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Pedepar:

1. Y nuceprauii ocHOBHa yBara npuisieHa po3pooiii Ta y0CKOHAJIEHHIO IIPOTOTHUITY allapaTHO-TIPOrPaMHOTO
KOMILJIEKCY J1JIs1 aHauli3y Ta 06pOOKY AaHUX IHTeJIeKTyaJIbHOTo OyAuHKY. [IpoBeieHnit aHasli3 HAyKOBUX MMy0OJliKalii
Ta BiIKPUTUX JIXKEPeJI y TeMATUL iHTeJIeKTyaJlbHUX OYAMHKIB IIPOJEMOHCTPYBAB, 110 3apa3 iCHye HeJOCTaTHbO
pilleHs MoA0 anapaTHO-TIPOrPaMHUX CUCTEM, PYHKLIIOBaHHS SIKMX HE 3aJI€KUThb Bifl XMApHUX TEXHOJIOTIi Ta
IOCTYITy 10 T7100a1bHOI Mepexxi IHTepHeT. OKpeMUM Ta He MEHII BaKJIMBUM KOMIIOHEHTOM y ITPOEKTYBaHHI CUCTEM
KEPYBaHH$ iHTEeJIeKTyaJIbHUM OYIMHKOM € BPaxXyBaHHS TEIJIO(Pi3NYHUX NPOLECIB, SIKi ONKUCYIOTHCS BiATIOBITHNMU
IVHAMIYHMMU PiBHSIHHSMU TEIJIONEPEHOCY Y puMillleHHi. PO3B'a3yBaHHS TaKUX PiBHSIHb JO3BOJISE SIK MOJIE€JIIOBATH
TEIJIOBI IIPOLIECH, TaK i BUKOPUCTOBYBATH iX PO3B'SI3KU 7151 yTOYHEHHSI IPOTHO3YBAHHS CIIOKMBAHHS €Heprii. Y
IepIIOMY PO37isi AucepTaliliHOi po6OTU PO3IJISIHYTO [IPOOJIEeMATUKN CTBOPEHHSI CUCTEM iHTEJIeKTyabHOTO
Oy[IMHKY, 5IKi 371€6inb10ro 6a3yloThCsl HA TPAaHUYHUX Ta TYMaHHUX OO0uMcIeHHsX. [IpoaHani3oBaHi cy4yacHU CTaH Ta
aCIeKTU TPaHUYHUX OOUMCIIEHD [IJIS1 iHTEJIEKTYaIbHOTO OYAMHKY, IO I'PYHTYIOTbCSI HA MiKpOKOMIT'IoTepax Raspberry

Pi 3 ta mikpokoHTposiepax Arduino. TakoX, po3rysiHyTi akTyasbHi 3aco6u Ta MiAXoau 10 06pOOKYU CEHCOPHUX JAaHUX



