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Pedepar:

1. Incepraniiine OOCIiIyKEHHS CIIPSIMOBaHE Ha PO3POOKY iHTEJIeKTyaIbHOI CUCTEMU IITYYHOTO MiKPOKJIiMaTy
Kibepdisnunux 06'extiB (KOO) kputnynoi indppactpykrypu (KI). AKTyanbHiCTb TeMU 06YMOBIJIEHA TOTPE6OIO
nianpuemcts Ta ycraHoB Kl B 3a6e3neyeHHi TapaMeTpiB LITyYHOTO MiKpPOKJIiMaTy JJsl CTajoro QyHKIiOHYBaHHS
JIIOJICBKUX, TEXHIYHUX Ta iHPOpMaLifHUX KOMIIOHEHTIB 06’eKTiB KI B yMOBax KOHLENTyaJbHOI HEBU3HAYEHOCTI. Y
IucepTallii IpoBeeHO aHali3 acleKTiB QYHKLUIOHYBaHHS MTYy4HOro MikpokaiMary KOO KI. PeaysnbraTu
IOCJIiZIPKEHHS MTOKa3aJju, 0 (POPMYBAHHSI IITYYHOTO MiKPOKJIIMATy Mae TEXHIUHE Ta 'yMaHiTapHe CIIpsSIMyBaHHSL. Bif,
IapaMeTpiB ITYYHOrO MiKPOKJiMaTy 3a1€XUTb (PYHKILIOHYBaHHSI BOKJIMBOTO TEXHIYHOTO 06JIaiHAHHS, & TAKOX
(disnyHe 300pOB’s], ICUXOEMOILiiHA CTIMKICTb i Ipale3JaTHICTh IEPCOHAJY Ta HACEJIEHHS, 0 NIepedyBae y
ycranoBax KI. [IpoBenieHo orisaa MiKHapOJHUX CTAHIAPTIB, IO PErJIaMeHTYIOTh BUMOTY [0 MITyYHOTO

mikpoksimaTy KOO KI. B po60Ti 3anpONIOHOBAaHO CTPYKTYPY iHTEJIEKTyalbHOI CUCTEMHU IITYYHOTO MiKPOKJIIMATy



