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Pedepar:

1. Y cdepi komepLiliHUX CUCTEM YIIPaBIiHHS POLIECOM €HEPTrOCIIOKUBAHHS 3HAYHY YBary 30CepepKeHo Ha
BIIPOBA/’KE€HHI pillleHb, CIIPSIMOBAaHUX Ha MiJIBUIIEHHS eHeproedeKTUBHOCTI 6y iBesb. Taki pillleHHs: MaloTh Ha METi
CKOPOUYEHHSI €HEePreproCcloKUBaHHS, 3MEHIIEHHS (DIHAHCOBUX BUTPAT, MiHiIMi3allilo BIJINBY HA OOBKiIA i
3abe3nedeHHs KOMPOPTHUX YMOB MEIIKaHILIiB. 3aCTOCYBaHHS BiAMIOBITHUX METOZiB IPOTHO3YBAHHS
€HeproCIoKMBaHHs Ha paHHIX eTanax IIPOeKTYBaHHs OyZiBesb CIIpUsie IPUNHSTTIO OOIPYHTOBAHUX pillleHb 11010
ixHbOI eHeproe@eKkTUBHOCTI. TOYHE IPOrHO3YBaHHS €HEPrOCIIOXKUBAHHS € KPUTUYHO BAXJIMBUM [1J11 ONITUMI3allii
pO60OTH CUCTEM OTIaJIEHHS], BEHTUJIALI, KOHAULIOHYBAHHS MOBITPS, @ TAKOX JJ11 PO3POOJIEHHS CTPaTErill KEpyBaHHS
HaBaHTaKEHHSIM i 3MEHIIEeHHS ITIKOBUX BUTPAT eHeprii. EQeKkTnBHe NporHo3yBaHHs [1a€ 3MOTY He JIAlIe 3HU3UTH
eKCIUlyaTalliliHi BUTpaTH, a i iHTerpyBaTu Oy[iBili B iHTeJIeKTyaJIbHi eHEpreTUYHi Mepexi, 3abeaeuyouyn 6asaHc
MiX KOM(pOPTOM KOPUCTYBauiB Ta €eHEPreTUYHOIO CTilKicTIo cuctemu. CydacHi peanizauii nofibHUx cucteM
371e6ibIoro 6a3y0ThCS HA BUKOPUCTAaHHI CTATUCTUYHUX MOJiesIel IIPOrHO3YBaHHS, O BiflPi3HSIOTHCS CIIPOIIEHOIO

CTPYKTypoI0. BomHouac, po3BUTOK iHpOpMaLiiHUX TEXHOJIOTI CIIPUSIB [Iepexoly 4O HOBUX IIiIXOMiB, 3IaTHUX



