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Pedepar:

1. ¥ nuceprauiiiHiil po60Ti PO3IiIsAaeThCs aKTyalbHa [IpobdieMa oOnTUMizanii eHeproBuTpar y poToKoIax
Intepuety peueii (Internet of Things, I0T). Bpaxosytouu te, o0 6isbiicTs IoT-IpUCTPOiB XXUBJSTHCS Bifg 6aTapeit
ab0 aKyMyJISITOPiB, BUHMKA€ HEOOXiHICTb Y 3MEHIIEHHI €HEPrOCIIOKUBAHHS 3115 TOLOBKEHHS iX aBBTOHOMHO]
pOOOTH Ta 3MEHIIEHHS BUTPAT Ha TEXHIYHE OOCIyrOBYBaHHS. MeTo10 poOOTH CTaJIO AOCIIIKEHHS iCHYI09MX
MOJIeJIEN Ta METOJiB ONITUMIi3alil eHeproBuTpar y nporokosax IoT. Iy [oCATHeHHH Liiei MeTH aBTOP
IIpOaHasli3yBaB IIPOTOKOJIN, IKi BUKOPUCTOBYIOTHCS y CUCTEMAX [HTepHETy peueil, po3[iMBIIY iX HA [1Bi OCHOBHI
KaTeropii: mpoTokosnu nepenadi curHanis (Wi-Fi, Bluetooth, NB-10T, ZigBee, 6LOWPAN, WirelessHART) Ta
nporokosu cTpykrypu ganux (HTTP, SOAP, XMPP, STOMP, CoAP, MQTT). Y xoai aHasi3y BUBHa4Y€HO CTPYKTypU
TUINOBUX IAKETiB JaHMX KOXKHOTO 3 [IPOTOKOJIIB [IEPEAYi CUTHAJIIB, @ TAKOX BUSIBJIEHO HASIBHI B HUX METOIU
onTUMizallii eHeprocrnoXxusBaHHs. Lli MeTogu 3rpyrnoBaHo 32 IT'SITbMa KaTeropisiIMU: KEPYBaHHS YaCOM aKTMBHOCTI
MIPUCTPOIO, KEPYBAHHS YaCTOTHUMU XapaKTePUCTUKaMU Nlepeadi, KepyBaHHS MOTY)XHICTIO IepeiaBaya, KepyBaHHS

IIaKeTaMu [aHUX, KepyBaHHS MaplupyTusalieo. Hai6inbi IOBHO OXOIIJIEHUMU BUSIBUIIMCH IIPOTOKOIM ZigBee Ta



WirelessHART, siki MaloTb METOIM ONITMMIi3alii B yCix Kareropigax. Halie(peKTUBHIMIMMU 3 OIS AY
eHepro3depeskeHHs] BU3HAHO METO[IY, 110 PEryJIlol0Th aKTUBHICTh IIPUCTPOIO, aJlKe LO3BOJISIIOTh [TOBHICTIO
BMMUKATH M0ro Ha NeBHUI nepio yacy. l1Jomo npoToKosiB CTPYyKTypU JaHUX, 6YJI0 JOCTiIKEHO BIJIUB
(dopmarysaHHs iHpopMaLlii Ha po3Mip nepefaBaHUX NakeTiB. [IopiBHSIHHS (OPMATIB NI0KA3aJI0, IO HAIMEHIINI
obcsr Tpadiky 3a6esneuye MQTT, ogHak yepe3 noTpedy B OCTiMHOMY 3'€lHaHHI BiH noctynaeTtbcsi COAP, akuii
[I0Ka3ye CXOXi pe3yJbTaTH, ajle He OTpebye MOCTiliHOI akTUBHOCTI IpucTpoto. [Topanpmunii aHali3 BKIOYaB
KoMOiHallii IPOTOKOJIIB [lepefayi CUTHAJIB 3 IPOTOKOJIaMU CTPYKTYPH JaHUX. BusBiI€HO, 10 Halripili pe3yabTaTu
IieMOHCTpye napa ZigBee + SOAP /XMPP uepe3 HapaumkosicTb popmaris SOAP i XMPP. Hailikpamyumu
Kombinanisimu BusHaHO NB-IoT + CoAP. Tako>X aBTOp pO3IJISIHYB BIUIMB N PYBaHHS AAaHUX Ha 3arajibHi po3mipu
naketis. Byjio BCTaHOBJIEHO, 1I0 B CEPEAHbOMY IOAATKOBI TEXHIYHI JaHi 151 K @PyBaHHS 30i1bLIIYIOTh 0OCST
inopmauii Ha 26%, a 3arasibHUM 06csr naketa — Ha 10-20%, 3a71€KHO BiJl IPOTOKOJy. Ha OCHOBI OTpuMaHux
pe3yJIbTaTiB 0yJ10 pO3p0O6JIEHO IPOrpamMHe 3a0€e3Ie4Y€eHHs, sIKe J03BOJIsie OOUPATH ONTUMAbHI IPOTOKOJIN Mif,

KOHKPETHI xapakrepuctuku loT-cuctemu. [Iporpama Mmae peKOMEHALiHUNA XapaKTep.

2. The dissertation addresses the relevant issue of optimizing energy consumption in Internet of Things (IoT)
protocols. Given that most IoT devices are powered by batteries or accumulators, there is a need to reduce energy
consumption in order to extend their autonomous operation and lower maintenance costs. The aim of this work is
to study existing models and methods for optimizing energy consumption in IoT protocols. To achieve this goal,
the author analyzed the protocols used in IoT systems, dividing them into two main categories: communication
protocols (Wi-Fi, Bluetooth, NB-IoT, ZigBee, 6LoOWPAN, WirelessHART) and data structure protocols (HTTP, SOAP,
XMPP, STOMP, CoAP, MQTT). During the analysis, the structures of typical data packets for each communication
protocol were identified, along with the existing energy-saving methods within them. These methods were
grouped into five categories: device activity time management, transmission frequency control, transmitter power
control, data packet management, and routing management. ZigBee and WirelessHART protocols were found to
have the most comprehensive coverage, featuring optimization methods in all categories. The most energy-
efficient methods were those regulating device activity, as they allow the device to be completely turned off for
certain periods. Regarding data structure protocols, the impact of information formatting on the size of
transmitted packets was examined. The comparison showed that MQTT provides the smallest traffic volume;
however, due to the need for a constant connection, it is less efficient than CoAP, which offers similar
performance without requiring continuous device activity. Further analysis explored combinations of
communication protocols with data structure protocols. It was found that the combination of ZigBee +

SOAP /XMPP produced the poorest results due to the redundancy of SOAP and XMPP formats. The most efficient
combination identified was NB-IoT + CoAP. The author also examined the impact of data encryption on overall
packet sizes. It was determined that, on average, the additional technical data required for encryption increased
the data volume by 26%, and the total packet size by 10-20%, depending on the protocol. Based on the findings, a
software application was developed that allows users to select the most suitable protocols based on the specific
characteristics of an IoT system. The software provides recommendations rather than strict solutions.
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