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cucremax. KsarigikauiliHa HayKoBa Ipalsl Ha IpaBax pykonucy. Jlucepratist Ha 3000yTTsI CTYIIEHs OKTOPa
¢inocodii 3a cnenianpHicTio 123 «Komm'ioTepHa iHXXeHepist» ranysi 3HaHb 12 «IHdopMaliiiHi TeXHOJIOTii». —
XapKiBCbKMN HalliOHAJIbHUAN YHIBEPCUTET PaJioeIeKTPOHIKM, MiHICTEPCTBO OCBITH i HayKM YKpaiHu, Xapkis, 2026.
JuceprauiiiHy poboTy NPUCBSYEHO PO3B'I3aHHIO HAYKOBO-TEXHIYHOI 3a7ja4i NiABUILIEHHS €(PEeKTUBHOCTI
(PYHKIIOHYBaHHS PO3IOAIIEHUX KOMITIOTEPHUX CUCTEM KOHTPOJIIO TapaMeTpPiB MiKpPOKJIiMaTy MIISIXOM
PO3pOOJIEHHS MOJIeJiel Ta MeTOAy KOHTPOJIIO MIKpOKJIiMaTty y MikpocepBicHUX iHQOpMaLifiHO-BUMipIOBAJIbHUX
CHCTeMax 3 iHTerpoBaHMMU iHTEJIEKTyaJIbHUMU QJIFTOPUTMAaMU IIPUMHSTTS pillleHb. Y poOOTi OTPUMAHO Taki
pesyabTaTu. Po3po6sieHO MOJesli Ta METOJ, KOHTPOJIIO MIKPOKJIIMATy Y MiKpocepBiCHUX iH(pOpMaLifiHO-
BUMIpIOBaJIbHUX CUCTEMAX, 10 3a0€311eUyI0Th TOPU30OHTAJIbHE MACIITa0yBaHHSI, (PYHKLIOHAJbHY i30JI411i10 CEPBIiCiB

Ta [10/1i€BO-OPi€HTOBAHY B3a€MOil0 KOMIIOHEHTiB. POpMasi3oBaHO MOJIeJIb CTaHy MIiKPOKJIiMATy y BUTJISA]



