PEDEPAT

AKTYaJIbHICTh TeMH

EneproedextuBHICT Oy/1iBETIh Ma€ BEIMKE EKOHOMIYHE, €KOJIOTTYHE Ta COIliaIbHE
3HavyeHHs. [{e moB’sA3aH0 3 HASABHICTIO BEJIMKOI KIIBKOCTI CTapux OYJiBENb, MOCTIHHUM
3pOCTaHHSM IIiH Ha EHEPTOPECYPCH, MOTPEOOI0 3HU3UTH 3a0PyTHEHHS HABKOJIUIITHHOTO
CEpEeIOBHUIIA Ta OJJHOYACHO 3a0e3meunT KOM(POPTHE 1 O€3MeUHE KUTTS JIFOJICH.

PO3BUTOK TEXHOJIOT1M 1HTEPHETY pedeil BIIKPHBAE HOBI MiAXOIW 0 YMPABIIHHS
CHEepProCIOKUBAHHAM OY/IBENb: I1HTENEKTyallbHI CHUCTEMH CIPOMOXHI aBTOHOMHO
MOHITOPUTH Ta YNPABIATH €HEPrOCIOXKUBAHHAM Yy pPEaJIbHOMY 4Yaci, ONTHMI30BYBaTH
po0OOTy omajeHHs, BEHTUJIALII, KOHIWIIFOBaHHS, OCBITJIICHHS TOIIO, 1, SIK HACIIJIOK,
3MEHIIYBAaTH IIKOBI HABAaHTAaXXEHHS B EHEProMepeki, €KOHOMUTU EHEPrOBUTPATH,
M1JBUIILYBAaTH KOM(OPT JIt0/IeH 1 HaBITh MPOAYKTUBHICTH Tpalli. KpiM Toro, 3’ aBise€TbCes
MOXJMBICTH 30UpaTH Ta aHali3yBaTH JaHlI JJid BUSABJICHHS TEHJCHIIN Ta
3aKOHOMIPHOCTEH, CTBOPEHHS CIICHAPiiB €HEPrOCIIOKUBAHHS.

IcHyroui B cdepi TEXHOJIOTIH IHTEpHETY peued pIIMIeHHS [Js I1JBUIIEHHS
eHeproe()eKTUBHOCTI OyiBeNIb MOXHAa MOJUIMTH Ha TPU TPyHU: MIPOCTI PO3YMHI
eHepros0epirarodi MPUCTPOi, EHEPrOMOHITOPH Ta CKJIaJHI CHUCTEMU YTMPAaBIIHHS
po3ymMHuM OyauHKOM. KoxHa 3 nux rpyn mae cBoi Heaoiku. [IpocTi po3yMHI npucTpoi
€ JOCTYIIHUMH, aji¢ HAIlJICH] JUIIE Ha OJUH HANpsIMOK EHEProCHOXMBAaHHS 1 HE
peani3yloTh MOHITOPUHT MIKPOKJIIMATy Ta €HEProBUTpaT. EHEproMoHITOPH BUKOHYIOTh
auiie QyHKIIT KOHTPOJIIO 32 €HEProCIOKUBAHHAM 1 T€X HE 3/IIMCHIOIOTh MOHITOPHUHT
AKOCT1 MiKpOKJIiMaTy. KOMIUIEKCHI CHCTEMH PO3yMHOTO OyIMHKY X0U 1 MatOTh IIUPOKUI
dbyHKIIOHAT, OJHAK X MpUAOaHHS, IHTETpallis Ta EKCIUTyaTailisi KOIITYIOTh 3aHaJTo
noporo. Kpim Toro, gactuHa ix (pyHKIIOHQJIy 4acTO BUSIBISETHCS HAJIMIIKOBOIO, a
CKIaHUI iHTepdeiic BUMarae Bij KOpUCTyBada TEXHIYHOI 0013HAHOCTI. TakuM 4UHOM,
JUISL CHOKMBAdiB 13 TOMIPHMMHM CTaTKaMH BUTpaTH Ha TaKy CHUCTEMY 3HA4yHO
MIEPEBUIIYIOTh TOTCHIIHHY €KOHOMII0 Ha CHEPreTHYHHX pecypcax, a OTXKE CTarTh
HeBumnpaBnanuMu. [lepeniueHi HEMOMIKN MOKa3yIOTh HEOOXIAHICTh PO3POOKHU PIIICHD 3
MOBHOILIHHUM (DYHKIIIOHAJIOM Ta BOJHOYAC OUIbII JOCTYMHUX IITUPOKOMY KOJY

