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Abstract

Introduction. The relevance of using applying air-source heat pumps (ASHPs) in Russia’s moderately cold climate con-
ditions is restrained by a sharp decline in their efficiency at low outdoor air temperatures. The aim of this study is to
present a digital approach to lifecycle management of low-rise capital construction facilities based on a combined heat
pump system with optimized heat and air exchange.

Materials and Methods. A technical solution is set forth incorporating a patented mixing chamber installed in the boiler
room to supply an air mixture with a calculated temperature gradient to the ASHP evaporator. The system is integrated
with a cross-stream supply and exhaust ventilation (efficiency of 40-60%) and controlled by a digital module based on a
microprocessor and PWM regulator. Mathematical modeling of streams was performed using the Bernoulli and continuity
equations. For monitoring and automatic control, a set of temperature and pressure sensors was employed to ensure adap-
tive operation of the compressor, fans, and backup electric boiler.

Research Results. Experimental data have confirmed that the joint operation of the ASHPs with a heat recuperator and mixing
chamber allows maintaining a high coefficient of performance (COP) of the system. It was found that the threshold of economic
feasibility remains at an outdoor air temperature of down to —15°C and heat carrier temperatures of +30...+45 °C. The devel-
oped digital control algorithm optimizes the ratio of outdoor to recirculating air minimizing heat losses and electrical loads.
Discussion and Conclusion. Implementation of the suggested digital modular and functional control scheme ensures
rational heat and air exchange, reduces the size and cost of engineering utilities, and enhances the energy efficiency of
low-rise buildings. The developed solution can be scaled for a broad range of climatic conditions nationwide contributing
to resource conservation and extension of the lifecycle of capital construction facilities.
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AHHOTALUA

Beeoenue. AKTyarbHOCTh IPUMEHEHHUS BO3IYIIHBIX TEIUIOBHIX HacocoB (BTH) B yCloBHAX yMEpPEeHHO XOJIOJHOTO KIIH-
Mmara Poccun orpaHHYeHa pe3KUM CHIDKCHHEM UX 3()(DEKTUBHOCTH ITPH HU3KHUX TEMIIEpaTypax Hapy KHOTo Bo3ayxa. Llens
CTaThH — IMPEACTaBUTH HUPPOBO MTOIXO/ K YIPABICHUIO )KU3HEHHBIM [TUKJIOM MaJO3TaKHBIX OOBEKTOB KAITUTAIEHOTO
CTPOUTENBCTBA HA OCHOBE KOMOMHUPOBAHHOH TEMJIOHACOCHON CUCTEMBI C ONTUMH3HPOBAHHBIM TEIJIOBO3LyX000OMEHOM.
Mamepuanvt u memoowt. 1IpeI0oXKeHO TEXHUYECKOE PEIICHHE, BKIIOYAIOIIee 3allaTeHTOBAHHYIO KaMepy CMeIIeHHs,
yCTaHaBJIMBAEMYIO B IOMEIIEHUH KOTEIbHOM, KOTOpas odecreunBaet noaauy Ha ucnapuresns BTH Bo3aymHo# cmecu ¢
PaCYCTHBIM TEMIICPATYPHBIM I'DAJUCHTOM. Cucrema HWHTETrpUpoOBaHa C HpI/ITO’-IHO-BLITH)KHOﬁ BeHTI/LHHHI/IeI‘/’I TNIEPEKPECT-
Horo tuna (KITJ] 40-60 %) u ynpasnsercs mudpoBsIM MoayeM Ha 6a3e Mukponpoueccopa u LLIMM-perynsatopa. Ma-
TEMaTHYECKOEe MOJIETIMPOBaHNE ITOTOKOB BHIITOJIHEHO C MPUMEHEHNEM ypaBHeHHH bepHym n HepaspsiBHOCTH. {71t MO-
HUTOPHHTA W aBTOMAaTHYECKOTO PEryJIMPOBAaHHS MCIOIB30BaH KOMIUIEKC JaTYNKOB TEMIIEpaTypsl U AaBJIeHH, oOecrie-
YUBAIOIIUH aalITHBHYIO pab0Ty KOMIIPECCOpPa, BEHTUIATOPOB M PE3EPBHOTO JIEKTPOKOTIA.

