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Digital transformation of life cycle management
processes for residential and engineering
infrastructure facilities in complex development
of territories

Modern projects of complex development of territories are characterized by technological, organizational and in-
formational complexity. Technological challenges stem from the need to integrate heterogeneous systems while
ensuring safety, reliability and sustainability of residential buildings and infrastructure facilities. Organizational
complexity arises from the increasing number of participants in complex territory development projects, while in-
formation complexity results from exponentially growing volumes of heterogeneous data and requirements for
rapid decision-making.

In this regard, the issue of ensuring end-to-end life cycle management of objects and consistency of decisions for
the efficient use of resources is relevance.

The purpose of the research work is to analyze digital technologies for optimizing the life cycle management of
residential buildings and infrastructure facilities in projects of complex development of territories.

As part of the presented study, an analysis of publications was conducted, according to keywords defined by
the authors in the context of the topic under consideration. The international Scopus database served as the ba-
sis for forming specimens, according to keywords.

The analysis demonstrates that the introduction of digital twins, loT, Big Data, BIM and machine learning allows
achieving significant optimization in managing the life cycle of residential and engineering infrastructure facilities
in projects of complex development of territories. Digital transformation fundamentally changes the approach to
life cycle management, moving it from reactive to predictive and adaptive, which ensures the sustainability, relia-

bility and safety of objects, resource savings and improved quality of the urban environment.
Keywords: digital transformation, information modeling, digital twin, Internet of things, data analysis, artificial in-
telligence, life cycle of an object, sustainable development of territories

INTRODUCTION

odern projects of complex development of
M territories are characterized by technologi-

cal, organizational and informational com-
plexity. Technological complexity is justified by
the need to integrate heterogeneous systems, ensure
the safety, reliability and sustainability of residential
buildings and infrastructure facilities. Organizational
complexity arises due to the increase in the number
of participants in the implementation of projects of
complex development of territories, and information-
al complexity arises from the exponential growth of
heterogeneous information volumes, as well as re-
quirements for the speed of decision-making.

In these conditions, the issue of ensuring end-
to-end life cycle management becomes relevant
and critically important to ensure the continuity of
the project implementation process from the build-
ing design to its disposal, the consistency of deci-
sions at different stages of the life cycle, as well as
increasing the efficiency of resource use and ensur-
ing sustainable development.

Thus, the purpose of this study is to analyze dig-
ital technologies to optimize the life cycle manage-
ment of integrated territorial development projects.

MATERIALS AND METHODS

As part of the presented study, an analysis of
publications was conducted, by keywords defined
by the authors in the context of the topic under

consideration. The basis for forming specimens, by
keywords, was the international Scopus database.
In this case, the first specimen was formed by all
publications presented in the database, and the re-
maining ones for a period of 10 years from 2014 to
2024. The logic of forming specimens is described
below.

At the first stage, to identify key digital technolo-
gies in managing the life cycle of residential and
engineering infrastructure facilities in complex ter-
ritorial development projects, specimen 1 was for-
med, by keywords, life cycle, construction, Indus-
try 4.0. The cluster map of the relationship of
keywords is shown in the figure (Fig. 1) below.

From the figure, we can conclude that there is
a close connection between the life cycle of con-
struction projects and sustainable development,
Industry 4.0 technologies. A lot of attention is paid
to the issues of building materials and technologies,
considering their environmental friendliness.

At the same time, based on the initial analysis of
publications, the following technologies are seen as
key ones in the context of digital transformation of
the processes of managing the life cycle of residen-
tial and engineering infrastructure in complex terri-
torial development projects:

e BIM at all stages for creating, managing and
analyzing digital information about buildings
or infrastructure (specimen 2 — BIM + life cy-
cle);
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Fig. 1. Cluster map of the relationship of keywords of the formed specimen 1

e using digital twins to monitor and predict the state of an object
(specimen 3 — digital twins + buildings);

e implementation of loT and Big Data to manage the operation-
al characteristics of an object (specimen 4 — loT, Big Data +
+ construction);

e using Machine Learning to assess demand for infrastructure
(specimen 5 — machine learning + buildings).