CITOKHUBAYIB.



Meta poboTn

CTBOpEHHSI JIOCTYNMHOI MIUPOKOMY KONy croxuBayiB edektuBHoi loT-cucremu
MOHITOPUHTY Ta YIMpPaBIIHHS EHEPTOCHOKMBAHHSAM Yy MPHUMIIIEHHI 3 MOBHOLIIHHUM
aHAMITUYHUM (PYHKIIOHATIOM, IO TO€JHYBATUME MOHITOPUHT EHEPrOCIOXHBAaHHS 3
BIJICTe)KCHHSM T[apaMeTpiB AKOCTI BHYTPIIIHBOTO CEpPEAOBUIIA [ MIATPUMKHU
ONTUMAIBHOTO OallaHCy MK €KOHOMIi€I0 eHeprii Ta KoM(pOopTOM, 1 MaTUME MPOCTHIH,
IHTYITHBHO 3pO3yMiui iHTepdeiic.

J1is MOCATHEHHSI TOCTaBJICHOT METH BUPILITYIOTHCS TaKl 3a1a4i:

— BU3HAYCHHS TMPOOJIeMH eHeproeeKTUBHOCTI Oy/iBelib Ta TMOHSTTS
«PO3YMHOTI'0» €HEPTrOCIOXKUBAHHS;

— NOPIBHSUIBHUI aHaNI3 ICHYIOUHMX IPHUCTPOIB Ta CUCTEM IHTEPHETY peyeH,
CIPSIMOBaHUX Ha TMIJBUIIEHHS E€HEProeeKTUBHOCTI Oy/aiBelIb, 3 METOIO BUSBICHHS
HEOJIKIB Ta HAMPSAMIB 1X MOAAIBIIOTO BIOCKOHAJIEHHS;

— BU3HAYEHHS BUMOT JI0 CUCTEMH PO3YMHOTO €HEPTOCTIOKUBAHHS;

— po3poOKa apXITEKTypu CUCTEMH IHTEPHETY peuedl Jii MOHITOPUHTY Ta
yIPaBIiHHS €HEPrOCIIOKUBAHHSIM;

— MPOEKTYBAHHS CTPYKTYPHOI Ta (DYHKIIIOHATLHOT CXEM CUCTEMH;

— CTBOPEHHS MPOTOTHUITY CUCTEMH;

— pO3poOKa cepBEPHOI Ta KITIEHTCHKOI YaCTUH MPOTrPaMHOTO 3a0€3MEeUCHHS;

— TECTYBaHHS POOOTHU CUCTEMH.

00’ckm  Oocnioxycennsa  —  TIPOLIECH  MOHITOPUHTY  Ta  YIOpaBIIHHS
eHEepProe(peKTUBHICTIO Oy T1BEIIb.

Ilpeomem oOocnidicennsa — mporpamMHoO-anapaTHI 3acO00M Ta METOaHM TOOYI0BU
CUCTEMH MOHITOPUHTY Ta YINpPaBIiHHSI CHEPrOCIMOKUBAHHAM 3 BUKOPHCTAHHAM

TEXHOJIOT1H IHTEpHETY peueH.