326€311eYnTH TOYHille IPOTHO3YBaHHS 1 e(peKTUBHE OOPOOJIEHHS BEJIMKUX OOCSTIB JaHUX 3 YPaxyBaHHSIM CE30HHUX
TeMIIepaTypHUX KOJIMBaHb, KJIIIMaTUYHUX YNHHUKIB i XapaKTepHUX 1a6JIOHIB CIIOKUBAHHS, IPUTAMaHHUX
KOPUCTYBadaM. 3aCTOCYBaHHS METOJIiB MAIIMHHOIO HABYAHHS BiJKpUBa€ IIPUHLUIIOBO HOBI MOKJIUBOCTI 17151
iHTeJsIeKTyai3alii cucTem ynpasiliHHS OyAiBJISIMU Yepe3 3[MaTHICTh aHali3yBaTH BEJIMKi 00CSTY FETEPOTr€HHUX JAHUX
Bifl CEHCOPiB, METEOCTaHLi{, CUCTEM aBTOMaTH3allii 6yZiBesb Ta IPOrHO3yBaTh €HEPrOCIOKUBAHHS 3 BUCOKOIO
TOYHICTIO. OO’€KTOM HOCJIITPKEHHS € TIPOEKTYBAHHS Ta PO3PO0JIEHHS IPOrPaMHOTO 3a6e3IeYeHHsI [J1s1 CUCTEMU
yIPaBJliHHS [IPOLECOM €HEProCIIOKUBAaHHS OyiBesib. [IpeIMeTOM NOCTiIKEHHS € METOIY Ta 3aCO0U ITPOEKTYBAHHS
Ta pO3pOOJIEHHSI IPOTPAMHOI CUCTEMMU [I71s1 IPOTHO3YBAHHS Ta YIIPaBJIiHHS IIPOLIECOM €HEPTrOCIIOKMBAHHS Ha
OCHOBI MallIMHHOTO HaBYaHHS. MeTo10 pOOOTH € YJOCKOHAJIEHHSI IIPOLeCiB TPOEKTYBAHHS Ta PO3POOJIEHHS aBTOMa -
TA30BaHOI IIPOTPaMHOI CUCTEMMU J1JIs1 [IPOTHO3YBAHHS Ta YIIPABJIiHHA IIPOLIECOM €HEPrOCIIOKUBAHHS 3
BMKOPHCTaHHSIM METOZIB Ta 3aC00iB MAIMHHOTO HAaBYaHHSI 3317151 MiABUILEHHS €eHeproepeKTUBHOCTI Oy iBesb. [Ipu
[IPOBEJEHHI JOCIiIP)KeHb BUKOPUCTAHO TaKi METOAM: METOAYM CEMaHTUYHOTO MOJesIloBaHHs 115 dopmarizanii i
BiLOOpa’KeHHSI 3HaHb ITPO JOMEHHY 00J1aCTh Ta iXHIiX 3B’3KiB; METOIM MAIIMHHOT'O HAaBYaHHS [J1s1 IPOEKTYBaHHS
perpeciiiHux Mogesel MallMHHOTO HaBYaHHS1 €HEeProCIOKMBaHHs OyZiBesib; HEMPOHHI Mepexi I71s1 MO/ II0OBaHHS
CKJIA[IHUX HEeJIIHIHUX 3aJIEXKHOCTEN MiX IMapameTpamu Oy[iBji Ta IPOLEeCOM €HEPTroCOXKUBaHHS. Briepiie
PO3p0o6JIeHO MeTOog, 1106y I0BY apXiTEeKTypy CUCTEMMU [1JIsl aHaJIi3y eHeprocIo>KUBaHHS OyIiBesib, po60Ta SKOTro
I'PYHTY€ETbCSI HA BUKOPUCTAaHHI CIPOEKTOBAHOI OHTOJIOTYHOI Mogesti, rpadoBoi 6a3u JaHUX i BEJIMKUX MOBHUX
MoJeJiel, o Jao 3MOTy OTPMMYBATH Pe3yJIbTaTH PO €(PEKTHUBHICTh EHEPrOCIIOKMBAaHHS Yyepes iHTepdeiic
B3aeMOZii KopuCcTyBava 3 623010 3HaHb. YOCKOHAJIEHO METO/, yIIPaBJliHHS CUCTEMOIO OIaJIeHHs [IPUMIllleHHS, KU,
Ha BiIMiHY BiJ] HasIBHUX, 6a3y€ThCs Ha iHTEJIEKTyaIbHOMY IPOrPaMHOMY areHTi Ha OCHOBI HaBYaHHS 3
MiIKPIIJIEHHSAM 3 BAKOPUCTAHHAM aJITOPUTMY ONITUMI3alii IPOKCUMAaIbHOI MOJIITUKY, 1O A€ MOXKJIUBICTD
3MEHIIUTY €HEPTOCMOKUBAHHS IIPU OJHOYACHOMY 3a6e3Me4eHHi KOM(POPTHHX YMOB MellKaH1LiB. OTpruMmaB
[IOIA/IbIINE PO3BUTOK METOJI, IIOGY0BU MOJIeJli IPOrpaMHOi CUCTEMHU [1Jisl aHaJIi3y €HeprocIo>KUBaHH OyiBesib Ha
OCHOBi OHTOJIOTIYHOTO MiAX0Ay, SIKUM, Ha BiMIHY Bifl HassBHUX, ]a€ 3MOT'y BpaxOByBaTH OCOOJIMBOCTI IIOHSTh Ta
BiJHOLIEHb MK CYTHOCTSIMU, IOJAHUX (POPMAJIbHO Y 3p03yMisiil (popMi 1714 BifoOpasKeHHSI 3B’13KiB MiX
CTPYKTYpOIO OyZiBeJib, TiYNIbHUKAMHU, JAHUMU IIPO CIIOXKUBAHHS 32 [TONIepeIHi Iepioy Ta KIiMaTUYHUMU JAaHUMU,
110 NifBuiLye eeKTUBHICTb IXHbOI'O BUKOPUCTAHHS [JIs MAIIMHHOTO HaBYaHHS Ta Jla€ 3MOTY JIOTIYHOTO BUBE/IEHHS
¢daxTiB.OTpUMaB NOJAJBIINNA PO3BUTOK METOZ, IPOTHO3YBaHHS €HEProCIIOKUBAaHHS OYyiBeJIb HA OCHOBI
aHcamb61eBOi MOJIeli, KU, HA BiIMiHY BiJ] HasIBHUX, TPYHTY€ETLCS HA BUKOPUCTAHHI Cy4YaCHUX aJITOPUTMIB
MaIIMHHOTO HaBYaHHS 3 Pi3HUMU CTPYKTYPHUMU XapaKTEPUCTUKaMU (30KpeMa PeKypeHTHOI HEPOHHOI Mepexi
tuny LSTM Ta rpasientHoro 6yctunry XGBoost), 110 gano 3Mory NilBUIIUTY TOUYHICTb IIPOTHO3YBaHHSI [ HaJlaHHS
PEKOMEHANLiN o0 NifBUIIEHHS eHeproedeKTUBHOCTI. Pe3ynbTatu guceprauiiiHoi po60Ty BUKOPUCTAHO Yy
Iep>KOI0KEeTHIN HAyKOBO-OCIiIHIN poOOTi, y HaBYaJIbHOMY IIpoLieci Kadenpyu NPOrpaMHOro 3ab6e3nedeHHs
HanjionaneHoro yHiBepcureTy "JIbBiBCbKa MOJITEXHIKA" a TAKOXK Y Aid/IbHOCTI NiJIPUEMCTB Ta OpraHisanii. Y
Iycepralii JOCITHYTO [10CTaBIE€HOI METH JOCIIIPKEHHS IOA0 YIO0CKOHAIEHHS [IPOLECiB IPOEKTYBAHHS Ta
PO3pO6JIEHHS aBTOMATU30BaHOI TPOrPAMHOI CUCTEMH JJ151 IPOTHO3YBAHHS TA YIIPABJIiHHS IPOLECOM
€HepProCIoXNBaHHS OyZiBesib 32 paxyHOK II00YZLOBYU HOBUX Ta YAOCKOHAJIEHHS HAsBHUX METO/IB Ta 3aC00iB

