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ABSTRACT

Golinko I. M. Mathematical models and artificial microclimate systems
optimization for critical infrastructure cyber -physical facilities. Qualifying
scientific workasa manuscript.

Thesis for scientific Technical Sciences Doctor degree on the specialty
01.05.2 i Mathematical Modelling and Computational Methodls National
Technical Uni versity of Ukr ai ne il g
Ministry of Education and Science of Ukraine, Kyiv, B02

The dissertation is aimed at developing a comprehensive scientific and appliec
approach to the mathematical modelling and numerical analysis of the artificial
mi croclimate system of <critical i nfra
the growiy need of critical i nfrastructur
microclimate parameters for the stable operation of human, technical and
i nformation components wunder condit]i
and variable operating regimebhe research is grounded on the application of
mathematical methods that combine analytical and numerical modelling,

identification and optimization techr



processes, used to analyze the phys
air conditioning equipment of wvari ous

The limited adequacy of climate equipment existing mathematical models, the
| ack of systematicity in their constr
framewor k | ead to a scientific app
arti fi ci alystems ofcriicallinfrasteuctuee cyphysical facilities. Its
solution requires a comprehensive approach based on mathematical modelling ar
computational methods for solving complex problems, using experimental data anc
simulations.

The dissertation proposes new mathematical models and develops numerice
met hods of i dentification and mul ti c
systems of critical infrastructure cybghysical facilities. The created models
provide a mathemt i c al description of t he
air conditioning processes in the st
taking into account the multidimensional nature of technological interactions,
existing uncertainties and nonlinearitiéhe numerical methods developed are
directed at increasing the accuracy of computational modelling, predicting
microclimate parameters, and optimizing criteria of efficiency for the operation of
dynamic air conditioning a sciertfe besis forT h «
the development of computational methods and algorithms of intelligent adaptive
control of microclimate in modern critical infrastructure cyphysical facilities.

The dissertation analyses the physical process of forming an artificial
microclimate for critical infrastructure cybgehysical facilities. The research shows
that ensuring artificial microclimate has both technical and social orientations, since
the perfemance of critical technical equipment as well as the physical health and
work capacity of personnel depend on microclimate parameters in
critical i nfrastructure facilities. /
regulate requirements for tlaetificial microclimate of critical infrastructure cyber
physical facilities. Based on the literature analysis, the main microclimate

parameters are generalized, i ncludin

10



supply air flow per person, minimum living space area per person, and the duratior
of a critical I nfrastructure facilitdi

Compliance with normative microclimate parameters is critically important

for i ndustrial enterprises and soci a
particul ar heal thcare facilities, un
andothe public i nstitutions. I n industr.i

contribute to the stability of technological processes and to the improvement of theil
economic efficiency. In the social sphere, such systems affect safety, comfort an
habiaebi | i1ty for people. The assessment
the quality of manufactured product s
a complex, multidisciplinary task that requires a systematic approach to supporting
managemet decisions under conceptual uncertainty and increasing demands for the
efficiency of air conditioning syster

The dissertation proposes a systematic approach to the control of
air conditioning systems i ntegrated
facilities. The proposed approach con
analysis of the technagjical process of air preparation as the modelling object; the
construction of multidi mensional math
technologies and the development of numerical identification methods for model
parameters; optimization andagdation of the control system for air conditioners,
along with the di stributed deci sion
i ntegration of air conditioning syst
facilities. The stages of the propossgtematic approach are treated sequentially in
the dissertation chapters.

For the implementation of the first stage of the systematic approach, the
di ssertation analyses the current st a
systems. By systematizing typical technical solutions, several dozen variants o
air mi xptauwraet i pne technol ogi es ar e I de
systems to be considered as a separate class of mathematical modelling objects w

a high degree of structural wvariabildi

11



are characterized by multiplicity, wholeness, emergence, equipotentiality and
synergy, permitting their classification as complex technical systems. EXxisting
mathematical models of climate equipment are critically analysed, and current
met hods ofuicplmemat ecoent r ol and contr ol
are examined. To overcome the existing limitations, a new concept for control
air conditioning processes S propos
problems in the coordinates of agmperature and moisture content, taking into
account the interaction of climate equipment. For indirect measurement of moisture
content, a mathematical relationship is developed that, based on measurements
temperature, relative humidity and barometregsure, allows determination of the

air moisture content.

Within the second stage of the systematic approach, mathematical models o
climate equipment are proposed. Seven analytical models are developed: electr
and water based heaters; water cool e
chamber; and room. The models enable both quantitative and qualitative analysis
of the dynamic characteristics of air
model s, the proposed models explicitl
i n air mi xt.Uhe enathematigalanodels areopmesented in the standard
state space form and as matrix transf

For the developed analytical models of climate equipment, a classification of
their parameters is carried out. It is established that the numerical values of heat ar
mass transfer coefficients of cl i mat
factors thatform a single complex of interdependent quantities, exerting an
ambiguous influence on the dynamic properties. To eliminate conceptual uncertaint
in the analytical models, an algorithm of passive identification is proposed, realized
with the aid of digial twin tool and ensuring model adaptability to the real
air conditioning process. Exampl es of
twin for electric and water heaters are presented; in numerical modelling, the relative
error of determining uncertaiparameters did not exceed 5%. A methodology for

aggregating climate equi pment model s
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air conditioning system is developed,
most widespread technologies of central air conditioning.