Thus, at the next stage of the study, specimens 2-5 were col-
lected and analyzed, and the main aspects of the digital transfor-
mation of the life cycle management processes of construction
projects were identified.

At the same time, within the framework of this study, the life
cycle of a capital construction project, which includes residential
and engineering infrastructure facilities, is defined as the stages
regulated by CP 333.1325800.2020'. According to the document,
the life cycle of a capital construction project is the following time
periods:

1. Engineering surveys.

. Architectural and construction design.
. Construction.

. Operation.

. Reconstruction.

. Major repairs.

. Demolition.

. Disposal.

The specified structure is presented in the Fig. 2 and is a meth-
odological basis for the analysis of digital control technologies dur-
ing the existence of the facility.

The choice of this classification of life cycle stages is justified
by the fact that it includes all key stages from surveys to disposal,
and CP 3383.1325800.2020' is a current regulatory document in

O N O OB W

' CP 333.1325800.2020. Information modeling in construction. Rules for the forma-
tion of an information model of objects at various stages of the life cycle.
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Fig. 2. Stages of the life cycle of a construction project

the Russian Federation, developed for the application of information
modeling technologies.

To conduct a system analysis of the possibility of optimizing
the management of objects at all stages of their existence, consider-
ing digital tools, for each of these stages, management tasks, per-
formance indicators for the use of digital technology, as well as key
problems of digital transformation of processes will be identified.

RESULTS
Specimen Analysis 2 — BIM + life cycle

During the period under review, 2729 documents are displayed
in the Scopus database (Fig. 3). The dynamics of changes in
the number of publications by year are presented below, in addi-
tion, the trend line indicates a growing interest in life cycle manage-
ment issues using information modeling technologies. At the same
time, the leaders in publications are authors from China. The figure
shows the top 15 countries.

The analysis of specimen 2 allowed us to identify the main
areas of BIM application at the stages of the construction project
life cycle (Table 1).
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Fig. 3. Dynamics of changes in the number of publications for BIM + life cycle, top 15 countries by publications
Table 1. Application of BIM at the stages of the construction project life cycle
Life cycle stage Application area Examples Links
Design 3D visualization, coordination |« creation of detailed digital models of residential buildings and infrastructure facilities; [1-4]
- automatic detection of collisions before construction begins
Calculations and analysis Optimization of structures considering loads and materials; calculation and analysis of energy
of parameters efficiency, illumination, acoustics, etc.
Construction Logistics and planning 4D BIM for work schedule optimization; 5D BIM for budget control, etc. [5]
Quality control Conducting a comparative analysis of the information model with the results of laser scanning
to identify deviations
Operation Asset Management - integrated use of BIM and CAFM (Computer-Aided Facility Management) systems; [6-8]
« access to communications via AR/VR for repairs
Predictive maintenance Monitoring the condition of structures through the integration of loT sensors
Disposal Dismantling and recycling - analysis of the information model for the selection of environmentally friendly waste [9,10]
disposal methods;
« calculation of volumes of materials for recycling
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Fig. 4. Dynamics of changes in the number of publications for Digital Twins + Buildings, top 15 countries by publications

The results obtained indicate that the use of information model-
ing technologies is considered in combination with digital twins,
machine learning methods, etc.

At the same time, the authors point out such positive aspects as
a reduction in costs by up to 20 % due to the minimization of errors,
as well as a reduction in time by 15-30 % due to the provision of
clear coordination of contractors [8, 11, 12].

Specimen Analysis 3 — Digital Twins + Buildings

During the period under review, 3,375 documents are displayed
in the Scopus database. The dynamics of changes in the number

of publications by year are presented below, in addition, the trend
line indicates a growing interest in the use of digital twins of build-
ings. At the same time, the leaders in publications are also authors
from China (Fig. 4).

