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Pedepar/aHoTanis:

1. Boporeup O.M. Mogerni i meToau 3a6e3neyeHHs QOS Ta €eHepro36epeKeHHs y CEHCOPHUX Mepekax. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3i cnenianbHOCT 151 — ABTOMaTH3alist Ta KOMITIOTEPHO-IHTEerpoBaHi TexHoJorii (15 — ABToMaTtu3aliis Ta
npunafo6ynyBaHHs). — HallioHanpHUN TeXHIYHUI yHiBEpCUTET «XapKiBCbKUI MOJIITEXHIYHUI IHCTUTYT», XapKiB,
2026. [JuceprauiiiHa pob0Ta IIPUCBSIY€HA BUPILIEHHIO aKTyaJIbHOI HAyKOBO-IIPUKJIAIHO]I 3a/1a4i, TIOB'SI3aHOI 3
PO3POOKOIO Ta MOJABIINM yIOCKOHAJIIEHHS MOJIeJIell Ta METOLIB YITPaBJliHHSI CEHCOPHUMU MepeKaMu J1Jisl
IiIBUIIEHHS IKOCTi 06CTyrOBYBaHHS, 3HVKEHHS €HEPrOCIIOKMBAHHS Ta IPOrHO3YBAHHS Yacy iX e(pEeKTUBHOTO
(YHKUiOHYBaHHS. MeToI0 qucepTaliiHOi poOOTH € po3pobKa MaTEMAaTUYHUX MOJEJIEN Ta iHTEJIeKTyaJlbHUX METOIIB
aZlalTUBHOI MapIpyTU3alii y 6€31poBOJOBUX CEHCOPHUX MEPEXKAX HA OCHOBI MaPKOBCBKUX IIPOLIECIB MPUIHATTS

pimeHs 171 3a6e3reyeHHs IOKa3HUKiB sIKoCTi obcayroBysanHs (Quality of Service, QoS), nigBuineHHs