Pesynvmamur uccnedosanus. JKCIIEPIMEHTAIBHBIE TaHHBIE TIOATBEPAMIN, 94TO coBMecTHas pabota BTH ¢ pexymneparo-
POM M CMECHTENBHOI KaMepoi MO3BOJISET ITOJIeP)KUBATh BBICOKHI K03 puireHT a¢dekriusHoctr (COP) cucremsl. Ycra-
HOBJICHO, YTO MOPOT SKOHOMUYECKOH 11e71eCO00pa3sHOCTH COXPAHACTCS MPH TEMIIepaType Hapy>KHOTo Bo3ayxa j0 —15 °C u
Temmnepatype temionocutess +30...+45 °C. Pa3paboTaHHbIil aroput™ EPOBOrO YIPABICHUS ONTUMH3UPYET COOTHO-
IIEHUEC YJINIHOTO U PCHUPKYAIUOHHOTO BO31yXa, MUHUMHU3UPYS TCIUIOMOTEPU U DJICKTPHUICCKUEC HAI'PY3KHU.
Oécyancoenue u 3axniouenue. Buenpenne npeioxXeHHON 1UpoBOH MOAYIBHO-(QYHKIMOHATBHOM CXEMBI yIIPaBICHUS
obecrieunBaeT palMoHaIbHBINA TEIJIOBO3yX000MEH, CHI)KAeT rabapuThl M CTOMMOCTh MHXEHEPHBIX KOMMYHHUKAINH, a
TaKKe MOBBIMIAET YHEProdPEKTUBHOCTH MAIOSTAXKHBIX 3/1aHnH. PaspaboranHoe pemieHne MoxeT ObITh MaclITadbupo-
BaHO JUISl NIMPOKOTO JHana3oHa KINMaTHIeCKHX yciaoBui P®, ciocoOCcTBYs pecypcocOepekeHUIO U IPOUICHHIO K3~
HEHHOT'O IMKJIa OOBEKTOB KallUTaJIbHOTO CTPOUTEIILCTBA.

KiroueBble ciaoBa: yrpaBlieHHE KU3HEHHBIM LUKIOM; OOBEKTHl KAIIMTAILHOTO CTPOUTEIBCTBA; TEIUIOHACOCHBIC CH-
cteMbl; NU(GPOBOI JBOWHHIK; HMMUATAIIMOHHOE MOJICIINPOBAHHE

BaarogapHocTu. ABTOPBI BRIPAXKAIOT 0JIar0apHOCTh PEAAKITUH U PEIIEH3eHTaM 32 BHUMATEIbHOE OTHOIIICHHE K CTaThe
Y yKa3aHHBIE 3aMEUYaHusl, KOTOPbIE TIO3BOJIMIN MOBBICUTH €€ Ka4eCTBO.

Joas muruposanus. ®enocor C.B., Denocees B.H., Bopornos B.A. [TudpoBoii moaxo/1 K yrpaBIeHHIO )KU3HEHHBIM [TUKIJIOM Ma-
JIO3TAKHOTO 00BEKTA KAaIITAIBHOTO CTPOUTENBCTBA C TEIIO- M BO3AyX000MeHOM. CogpemerHble meHOeH YU 8 CIPOUMEeTbCse,
gpadocmpoumenvcmee u nianuposke meppumoputi. 2026;5(2):107-116. https://doi.org/10.23947/2949-1835-2026-5-2-107-116

Introduction. Over the recent years, the proportion of demand in the market of air-source heat pumps (ASHPSs) has
risen tenfold in European and Scandinavian countries that can be called moderately cold. Russia is at the top of the official
ranking of the relatively cold countries. Thus possible and effective use of air-source heat pumps of most of the country’s
climatic conditions remains relevant [1].

It is to be noted that well-known scientists from Russia [2—7] and the West [8-14] have dealt with the issues pertaining
to the life cycle of capital construction facilities.

In the modern conditions, continuing on the tradition of resource and energy conservation, development and practical
solutions for using (ASHPs) based on digital computer control are becoming increasingly important.

Materials and Methods. A distinct feature of application of ASHPs is that ambient air is used as a source of low-
potential heat. If installed outdoors, it might be not effective, particularly at low outdoor temperatures. The authors set
forth using a mixing chamber device built into a boiler room [15] to supply the pressure of the air mixture to a heat
exchanger evaporator with a calculated temperature gradient (Fig. 1).
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Fig. 1. Device for mixing gas streams

It is to be noted that the operation of the ASHPs mixing chamber is an essential link for recycled air mixing in the
evaporator.