K®O KI, sixa BkiII0Ya€e TEXHIYHY, €KOJIOTiUHY, COLiajibHy Ta KOTHITUBHY HifjicucTeMu. [I71s1 KOSKHOI i3 migcrucTem
POBIJISIHYTO OCHOBHI 3aBIaHHS Ta QyHKIIOHA/IbHI 0COGIMBOCTI. PO3p06sieHO crCTeMHUI MiAXin 4O yIIpaBiiHHS
cucremMaMu KoHpulitoBaHHs noBiTps (CKII), sxi cucteMHo inTerpytotscs y KOO KI. MeTopmosorisi cucteMHOro
IiAXOMy CKJIAJIa€ThCsl 3 TPhOX OCHOBHMX €TAIliB Ta OXOIIIOE: MOIJINOJIEHN aHAJIi3 TEXHOJIOTIYHOTO IPOLEeCy
IiATOTOBKMU IOBITPS; MOOYIOBY 6araTOBUMipHOI MaTeMaTUYHOI MOIesTi KOHIULIOHEepa 1171 HassBHUX TEXHOJIOTIN
KOHJIM1IiI0BaHHSI; PO3POOKY 6araTOBUMipHOI CUCTEeMU YIIPaBJliHHS KOHJUIIIOHEPAMU Ta BIIPOBaKEHHS
po3I0zineHoi iHTeseKTyanbHOI CUCTEMHU NMiATPUMKY NPUNHATTA pimeHs (ICIIIP), mo 3abe3nedyye CUCTEMHY
inTerpauito koHgunionepis y KOO KI. [l peanizanii nepmoro etamny CUCTEMHOrO X0y Y AucepTalii mpoBegeHo
aHaJli3 Cy4yaCHOro CTaHy TEXHOJIOTIYHOrO MPOLECY MiATOTOBKY MOBITPS 4K CKJIaIHOI TEXHIYHOI cucteMu. Ha 0CHOBI
crucTeMaTu3allil TUIMOBUX TeXHOJIOTIYHUX pillleHb iieHTU(hIKOBaHO JeKibKa NeCsTKiB BapiaHTiB TEXHOJIOTIN
KOHJMLIIOBAaHHY, 10 N03BoJsie po3rygnarty CKII sik okpeMuii Kj1ac 06'€KTiB KEPYBaHHS 3 BUCOKUM CTYIIEHEM
CTPYKTYPHOI BapiaTUBHOCTI. Y ME&Xax APyroro €Tamy CUCTEMHOIO MiiX01y 3alIPOIIOHOBAHO MAaTEMATUYHI MOJEJI]
KJIIMaTUYHOTO 061afHAHHS. Y POOOTi po3p06JIeHO CiM aHATITUYHUX MOZeJIel: eIeKTPUYHOTO Ta BO/ISIHOTO
Kaylopu@epiB; BOASHOTO 0X0JI0[KyBaya; (POPCYHOUHOTO Ta IaPOBOT0O 3BOJIOXKYBAUiB; KAMEPH 3MilllyBaHHSI IIOBITPS;
npumimenHs. i Mozesni 103BOJISAI0Th IPOBOAUTH KiJIbKICHUH Ta SIKICHUM aHaJli3 IMHAMIYHUX XapaKTEPUCTUK
o0J1afHaHHS KOHJuUIioHepa. MaTeMaTUyHi MoJiesli HaBeJeHo y CTaHAapTHIiN GopMi IPOCTOPY CTaHIB i MAaTPUYHUX
nepepatHux QyHKUiN. [TpoBeneHo knacudikallio napaMeTpiB aHaITUYHUX MOAesIeN KIiMaTUYHOro 06J1aiHaHHSI.
BcraHoBs€HO, 110 YMCJIOBi 3Ha4€HHS Koe(illieHTiB TEMIo- Ta MacoBiAAadi Mogesieil o61agHaHHs KOHIUIIioOHepa
3aJIXKUTD Bifl, HU3KU (DAKTOPIB, SKi CTAHOBJIATh EAUHNI KOMILJIEKC B3A€MO3aJIEXKHUX BEJIMYMH Ta MAIOTh
HEOJIHO3HAYHM BIUIMB Ha AMHAMIYHI BJACTUBOCTI. /17151 PO3KPUTTS KOHLENTYyaJIbHOI HEBU3HAYEHOCTI aHAJIITUYHUX
MoJesell KIiMaTUYHOro 06J1afHaHHS 3allPOIIOHOBAHO JITOPUTM NIACHUBHOI ifeHTUdiKallii, SKUI peanisyeTbcs
iHCTpyMeHTamu 11(POBOro IBiMHMKA Ta 3a6e31e4ye aIalTUBHICTh MOZEJIEN 4O PEeaIbHOTO NPOLecy
KOHJWLIiIOBaHHS 1OBITPs. PO3p06J1€HO METOAMKY arperyBaHHs Mozesieil KJIiMaTUYHOTro 00JIafHAHHS Y €IUHY
6ararosumipHy mogeinb CKII. MeTonuka nobynosu komisiekcHoi mogesti CKIT 6asyeTbcss Ha IPUHLUIL arperyBaHHsl.
OTprMaHO YOTHPU KOMILJIEKCHI MOZEJIi 17151 HAUIIOIMPEHIIINX TEXHOJIOTIN LEHTPaJIbHOIO KOHIUIIIIOBAaHHS ITOBITPSI.
Jia peanisauii TPETbOTO €Tary CUCTEMHOTO miaxoay 3anpornonosaHo ICIITIP ynpaBiliHHA ITYYHMM MIKPOKJIiMaTOM
K®O KI. 3annponionosasna ICIIIIP rpyHTyeTbCs Ha 3acaZiax CUCTEMHOTO aHajlizy Ta epejdayae BUKOPUCTaHHS
KJIIOYOBUX NIPUHLIMIIB: iepapxiyHoi opraHizalii pyHKIIOHyI0UMX KOMIIOHEHTIB CUCTEMU; ONITUMI3allil yIpaBliHCbKUX
pilleHb 3 ypaxyBaHHSIM 6araTOKpUTepialbHOCTI; aIallTUBHOCTI MaTEMAaTUYHUX MOJieJIel 10 3MiH 30BHIIIHBOTO
cepenoBulla; inenTrdikauii aHamITUYHUX MOZeser Ta MiHiMi3allii BIIJIMBY KOHIENITyalbHOI HEBU3HAYEHOCTI. 3a
pe3yabTaTaMu IPOBEAEHUX AOCIiIPKEHb CTBOPEHO 6araTOPyHKIiOHAJIbHE MaTeMaTUYHe Ta aIFTOPUTMiYHe
3abe3neyeHHs I peasisallii iHTeJIeKTyaabHOI CUCTEMMU YIIPaBJIiHHA IWTYYHUM MikpokimaToMm KOO KI.
3anponoHoOBaHi MaTEMATUYHI MOZEJI, METOIU Ta AJITOPUTMU KEPYBAHHS KOHIULIOHEPAMU OBENEHO 1O
MIPaKTUYHOI pearisaliii.