6araToBUMipHOTO BEKTOpA MapaMeTpiB i3 MEXaHi3MOM MTOTOKOBOTO OHOBJIEHHS Ta MiATPUMKOIO iCTOPUYHUX TAaHUX.
3anpornoHOBaHO METOJ, aJANITUBHOTO iHTEJIEKTYaJIbHOTO KOHTPOJIIO HA OCHOBI QJITOPUTMIB HaBUYaHHS 3
NiAKpinIeHHsIM i3 6araToKpUTepiasbHOIO PYHKIi€0 BUHAropogu. Po3po6ieHo MeTOAUKY OLiHIOBaHHS
€(EeKTUBHOCTI PO3NOAIIEHUX CUCTEM KEPYBaHHS 3 YPaxyBaHHSIM JIATEHTHOCTI, CTabiJIbHOCTI Ta €HEPrOCIIOKUBAHHSL.
ExcrieprMeHTasnbHO MiATBEPAKEHO 3MEHIIEHHS CEPEHbOTO BiIXUIEHHS TapaMeTPiB MiKpOKJiMary g0 3-5 % Bif,
33/IaHMX 3HaY€Hb, CKOPOUYEHHS €HeprocroxXruBaHHs 110 15-20 % nopiBHsHO 3 Tpanuuiinumu [11]]-perynsaropamy, a
TaKOX ITiABUIIEHHS BiIMOBOCTIMKOCTI CUCTEMMU 32 PaxyHOK 130714111 MiKpOCEPBICiB Ta aCHHXPOHHOI B3aeMOZI.
MeTo10 po60TH € HayKOBe OOI'PYHTYBaHHS Ta PO3POOJIEHHS MOJIeJIel, MeTOAY ¥ aJIrOPUTMIYHOTO 3a6e31edeHHs
KOHTPOJIIO MIKPOKJIIMAaTy Y MiKpOCEpBiCHMX PO3NOisIeHUx iHpopmalLiiiHO-BUMipIOBaIbHUX CUCTEMAX,
CIIPSIMOBaHUX Ha MiABUIIEHHS MaclITabOBaHOCTI, aAalITUBHOCTI, BiIMOBOCTIMKOCTi Ta eHeproedeKTUBHOCTI
PO3MOJIiJIEeHNX KOMITIOTEPHUX CUCTEM KOHTPOJIIO I KepyBaHHSI TapaMeTpamu cepenoBuia. O6’eKT OOCIiIKeHHS —
npouecu QyHKIIOHYBaHHS PO3NOAiIEHUX KOMITIOTEPHUX iH(POPMaLiliHO-BUMIPIOBAJIbHUX CUCTEM, 11O
3a0e31e4yloTh 36ip, 06pOOKY, [lepeilaBaHHs Ta BUKOPUCTAHHS AaHUX /111 KOHTPOJIIO TapaMeTpiB MiKpOKJIiMaTy.
[IpenMeT moCTiI>KeHHs — MOZEJ, METO/, apXiTEKTYPHi pillleHHs Ta aIropuTMiuHe 3a6e3nedeHHs 00y 0BU
MIKPOCEPBiICHUX PO3NOJiNeHNX iHpOopMalLiiiHO-BUMIPIOBAJIbHUX CUCTEM JJIs1 300pY, IOTOKOBOI 06POOKH,
IIPOTHO3YBaHHS Ta aJAllITUBHOTO IHTEJIEKTYaJIbHOTO KOHTPOJIIO NTapaMeTpiB MikpokaiMaTy. HaykoBa HOBM3HA
OZlep>KaHUX PE3yJIbTATIB I10JISATA€ Y HACTYIIHOMY: 1. Briepine 3anponioHOBaHO apXiTEKTYPHY MOJIE€JIb MiKPOCEPBiICHOI
posnoginenoi inpopmMaliiHO-BUMIPIOBaJIbHOI CUCTEMU IHTEJIEKTYaJIbHOTO KOHTPOJIIO MIKPOKJIIMATY, gKa, Ha
BiZIMiHY BiJl iCHyIOYMX LIEHTPaJi30BaHUX PillleHb, 6a3y€eThCsl HA MPUHLIUIAX KOHTeNHepu3allii, QyHKLiOHAIbHO]
i3osswii cepBiciB Ta aCHHXPOHHOI 110J1i€eBO-Opi€HTOBAHOI B3aeMOi, 1110 3a6e31euye ropu3oHTalbHe
MacuTabyBaHHs, MiABUILEHY BiIMOBOCTIMKICTb i 3HUKEHHSI JIATEHTHOCTI 0OPOOKY IaHUX Y PeajlbHOMY 4aci. 2.
YIOCKOHA/IEHO MOJEJb IIPEICTaBIEeHHS Ta IPOTHO3YBaHHS CTaHy MIKPOKJIIMATY SIK 06'€KTa KOHTPOJIIO Y
posmozineHiii MikpocepBicHil iHpopmaLiiiHO-BUMIpIOBaIbHIN CUCTEMI, SIKa, HA BiAMiHY Bifl iCHyI0UNX, IOEAHYE
IIOTOKOBY arperalilo JaHuX BiJ] reTepOreHHUX CEHCOPHUX JpKepesi, GOpMyBaHHs 6araTOBUMiPHOTO BEKTOPA CTaHy
Ta HEMPOMEPEsKeBE NPOrHO3YBAaHHS YaCOBUX 3aJIEKHOCTEN ITapaMeTpiB MiKPOKIIMATy B IIOJ1i€BO-OPi€HTOBAHOMY
cepenosulli. 3. HabyB nojanbuoro po3BUTKY METO, aIalITUBHOTO iHTEJIEKTyaIbHOTO KOHTPOJIIO ITapaMeTpiB
MIKpOKJIiMaTy B MiKpOCEpBiCHiil po3mnoineHniil inpopmalifiHO-BUMIipIOBaIbHINl CUCTEMi Ha OCHOBI HAaBYaHHS 3
NiAKPiNIeHHsIM i3 6araTOKpUTepiasbHOIO PYHKIi€I0 BUHATOPOIH, IKUH, Ha BiAMiHY Bif, TpaJuLIifHUX MiAXO/iB,
3abe3mnevye BUSABJICHHS BiIXUJIeHb, IPOTHO3YBaHHS 3MiH CTaHy cepenoBuia Ta ¢pOpMYyBaHHS KEPYIOUUX Tl 3
OJHOYACHMM ypaxyBaHHSIM CTabiJIbHOCTI [1apaMeTpiB MIiKpOKJIiMaTy ¥ eHeproedeKkTuBHOCTI. [[pakTiHe 3Ha4eHHS
OTPUMAaHUX Pe3yJIbTATIB IOJISITa€ Y MOKJIMBOCTI iX BUKOPUCTaHHS 17151 00y 0BU MacCIITabOBaHUX, BiIMOBOCTIMKHUX,
€Heproe(EeKTUBHUX Ta IHTEJIEKTYaJIbHUX CUCTEM KOHTPOJIIO MiKPOKJIiMaTy B IM(PPOBOMY arpOBUPOOHULITBI,
PO3YMHUX OYZiBJIsIX, IPOMUCIOBUX iHOPMaLiiHO-BUMipIOBaJIbHUX cucTeMax, loT-nmnardpopmax, BEMS /HVAC-
pilIEeHHSIX Ta CUCTEMaX MOHITOPUHIY TEXHOJIOTIYHUX MpoLieciB. Pe3ynbTaTy fOCHIIKEHHS MOXYTb OyTU
BMKOPKCTaHi B OCBiTHbOMY ITPOLIECI MiJ, YacC MiArOTOBKY 3/100yBayiB BUILLOI OCBITH 32 CIELiaJIbHOCTSIMU rajly3i 3HaHb
12 «IndpopmauiiiHi TexHosOrII», 30KpemMa 3a crenianpHicTio 123 «Komm'toTepHa iHxeHepisi». Kiouosi ciosa:
MiKpOCepBiCHa apXiTeKTypa, po3nofisieHi cuctemy, IHTepHer pedeit, iHGopmMmaniiHO-BUMipIOBaJIbHA CUCTEMA,
iHTeJIeKTya/IbHUI KOHTPOJIb, MIKpOKJIiMaT, MallMHHE HaByaHHs, LSTM, Q-learning, HaByaHHS 3 MigKPiNJIEHHSM,