€Heproe(EeKTUBHOCTI Ta HAJIMHOCTI Nepenadyi JaHUX B YyMOBaX CTOXaCTUYHOTO XapaKTepy MEPEXXEeBOro Tpagiky i
IVHaMivyHOi 3MiHM Tonoiorii Mmepexi. O6’eKkT mocinkeHHs — npouecu QyHKIIOHYBaHHS CEHCOPHUX MEPEX,
30KpeMma IepeBaHHs [1aKeTiB, EHEProClIOKMBAHHS BY3JIiB Ta IMHaMiKa 3MiHU CTaHiB mepexi. [Ipenmer
OOCJTiIKEHHS — MOJIeJli, METOIY Ta aIFOPUTMU 3abe3nedeHHs QOS, eHepro3oepeKeHHs Ta IPOrHO3yBaHHS Yacy
JKUTTSI CEHCOPHUX MEPEX Ha OCHOBI MapKiBCbKUX IPOLECIB i PpaKTasbHOrO aHamidy. 3a pe3ysbTaTaMu
IOCTiI)KeHHS] OTPMMaHO Taki HayKoBi pe3ysbTaty: 1. Briepiie nobynoBaHO CTOXaCTUYHY MOJIeJlb MaplIpyTu3allii B
CEHCOPHUX MepeXkax Ha OCHOBi MaPKOBCHKOTI'O IPOLIECY IPUMHSTTS PillleHb, SIKa KOMILJIEKCHO BPaxOBY€ 3aTPUMKY,
PiBE€Hb 3aBaHTA)KEHHS Y€PIU Ta 3aJIMLIKOBY €HEPTil0 By3JIiB 32 JOIIOMOIOI0 BaroBoi (PyHKIii BUHATOPOI Y.
3acTocyBaHHS Lji€i MOZEJ NO3BOINIIO 3MEHIINTY CEPENHIO 3aTPUMKY Ha 17,3 % i CKOPOTUTY €HEPrOoCIIOKUBAHHS Ha
22,5 % y IOpiBHSIHHI 3 6a30BMMHU J€TepMiHOBAaHUMMU Migxonamu. [106yL0BaHO aHAJIITUYHI MapKOBCHKi MOEJI J1s
obcyroyBaHHs1 TCP- Ta UDP-Tpagiky i3 BpaxyBaHHSIM IPOTOKOJIBHUX BilMIHHOCTEN; I0KA3aHO, 10 IMOBIpHICTb
BigMoBU y TCP-cuenapisax e Bumomo Ha 11-16 % npy 0gHaKOBOMY HaBaHTaXXEHHI. JIeKOMITO3ULis IPOCTOPY CTaHIB y
MogeJi 3 IBOMa IIOTOKaMU 3abe3Ieynsia CKOpoYeHHs 004YMCIII0BaIbHOI CKIIaHOCTI y 4,2 pa3a 6e3 BTpaTy TOYHOCTI,
110 NigTBEPI)KEHO YMCIJIOBUM MOJEJIOBAHHSIM. 2. YIOCKOHAJIEHO METO Y MapIIpPyTU3allii B CCHCOPHUX MEpesKax
IIJISIXOM BITPOBA)KEHHSI CAMOOPraHi30BaHUX i 6araTOKpUTEPiaIbHUX aITOPUTMIB, 110 aJANTYIOThCS O 3MiH
HaBaHTaXXEHHS, CTAaHY €HEPTrOCIIOKUBAHHA Ta HAJIIMHOCTI By3JIiB. 3alIPOTNIOHOBAaHI METOIY JO3BOJISIIOTh 3MEHIIUTU
CEPEIHIO 3aTPMMKY JOCTaBKU JaHUX Ha 18,2 %, CKOPOTUTH BTpPATHU MAKETIB Y BUIIAIKaX BUXOMY 3 JIAy OKPEMUX
BY3JIiB Ha 24,6 %, a TaKOXX 3HU3UTU 3arajbHe €HeprocloKMBaHHS By3JliB Ha 21,5 % MOpPiBHSIHO 3 6a30BUMU
nigxomamMu. Pe3ybraTt 4uCi0BOro MogenoBalHs B cepenosuilii OMNeT++ miaTBepaniy 3pOCTaHHs TPUBAJIOCTI
dyHKLiOHYBaHHS Mepexi Ha 19,6 % npu 3aCcTOCYBaHHI 3allpOIIOHOBAHOI aJalITUBHOI MapHIpyTH3alii B yMoBax
3MiHHOro Tpagiky. HaykoBa HOBU3HA NOJIIrae B peasisalii MexaHi3MiB JIOKaJIbHOIO IPUIHATTS pillleHb HA OCHOBI
IVHAMiYHOTrO 3BaXKyBaHHs napameTpiB QoS, 3a/IMIMIKOBOI €Heprii Ta MepeXKeBoi CTIMKOCTI, o 3abe3nedye 6ayaHC
MiX SIKICTIO 0OCJIyTOBYBaHHSI Ta €HEepro3depeskeHHsIM Y AMHAMIYHNIX YMOBaxX PYHKLIOHYBaHHSI CEHCOPHOI Mepexi. 3.
Briepiue 3an1pornioHOBaHO KOMOIHOBaHUI MiIXiM 4O OLIHKYM Yacy XXUTTSI CEHCOPHOI MepeXxi, SKUH IIoeIHye
€HepreTMYHy MOJeJIb Aerpajalii By3iB 3 pakTaabHUM aHAJII30M JIOKQJIBHOI PETYJISIPHOCTI CIIOKMBAHHS €HEPTii.
Brniepiie BUKOpucTaHO XbOJII€POBi €KCIIOHEHTH SIK IPEJUKTOPY €HEPreTUYHOI HECTAbIIbHOCTI, IO JO3BOJIAJIO
o0y yBaTy KapTy pPU3UKiB (PyHKLIOHYBaHHS MepeXi y 4acoBiil 06s1acTi. 3aporIOHOBaHA METOAMKA 103BOJISIE
BUSIBUTHY BY3JIY 31 CXUJIBHICTIO 0 KPUTUYHUX CTaHiB Ha 17-230% paHillie MOPiBHAHO 3 KJIACUYHUMU MOJENSAMH, SKi
BPaxXOBYIOTb JIVIIE iHTETPajIbHi XapaKTePUCTUKN €HEeProCIOKMBaHHSL. JIOCTiIpKEHHS, pe3YyJIbTAaTH SIKUX BUKJIA[IEH] B
IyceprauiiHiil po6oTi, BukoHaHi Ha Kadenpi «Cucremu inpopmarii im. B.O. Kpasusa» HTY «XapkiBcbkuit
MOJIITEXHIYHUN IHCTUTYT». 32 pe3yJIbTaTaMU JOCIiIPKEHHS MiATBEPIPKEHO IIPAKTUYHY Ta TEOPETUYHY LiHHICTb
PO3p0o6JIEHUX MOJIeJIel Ta METOAIB, HalaHO MPAaKTUYHi peKOMeHallii, 010 3aCTOCYBaHHS PO3PO0JIEHUX MOAEIEN

Ta METOZIB Ta PO3IJISIHYTO NEPCIEKTUBH iX NOAAJIBIIOrO PO3BUTKY.

2. Voronets O.M. Models and methods of ensuring QoS and energy saving in sensor networks. Qualifying scientific
work on the rights of the manuscript. Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 151 - Automation and computer-integrated technologies (15 - Automation and instrument engineering). -
National Technical University "Kharkiv Polytechnic Institute", Kharkiv, 2026. The dissertation is devoted to solving
a topical scientific and applied problem related to the development and further improvement of models and
methods of controlling sensor networks to improve the quality of service, reduce energy consumption and predict
the time of their effective functioning. The purpose of the dissertation is to develop mathematical models and
methods for ensuring the quality of service and energy efficiency in sensor networks, using stochastic approaches,
in particular Markov processes, as well as building models for predicting the network lifetime under variable load
conditions. The object of research is the processes of functioning of sensor networks, in particular packet
transmission, energy consumption of nodes and dynamics of changes in network states. The subject of research is
models, methods and algorithms for ensuring QoS, energy saving and forecasting the lifetime of sensor networks
based on Markov processes and fractal analysis. The following scientific results were obtained based on the
research results: 1. For the first time, a stochastic routing model in sensor networks was built based on the Markov
decision process, which comprehensively takes into account the delay, queue load level and residual energy of