The air-stream mixing device itself contains an inlet pipe of an air duct, a pipe for supplying additional stream, and a
section of a mixed stream. The nozzle for supplying additional stream 2 is located at an angle within 0 ° < o <90 ° to the
vertical (Fig. 1).

The inlet pipe of the duct is connected to a chamber made in the form of a capsule shaped like a hemisphere connected
to a large base of a truncated cone. The diameters of the inlet pipe of the duct and the pipe for supplying additional air
stream are equal, with each referring to the diameter of the outlet pipe of the duct directed to the evaporator of the ASHPs
(dinter1 = doxz = 0.7doytter)-

This technology of air mixing organization enables an increase in the intensity of equilibrium mixing thus improving
the heat exchange conditions. The greatest mixing intensity of the mixed stream occurs once it enters the zone of the
truncated cone and chamber, and once it enters the cylindrical part of the outlet pipe of the duct 3, the homogenized stream
transitions into a laminar stream. The velocity of the homogenized stream before it enters the cylindrical part of the outlet
pipe of the duct 3 increases to the initial velocity of the main stream of the duct 1, equal to the stream velocity before it

enters the hemisphere 4 according to the Bernoulli equation:
2

pu
> + pgh + p = const,

2
where % is the dynamic pressure; pgh is the hydrostatic pressure; p is the static pressure.

Given the cross section of the inlet pipe of the duct 1, the branch pipe for supplying additional stream 2 and the outlet
pipe of the flue 3 using the Bernoulli equation, let us write:

2 2
(pvinletl DPViniet2

2
PUoutiet
2 + Pintet19Ninter1 + pinletl) + < 2 + Pintet29Ninter2 + pinletZ) ==

2

As the pressure pu1, Pexz@nd pg,, at the cross-sectional levels of the inlet pipe of the duct 1, the branch pipe for
supplying additional stream 2 and the outlet pipe of the duct 3 are equal to the atmospheric one, i.e., Pay1 = Dox2 = Pruixs
the equation takes the form:

2 2 2
PVintet1 PViniet2 PUoutiet
( 12 + pinletlghinleﬂ) + < 12 + pinletzghinletz) = 2 + poutletghoutlet

+ poutletghoutlet + Poutlet

Based on the continuity equation:

Viniet _ Sintet1 T Sintet2

)

Uoutlet Soutlet
WhEre Siniet1, Sintet2r Soutier are the areas of the transverse sections and v er = Voutiet-

”dzzjutlet we get:
4 '

H 7""diznletl+”di2nlet2
Then Sinier1 + Sintetz = Soutier- EXPressing the parameters Z =

2 2 — q2
dinletl + dinletl - doutlet
According to the specified conditions, d;;,;.+1 and d;p .- are equal, as an example let us denote: djper1 = dinter2 = 0,2m.
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Then:

doutter = |dinters + Anteez = V0.2% +0.2% = 0.28m.

Then we get the ratio —inet = 22 — o7,
outlet 0.28

Then
dintet1 = dinterz = 0.7doutier-
The suggested tool enables an increase in the equilibrium mixing intensity improving the heat exchange conditions.
In the studies of the air exchange process, the authors have developed a combined heat pump heat supply system
including a mixing chamber, an air exchange circuit with a recuperation element and an additional tubular heating ex-
changer (THE) controlled by a pulse width modulation regulator (PWM regulator) (Fig. 2).
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Fig. 2. Combined heat pump heat supply system with mixing chamber, air exchange circuit with recuperation elements

In this case, the ASHP operating mode in a moderately cold climate tends to consistently retain a sufficiently high coef-
ficient of performance (COP) receiving a signal from the digital heat exchange control model of the heat supply system.

Given the specifics of the ASHP air exchange mode with a recovery element, the functionality of the heat exchange
system operating through the boiler room and the air ducts of the facility is identified. The existing traditional natural
exhaust ventilation found in private homes, apartments, and modern buildings these days is not effective, as while in-
stalling sealed plastic double-glazed windows and using highly insulating materials, the air supply is considerably re-
duced, resulting in an inefficient exhaust system.

Research Results. The central idea of the study is to propose that supply and exhaust ventilation system should be used
that employs the principle of heat recuperation, i.e., a process where some of the heat is returned from the exhaust air.