B MeyKaX perpeciiHuX Ta HepOMepesKeBUX MOJIesIel, OCTaHHi 3 IKUX MOXKHA BOYZOBYBAaTH Y MiKDOKOHTPOJIEPH 3
METOI0 [TPOTHO3yBaHHsL. [y 3a6e3Me4eHHs THYYKOTO PO3rOPTaHHS HEMPOMEPEXKEBUX MOZEJIEH, IPOBEEeHNI OTJIs],
Ta aHaJjli3 aBTOMAaTU30BaHUX 3aCO0iB LUKy OOpPOOKM JaHUX — HaBYaHHs Ta Balifalii HEPOHHOI Mepexxi —
BOYIOBYBAaHHS HEMPOMEPEXi Ha MIKDOKOHTPOJIEDP 3 OGHOYACHUM ii pO3ropTaHHsIM Ha MiKPOKOMITIOTEpi. ¥ Ipyromy
PO31iii aucepTaLiiiHOl pOOOTH ONKMCAHO JaHi, SIKi BUKOPUCTOBYIOTECS Y MOZEIOBaHHI cucteMu. 111 06poOKy 1juX
JAHUX PO3IJISIHYTI Ta peasli3oBaHi alrOPUTMU BUSIBJIEHHS BUKUIB Ta aHOMAJIiN; IPOBEIEHUIN CTATUCTUYHUIN aHAJIi3
Ta No6Yy[OBaHi perpeciiiHi Mofei: a) 30BHIIIHIX Ta BHYTPIlIHIX TeMIlepaTyp; 6) CIIOKMBAHHS ra3y Ta TeMIIEpaTyp Ha
MOBEPXHSX 6aTapell Ta B) 30BHIIIHBOIO, BHYTPIIIHBOIO TEMIIEPATYPH Ta TEMIIEPATYPU HA OOIrpiBajIbHUX €JIEMEHTAX,
PEe3YJIbTaTU SIKUX MO>KHA BUKOPHUCTOBYBATHU [iJIs1 IIPOTHO3Y Ta aHasli3y 3B'sI13KiB MiXX BUMipIOBaHHSIMU.
3aIpoIIoHOBaHO MiJXiJ OO Je3arperanii JaHUX CIIOKMBAHHS ra3y Ha OCHOBI KJIACTEPHOI'O aHali3y, METOIO SIKOTO €
BU]IiJIEHHSI KOHKPETHUX CIIOKMBAYiB ra3dy 3 CyMapHUX (arperoBaHux) gaHux. s nobyn0Bu HEPOMEPEKEBUX
IIPOTHOCTUYHUX MOJEJIeN TEMIIEPATYP JETaJBbHO ONMCAHUI IIPOLEC MirOTOBKY Ta IEPETBOPEHHS JAHUX Ta
POSTJISIHYTI aKTyaJbHi apXiTeKTYPU PEKYPEHTHUX HEMPOHHUX MEPE3K, Ha OCHOBI IKMX peasli30BaHi BifOBigHI
mogei. ChopMmysiboBaHa 3afa4a OnTUMi3allii rinepnapaMeTpiB CIIPOEKTOBAaHUX HEMPOMEPESK, PO3B I3yBaHHS SIKOi
3[1i/ICHEHO 32 [IONIOMOTOI0 TEHETUYHOTO aJIFTOPUTMY. 3MiCHEHUI aHaJIi3 pe3yJIbTaTiB Ta Mifbip ONTUMAaJbHO]
apxiTeKTypH [y pO3TOPTaHHS Ha MiKpOKOHTposepi STM32. Tpetilt po3gin pucepratii IpUCBSIYEHNN arnlapaTHO-
IIpOorpamHill peasisalii MpOTOTUITy KOMIIJIEKCY /11 aHali3y Ta OOPOOKY JAHUX iHTEJIEKTYaJIbHOTO OYAUHKY. B sikoCTi
anaparHoi natgopmu 6yam obpati mikpokomm'iorep Nvidia Jetson Nano, mo Mae gOCTaTHi IOTY>KHOCTI 17151
LIEHTPAJIbHOTO OOYNCIIIOBAILHOTO Xa0y Ta BUCOKOIPOLYKTUBHUI MiKpoKOHTposep STM32 F767. OcTanHiil € 6a3010
[IepBUHHUX 'PAaHNYHUX OOYMCIIEHb 3aBASKY PO3rOPHYTINl HA HbOMY HEMPOHHIN Mepexxi. [Ipy nix’enHanHi 10 HbOTO
JIATYMKiB TEMIIEPATYpP, HEMPOKOHTPOJIEP MOXE 37ilICHIOBAaT KOPOTKOTEPMiHOBE IIPOTHO3YBAaHHS Y peajlbHOMY 4aci
17151 IOPiBHSHHS 3 JAHMMH, 110 HAAXOMASTh Ha HbOTO (BUNAIOK BUSBJIEHHSI aHOMAJIil), 44 BUKOPUCTOBYBATHUCS SIK
OKpeMUM [IPOTHOCTUYHUI MOAYJIb IJ1s1 ONITHMI3alii mapameTpiB 06irpiBy npumimeHHs. [IporpamHa yacTHHA JAaHOTO
nporotuny ckuanaetbes 3 REST API, mo oroprae 6a3y gaHux 3 BUMiploBaHHIMU SQLite, MOyl CTaTUCTUYHOI
06pO6KU Ta HEpOMepeXeBOro MOJIe/IIOBAaHHS, CUCTEMY 111 opraHisanii kouseepy MLOPS — Mlflow, opkecTtparop
Apache Airlow Ta mogynb KoMyHiKallii 3 HelipokOHTposiepoM Ha 6a3i TCP cokertiB. Y 4eTBepTOMY po31ini
3alpONOHOBaHA METOAMKA 3aCTOCYBAHHS TEMIOPI3NIHNAX MOJIeJIeN Y IO€JHAHHI 3 JaHMMU T€MIIepaTyp Ta
CIIO>)KMBAHHS a3y M1 HabJIMKEHOI OLiHKY e(eKTUBHUX KOoe(]illieHTiB TENIONPOBiTHOCTI Ta TENJI0OEMHOCTI OyIiBJIi.
O6unceHHs TakKuX NapaMeTpiB BilOyBa€eTbCsl HA OCHOBI PO3B’s13KiB IPSIMOi Ta 06€PHEHO] 33724 IIJISIXOM
dbopmymoBaHHS Ipo6ieMu onTuMizalii PyHKUiOHATY, SKUI BU3HAYAE PI3HULS MK 00YMCIIEHMU Ta PeajlbHUMU
TeMIlepaTypaMu y IpUMillleHHi BilHOCHO TennogiznyHux KoedinieHTiB. Takox, po3pobyieHa MaTeMaTUyHa MOJIeJlb
OLIiHKM €()EKTHMBHUX TEIJIOBUX [TapaMeTpiB iHAMBIyaJbHUX IPKEPEJI 00IrpiBy, sIKi MOKHA BUKOPUCTOBYBATH SIK IJIs1
337124 MPOTHO3yBaHHSI CIIOKUBAHHS, TaK i 17151 BU3HAUYEHHS YaCTUHU BiJl cCyMapHOi eHeprii 06irpisy, ska

