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Abstract. The problem of ensuring microclimate in repair ghof motor transport enterprises
during the heating season is considered. The dafiotian between the need for intensive air
exchange to remove harmful substances and theduigts of heating supply air is analyzed. Key
problems are identified: energy inefficiency, ioatlity of ventilation systems, and infrastructure
limitations. A comprehensive approach is propodeaked on differentiated air exchange, heat
recovery, airflow optimization, and adaptive cohtrsing digital twins. Software tools for designing
and implementing intelligent systems that reducg@nconsumption while complying with sanitary
standards are described. Prospects for reseatttie ifield of detailed modeling and integration of
control systems are outlined.
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BEHTWIISILMSA,  9HEProd(GeKTUBHOCTh,  peKylepauusi  Telja,  aJanTHBHOE  YIpaBIICHHE,
muddepeHInpoBaHHBIN BO31yX000MEH.

AnHotanms. PaccmoTpena npobieMa odecriedeHusl MUKpPOKJIMMAaTta B peMOHTHBIX MacTepckux ATII
B OTONUTENbHBIH mepuoa. [IpoaHalM3MpOBaHO MNPOTHBOpPEYME MEXIY HOTPEOHOCTHIO B
MHTECHCUBHOM BO3JyXOOOMEHE /Ul Y/aJIeHHUs BPEIHBIX BELIECTB M BHICOKUMHM 3aTpaTaMy Ha HarpeB
HPUTOYHOTO BO3/lyXa. Brinenensr KJIFOUEBBIE poOeMsbl: 9Hepro3¢pGeKTUBHOCTS,
HEepalMOHAILHOCTh BEHTWLILMN M MHPPACTPYKTYPHBIE OrpaHudeHus. IIpeioskeH KOMILIEKCHBIN
MOJIXOJl, OCHOBAaHHBIH Ha JUPPEPEHIUPOBAHHOM BO3AYXOOOMEHE, peKyIepalmuu Tera,
ONTHMHU3AIMK TMOTOKOB M aJalTUBHOM YHPABICHHH C NPUMEHEHHEM IHM(POBBIX [BOWHHKOB.
Omnucanpl MPOrpaMMHbBIE UHCTPYMEHTBI ISl TMPOSKTHPOBAHUS M BHEAPEHUsS] HMHTEILICKTYalbHBIX
CHCTEM, II03BOJIIIOIINX CHU3UTh OJHEPromnoTpediieHne Mpu COONIOJCHUN CAHUTAPHBIX HOPM.
O0o03Ha4eHbl MEPCIEKTHBBI HCCICAOBAHUIT B O0JACTH JETAIM3MPOBAHHOIO MOJICIMPOBAHUS M
MHTETPALUK CUCTEM YIPABJICHHSI.

Maintaining normalized microclimate parameters @hicle maintenance and
repair shops during the heating season presemmplex engineering problem. Its
essence lies in the contradiction between sanitggyenic and energy efficiency
requirements [1, 2].
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On one hand, technological processes in the sh@pa@@ompanied by the
release of harmful substances, necessitating inerar exchange according to
regulations [1].

In the washing bay, these are high humidity, dradted chemical aerosols.
The battery shop is characterized by the releasesutiiric acid vapors and
hydrogen, which forces the use of enhanced veiotilaleading to drafts. At
welding stations, the main factors are heat emissionvective air currents, and
aerosols. The painting and drying booth featuretresbt vapors, elevated
temperatures, and explosion/fire hazards. The rigrgirea is affected by radiant
heat, temperature fluctuations, and scale partidiesgeneral repair shops, the
microclimate deteriorates due to exhaust gases, aud drafts.

On the other hand, during the heating season, r@molkeated air and
supplying cold air from outside is associated vidnificant costs for its heating,
reaching 60-70% of the building's total heat log&}s Standard design solutions
often falil to resolve this contradiction, leadimgat number of problems.

The key problem is energy inefficiency due to theklof heat recovery [3, 4].
Most ventilation systems in older workshops lackuperators, leading to direct
heat losses and excessive costs for heating vimnilair. This forces personnel to
reduce air exchange, degrading air quality andtioig@&ealth risks [5].

The second significant problem is the irrationaldfy ventilation systems.
Outdated general ventilation schemes do not accéamthe localization and
intermittent nature of harmful emissions [4]. SHerm processes (e.g., engine
start-up or welding) require local exhaust, whileming the system at constant
maximum capacity leads to energy waste. Imbalamterden supply and exhaust
worsens the situation, causing drafts and redusystem efficiency by 25-40% [7].

