devoted to the prob-
lems of urban management, it can be concluded
that there are a large number of alternative interpre-
tations of the content of the category of effective
use of territories [1-4]. In most cases, the authors
apply the category of urban planning efficiency to
indicators and characteristics reflecting the degree
of efficiency of urban use. The concept of urban
planning efficiency contains a number of areas that
have both internal relationships and an internal hier-
archy. Within the framework of this paper, the main
areas related, according to various sources, to

the category of urban planning efficiency and re-
flecting the degree of efficiency of the use of urban
territory are presented. In the scientific literature,
urban planning efficiency is divided into 6 main
components (Fig.) [6-8]:

1. Social efficiency — evaluates the diverse ef-
fect of the chosen layout, including the possibility of
employment by representatives of various profes-
sions, the variety of vacancies offered directly in
the area helps to reduce the need to make unpro-
ductive trips to other parts of the city, which reduc-
es the load on the urban transport network, increas-
ing the comfort of life of residents of the area, as
well as reducing their transport costs.

2. Economic efficiency — in a general sense is
obtaining the maximum possible benefits from
available resources [9], however, in this case, this
indicator should be perceived as the effect of using
the territory in the form of an increase in the number
of workers, changes in the level of gross domestic
product, changes in the production potential of
the territory, and so on.

3. Architectural and planning efficiency — eval-
uates the effect of the selected structure of residen-
tial, industrial and recreational areas. With a well-
chosen district structure, the interaction of various
functional zones creates a synergistic effect that
increases the comfort of local residents, which, for
example, manifests itself in the convenient location
of places of sale of goods of daily demand.

4. Infrastructural efficiency — the degree of sat-
isfaction of the local population with the existing
social, engineering and transport infrastructure.

1 Urban Planning Code of the Russian Federation : dated 12.29.2004 No. 190-FZ (as amended on 08.04.2023) (with amendments and

additions, introduction. effective from 09.01.2023).
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This indicator is especially important in the complex residential de-
velopment of new territories, which are often located in areas of
the city that do not have adequate provision even with engineering
infrastructure, therefore, the construction of infrastructure facilities
in such situations is a key task.

5. Sanitary and environmental efficiency — evaluates the ration-
ality of the relative location of residential areas and industrial zones,
it is worth placing the latter away from residential areas, it is also
necessary to take into account the wind direction. With the correct
arrangement of these mutually exclusive associations of similar ob-
jects, the harm to the health of residents of residential areas will be
minimal due to the absence of air pollution with harmful substances.

6. Investment efficiency — Most researchers agree that the basic
element of urban planning efficiency, which provides the opportunity
to attract resources for the implementation of urban development
projects, is investment efficiency, which includes certain aspects that
ensure the effectiveness of investment, taking into account alterna-
tive financing mechanisms and alternative organizational models for
the implementation of investment and construction activities.

In the context of solving the tasks of urban development and
socio-economic development of the territory as a whole, it is advis-
able to consider investment efficiency as a basic element, however,
it should be noted that in a large number of cases urban develop-
ment projects are not of a commercial nature, in such cases invest-
ment efficiency is achieved either through mechanisms and means
of state support, or other forms of support, or by including elements
in the content of the project that ensure investment efficiency. In this
case, the key aspect of urban planning is the search for an optimal
balance between the individual components of the project in
the context of solving the tasks of urban development, taking into
account the investment attractiveness for individual participants of
the investment and construction project.

In order to achieve the goals of urban development of territo-
ries, namely, to ensure a favorable living environment and create
conditions for the effective use of territorial resources [10] in scien-
tific sources [11-14], the following basic principles of effective de-
velopment of territories are proposed:

1. The principle of suboptimization — according to this princi-
ple, optimization of individual subsystems does not lead to optimi-
zation of the system as a whole. Thus, when planning a territory, it
is necessary to take into account the interconnection of its individ-
ual elements, and not focus on isolated areas-subsystems. For ex-
ample, the efficient location of an oil refinery can significantly re-
duce the efficiency of the location of the entire city.

2. The principle of long—term planning — the layout of the terri-
tory should be developed taking into account the duration of its
existence. The consequences of planning decisions will have con-
sequences in 50-100 years or more.

3. The principle of consistency and continuity — when design-
ing, it is necessary to take into account the relationship with neigh-
boring territories, the possibility of combining into a single system,
that is, it is necessary to take into account the advantages associ-
ated with the potential growth of the system.

4. Complexity — integrity and balance of the urban environ-
ment, the quality of life of the residents of the district depends on
compliance with this principle, an excess of some and a shortage
of other infrastructure facilities or functional zones may cause dis-
satisfaction of the local population or, at least, inefficient use of
the territory, for example, with an excess of shopping centers, some
of the rented premises will not be available after some time have
a tenant.
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5. Functionality — ensuring the maximum balance of diverse
functional connections of the population within the territory by re-
ducing unproductive citywide trips.

6. Compactness — ability of the project to concentrate on a lim-
ited area all the objects necessary for the functioning and develop-
ment of the city. Multifunctional complexes can serve as an exam-
ple of solving the problem of compactness, increasing the height of
a building can also solve the problem of increasing the compact-
ness of buildings, however, the need to place all the necessary fa-
cilities in the area one way or another leads to a decrease in
the area of residential buildings.