MeToau D0CTiZKEHHSA

VY po0GoTi BUKOPUCTOBYIOTHCS TTOPIBHSUIBHUI aHa13, CUCTEMAaTH3allisl, aHAJIOTOBO-
udpoBe BUMIPIOBAHHS CIEKTPUYHUX TapameTpiB 13 (Pa30BOIO KOPEKINE, METOIU
BU3HAYECHHS  TMOKa3HUKIB  MIKpokJiMarty  (dboToMeTpuuHe,  pajliojioKalliiiHe,

TEPMOpPE3UCTHUBHE Ta  1H(padepBoHEe aOCOpOIliiiHE  BUMIpPIOBaHHS), METOIU



MOJICJIIOBaHHS, MPOrpaMyBaHHs, CTATUCTUYHOIO aHaji3y Ta Bi3yali3allli OTPUMAHHUX

pe3yJIbTaTiB.

HaykoBa HoBU3HA

3anpornoHOBaHO CTPYKTYpPHY OpraHi3alil0 CUCTEMHU MOHITOPUHIY Ta YIPaBIIIHHSA
CHEepProCIOKUBAHHAM, fKa TEPEeBEpIIye ICHYIOUl PIIIEHHS THUM, IO TMOEAHYE TaKi
nepeBaru 4-piBHEBOi apXITEKTypH, SK HHU3bKa BapTICTh, MPOCTOTAa PO3TOPTaHHS Ta
BUKOPUCTAHHSA, 3 PO3MIUPEHUMHU MOKJIMUBOCTSIMH, SIKi BKJIIOYAIOTh HE JIUIIIE MOHITOPUHT
CHEproCIOKUBAHHA, aje ¥ BIACIIIKOBYBaHHS TIapaMeTpiB SKOCTI BHYTPIIIHHOTO
cepenoBHILa, 30epiraHHsl BEJIUKOrO0 OOCATY CTaTUCTUYHUX JaHUX 0€3 BUKOPHUCTAHHS
30BHIIIHIX CEpPBEPIB, MOXKJIMUBICTh 3aMIHM Ta KajdiOpyBaHHS JaTYUKIB, aHATITUYHUN

(yHKII10HAJ Ta MOXJIMBICTh HAJIAIITYBAaHHS CLEHAP1IB BUKOPUCTAHHS €JIEKTPOIPUIIa/IiB.

IIpakTHYHA HiHHICTH

Po3pobiieno epeKTUBHY  CHUCTEMY  MOHITOPUHTY  Ta  yIOpPaBJIiHHS
€HEProCHOKUBAHHAM, KA CIPOMOKHA 30MpaTH Ta 30€epiratv y JIOKAJIbHOMY CXOBHIII
JaHl TpO CHOXHUBAaHHS EJIIEKTPOCHEPrii, MapaMeTpu eJIEeKTPOMEpPEeXKi Ta SKOCTI
BHYTpIIIHHOI'O CEPEIOBUILA, AaBTOHOMHO KEpyBaTH HAaBAaHTAXEHHSM Ha OCHOBI
BU3HAYCHUX KOPHUCTYBAueM CIIEHApIiB, MPEICTABIATA aHATITUKY 1O 310paHUM JaHUM Y
3py4HOMYy (opMmaTi 3a JO0NOMOrorw BeO-iHTepdeicy aid NpUUHATTS pilIeHb M0A0
onTUMi3alii eHeprocrnokuBaHHsi. Huzbka BapTICTh BIPOBAIKEHHSA Ta EKCILTyaTailii
CUCTEMHU pPOOUTH ii JOCTYMHOIO IIUPOKOMY KOJy CIOXKMBauiB, a il BUKOPUCTAHHA Y

NPUMILIEHHSX PI3HOTO MPU3HAYECHHS MIABUIIHUTH X €HEProe(HEeKTUBHICTb.