Leaving the facility, the warm air partially heats the counter-cold air stream in the heat exchange system and, accord-
ing to the configuration, becomes an exhaust at the outlet through the duct guides into the mixing chamber to the evapo-
rator and then through the exhaust air outlet outdoors, and partially heated recuperated air enters the facility.

In such conditions, based on the main goal of creating energy-efficient heating, an air exchange system is obtained
that is economically advantageous for the ASHP heat generator.
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l.e., as an example, selecting a heat exchanger with an efficiency of » =50%, the temperature of the mixed air stream
supplied to the evaporator is obtained (Fig. 3).

For practical calculation of the effective temperature of the supplied mixed air to the heat pump evaporator, an engi-
neering calculation method based on the influence of the percentage of temperatures according to the "outdoor-indoor"
formula is employed. Let us make use of the solution for a special case from the heat balance conservation equation to
identify the temperature relative to the warm air stream removed from the facility and supplied to the ASHP evaporator
(Fig. 3).

Entering information to the mixing chamber operation control module, the microprocessor programmatically provides
the appropriate current solution.

noty+n-t, 50°24°C+50-(=10°C) (1200 —500)°C _

100 100 100
where t; = 24 °C is the temperature in the facility, t, = 10 °C is the outdoor temperature.

7°C

into the facility +5°C

A from the facility

from outdoors —10°C

on the heat carrier +5°C

Fig. 3. Change in the temperature of air streams in air ducts with recuperation

In Finland, e.g., prior to commissioning an air duct with recuperation following testing, an annual regeneration coef-
ficient is employed that is retained for Helsinki and Lapland.

When ASHPs and supply and exhaust ventilation work jointly with integrated heat recovery elements, the technical
parameters of the system must comply with the following:

1. The diameter of the connected duct used for the above conditions is 125 mm.

2. The number of connected air ducts with ASHP is 4.

3. The heat recuperation efficiency (n) ranges from 40 % to 60 %.

4. Cross type recuperation.

5. The recuperation plate material is polymerized cellulose.

Structurally, the recuperator is located in a confined facility of a thermal unit (boiler room) with air ducts connected
on one side to the exhaust air supply to the evaporator, on the other, it provides a facility with slightly heated fresh air
through the air ducts (Fig. 4).

The technology of employing such a configuration of air ducts with recuperation allows for an effective increase in
the heating capacity of high-pressure vessels in the heating mode of facilities with a moderately cold climate.

According to the tests, the graph (Fig. 5) shows how much more efficiently a recirculating heat pump with a recuper-
ation element and an integrated mixing chamber operates. The "threshold" of savings (losses) is not attained until the
outdoor air temperature reaches —15° C at a temperature of the coolant (water) from +30° C to +45° C.
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Fig. 5. Graph of the result of the operation of the heat exchange heat pump system of the experimental facility
at the outdoor temperatures: 1 — 30 °C; 2 —35°C; 3—40°C; 4 —45°C

The buffer storage tank in such a combined heating system performs the function of hydraulic decoupling of the
volumetric streams of the heat source and heating, equalizes the moment of the electric energy on/off switch, compensat-
ing for the heating capacity of the heat generator and heat consumer, and at the same time partially covers the tariff periods
of electricity.
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In the actual experimental conditions (Fig. 6), long-term extensive studies were performed on digital processing of
this technological process. The resulting data made it possible to develop an experimental circuit solution (algorithm) for
a broad range of various climatic conditions.

A
(X

Fig. 6. Air mixing chamber [15] and an ASHP installed in a low-rise residential building in the lvanovo region

It is suggested that a digital technological model is developed for controlling heat exchange through an air heat pump
for low-rise and cottage buildings (Fig. 7). This scheme is detailed in Table 1.
Table 1
Regulator sensor description
Installed in a buffer tank. The signal is sent to the a pulse width modulation regulator
Sensor 1 — D/ty (PWM) when the boundary values of the set temperature and the output heat output
are changed. ASHP is on or off.
Installed on the evaporator. The signal is sent to the PWM when the set parameter
Sensor 2 — D/t; values change. The fan blowing the evaporator changes the rotation speed according
to the parameters.

Compressor protection sensors. In normal operation, the contacts are closed. When
P1, Py, P3 the set parameters are exceeded or lowered, the sensor contacts open, which causes
the compressor to stop.

Installed outdoors and gives a temperature status signal to the PWM controller mod-
Sensor 2 — Dtz ule of the electric boiler. The PWM controller module has its own program — setting
the electric boiler control.