The third group of problems is related to infrastue and technologies.
Constant opening of large vehicle doors for caryefgads to massive cold air
influxes, disrupting the thermal balance. Ineffitidistribution of supply air creates
discomfort for personnel ("cold feet") and violate=gulatory requirements for
temperature distribution along room height. Theahity of pollutants complicates
air cleaning, and heat emissions from equipmerateran uneven temperature field
not accounted for by standard systems.

These shortcomings lead to serious consequencegefsonnel: increased
risk of occupational diseases, poisoning, and 8- reduction in work capacity
[2]. For the technological process: violation of nwaconditions (especially in
painting zones) and accelerated equipment corroBionthe enterprise's economy:
high energy costs (up to 40-50% of total operagrgenses) [3], potential fines,
increased sick leave and compensation costs, gherstaff turnover [5].

Thus, a systems analysis shows the necessity o$itieing from static
systems to intelligently controlled ones. The dohtlies in a comprehensive
approach based on several key principles.

The first principle is the differentiation of aixéhange into background and
local, demand-controlled in zones of intensive smiss. This can reduce total air
exchange by 30-50% without compromising air qudtfy
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The second principle is implementing heat recowesy recuperative units
with 60-85% efficiency, reducing energy costs feating supply air by up to 70%
[3].

The third principle is optimizing aerodynamics aidflow distribution. This
includes applying air curtains at doors [10] angpthcement ventilation schemes to
minimize drafts.

The fourth, key principle is implementing automasethptive control [6, 8].
Such a system, based on data from a sensor netalook)d regulate ventilation,
heat recovery, and heating in real time. Its fotiedais a mathematical model of
the room's thermal and gas balance, allowing flexibesponse to changes in the
technological process [8].

The central algorithm is a cycle: data collectiem model analysis—
controller decision— equipment actuation— return to data collection. Such
systems demonstrate energy savings of 25-45% wdnlguring normative air
parameters [9].

Implementing such an algorithm requires a softvealiee covering all stages-
from initial design to real-time operation. Thistsucan be divided into three key
categories.

Category 1. Design and Simulation. A digital moaél the workshop is
created.

Drawing and 3D Model: nanoCAD or Kompas-3D (for gquent drawings
and models). Renga (to create a full building infation model with all utilities).

System Calculation: Potok, VENT-Calc, START. Thesegrams select fan
capacity, duct sizes, and calculate required hgatin

Airflow Simulation (CFD): FlowVision or LOGOS. Theghow on a 3D
model how air will move, where drafts will occundahow heat and pollutants will
distribute. This is needed to find optimal locaidar exhausts and supply.

Category 2: Creating Control Logic ("the brains" ahe system).
Development of algorithms for system decision-mgkin

Algorithm Development: SiminTech. A virtual protpey of the control
system is created, all regulators are configured,their operation is tested.

Python with libraries (SciPy, NumPy). Used for cdexp mathematical
calculations and creating artificial intelligendgaithms.

Programming PLCs (Programmable Logic Controller®rogramming
environments from Russian manufacturers: OVEN, SsgmTekon, RELSI.
Almost all operate on the CODESY platform, whichs haecome an industry
standard. Ready algorithms are uploaded here socah&oller manages real
sensors and dampers.

Category 3: Visualization and Real-time Operatibriefface and Control).
These programs show the operator what is happemdgerform final analysis for
decision-making.

Dispatcher Console (SCADA): MasterSCADA, Trace Mo#&UG-2000.
This is the operator interface: screens show shgpuks, temperature graphs, and
allow turning fans on/off. The system also stoléserational history.
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Platform for Intelligent Analysis (Digital Twin): @&dy-made comprehensive
solutions, like those abroad, are not yet availableerefore, the functionality is
created from several parts:

SCADA + Python Integration: For example, MasterS@ADhandles
visualization and basic control, while a Pythonveeron a separate computer
analyzes data in real time, predicts situationd,issues optimization commands.

Specialized Platforms: For example, Platforma onf "Tsifra" company) or
solutions from GK «AiTi». They help collect equipmedata and build a virtual
model for analysis.

It is precisely such an intelligent approach, camrg energy-saving
technologies with adaptive control, that resolves ¢ore contradiction between air
quality and energy efficiency, ensuring the reddiireicroclimate while reducing
operational costs.

Prospects for further research include developiegaittd mathematical
models for various vehicle maintenance and repawmpszones, conducting
feasibility studies for pilot projects, and intetyng microclimate control systems
with the enterprise's overall energy managemeriesys
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