MaLIMHHOTO HaBYaHHY, 110 JaJI0 3MOTY 3MEHIIMTH €HeproCIOKMBaHHS i 3a0e311e4YnTH KOM(POPT MEUIKaHILiB.

2. In the field of commercial energy consumption management systems, considerable attention is focused on the
implementation of solutions aimed at improving the energy efficiency of buildings. Such solutions are designed to
reduce energy consumption, lower financial costs, minimize environmental impact, and ensure comfortable
conditions for residents. The use of appropriate energy consumption forecasting methods in the early stages of
building design facilitates informed decisions about their energy efficiency. Accurate energy consumption
forecasting is critical for optimizing the operation of heating, ventilation, and air conditioning systems, as well as
for developing load management strategies and reducing peak energy consumption. Effective forecasting not only
reduces operating costs, but also allows buildings to be integrated into smart energy networks, ensuring a balance
between user comfort and system energy sustainability. Current implementations of such systems are mostly
based on the use of statistical forecasting models, which are characterized by a simplified structure. At the same



time, the development of information technology has facilitated the transition to new approaches that can provide
more accurate forecasting and efficient processing of large amounts of data, taking into account seasonal
temperature fluctuations, climatic factors, and characteristic consumption patterns inherent to users. The
application of machine learning methods opens up fundamentally new opportunities for the intellectualization of
building management systems through the ability to analyze large amounts of heterogeneous data from sensors,
weather stations, building automation systems, and predict energy consumption with high accuracy. The object of
the study is the design and development of software for a building energy consumption management system. The
subject of the study is the methods and means of designing and developing a software system for forecasting and
managing energy consumption based on machine learning. The purpose of the work is to improve the processes of
designing and developing an automated software system for forecasting and managing energy consumption using
machine learning methods and tools to increase the energy efficiency of buildings. The following methods were
used in the research: semantic modeling methods to formalize and represent knowledge about the domain and its
relationships; machine learning methods to design regression models of machine learning for building energy
consumption; neural networks for modeling complex nonlinear dependencies between building parameters and
the energy consumption process. For the first time, a method for building a system architecture for analyzing the
energy consumption of buildings has been developed, which is based on the use of a designed ontological model, a
graph database, and large language models, which made it possible to obtain results on energy consumption
efficiency through a user interface with a knowledge base. The method of controlling the room heating system has
been improved. Unlike existing methods, it is based on an intelligent software agent using reinforcement learning
with a proximal policy optimization algorithm, which makes it possible to reduce energy consumption while
ensuring comfortable conditions for residents. The method of building a software system model for analyzing the
energy consumption of buildings based on an ontological approach has been further developed, which, unlike
existing ones, allows taking into account the peculiarities of concepts and relationships between entities,
presented formally in an understandable form to reflect the connections between the structure of buildings,
meters, consumption data for previous periods, and climate data, which increases the efficiency of their use for
machine learning and allows for logical inference of facts.The method of forecasting energy consumption in
buildings based on an ensemble model has been further developed, which, unlike existing methods, is based on the
use of modern machine learning algorithms with different structural characteristics (in particular, a recurrent
neural network of the LSTM type and XGBoost gradient boosting), which made it possible to improve the accuracy
of forecasting for providing recommendations on improving energy efficiency. The results of the dissertation have
been used in state-funded research, in the educational process of the Software Department of Lviv Polytechnic
National University, and in the activities of enterprises and organizations. The dissertation achieved the set
research goal of improving the processes of designing and developing an automated software system for
forecasting and managing the energy consumption of buildings by building new and improving existing methods
and means of machine learning, which made it possible to reduce energy consumption and ensure the comfort of
residents.
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VIII. 3ak/1104Hi BiZOMOCTI

Biacue IpizBuie Im's I10-6aThKOBI ®enaciok JMutpo BacuiboBuy
TOJIOBH paju

ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI ®epnaciok Imutpo Bacunposud
rOJIOBYIOYOrO Ha 3acCimaHHi

BinnosimasnbHui 3a Hi,I;I‘OTOBKy Menbauk Haranig borpaniBHa
00JIiIKOBHX JOKYMEHTIB

Peec-rpaTop FOpuenko TetsiHa AHaToJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