Installed in a volumetric mixing chamber and sends a signal to the mixing chamber
operation control module. A software setting that is wired for 10°C by reacting to
Sensor 2 — Dits temperature changes inside the mixing chamber. The aim of the damper mechanism
is to respond to changes in the proportion of the incoming air from outdoors and from
the facility, ensuring that the desired temperature is obtained on the evaporator.

The power modules provide the necessary electrical power to loads. Loads include: PWS compressor, evaporator fan,
defrost solenoid, circulation pump, electric boiler heating elements, damper drive mechanism. The module of power (MP)
ensures the operation of the entire circuit.
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Digital technological model of regulating heat exchange through the air-source heat pump in a low-rise building
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Fig. 7. Digital combined ASHP regulator module (computer controller)

Discussion and Conclusion. The use of information and digital solutions opens up a broad range of functionality for
technological control and regulation of the temperature and humidity state in a facility, outdoor temperature gradient
along with the collector module of the Dt; — Dty sensors. The digital module for recognizing the parameters of this
technological process enables ASHPs to regulate an alternating stream of warm and cold air, implementing this process
through a computer controller on the operating mechanisms of the an exchange system. Such digitalization allows for a
reduction in excessive heat and electrical load, as well as minimization of the volume, area of the boiler room and air
exchange communications. As a result of using these solutions, costs and sizes of facilities are cut down.

Having set forth a digital modular functional structural scheme of heat generation from the environment, i.e., relying
on the energy efficiency of a circuit solution with an electric boiler, buffer tank and a patented mixing chamber [15], we
have attained a rationally controlled heat and air exchange of a combined heat pump system.

References

1. Fedosov SV, Fedoseev VN, Voronov VA Functional and Structural Analysis of the Freon Circuit of an Air Heat
Pump. Construction Materials. 2025;12:65-72. (In Russ.) http://doi.org/10.31659/0585-430X-2025-842-12-65-72

2. Skolubovich YuL, Anpilov SM, Dobrovolsky DA, Erofeev VT, Leonovich SN, Mailyan LR, Rimshin VI, Soro-
chaykin AN Ways to Extend the Life Cycle of Buildings with Wooden Floors. News of Higher Educational Institutions.
Construction. 2024;789:88-103. (In Russ.) http://doi.org/10.32683/0536-1052-2024-789-9-88-103

3. Rimshin VI, Ketso ES, Esipov SM, Merkulov Sl Factors Determination Influencing the Commercial Building Life
Cycle. The Eurasian Scientific Journal. 2023;15(6):56SAVN623. (In  Russ.)) URL: https:/esj.to-
day/PDF/56SAVNG623.pdf (accessed: 17.05.2026)

4. Lapidus AA, Krasnovsky BM, Murtazaev SAYu, Aliev SA Methodology for Organizing Construction of Compre-
hensive Territorial Development to Ensure Resource and Logistical Coordination. Construction Production. 2025;1:3-7.
(In Russ.) http://doi.org/10.54950/26585340 _2025_1 3



http://doi.org/10.31659/0585-430X-2025-842-12-65-72
http://doi.org/10.32683/0536-1052-2024-789-9-88-103
https://esj.today/PDF/56SAVN623.pdf
https://esj.today/PDF/56SAVN623.pdf
http://doi.org/10.54950/26585340_2025_1_3

Modern Trends in Construction, Urban and Territorial Planning. 2026;5(2):107-116. eISSN 2949-1835

5. Telichenko VI, Lapidus AA, Slesarev MYu, Ali MM Methods for Managing the Life Cycle of Capital Construction
Objects Considering the Impact of Environmental and Other Types of Risks. Construction: Science and Education.
2024;14(2):166-177. (In Russ.)_http://doi.org/10.22227/][-5502.2024.2.166-177

6. Mailyan LR, Shilov PA Technology of Making Fiber Concrete with Aggregated Oriented Fiber Reinforcement and
the Analysis of its Characteristics. Expert: Theory and Practice. 2023;(2):53-59. (In Russ.)
http://doi.org/10.51608/26867818 2023 2 53

7. Manzilevskaya SE, Evtushenko Al, Mailyan DR Green Roofs in Infill Development to Improve the Environmental
Safety of Urban Areas. Safety of Technogenic and Natural Systems. 2025;(2):136-145. (In Russ.)
http://doi.org/10.23947/2541-9129-2025-9-2-136-145