Amnpo0auisi pe3yJIbTaTIiB AUCePTaILil

OcCHOBHI TIOJIOKEHHS Ta PE3yIbTaTH POOOTH OYJIM MPEACTABICHI Ta 00TOBOpPEHI Ha
JBYX HayKoBHX KoH(pepeHuisx, a came: XVIII HaykoBiii koH(pepeHIli MaricTpaHTiB Ta
acmipanTiB «lIpuknanna marematuka Ta komm totuHr» [IMK-2025 (KuiB, 19-21
mucronana 2025 p.) Ta V MbKHapoaHOT HaykoBoi koHbepeHIii «[HHOBalliliHa Hayka:

MOIIYK BiAMOBiEH Ha BUKINKHU cydacHOCTI» (Kpuswuii Pir, 21 nucronana 2025 p.).



IMyo6aikamii

OCHOBHI pe3yJIbTaTH JIOCHIIKEHb BUKIIQ/ICH] B 2 T€3aX JOMOBIACH y 301pHUKAX Te3
nomnoBineit koHdpepenuin: Pomankesuny O. M., Open I. B. Cuctema MOHITOpUHTY Ta
YIpaBJIIHHS €HEProCIOKMBAHHSAM B IPUMIIICHHI Ha OCHOBI TEXHOJOTIM 1HTEPHETY
peueit. [lpuknaona mamemamuxa ma xomn romune IIMK 2025 : 30ipHUK Te3 AOMOBIiIEH
XVIII naykoBoi koH(epeHiii MaricTpanTiB Ta acmipanTiB, 19-21 muct. 2025 p. Kuis :
KIII, 2025. C. 280-284; ta PomankeBuu O. M., Open 1. B. Apxitekrypa loT-cuctemu
PO3YMHOTO €HEPrOCHOKUBAaHHAM. [HHOBaYIliHA HAYKA: NOWYK 8IOnoGioell HaA BUKIUKU
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306.

CtpykTypa Ta 00csar podoTu

Marictepcbka qucepTailisi CKIaAaeTbCsl 3 BCTYIy, TPhOX PO3ALIIB, BACHOBKIB IO
KOXXHOMY pO3JILTy Ta 3arajbHUX BUCHOBKIB IO POOOTI B LILIOMY, CIIMCKY BUKOPUCTAHUX
JmiTeparypHux jpkepen (69 nalimenyBanns ). [loBauit o0csr quceprartii — 152 cropinku, y

tomy uncii 108 cTopiHOK OCHOBHOTO TEKCTY, 52 PUCYHKIB, 8 TaOIHIIb.
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BMS, ESP32, C++, JavaScript, SQL.ite3.



ABSTRACT

Relevance of the topic

Energy efficiency of buildings is of great economic, environmental and social
importance. This is due to the presence of a large number of old buildings, the constant
increase in energy prices, the need to reduce environmental pollution and at the same time
ensure a comfortable and safe life for people.

The development of Internet of Things technologies opens up new approaches to
managing energy consumption in buildings: intelligent systems are able to autonomously
monitor and manage energy consumption in real time, optimize the operation of heating,
ventilation, air conditioning, lighting, etc., and, as a result, reduce peak loads in the power
grid, save energy costs, increase people's comfort and even labor productivity. In addition,
it becomes possible to collect and analyze data to identify trends and patterns, and create
energy consumption scenarios.

Existing solutions in the field of Internet of Things technologies for increasing the
energy efficiency of buildings can be divided into three groups: simple smart energy-
saving devices, energy monitors and complex smart home management systems. Each of
these groups has its own drawbacks. Simple smart devices are affordable, but they are
aimed at only one direction of energy consumption and do not implement monitoring of
the microclimate and energy costs. Energy monitors perform only the functions of
controlling energy consumption and also do not monitor the quality of the microclimate.
Although complex smart home systems have wide functionality, their acquisition,
integration and operation are too expensive. In addition, some of their functionality often
turns out to be redundant, and the complex interface requires technical knowledge from
the user. Thus, for consumers with moderate wealth, the costs of such a system
significantly exceed the potential savings on energy resources, and therefore become
unjustified. The listed shortcomings show the need to develop solutions with full

functionality and at the same time more accessible to a wide range of consumers.



