O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeEP: 0526U000179
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 09-06-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Toninko Irop MuxainoBuy

2. Thor Holinko

KBasigikamis: . t. u., gouent, 05.13.07

InenTudikarop ORCID ID: 0000-0002-7640-4760

Bup, pucepranii: nokrop Hayk
AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HayKoBOi cneniaabHOCTI: 01.05.02

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: MaremaTyHe MOJIEMIOBAHHS Ta 06YMCIIIOBATIbHI METOIM

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axXHCTy: 24-06-2026

CrneniaJibHICTDh 3a OCBITOIO: ABTOMATH3allisi TEXHOJIOTTYHUX NPOLECIB Ta BUPOGHUIITE

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micuesﬂaxo,lI)KeHHﬂ: npocnekT bepecrericekuii, Kuis, 03056, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi Creniaai30BaHOl BYEHOI pagu). [l 64.051.09
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUil HALOHAJIBHMIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micueanaxonmeﬂnﬂ: mangaH CBobonu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPTIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BimomocTi npo guceprauiio
MoBga auceprTaliii: Vkpaincoka
Koy TemaTHYHHX PyOPHK: 28.17.19, 43.01.77, 20.54

Tema gucepranii:

1. MaremaTnyHi Mol Ta ONTUMI3alisi CUCTeM MITY4HOTO MIKPOKJIiMaTy Kibep@isnyHUX 00'€KTiB KpUTUUHO]
iHdpacTpyKkTYypHu

2. Mathematical models and artificial microclimate systems optimization for critical infrastructure cyber-physical
facilities

Pedepar:

1. Incepralifine JOCTiIKEHHs CIIPSIMOBaHE Ha PO3POOJIEHHS] KOMIIJIEKCHOTO HAaYKOBO-TIPUKJIAAHOTO MiAX0ay IO
MaTeMaTUYHOIO MOJIEJIIOBaHHS Ta YMCEJIbHOTO aHasli3y CUCTeMU LITYYHOT0 MiKpOKJIiMaTy KibepdisuiuHuxX 00'eKTiB
(K®O) kputuuHoi indppactpykrypu (KI). AKTyanbHiCTb TeMU 00yMOBIIEHA IOTPe6OI0 MiAgnpueMcTs Ta ycTaHos KI B
3a0e3ne4eHHi NapameTpiB WITyYHOTO MIKPOKJIIMATy AJIs1 CTaJI0ro (PyHKIiOHYBaHHS JIIOACHKUX, TEXHIYHUX Ta
inopmaniitHux KOMIOHeHTiB 06’ekTiB KI B yMOBax KOHLIENITyaIbHOI HEBU3HAYEHOCTI. Y AucepTaLii IpoBeieHO
aHasi3 QyHKIiOHyBaHHA WITYy4HOro MikpokyiMmary KPO KI. PeaysnpTaTy BOCIiIKEHHS TI0Ka3any, o GopMyBaHHS
LITYYHOTrO MIKPOKJIIMATy Mae TEXHIYHE Ta COLjia/ibHE CIIPSIMYBaHHs. Bif mapaMeTpiB IITY4HOrO MiKpOKJIiMaTy
3aJIEXKUTh (PYHKLIOHYBAaHHSI BasKJIMBOTO TEXHIUHOI0 06JIaIHaHHS, & TAKOX (i3u4He 3LOPOB’s, ICUXOEMOIiliHa

CTIiHKIiCTB i Ipale3naTHiCTh IepCOoHAaIy, 1o nepedyBae y ycraHoBax KI. IIpoBenieHo oriisig MiXKHAPOIHUX CTaHAPTIB,



SIKi perJaMeHTYIOTb BUMOTH [0 WTy4HOro MikpokyiMmaty KPO KI. B po60oTi 3anrporioHOBaHO CUCTEMHUI MiAXia 10
yIpaBIliHHS cUcTeMaMu KoHuuitoBaHHS 1oBiTpst (CKII), sikuii ck1afaeTbes 3 TPbOX OCHOBHUX €TAIliB Ta OXOILIIOE:
NOT7IMOJIEHUH aHali3 TEXHOJIOTIYHOTO IIPOLIECY IiATOTOBKY MOBITPS; NOOYOBY 6araTOBMMipHOI MaTeMaTU4HOI