CII0>)KMBAETHCSI KOHKPETHUM O0irpiBajIbHUM €J1EMEHTOM.

2. In dissertation, the main attention is paid to the development and improvement of the prototype of the
hardware and software complex for the analysis and processing of data of an intelligent house. The analysis of
scientific publications and open sources on the topic of intelligent buildings showed that there are currently not
enough solutions for hardware and software systems, the functioning of which does not depend on cloud
technologies and access to the global Internet. A separate and no less important component in the design of
intelligent building control systems is the consideration of thermophysical processes, which are described by the
corresponding dynamic equations of heat transfer in the room. Solving such equations allows both modeling of
thermal processes and the use of their solutions to refine forecasting of energy consumption. The first chapter of
the dissertation examines the problems of creating intelligent home systems, which are mostly based on boundary
and fuzzy calculations. The current state and aspects of edge computing for the intelligent home, based on
Raspberry Pi 3 microcomputers and Arduino microcontrollers, are analyzed. Also, current means and approaches
to sensor data processing within regression and neural network models are considered, the latter of which can be
built into microcontrollers for the purpose of prediction. To ensure flexible deployment of neural network models,
a review and analysis of automated data processing cycle tools — training and validation of a neural network —



embedding a neural network on a microcontroller with simultaneous deployment on a microcomputer was
conducted. The second chapter of the dissertation describes the data used in system modeling. Algorithms for the
detection of emissions and anomalies were considered and implemented for the processing of these data;
statistical analysis was carried out and regression models were built: a) external and internal temperatures; b) gas
consumption and battery surface temperatures and c) external, internal and heating element temperatures, the
results of which can be used for forecasting and analysis of relationships between measurements. An approach to
the disaggregation of gas consumption data based on cluster analysis is proposed, the purpose of which is to select
specific gas consumers from aggregated (aggregated) data. For the construction of neural network prognostic
models of temperatures, the process of data preparation and transformation is described in detail, and current
architectures of recurrent neural networks, on the basis of which the corresponding models are implemented, are
considered. The problem of hyperparameter optimization of designed neural networks is formulated, the solution
of which is carried out using a genetic algorithm. Analysis of the results and selection of the optimal architecture
for deployment on the STM32 microcontroller was carried out. The third section of the dissertation is devoted to
the hardware and software implementation of the complex prototype for analyzing and processing data of an
intelligent building. The Nvidia Jetson Nano microcomputer, which has sufficient power for a central computing
hub, and a high-performance STM32 F767 microcontroller were chosen as the hardware platform. The latter is the
basis of primary boundary calculations due to the neural network deployed on it. When temperature sensors are
connected to it, the neurocontroller can make short-term predictions in real time for comparison with the data
coming to it (in case of anomaly detection), or be used as a separate predictive module to optimize room heating
parameters. The software part of this prototype consists of a REST API wrapping a database with SQLite
measurements, modules for statistical processing and neural network modeling, a system for organizing the
MLOPS pipeline — Mlflow, an Apache Airlow orchestrator, and a communication module with a neurocontroller
based on TCP sockets. In the fourth chapter, a method of applying thermophysical models in combination with
temperature and gas consumption data is proposed for an approximate estimation of the effective coefficients of
thermal conductivity and thermal capacity of the building. Calculation of such parameters takes place on the basis
of solutions of direct and inverse problems by formulating the problem of optimization of the functional, which
determines the difference between the calculated and real temperatures in the room relative to thermophysical
coefficients. Also, a mathematical model for evaluating the effective thermal parameters of individual heating
sources has been developed, which can be used both for consumption forecasting tasks and for determining the
part of the total heating energy consumed by a specific heating element.
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