8. Dai B, Liu C, Liu S, Dabiao W, Wang Q, Zou T et al. Life Cycle Techno-Enviro-Economic Assessment of Dual-
Temperature Evaporation Transcritical CO, High-Temperature Heat Pump Systems for Industrial Waste Heat Recovery.
Applied Thermal Engineering. 2023;219:119570. http://doi.org/10.1016/j.applthermaleng.2022.119570

9. Wang B, Geng L, Dang P, Zhang L Developing a Framework for Dynamic Organizational Resilience Analysis in
Prefabricated Construction Projects: A Project Life Cycle Perspective. Journal of Construction Engineering and Man-
agement. 2022;148(10):04022111. http://doi.org/10.1061/(ASCE)C0.1943-7862.0002381

10. Wagar A, Othman I, Hayat S, Radu D, Khan M, Galatanu T et al. Building Information Modeling-Empowering
Construction  Projects  with  End-to-End  Life  Cycle  Management.  Buildings.  2023;13(8):2041.
http://doi.org/10.3390/buildings13082041

11. Gamage I, Senaratne S, Perera S, Xiaohua J Implementing Circular Economy throughout the Construction Project
Life Cycle: A Review on Potential Practices and Relationships. Buildings. 2024;14(3):653. http://doi.org/10.3390/build-
ings14030653

12. Homthong S, Moungnoi W, Charoenngam C Whole Life Critical Factors Influencing Construction Project Per-
formance for Different Objectives: Evidence from Thailand. Buildings. 2024;14(4):999. http://doi.org/10.3390/build-
ings14040999

13. Famiglietti J, Acconito L, Arpagaus C, Toppi T Environmental Life Cycle Assessment of Industrial High-Tem-
perature to Residential Small-Size Heat Pumps: A Critical Review. Energy Conversion and Management: X.
2025;26:100947. http://doi.org/10.1016/j.ecmx.2025.100947

14. Zhang S, Liu S, Shen Y, Shukla A, Mazhar A, Chen T Critical Review of Solar-Assisted Air Source Heat Pump
in China. Renewable and Sustainable Energy Reviews. 2024;193:114291. http://doi.org/10.1016/j.rser.2024.114291

15. Fedosov SV, Fedoseev VN, Emelin VA, Voronov VA, Sviridov IA Mixing Chamber. Patent RF, No. 2024109295. 2024.

About the Authors:

Sergey V. Fedosov, D.Sc. (Eng.), Academician of the Russian Academy of Natural Sciences, Professor of the
Department of Technology and Organization of Construction Production at the National Research Moscow State Uni-
versity of Civil Engineering (26 Yaroslavskoe Highway, Moscow, 129337 _Russian Federation), ScopusiD, ORCID,
fedosovsv@magsu.ru

Vadim N. Fedoseev, D.Sc. (Eng.), Professor of the Department of Industrial Management and Urban Management
of lvanovo State Polytechnic University (21 Sheremetyevo Avenue, lvanovo, 153000, Russian Federation), ScopusiD,
ORCID, 4932421318@mail.ru

Vladimir A. Voronov, Cand.Sci. (Eng.), Associate Professor of the Department of Industrial Management and Urban
Management of lvanovo State Polytechnic University (21 Sheremetyevo Avenue, Ivanovo, 153000, Russian Federation),
ScopusID, ORCID, amenamiiii@gmail.com

Claimed contributorship:

SV Fedosov: scientific supervision, formation of the basic concept, aims of the study.

VN Fedoseev: formation of the basic concept, revision of the manuscript, correction of the conclusions.

VA Voronov: carrying out the calculations, analysis of the research results, preparation of the manuscript, formation
of the conclusions.