Mo eJli KOHIMLIOHEepa [J1s1 HASIBHUX TEXHOJIOTiN KOHIMIII0OBAHHS; PO3POOKY 6araToOBUMIpHOi CUCTeMU
ONTHMAJIbHOTO YIIPABJIiHHS KOHIMI[IOHEpaMHU Ta BITPOBAIKEHHS iH(pOpPMaLLiliHOI CUCTEMU MiATPUMKU MIPUIHATTS
piwens (ICIIIIP), mo 3abesneuye cucreMHy iHTerpauio kouauuioHepis y KOO KI. [Ina peanizaii nepuoro etarmy
CHACTEMHOTO MigXo4y y JucepTallii IpoBeeHO aHajli3 Cy4YaCHOTO CTaHy TEXHOJIOTTYHOTO MIPOLeCy MifirOTOBKU
MOBITPA 4K CKJIaJHOI TEXHIYHOI cucTeMu. Ha OCHOBI crucTeMaTu3alii TUIIOBUX TEXHOJIOTTYHUX PillleHb
imenTrdikoBaHO AEKiNbKa NECATKIB BapiaHTIB TEXHOJIOTi KOHAMIIIIOBAHHS, 10 m03BoJisie po3risigatu CKIT sk
OKpPEMUM KJ1ac 00’EKTIB 3 BUCOKHAM CTyIIEHEM CTPYKTYPHOI BapiaTUBHOCTI. Y MeXaX APYyroro eTaiy CUCTEMHOIO
IiAXO0y 3alpOIIOHOBAHO MaTEMATHMYHI MOZEJI KJIIMaTUYHOTO 06J1aJHaHHS. Y poOOTi po3p006JI€HO CiM aHATITUYHUX
MoesIel: eJIeKTPUYHOTO Ta BOJASIHOTO KallopudepiB; BOASHOTIO 0X0JI0pKyBava; GOPCYHOYHOTO Ta IIapOBOTO
3BOJIOKYBayviB; KAMEPHU 3MilllyBaHHS MTOBITP; NpuMileHHS. Lli Monesti 103BOJISI0Th TPOBOAUTH KiJIbKiCHUN Ta
SKiCHUI aHasi3 IMHaMIYHMX XapaKTEePUCTUK 06J1aHaHHS KOHAMLioHepa. MaTeMaTU4Hi MoJesli HaBeJeHO y
CTaHJAPTHiX pOopMi MPOCTOPY CTaHIB i MATPUYHUX NIepeNaTHUX PyHKUIN. [IpoBeneHO k1acudikalilo napameTpis
aHAMITUYHUX MOJeJiel KIiMaTUYHOro 06J1aTHaHHSI. BCTaHOBIIEHO, IO YMCIIOBi 3HaYeHHS KoedillieHTiB Tero- Ta
MacoBifnadi Mofeselt obsagHaHHs KOHIUIIOHEpa 3aJIeXXUTh Bifl HU3KU (GaKTOPIB, SIKi CTAHOBJISITh €AUHUIN
KOMIIJIEKC B3a€EMO3AJIEXKHUX BEJIMYMH Ta MAIOTh HEOJTHO3HAYHUI BIJIMB Ha AVMHAMIYHI BJACTUBOCTI. [lJ151 pO3KPUTTS
HEBU3HAYEHOCTI aHaiTUYHUX MOJieJleil KJIIMaTUYHOro 06J1ajHaHHS 3alIPOMIOHOBAHO AJITOPUTM MACUBHOI
inenTudikaii, skuit peasnizyerbcs iHCTpyMeHTaMu L POBOro ABilHUKA Ta 3abe3nedye aJalTUBHICTb MoJeseil 1o
PeaJIbHOrO NpOoliecy KOHAULI0BaHHS NOBITPsl. PO3p06siIeHO METOOUKY arperyBaHHs MoJieslel KIiMaTUYHOTO
obsiafiHaHHA y €nHY 6araToBuMipHy mozesnb CKIT. OTprMaHO YOTUPY KOMIJIEKCHI MOZIEJi 11719 HAaUMOMNUPEHI X
TEXHOJIOTI! LJEHTPAJIbHOTO KOHIMIIIIOBaHHS MOBITP4. [ly1s1 peanisalii TpeTboro eramny CUCTEMHOTO IiTXO0ILy
3anpornoHoBaHo ICIIIP ynpapninHg wTydyHuM Mikpoksiimarom KOO KI, ska BUKOPUCTOBY€E NPUHLIUIN: iepapXiuHOi
opraxizatlii (yHKIIOHYI0OYMX KOMIIOHEHTIB CUCTEMU; ONITUMI3allil yIIpaBliHCbKUX PillleHb 3 ypPaxyBaHHSIM
6araTOKpUTEPiasbHOCTI; aJAaTUBHOCTI MATEMAaTUYHUX MOJIeJIel 10 3MiH 30BHIIIHBOTO cepenoBuILa; ineHTrdikarii
AHAIITUYHUX MOZEJIe! Ta MiHiMi3allii BIIJIMBY HEBU3HAYEHOCTI. 3a pe3ybTaTaMU IPOBEIEHUX AOCIiIPKEHDb
CTBOPEHO 6araToyHKIioOHaJIbHE MaTEMATUYHE Ta aJITOPUTMiUHe 3a0e3MeyeHHs [J1s1 peasisallii ONTUMalbHOI
CHUCTEMH YIPaBJIiHHS WTyYHUM MikpokaiMatom KOO KI. 3anponoHoBaHi MaTeMaTHU4Hi MOJEJ, METOIM Ta