An analysis of publications revealed that digital twins, which are
a copy of a physical object reflecting its condition and interaction
with the environment, in the context of life cycle management of
residential buildings and infrastructure facilities are used for:

e monitoring the condition of an object in real time, using loT

sensors measuring temperature, vibration, humidity, etc;
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Table 2. Integrating digital twins with other technologies
Technology Appointment in the digital twin Links
BIM Base for 3D model and data [13-17]
loT Providing information in real time [18-19]
Big Data + Al Analysis and forecasting of the development of the object’s state [20-21]
Cloud Gomputing Storage and processing of data [22-23]
Table 3. Areas of application of loT and Big Data in construction
Direction Application Examples
Monitoring the state of the object | Using loT sensors to collect data Vibration, deformation and corrosion sensors in load-bearing structures
in real time Application of loT sensors in engineering systems | Sensors for measuring temperature, humidity, pressure in engineering
systems
Using Big Data for Analysis Equipment wear forecast
Optimization of energy Adaptive control systems Dynamic regulation of heating, lighting, air conditioning systems
consumption depending on weather conditions
Predictive maintenance Failure Prediction Using Machine Learning Models | Analysis of temperature and noise in equipment to justify spot repairs
based on sensor data
Security Management Providing comprehensive monitoring of fire safety, | Smoke detectors and cameras with computer vision models for open fire
access control analysis
e predicting emergency situations, wear and tears through in- and adaptive level, minimizing costs and increasing their energy
telligent data analysis using artificial intelligence; efficiency (Table 3) [20, 24-27].
e optimizing the operation of facilities by simulating various en- Specimen Analysis 5 — Machine Learning + Buildings
ergy consumption scenarios, analyzing the occupancy of During the period under reV|e\{v, the Scopus dgtabase displays
premises — offices, hospitals, shopping centers, resource only 848 documents. The dynamics of changes in the number of
distribution, etc.: publications by year are presented below, in addition, the trend line
L . - ) ) indicates an increase in interest in the issue of using technology
e justifying decisions on modernization before implementing ) ) ) ) o
han thr hvirtual verification of reconstruction under consideration. At the same time, the leaders in publications
,C anges QUQH, i uatverication ofreconstruction, assess- are authors from the United States (Fig. 5).
ng econom.lc efliciency. o In this context, machine learning is used to assess the demand
Al .the samg time, 5.:e'veral YVOH?S not? that the synerglstlp effect for housing, transport and social infrastructure in complex territorial
of thellntroductlon of dlglltal twins is achieved only through integra- development projects, which allows for optimized planning.
tion with othgr Fechnplogles (Table 2?' . Based on historical census data, a machine learning model can
In fe}ct, digital tW'”? make it p-o-s&ble to bridge the gap between predict population growth, migration, and therefore the need for
the design and operation of facilities. housing. The model can segment the market by solving the cluster-
Specimen Analysis 4 — loT, Big Data + construction ing problem and identifying the types of housing in demand.
This specimen reflects only 197 publications, which is gener- The load on transport infrastructure can be assessed by mod-
ally not much given the time interval under consideration. At eling traffic flows and planning new routes.
the same time, an analysis of current publications has shown that Algorithms can predict the congestion of roads and public
the oint use of loT and Big Data allows for the transfer of residential transport considering the density of buildings and pendulum migra-
buildings and infrastructure facilities management to a predictive tion routes, and graph neural networks, by analyzing the points of
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Russian Federation jmml 16
Greece 17
140
121 Morocco mmm 18
120 115 Spain . 25
102 99---" Australia [ 25
100 s B BB France [ 26
80 B 80 80 South Korea [ 28
61 - Canada [ 28
60 __5:]‘- Italy [ 33
e Germany |——— 43
40 = United Kingdom s 52
India S 97
20 14 China I 166
0 . United States . 233
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 0 50 100 150 200 250
| 4

Fig. 5. Dynamics of changes in the number of publications for Machine Learning + Buildings, top 15 countries by publications
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Table 4. Directions for optimizing lifecycle management processes for residential and engineering infrastructure facilities in the context

of digital transformation

Direction Technology

Result Effect

Reducing construction and BIM + digital twins

Minimizing design errors

Budget cuts upto 20 %

operating costs loT + predictive analytics

Reduce repair costs by predicting
failures

Reduce operating costs by up to 35 % through smart
maintenance

Reducing project implementation BIM

Optimization of logistics and budget | Reduction of construction time by up to 15 %

time Planning with Artificial Intelligence

Automatic budget allocation

Increasing reliability and safety Digital twins + loT

Monitoring of deformations,
corrosion, etc.