XMapHi 064nceHHs, nepudepiliHi 069nCcIeHHs, eHeproepeKTUBHICTb, 6alaHCyBaHHSI HAaBAaHTAKEHHS.

2. Shelikhov Y.O. Models and a Method for Microclimate Control in Microservice Information-Measurement
Systems. Qualification scientific work on the rights of manuscript. Dissertation for the degree of Doctor of
Philosophy in Specialty 123 “Computer Engineering” in the field of knowledge 12 “Information Technologies”. -
Kharkiv National University of Radio Electronics, Ministry of Education and Science of Ukraine, Kharkiv, 2026. The
dissertation is devoted to solving the scientific and technical problem of improving the efficiency of distributed
computer systems for microclimate parameter control by developing models and a method for microclimate
control in microservice information-measurement systems with integrated intelligent decision-making algorithms.
The following results have been obtained in the dissertation. Models and a method for microclimate control in

microservice information-measurement systems have been developed, providing horizontal scalability, functional



isolation of services, and event-driven interaction among components. A microclimate state model has been
formalized as a multidimensional parameter vector with a streaming update mechanism and support for historical
data. A method of adaptive intelligent control based on reinforcement learning algorithms with a multi-criteria
reward function has been proposed. A methodology for evaluating the efficiency of distributed control systems has
been developed, taking into account latency, stability, and energy consumption. The experimental results confirm
a reduction in the average deviation of microclimate parameters to 3-5% from the set values, a decrease in energy
consumption by 15-20% compared to traditional PID controllers, and an increase in system fault tolerance due to
microservice isolation and asynchronous interaction. The purpose of the dissertation is to scientifically
substantiate and develop models, a method, and algorithmic support for microclimate control in microservice
distributed information-measurement systems aimed at increasing the scalability, adaptability, fault tolerance, and
energy efficiency of distributed computer systems for monitoring and controlling environmental parameters. The
object of the research is the processes of functioning of distributed computer information-measurement systems
that provide collection, processing, transmission, and use of data for monitoring microclimate parameters. The
subject of the research is models, a method, architectural solutions, and algorithmic support for building
microservice distributed information-measurement systems for data collection, stream processing, forecasting,
and adaptive intelligent control of microclimate parameters. The scientific novelty of the obtained results is as
follows: 1. For the first time, an architectural model of a microservice distributed information-measurement
system for intelligent microclimate control has been proposed. Unlike existing centralized solutions, the proposed
model is based on the principles of containerization, functional isolation of services, and asynchronous event-
driven interaction, which provides horizontal scaling, increased fault tolerance, and reduced latency of real-time
data processing. 2. The model for representing and forecasting the microclimate state as a control object in a
distributed microservice information-measurement system has been improved. Unlike existing models, it
combines streaming data aggregation from heterogeneous sensor sources, formation of a multidimensional state
vector, and neural-network forecasting of temporal dependencies of microclimate parameters in an event-driven
environment. 3. The method of adaptive intelligent control of microclimate parameters in a microservice
distributed information-measurement system based on reinforcement learning with a multi-criteria reward
function has been further developed. Unlike traditional approaches, the method provides deviation detection,
forecasting of environmental state changes, and generation of control actions while simultaneously taking into
account the stability of microclimate parameters and energy efficiency.
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