The purpose of the work

Creating an effective 10T system for monitoring and managing indoor energy
consumption with full analytical functionality, accessible to a wide range of consumers,
that will combine energy consumption monitoring with tracking of indoor environment
quality parameters to maintain the optimal balance between energy savings and comfort,
and will have a simple, intuitive interface.

To achieve the set goal, the following tasks are solved:

— defining the problem of energy efficiency of buildings and the concept of
“smart” energy consumption;

— analysis of existing loT devices and systems aimed at increasing the energy
efficiency of buildings in order to identify shortcomings and areas for their further
improvement;

— determining requirements for a smart energy system;

— development of an Internet of Things system architecture for monitoring and
managing energy consumption;

— designing structural and functional schemes of the system;

— creating a system prototype;

— development of server and client parts of the software;

— testing the system operation.

The object of the research is the processes of monitoring and managing the energy
efficiency of buildings.

The subject of the research is software, hardware and methods for building an
energy consumption monitoring and management system using Internet of Things

technologies.

Research methods

The work uses comparative analysis, systematization, analog-digital measurement
of electrical parameters with phase correction, methods for determining microclimate
indicators (photometric, radar, thermoresistive and infrared absorption measurements),
methods of modeling, programming, statistical analysis and visualization of the obtained

results.



Scientific novelty

A structural organization of an energy monitoring and management system is
proposed, which surpasses existing solutions in that it combines the advantages of a 4-
tier architecture, such as low cost, ease of deployment and use, with advanced capabilities
that include not only energy monitoring, but also tracking of internal environment quality
parameters, storing a large amount of statistical data without using external servers, the
ability to replace and calibrate sensors, analytical functionality, and the ability to

configure scenarios for using electrical appliances.

Practical value

An effective energy monitoring and management system has been developed that
is capable of collecting and storing data on electricity consumption, power grid
parameters, and indoor environment quality in a local storage, autonomously managing
the load based on user-defined scenarios, and presenting analytics on the collected data
in a convenient format using a web-interface for making decisions on optimizing energy
consumption. The low cost of implementing and operating the system makes it accessible
to a wide range of consumers, and its use in premises for various purposes will increase

their energy efficiency.

Approbation of dissertation results

The main provisions and results of the work were presented and discussed at two
scientific conferences, namely: XV 111 Scientific Conference of master's and postgraduate
students "Applied Mathematics and Computing" PMK-2025 (Kyiv, November 19-21,
2025) and V international scientific conference "Innovative Science: Searching for

Answers to Modern Challenges” (Kryvyi Rih, November 21, 2025).

Publications

The main results of the research are presented in 2 theses of reports in the
collections of theses of conference reports: Romankevych O. M., Orel I. V. Indoor energy
consumption monitoring and management system based on Internet of Things
technologies. Applied Mathematics and Computing PMK 2025 : collection of theses of

reports of the XVIII scientific conference of master's and postgraduate students,



November 19-21, 2025 Kyiv: KPI, 2025. P. 280-284; and Romankevych O. M., Orel 1.
V. Architecture of loT-systems of smart energy consumption. Innovative science:
Searching for Answers to Modern Challenges : collection of materials of the V
international scientific conference, November 21, 2025. Kryvyi Rih: PO "International
Center for Scientific Research”, 2025. P. 303-306.

Structure and scope of work

The master's thesis consists of an introduction, three chapters, conclusions for each
chapter and general conclusions for the work as a whole, a list of used literary sources
(69 titles). The full volume of the thesis is 152 pages, including 108 pages of the main
text, 52 figures, 8 tables.

Keywords
energy efficiency, Internet of Things, monitoring, HVAC, lighting, IEQ, BMS,
ESP 32, C ++, JavaScript, SQL.ite 3.