Increasing the service life of objects by 20-20 %

Machine learning

Analysis of emergency situations

Reducing the risk of accidents by up to 40 %

Energy efficiency and environmental
friendliness

Digital twins

Analysis of the applicability of green
solutions

Conformity Analysis LEED/BREAM

Algorithms based on artificial
intelligence

Setting up energy consumption

Reduce energy costs by up to 25 %

attraction of the population, can determine the locations for the de-
sign of public transport stops.

In addition, regression models can consider the birth rate and
age composition of the population, which will allow for a forecast of
the population's need for social infrastructure — schools, hospitals.

CONCLUSIONS

The analysis conducted revealed that digital transformation of
life cycle management processes for residential and engineering
infrastructure facilities in complex territorial development projects
through the introduction of digital twins, loT, Big Data, BIM, and
machine models will ensure optimization in the following areas
(Table 4).

Digital transformation of life cycle management processes for
residential and engineering infrastructure facilities in complex ter-
ritorial development projects changes reactive life cycle manage-
ment of facilities into predictive and adaptive management, ensur-
ing sustainability, reliability and safety of facilities.
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LUudposas TpaHcdopmaLma npoLeccos
ynpasrieHnsi XXUSHEHHbIM LIMKIIOM 06bEeKTOB
XXUIIOW U UHXXEHEPHOW UHPPACTPYKTYPbI

B NPOeKTaxX KOMMJIEKCHOro pa3sBuTus
TeppuTopun

CoBpeMeHHble NPOEKTbl KOMMNEKCHOrO Pa3BUTUS TEPPUTOPUIA
XapakTepuaytTca TEXHONOrMYECKOW, OPraHM3aLnoHHON U UH-
(hOPMaLIMOHHON CIIOXXHOCTbIO. TEXHONOMMHYECKUE BbI3OBbI BKIIHO-
YalT MHTEerpauuo pa3HOpPOAHbIX CUCTEM U 06ecneyeHmne yCTom-
YMBOCTU OGHLEKTOB, OPraHN3aLMOHHbLIX — MOJTHYIO KOOPAUHALIMIO
YHaCTHUKOB MPOeKTa MMHDOPMaLIMOHHbIX — 06paboTKy 3HauM-
TenbHbIX 06LEMOB AAHHbIX B YCOBUAX HEOGXOAMMOCTU One-
pPaTUBHOrO MPUHATUA pelueHuin. B aToncBA3n ocobyto akTy-
anbHOCTb MMEET BOMPOCO6ECNEYEHNA CKBO3HOIO ynpaBneHus
XW3HEHHBIM LMKIIOM OOBEKTOB U COrMacoBaHHOCTU peLueHuni
Ons 9hHEKTUBHOIO NCMONb30BaHUS PECYPCOB.

Llenbto nccnenoBaHns SBASETCA aHanM3 LUMPOBbIX TEXHOIO-
rMn gNs onTUMU3aummy ynpasneHns XU3HEHHbIM LIMKITOM XWMbIX
30aHUA N 06BLEKTOB MHAPACTPYKTYPbI B MPOEKTaX KOMMIEKCHO-
ro pasBuTua TEPPUTOPUN.

B pamkax npeacTaBneHHOro NccnefoBaHns NpoBeaeH aHanus
ny6nnKaumi No KYeBbIM CoBaM, onpeaeneHHbIM aBTopamu
B KOHTEKCTe paccmarpvsaemon Tembl. bason popmmposaHus
BbIGOPOK MO KNIOYEBBLIM CMoBaM cTana mexpyHapoaHas 6asa
Scopus.

[MpoBefeHHbI aHannM3 OEMOHCTPUPYET, YTO BHeApeHue und-
poBbIX ABOMHUKOB, |0T, BigData, BIM 1 malLumHHoro o6y4eHus no-
3BONAET AOCTUYb 3HAYUTENBHON ONTUMU3ALMM NPU YNpaBieHun
XXU3HEHHbIM LMKIIOM OGBEKTOB XUION N MHXEHEPHOW MHApa-
CTPYKTYPbl B MPOEKTaX KOMMSIEKCHOrO pa3BuUTUA TEPPUTOPUIA.