nodes using the weighted reward function. The use of this model allowed to reduce the average delay by 17,3 %
and reduce energy consumption by 22,5 % compared to the baseline and deterministic approaches. Analytical
Markov models for servicing TCP and UDP traffic were constructed taking into account protocol differences; it
was shown that the probability of failure in TCP scenarios is 11-16 % higher at the same load. The decomposition of
the state space in the two-stream model provided a 4,2-fold reduction in computational complexity without loss of
accuracy, which was confirmed by numerical simulation. 2. Routing methods in sensor networks were improved by
implementing self-organizing and multi-criteria algorithms that adapt to changes in load, energy consumption
state, and node reliability. The proposed methods allow reducing the average data delivery delay by 18,2 %,
reducing packet loss in cases of failure of individual nodes by 24,6 %, and reducing the total energy consumption
of nodes by 21,5 % compared to the basic approaches. The results of numerical modeling in the OMNeT++
environment confirmed an increase in the duration of network operation by 19,6 % when using the proposed
adaptive routing in conditions of variable traffic. The scientific novelty lies in the implementation of local decision-
making mechanisms based on dynamic weighting of QoS parameters, residual energy and network stability, which
ensures a balance between quality of service and energy saving in dynamic conditions of sensor network
operation. 3. For the first time, a combined approach to estimating the lifetime of a sensor network is proposed,
which combines the energy model of node degradation with a fractal analysis of local regularity of energy
consumption. For the first time, Holder exponents were used as predictors of energy instability, which allowed
building a map of network operation risks in the time domain. The proposed method allows detecting nodes with a
tendency to critical states 17-23 % earlier compared to classical models that take into account only integral
characteristics of energy consumption. The research, the results of which are presented in the dissertation, was
carried out at the Department of Information Systems named after V.O. Kravets of the National Technical
University Kharkiv Polytechnic Institute. The results of the research confirmed the practical and theoretical value
of the developed models and methods, provided practical recommendations for the application of the developed
models and methods, and considered the prospects for their further development.
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KBasigikamis: n. 1. u., npodecop, 05.12.02
I,ueHTmbiKaTop ORCID ID: 0000-0003-3884-0200

JoparkoBa iHpopManist: https://www.scopus.com/authid /detail.uri?authorld=55225675900;
https:/ /scholar.google.com.ua/citations?user=2RRoUSUAAAA]

IloBHEe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHNN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. €pemenko Onekcanppa CepriiBHa

2. Olexandra S. Eremenko

KBasigikanis: 1.1, npodpecop, 05.12.02

InenTudgikarop ORCID ID: 0000-0003-3721-8188

JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKMii HAlliOHAILHUI YHIBEPCUTET PajlioeNIEKTPOHIKY
Kopg 3a €IPIIOY: 02071197

Micue3Haxoa>KeHHs: npocniekt Hayku, Xapkis, XapkiBcbkuii p-H., 61166, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:

1. IlonovyosHui1 IOpiit JleoHinoBruy

2. Yuriy L. Ponochovnyi

KBasigikamis: g. 1. 1., npodecop, 05.13.06
InenTudikarop ORCID ID: 0000-0002-6856-2013

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=56446990700;
https:/ /scholar.google.com.ua/citations?user=A4nhkGoAAAAJ

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO00H: IMonTaBChKuUil lepKaBHMi1 arpapHUil yHiBEpCUTET
Kog, 3a €EIIPIIOY: 00493014

Micue3HaxoaKeHHS: ByJs1. CkoBOpOAY, ITonrasa, [Tontascekuit p-H., 36003, YkpaiHa

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: https:/ /ror.org/01s344n79

PeuenseHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Kacinos Ouser BikropoBr4

2. Oleg V. Kasilov

KBasigikamis: . . 1., gou., 05.13.06
InenTudikarop ORCID ID: 0000-0002-8524-2345
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJIITEXHIYHNUN iIHCTUTYT"

Kopg 3a €IPIIOY: 02071180



Micue3Haxoa>KeHHS: Bys1. Kupnuyosa, Xapkis, XapkiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. CaBueHKO MukoJia Bosogumuposud

2. Mykola Savchenko

KBasigikamis: k. ¢.-m. u., 01.04.07
InenTudikarop ORCID ID: 0009-0005-7366-3213
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHUil TEXHIYHNMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: ys1. Kupnuyosa, Xapkis, XapkiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im's I10-6aTbKOBI Kyuyk I'eopriit AatomifioBud
rOJIOBH pajgu

BaacHe IlpizBuime Im's [10-6aTbKOBI Kyuyx T'eopriit AHaTO/TiH0BIY
rOJIOBYIOYOrO Ha 3acigaHHi

BinnosimasabHui 3a HMiZITOTOBKY Bopouneup Osekcanap MukosainoBuy
00JIIKOBHX JOKYMEHTIB

PeecTparop IOpuenko TeTssHa AHaTOJiIBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