Building constructions, buildings and engineering structures

115


http://doi.org/10.22227/2305-5502.2024.2.166-177
http://doi.org/10.51608/26867818_2023_2_53
http://doi.org/10.23947/2541-9129-2025-9-2-136-145
http://doi.org/10.1016/j.applthermaleng.2022.119570
http://doi.org/10.1061/(ASCE)CO.1943-7862.0002381
http://doi.org/10.3390/buildings13082041
http://doi.org/10.3390/buildings14030653
http://doi.org/10.3390/buildings14030653
http://doi.org/10.3390/buildings14040999
http://doi.org/10.3390/buildings14040999
http://doi.org/10.1016/j.ecmx.2025.100947
http://doi.org/10.1016/j.rser.2024.114291
https://www.scopus.com/authid/detail.uri?authorId=7005670404
https://orcid.org/0000-0001-6117-7529
mailto:fedosovsv@mgsu.ru
https://www.scopus.com/authid/detail.uri?authorId=56763729700
https://orcid.org/0000-0002-2225-0962
mailto:4932421318@mail.ru
https://www.scopus.com/authid/detail.uri?authorId=57193557894
https://orcid.org/0000-0003-4046-2130
mailto:amenamiiii@gmail.com

Fedosov SV, et al. Digital Approach to Life Cycle Management of a Low-rise Capital Con-struction Facility with Heat and Air Exchange

Conflict of interest statement: the authors do not have any conflict of interest.
All authors have read and approved the final version of manuscript.

06 asmopax:
®enocoB Cepreii BukTopoBuY, 10KTOp TEXHUUECKHUX HayK, akageMuk PAACH, npodeccop kadeapsl TexXHOIOT i

1 OpraHu3any CTPOUTEIBHOTO IIPONU3BOACTBA HammmonanpHOTO HCCaea0BaTeIbckKoro MocKoBCKOTO TOCYTapCTBEHHOT'O

crpoutenbHoro yausepcuteta (129337, Poccniickas ®enepanus, Mocksa, SIpociasckoe mocce, 26), ScopusiD, ORCID,

fedosovsv@mgsu.ru
®enoceeB Bagum HukosnaeBu4, TOKTOp TEXHUYECKHX HayK, podeccop Kadeapbl opraHusaliy Npou3BOJCTBA U

TOPOZCKOTO0 X03scTBa IBaHOBCKOTO TOCYJapCTBEHHOTO oA TeXHUIeckoro yHuBepcutera (153000, Poccuiickas Dexe-
partust, iBanoso, Illepemererckuii mpocrmekr, 21), ScopusiD, ORCID, 4932421318@mail.ru

BOpOHOB Bﬂaanan AHupeeBnq, KaHAUOAaT TEXHUYCCKUX HayK, HOLCHT Ka(bez[pm OpraHu3anuu MmMpou3BOACTBA U

TOPOZCKOTO X03scTBa IBaHOBCKOTO TOCYJapCTBEHHOTO oA TeXHUIeckoro yHuBepcutera (153000, Poccuiickas Dexe-
pauwusi, BanoBo, lllepemereBckuii mpocmekT, 21), ScopusiD, ORCID, amenamiiii@gmail.com

3asneneHHbLIl 6K1A0 COABMOPOB:
C.B. ®enocoB: HayuHOE PYKOBOJCTBO, (OPMUPOBaHHE OCHOBHOI KOHLIEILINHY, IEIH U 3aJa4H UCCIICAOBAHMUSI.
B.H. ®epnoceeB: hopMupoBaHHEe OCHOBHOW KOHIICTIIMH, JOPA0OTKA TEKCTA, KOPPEKTHPOBKA BBHIBOIOB.

B.A. BopoHoB: npoBezieHHE pacyeToB, aHATIN3 Pe3yIbTaTOB HCCIIENOBAHMUM, TOATOTOBKA TEKCTA, ()OPMHUPOBAHHE BHIBOJIOB.
Kongpnukm unmepecog: aBTopsbl 3asiBJASAIOT 00 0TCYTCTBHH KOH(INKTA HHTEPeCcoB.
Bce asmopui npouyumanu u 00006puiu 0KOHUAMENbHBLIL 6APUANRN DYKORUCH.

Received / loctynuia B pexakuuio 17.05.2026
Reviewed / [TocTynuiia mocJie penensupoanns 31.05.2026
Accepted / llpunsaTa k nyosaukanuu 14.06.2026

https://www.stsg-donstu.ru

116


https://www.scopus.com/authid/detail.uri?authorId=7005670404
https://orcid.org/0000-0001-6117-7529
mailto:fedosovsv@mgsu.ru
https://www.scopus.com/authid/detail.uri?authorId=56763729700
https://orcid.org/0000-0002-2225-0962
mailto:4932421318@mail.ru
https://www.scopus.com/authid/detail.uri?authorId=57193557894
https://orcid.org/0000-0003-4046-2130
mailto:amenamiiii@gmail.com