LinchpoBas TpaHcdopmMauus NPUHLMNUATIIBHO MEHSIET MOAXOL,
K YNpaBEHMIO )XU3HEHHbIM LIMKIIOM, NepeBOAs €ro OT peakTyB-
HOrO K MPOrHO3HOMY U afanTUBHOMY, YTO 06ecnevnBaeT yCTow-
YMBOCTb, HAAEXHOCTb 1 6€30MaCHOCTb OGBHEKTOB, KOHOMMUIO Pe-
CYPCOB U MOBbILLEHWE Ka4ecTBa rOPOACKON cpefbl.

Knro4deBble cnoBa: yugpoBas TpaHcgopmauus, uHgopmaym-
OHHOE MogZenupoBaHue, UNgpPoBOVi ABONHUK, MHTEPHET BELLEW,
aHanun3 faHHbIX, NCKYCCTBEHHbIV UHTENINIEKT, XU3HEHHbIV LNKJT
06beKTa, yCTONYNBOE Pas3BUTUNE TePPUTOPUI

ClMIUMCOK UCTOYHUKOB

1. Réck M., Hollberg A., Habert G., Passer A. LCA and BIM:
Visualization of environmental potentials in building construction at
early design stages // Building and Environment. 2018. No. 140.
Pp. 153-161. DOI: 10.1016/j.buildenv.2018.05.006

Computing Power. Journal of Geo Information Science. 2024,
26(4):779-789. DOI: 10.12082/dqxxkx.2024.240065

24. Liu P., Wang J., Sangaiah A.K., Xie Y., Yin X. Analysis and pre-
diction of water quality using LSTM deep neural networks in loT en-
vironment. Sustainability (Switzerland). 2019; 11(7):2058.
DOI: 10.3390/su1102058

25. Zhdaneev O.V., Frolov K.N., Petrakov Y.A. Predictive Systems
for the Well Drilling Operations. Studies in Systems. Decision and
Control. 2021; 342:347-368. DOI: 10.1007/978-3-030-66081-9_28
26. Lige X., Hua S.Z., Feng S.Z. Road Machinery Fault Prediction
Based on Big Data and Machine Learning : 2019 5th International
Conference on Control. Automation and Robotics, ICCAR 2019.
2019; 536-540. DOI: 10.1109/ICCAR.2019.8813333

27. Park J.-S., Ham H.-M., Ahn Y.-H. Expansion Joints Risk
Prediction System Based on loT Displacement Device. Electronics
(Switzerland). 2023, 12(12):2713. DOI: 10.3390/electronics
12122713

2. Hollberg A., Genova G., Habert G. Evaluation of BIM-based LCA
results for building design // Automation in Construction. 2019.
No. 109. DOI: 10.1016/j.autcon.2019.102972

3. Najjar M., Figueiredo K., Palumbo M., Haddad A. Integration of BIM
and LCA: Evaluating the environmental impacts of building materials
at an early stage of designing a typical office building // Journal of
Building Engineering. 2017. No. 14. Pp. 115-126. DOI: 10.1016/].
jobe.2017.10.005

4. Zhuang D., Zhang X., Lu Y., Wang C., Jin X., Zhou X. et al.
A performance data integrated BIM framework for building life-cycle
energy efficiency and environmental optimization design // Automation
in Construction. 2021. No. 127. DOI: 10.1016/j.autcon.2021.103712
5. Bovteev S.V., Petrochenko M.V., Zavodnova E.B. Applying of 4D
modeling at preparation and construction stages // BIO Web of
Conferences. 2024. No. 107. DOI: 10.1051/bioconf/202410706013

6. Bayat H., Ramezanianpour A.M. Utilizing building information
modeling (BIM) in the operation phase of civil infrastructure to analyze
reinforcement corrosion induced by carbonation // Innovative
Infrastructure Solutions. 2024. No. 9. DOI: 10.1007/s41062-024-
01707-y