aJIrOPUTMU KEPYBaHHS KOHJUIIOHEPAMHU JIOBEAEHO OO MIPAKTUYHOI peasisalii.

2. The dissertation research is aimed at developing a comprehensive scientific and applied approach to
mathematical modeling and numerical analysis of the artificial microclimate system of cyberphysical objects (CPO)
of critical infrastructure (CI). The relevance of the topic stems from the need of CI enterprises and institutions to
ensure artificial microclimate parameters for the sustainable operation of human, technical, and information
components of CI facilities under conditions of conceptual uncertainty. The dissertation analyzes the functioning
of the artificial microclimate of CI CPO. The results of the study showed that the formation of an artificial
microclimate has a technical and social direction. The functioning of important technical equipment, as well as the
physical health, psycho-emotional stability, and work capacity of personnel located in CI facilities, depend on the
parameters of the artificial microclimate. A review of international standards regulating the requirements for the
artificial microclimate of CI CPO is conducted. The paper proposes a systematic approach to the management of
air conditioning systems (ACS), which consists of three main stages and encompasses: in-depth analysis of the
technological process of air preparation; the construction of a multidimensional mathematical model of the air
conditioner for existing air conditioning technologies; the development of a multidimensional optimal air
conditioner management system and implementation of an information decision support system (IDSS) that
ensures the systematic integration of air conditioners into CI CPO. To implement the first stage of the system
approach, the dissertation analyzes the current state of the technological process of air preparation as a complex
technical system. Based on the systematization of typical technological solutions, several dozen variants of air
conditioning technologies have been identified, which allows considering the ACS as a separate class of objects



with a high degree of structural variability. Within the second stage of the system approach, mathematical models
of climate equipment are proposed. Seven analytical models are developed in the work: electric and water heaters;
water cooler; nozzle and steam humidifiers; air mixing chamber; room. These models allow for quantitative and
qualitative analysis of the dynamic characteristics of air conditioner equipment. Mathematical models are given in
the standard form of state space and matrix transfer functions. The parameters of climate equipment analytical
models are classified. It is established that the numerical values of the heat and mass transfer coefficients of air
conditioner equipment models depend on a number of factors that constitute a single complex of interdependent
quantities and have an ambiguous effect on dynamic properties. To address the uncertainty of climate equipment
analytical models, a passive identification algorithm is proposed, which is implemented by digital twin tools and
ensures the adaptability of models to the real air conditioning process. A method for aggregating climate
equipment models into a single multidimensional ACS model is developed. Four comprehensive models were
obtained for the most common central air conditioning technologies. To implement the third stage of the system
approach, an IDSS for artificial microclimate management of CI CPO was proposed, which uses the principles of:
hierarchical organization of functioning system components; optimization of management decisions taking into
account multi-criteria analysis; adaptability of mathematical models to changes in the external environment;
identification of analytical models and minimization of the impact of uncertainty. Based on the results of the
research, a multifunctional mathematical and algorithmic support was created for the implementation of an
optimal artificial microclimate control system for CI CPO. The proposed mathematical models, methods, and
algorithms for controlling air conditioners have been successfully implemented in practice.
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