7. Environmental friendliness — principle implies reducing
the negative impact of capital construction projects at the opera-
tional stage, which has a positive effect on the environmental situa-
tion of the entire city, which somehow increases the standard of
living of all residents of the city.

8. The principle of zoning the territory — principle implies that
when designing it is necessary to plan several functional zones and
provide for their further growth. Compliance with this principle will
avoid the appearance of undesirable chaotic intersection of indus-
trial, residential, transport and recreational zones, as a result of
which it will be possible to prevent serious economic losses, air
pollution, as well as the rise in the cost of transport and engineering
communications.

Based on the results of the analysis, it can be concluded that
the category of effective use of urban territory is complex, including
certain aspects characterized by mutual influence and variability
over time. In this case, the problem of managing the development
of urban areas to a significant extent can be reduced to ensuring an
optimal balance between certain aspects of urban planning effi-
ciency, the basic of which is investment efficiency in the context of
project implementation, taking into account strategic goal setting
and ensuring sustainable development of the urban area.
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AHanus copgepxaHus KaTeropum
atpcheKTUBHOIro NCNOJIb30BaHUSA FOPOACKOU
Tepputopumn

B HacTosiLee Bpemsi B Poccum akTYBHO pa3BMBalOTCA MEXaHW3-
Mbl KOMMJIEKCHOIO TEeppUTOPMAabHOrO pa3BUTUSA, OCHOBHOWN Lie-
b0 KOTOPOrO ABNSETCA NOBbILLEHNE 3DEKTUBHOCTU UCMONMBb30-
BaHWs FOPOACKMX TeppuTopui. B pesynsrate aHanusa Hay4Howm
nMTepaTypbl 6bI10 BbISBIEHO MHOXECTBO Pa3nunyHbIX hOpMynn-
POBOK AaHHOr0 MOHATUA, OAHAKO Hanbonee paunoHanbHbIM Cro-
CO60OM pacKpbITUS 3HA4YEHNA KaTeropmum 3cpdeKTUBHOIO UCMOSb-
30BaHNA TEPPUTOPUI SBNAETCHA pa3feneHne ero Ha HeCcKonbko
cocTaBnsowmx. B pesynbrate paccmoTpeHus adhpekTMBHOCTM
MCMOoJIb30BaHNs rOPOACKON TEPPUTOPUM KaK KOMMIIEKCHON KaTe-
ropvn 6bINN BbISBMEHbI €€ KNI0YEeBble COCTaBNAOLLME: CoLnanb-
Has, 9KOHOMUYECKas, apXMTEKTYPHO-NIaHMPOBOYHAsA, HAPa-
CTPYKTYpHasl, CaHUTapHO-3KONOrM4yeckas u MHBECTMLMOHHAS.
Ha ocHoBe aHanusa Hay4HoOW nuTepaTtypbl 66110 onpefeneHo,
YTO B KOHTEKCTE peLLeHns 3aAay rpafgocTpouTENbHOMO PasBUTUS
N coumanbHO-9KOHOMWYECKOrO Pa3BUTUA TEPPUTOPMUN B LIENOM
LenecoobpasHo paccMaTpusaTb MHBECTULIMOHHYIO 3(hheKTUB-
HOCTb KaK 6a30Bblfi 3NIEMEHT rpafoCTPOUTENIbHOrO pasBuTUS.
BmecTe ¢ Tem cnegyeT OTMETUTb, YTO B 6OMbLLOM KONNYeCTBe
Cry4aeB NPOeKTbl FPafoCTPOUTENBHOIO Pa3BUTUA HE HOCAT KOM-
MEep4ecKoro xapakrepa, B TakKux cnyyasx WHBECTULIMOHHAsA 3-
(heKTUBHOCTb AOCTUraeTcs nMbo 3a CHET MEXaHN3MOB U CPeACTB
rocyfapCcTBEHHON NoadepXKu, nMbo NyTeM BKIOYEHUS B CO-
Oep>XXaHue npoekTa 31eMEHTOB, 06eCne4mBaroLLMX MHBECTULN-
OHHYI0 3(PEKTUBHOCTb. Takxe 6bIn BbISBIEH PAA NPUHLMMOB,
CMOCOOGCTBYIOLLMX NOBbILLIEHWIO 3PEKTUBHOCTU Pa3BUTUS Tep-
puTopuii. Ha ocHoBe NpoBegeHHOro nccnegoBaHnsa 6bin cae-
NaH BbIBOA O TOM, 4YTO npo6nemaTV|Ka ynpasJieHna pa3sutuem
rOPOACKMX TEPPUTOPUI B CYLLIECTBEHHOW CTEMEHN MOXET CBO-
OUTbCA K 06ecneyeHunio oNnTMManbHoro 6anaHca Mexay oTaesb-
HbIMW acnekTamu rpagocTpouTenibHon apPeKTUBHOCTH, 6a30-
BbIM M3 KOTOPbIX ABNSETCA MHBECTULIMOHHAA 3DPEKTUBHOCTD,
B KOHTEKCTe peanusauun NpPoeKToB C YH4ETOM CTpaTernyecko-
ro uenenonaraHvsa n o6ecrne4yeHns ycTonyYMBoCTU rpagocTpou-
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