7. Gao X., Pishdad-Bozorgi P. BIM-enabled facilities operation and
maintenance:a review // Advanced Engineering Informatics. 2019.
No. 39. Pp. 227-247. DOI: 10.1016/j.a€i.2019.01.005

8. Moradabadi B., Noorzai E., Abbasi S. BIM-based optimization
approach to reduce life cycle costs by focusing on the integration of
construction and operation phases in office-commercial buildings //
Journal of Building Engineering. 2024. No. 98. DOI: 10.1016/j.jobe.
2024.111126

9. Akbarieh A., Teferle F.N., O’donnell J. Semantic Material Bank:
A web-based linked data approach for building decommissioning
and material reuse, eWork and eBusiness in Architecture, Engineering
and Construction — Proceedings of the 14th European Conference on
Product and Process Modelling, ECPPM-2022. 2023. Pp. 69-76.
DOI: 10.1201/9781003354222-9

10. Daniska D., Vrban B. Decommissioning planning: Empowering
efficiency through BIM modelling and a single-source-of-truth
framework // Nuclear Engineering and Design. 2023. No. 414.
DOI: 10.1016/j.nucengdes.2023.112617

11. Sun J., Yi Man Li R., Deeprasert J. The Impact of BIVl Technology
on the Lifecycle Cost Control of Prefabricated Buildings: Evidence
from China // Buildings. 2024. No. 14. DOI: 10.3390/buildings 14123709
12. Rostamiasl V., Jrade A. Integrating Building Information Modeling
(BIM) and Life Cycle Cost Analysis (LCCA) to Evaluate the Economic
Benefits of Designing Aging-In-Place Homes at the Conceptual
Stage // Sustainability (Switzerland). 2024. No. 16. DOI: 10.3390/
su16135743

13. Pan Y., Zhang L. A BIM-data mining integrated digital twin
framework for advanced project management // Automation in
Construction. 2021. No. 124. P. 103564. DOI: 10.1016/j.autcon.
2021.103564

14. Deng M., Menassa C.C., Kamat V.R. From BIM to digital
twins:a systematic review of the evolution of intelligent building
representations in the AEC-FM industry // Journal of Information



#2 /2025

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HenoBmX1UMOCTb: SKOHOMUKA, ynpaeneHune

O0®UUMANBHBINA PASAEN

12

Technology in Construction. 2021. No. 26. Pp. 58-83. DOI: 10.36680/J.
ITCON.2021.005

15. Pan Y., Zhang L. Integrating BIM and Al for Smart Construction
Management: Current Status and Future Directions // Archives of
Computational Methods in Engineering. 2023. No. 30 (2). Pp. 1081—
1110. DOI: 10.1007/s11831-022-09830-8

16. He R., Li M., Gan V.J.L., Ma J. BIM-enabled computerized de-
sign and digital fabrication of industrialized buildings:a case study //
Journal of Cleaner Production. 2021. No. 278. P. 123505.
DOI: 10.1016/].jclepro.2020.123505

17. Xia H., Liu Z., Efremochkina M., Liu X., Lin C. Study on city
digital twin technologies for sustainable smart city design : a review
and bibliometric analysis of geographic information system
and building information modeling integration // Sustainable Cities
and Society. 2022. Vol. 84. No. 19. DOI: 10.1016/j.s¢cs.2022.104009
18. Boje C., Guerriero A., Kubicki S., Rezgui Y. Towards a semantic
Construction Digital Twin: Directions for future research // Automa-
tion in Construction. 2020. No. 114. P. 103179. DOI: 10.1016/j.
autcon.2020.103179

19. He X., Ai Q., Wang J., Pan B., Qiu R. Situation Awareness of
Energy Internet of Things in Smart City Based on Digital Twin: From
Digitization to Informatization // IEEE Internet of Things Journal.
2023. No. 10 (9). Pp. 7439-7458. DOI: 10.1109/JI0T.2022.3203823
20. Arsiwala A., Elghaish F., Zoher M. Digital twin with Machine
learning for predictive monitoring of CO, equivalent from existing
buildings // Energy and Buildings. 2023. No. 284. P. 112851.
DOI: 10.1016/j.enbuild.2023.112851