2. The dissertation research is aimed at developing an intelligent artificial microclimate system of critical
infrastructure cyber-physical facilities (CICPF). The relevance of the topic is due to the need of enterprises and
critical infrastructure (CI) institutions to provide artificial microclimate parameters for the sustainable functioning
of human, technical and information components for CI facilities in conceptual uncertainty conditions. The
dissertation analyzes aspects of the functioning of the artificial microclimate of CICPF. The results of the study
showed that the formation of an artificial microclimate has technical and humanitarian direction. The functioning
of important technical equipment, as well as the physical health, psycho-emotional stability, and working capacity
of personnel and the population staying in CI institutions, depend on the parameters of the artificial microclimate.
A review of international standards regulating the requirements for the artificial microclimate of CICPF was
conducted. The work proposes a structure for an intelligent artificial microclimate system for CICPF, which
includes technical, environmental, social, and cognitive subsystems. The main tasks and functional features of each
subsystem are considered. A systematic approach to managing air conditioning systems (ACS) that are systematic
integrated into CICPF has been developed. The methodology of the systematic approach consists of three main
stages and covers: in-depth analysis of the air preparation process; the construction of a multidimensional



mathematical model of an air conditioner for existing air conditioning technologies; the development of a
multidimensional air conditioning control system and the implementation of a distributed intelligent decision
support system (IDSS) that ensures the systematic integration of air conditioners into CICPF. To implement the
first stage of the systematic 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 us to consider the air
conditioning system as a separate class of control plants with a high degree of structural variability. Within the
second stage of the systematic approach, mathematical models of climate control equipment are proposed. Seven
analytical models have been developed in this work: electric and water heaters; water cooler; nozzle and steam
humidifiers; air mixing chambers; rooms. These models allow for quantitative and qualitative analysis of the
dynamic characteristics of air conditioning equipment. Mathematical models are presented in the standard form of
state space and matrix transfer functions. The parameters of climate equipment analytical models have been
classified. It has been established that the numerical values of the heat and mass transfer coefficients of air
conditioner models depend on a number of factors that constitute a single set of interrelated quantities and have
an ambiguous effect on dynamic properties. To reveal the conceptual uncertainty of climate equipment analytical
models, a passive identification algorithm has been proposed, which is implemented using digital twin tools and
ensures the adaptability of models to the real air conditioning process. A methodology for aggregating climate
equipment models into a single multidimensional ACS model has been developed. The methodology for
constructing a comprehensive ACS model is based on the principle of aggregation. Four comprehensive models
have been obtained for the most common central air conditioning technologies. To implement the third stage of
the systematic approach, an IDSS for managing the artificial microclimate of CICPF has been proposed. The
proposed IDSS is based on the principles of systematic analysis and involves the use of key principles: hierarchical
organization of functioning system components; optimization of management decisions taking into account
multiple criteria; adaptability of mathematical models to changes in the external environment; identification of
analytical models and minimization of the impact of conceptual uncertainty. Based on the results of the research,
multifunctional mathematical and algorithmic support has been created for the implementation of an intelligent
system for controlling the artificial microclimate of CICPF. The proposed mathematical models, methods, and
algorithms for controlling air conditioners have been brought to practical implementation.
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