At the third stage of the systemat
managing the artificial microclimate of critical infrastructure cyplysical
facilities is proposed, based on the following key principles: hierarchical
organization of the systmés f uncti oning components
of management decisions; adaptability of mathematical models to changing externe
conditions; parametric identification of analytical models and minimization of the
impact of conceptual uncertainty.

The structure of the decision supp
model, whose components are integrated using network connections. At the lowe
| evel, boundary devices of the cyber
sensor data anddal control of air conditioners. Within the study, numerical
methods of optimization of conventional and multidimensional control systems for
local air conditioners are proposed, providing adaptation of control algorithms to
changes in the external envaraent.

At the middle level, cloud services of digital twins of air conditioners operate,
representing digital copies of functioning air conditioners in real time. This level
ensures integration of databases containing current and historical trends o
ai r cremvariables, equipment configuration characteristics and other data, ac
we l | as model |l ing and problem sol vi
identification methods for climate eg
control system to exterhand internal disturbances, according to predefined
efficiency criteria, are applied. Within this level, numerical algorithms of operational
contr ol ar e real i zed: energy consun
forecasting, and adaptation of the cohiystem to external conditions.

The upper level of the system is designed to support the management eecisior
making process, ensuring strategic coordination of subsystem operations to achie\
the overall goal of managing the microclimate of critical infrastructure eyber

physical facilites.

13



Express methods for optimizing traditional control systems are proposed,
where the properties of the control plant are described by an approximate mode
The express methods were developed for a wide range of dynamic properties of th
control plant across control and disturbance channels, which allows them to be use
for optimizing control systems in various industries.

Based on the research results, a multifunctional mathematical and algorithmic
support has been created for t he r
management system for critical infrastructure cyieysical facilities. The
proposed mathematical mdsiemethods and control algorithms for air conditioners
have been brought to practical implementation.

The practical value of the obtained results lies in the creation of scientifically
grounded mathematical and algorithmic support for the development, analysis ant
optimization of energy efficient ar
infrastructure gberphysical facilities. The proposed comprehensive mathematical
models of industrial and precision air conditioners, digital twins of climate
equipment, and analytical models of heat and mass transfer processes ensure hig|
accuracy of engineering calations, support of control modes, and the possibility
of remote monitoring, di agnostics an
The developed numerical methods of conventional and multidimensional regulator
optimization are universal and can be embd e d I nt o mi Cr o«
automation systems, contributing to reduced energy consumption, increase
reliability, adaptability and autonomy of engineering solutions for industrial plants,
data centers, medical facilities and other objects with emldarequirements for
microclimate parameters.

The obtained scientific results have been implemented in: the control systerr
of the air conditioner AERMEC NCT 22 (testing report signed by the General
Director of LLC ATEPLOI NFORMO O. N. Y
Chi ef Engi neer ong YardhottheB\atioralnBartk @f Ukraime
Yu.V. Talimonov on 29.09.2025); the training and simulation complex of an

artificial mi croclimate system (intrc

14



by the Director of LLC ATEPLOI NFORMO
control system of engineering equipment (introduction report signed by the Director
of LLC AKOVCHEHO V. V. Herasymchuk on
of engineering equipment dhe boiler house of the industrial building of the

enterprise development company dl KMo
of NPP Al KMo O.V. Lyakhovetskyi on 11

An experimentally tested the effectiveness of the developed mathematical anc
algorithmic support for the artificial microclimate control system of the production
premises of the printing shop of the Banknote Mint of the National Bank of Ukraine.
The stabilityof the microclimate parameters was assessed using Shewhart contro
charts.

According to the results of statistical processing of experimental data, it was
established that the process of temperature stabilization in the room is in &
statistically controlled state. At the same time, the process of regulating relative ait
humidity does not correspond to the conditions of a statistically controlled state,
which is due to the presence of significant industrial disturbances in the production
environment. The proposed AERMEC NCT 22 air conditioning control system
maintains a temperatuief 20 £ 1.5 °C and a relative humidity of 52.5 + 2 %,
regardless of the season and external thermal influences from the printing shop'
technological equipment.

The results of industrial tests have confirmed the high efficiency and
reliability of the proposed i nformat:.i
control, synthesized on the basis of the developed multifunctional mathematical
models, identificatiomethods and numerical optimization, which ensure improved
stabil ity of artificial mi crocl i mat
conditions.

Keywords: artificial microclimate system, critical infrastructure,
cyber physical facilities, cyber phy
equipment, mathematical model, identification, optimization, adaptation, quality

criterion, dec.i sion support system
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