21. Wang W., Li X., Tang S., Guo H., Lv Z. Deep learning for as-
sessment of environmental satisfaction using BIM big data in en-
ergy efficient building digital twins // Sustainable Energy Technolo-
gies and Assessments. 2022. No. 50. P. 101897. DOI: 10.1016/].
seta.2021.101897

22. Li C., Lu P., Zhu H., Zhang X., Zhu W. Intelligent Monitoring
Platform and Application for Building Energy Using Information
Based on Digital Twin // Energies. 2023. No. 16 (19). P. 6839.
DOI: 10.3390/en16196839

23. Zhang X., Hua S., Qi J., Ruan Y. Progress and Prospects of
New Smart City Construction: Al-based Big Data, Big Models and
Big Computing Power // Journal of Geo Information Science. 2024.
No. 26 (4). Pp. 779-789. DOI: 10.12082/dqxxkx.2024.240065

24. Liu P., Wang J., Sangaiah A.K., Xie Y., Yin X. Analysis and
prediction of water quality using LSTM deep neural networks in loT

L]

environment // Sustainability (Switzerland). 2019. No. 11 (7).
P. 2058. DOI: 10.3390/su1102058

25. Zhdaneev O.V., Frolov K.N., Petrakov Y.A. Predictive Systems
for the Well Drilling Operations, Studies in Systems // Decision and
Control. 2021. No. 342. Pp. 347-368. DOI: 10.1007/978-3-030-
66081-9_28

26. Lige X., Hua S.Z., Feng S.Z. Road Machinery Fault Prediction
Based on Big Data and Machine Learning : 2019 5th International
Conference on Control // Automation and Robotics, ICCAR 2019.
2019. Pp. 5636-540. DOI: 10.1109/ICCAR.2019.8813333

27. Park J.-S., Ham H.-M., Ahn Y .-H. Expansion Joints Risk Predic-
tion System Based on loT Displacement Device // Electronics (Swit-
zerland). 2023. No. 12 (12). P. 2713. DOI: 10.3390/electron-
ics12122713

06 aBTtopax: Jlanupyc A3apuii A6paMoOBUY — [OKTOP TEXHW-
YecKux Hayk, npodeccop, 3aBeayoLwmnn kadenpon «TexHonornm
1 OpraHn3aums CTpoUTENbHOIO MPOU3BOACTBa»; HaunoHanbHbIA
uccnepoBaTenbckuii MOCKOBCKMIA rocyfapCTBEHHbIN CTPOU-
TenbHbIW yHuBepcutet (HUY MICY); 129337, r. Mockea, Apo-
cnaBcKoe Luocce, a. 26; PUHLL ID: 364784; lapidusaa@mgsu.ru;

ApamueBud Jlio60Bb AHApPeeBHa — KaHA. TeXH. HayK, OOLEHT
kadegpbl MCTAC; HaumoHanbHbI uccnepoBatenbckun Mo-
CKOBCKUM TOCYAapCTBEHHbIW CTPOUTENIbHbIA YHUBEPCUTET
(HWY MICY); 129337, r. Mockea, ApocnaBckoe Lliocce, f. 26;
PWHLL ID: 2537-0511, Scopus AuthorID: 57190342498, WoS
ResearcherlD: M-5000-2016, ORCID: 0000-0002-5843-0076;
AdamtsevichLA @mgsu.ru.

For citation: Lapidus A.A., Adamtsevich L.A.Digital transformation
of life cycle management processes for residential and engineering
infrastructure facilities in complex development of territories. Real
Estate: Economics, Management. 2025; 2:6-12.

Ona uutuposanus: Jlanmgyc A.A., Agamuyesuy J1.A. Digital trans-
formation of life cycle management processes for residential and
engineering infrastructure facilities in complex development of ter-
ritories // HepBmXnmMocTb: 3KOHOMMKA, ynpasneHue. 2025. Ne 2.
C.6-12.

lpara. lMNoconsctBo Poccuiickont @eaepaimv B Hexm



