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1. AKTyasIbHICTh TEMU AUCEPTALiIIHOI pOOOTU 3yMOBJIEHA CTPIMKMM 3POCTAaHHSIM OOCSTiB IIepelaBaHHs JaHUX Y
0€31pOTOBUX MepeXax, 10 CYIPOBOIKY€EThCS MiIBUIIEHUM HaBaHTa)KEHHSIM Ha MEPEXEBY iHPPACTPYKTYPY,
0OME>KEHICTIO JOCTYIIHOI'O PafioyaCTOTHOTO CIIEKTPa Ta IOCTIIHUM 3POCTaHHSIM BUMOT [IO SIKOCTi 00CJIyTOBYBaHHS
(QoS) y cyyacHux i nepCrneKTUBHUX TeIeKOMYyHIKaliiHUX cucTemax. OCco6JMBOi TOCTPOTH 11 Mpo6aeMy HabyBalOTh
y KOTHITUBHUX 6€31pOTOBUX ciTyacTux Mepexxax (CR-WMN), sKi xapakTepu3yloThCsl JUHAMIYHOIO 3MiHOIO
IOCTYTIHOCTI CIIEKTPa, HEOOXiIHICTIO BpaXyBaHHS aKTMBHOCTI IEPBUHHUX KOpUCTyBauiB (PU), a TaKOXX 3HAYHUM
BIIJIMBOM BHYTPILIHbOCUCTEMHMUX i MDKKaHaIbHUX iHTepdepeHIill. Y Takux yMOBax KJIaCU4HI MifxXonu 10
MapupyTu3alii, o 6a3yl0ThCs IePEeBaXKHO HA CTATUYHUX a00 HaMiBAMHAMIYHUX METPUKAX, BUSBIISIOTHCS
HEeJ0CTAaTHbO €(PEKTUBHUMHU, OCKIJIBKM HE BPAXOBYIOTb ClielM(]iKy KOTHITUBHOTO pajgiocepenosuia. le npusBoanuTh

IIO 3HM)KEHHS MTPOILYCKHOI 3IaTHOCTI, 3pOCTaHHS 3aTPUMOK Ta IOTipIIeHHs CTabiIbHOCTI MapIIpyTiB. TaKuM YMHOM,



BUHUKA€ 00'€KTUBHA HEOOXiIHICTb y PO3p006Li HOBUX, QOS-OpPi€HTOBAHUX i CIIEKTPaIbHO-00i3HAHUX METO/IiB
MapupyTH3allii, 3aTHMUX afanTyBaTUCS 0O MBUAKOIUIMHHUX 3MiH MEPEKEBOI0 Ta CIIEKTPAJIbHOTO CEPELOBUIIA.
Merolo fucepTaliiiHoi po60TH € MiIBUIIEHHS SKOCTi 006CIyrOByBaHHS B KOTHITUBHUX 6€34POTOBUX CITYACTHUX
MepeXKax UJIIXOM PO3POOKM, MAaTEMAaTUYHOIO OOI'PYHTYBAHHS T4 €KCIIEPUMEHTAILHOTO AOCIiIPKEHHS

MO (pIKOBAaHOTO METOly MapIIPYTU3alLlii, SKUI 3MaTHUNA KOMIIJIEKCHO BPaXOBYBAaTH AUHAMIYHY JOCTYIIHICTDb
CIIEKTPJIbHUX pecypciB, inTepdepeHLiliHi BIJIMBYU MiX By3JlaMU Ta KaHaJlaMU, a TaKO>XK BUMOT'U Pi3HUX KJIACiB
MepeXXeBOro Tpagiky (30KpemMa, YyTIMBOTIO JI0 3aTPUMOK abo BTpar). JJOCSTHEHHS IOCTaBJIE€HOI METU Nlepebdadae
BUPIlLIEHHS PsLly B3A€MOIIOB SI3aHUX 3a/1a4, Cepef, IKUX (popMarisaliist mpoluecy MappyTU3saliii sk
OaraTokpuTepiasbHOI ONTHUMI3allii, po3po6Ka HOBOTO METOY MapUIpyTU3allii Ta CTBOPEHHS e(PeKTUBHUX
aJITOPUTMIB 10r0 00YMCIIEHHS Ta 3aCTOCYBaHHS B pealbHOMY 4aci. Y nuceprauii copMyIbOBaHO 3a7ady
mapuipytu3auii B CR-WMN sk 6araTokpurepiajibHy ONTUMIi3aliliHy 3a1a4y 3 Q0S-00MeXEHHSIMHU, € OJHOYACHO
BPaXOBYIOTbCS TIOKA3HUKM 3aTPUMKH, IIPOITYCKHOI 31aTHOCTI, HAJiIHOCTI KaHaJIiB, piBHS iHTepdepeHLii Ta
IOCTYITHOCTI criekTpa. 3anpornoHosaHo Moaudikoany meTpuky mapupyrusanii mWCETT, sika e nopanpmum
pozBuTkoM kiacuyHoi metpukyu WCETT i po3muproe ii pyHKLiOHaIbHI MOXJIMBOCTI 32 PaXyHOK iHTerpatii
IOJATKOBUX ITAPAMETPIB, 30KpEMa BUTPATH HAa IEPEMUKAHHS KaHAJIIB, OLIiHKY iHTepdepeHLii MK CyMiXKHUMU
KaHaJlaMU Ta MIOKAa3HUKIB JOCTYIHOCTI CIIEKTpa B YMOBaX NIPUCYTHOCTI IEPBUHHUX KOPUCTYBauiB, TOOTO NOENHYE
OLIiHIOBaHHS Yacy nepepadi JaHux, inTepdepenLiii, JOCTYyHOCTI Ta HafiiHOCTI clieKTpa B OAHOMY ITIOKa3HUKY. Ha
BiIMiHY Bill TPQAULIMHOrO IiIX0y, 3alIpOIIOHOBaHA METPUKA iHTErPYy€ETLCS B IIPOTOKOJI MapLIPYyTU3aLlii HA OCHOBI
AODV, mo 103B0JIsIE peastizyBaTy aaliTUBHUI BUGIp MapLIPYTiB 3 ypaXyBaHHSAM AUHAMIYHUX 3MiH
paziocepenosuia. Moaudikais npotokosy AODV nossirae y BIOCKOHaJI€HHI IpoLelyp BUSBIEHHS Ta MiITPUMKU
MapUIpyTiB IIJISIXOM BKJIIOYeHHS 3HaueHb MeTpuku MWCETT y cayx608i nosinomnenns (RREQ, RREP), a Takox y
3MiHi MeXaHi3My BUOOPY ONTUMAaJIbHOTO MapUIPyTy HA OCHOBI 6araTOKpUTepiabHOrO OLiHIOBaHHSL. Lle 3abe3nedye
6iybII TOYHE BiOOpakeHHSI CTaHy MepexXi IIifl Yac BCTAaHOBJIEHHSI MapIIPYTY Ta NO3BOJIS€ YHUKATU
NepeBaHTaXeHUX, iHTepdepeHIiiHO-HacuYeHUX ab0 CIIeKTPaIbHO HEeCTAOIIbHUX MiNISHOK Mepexi. MeTon
mWCETT 3ab6esmnedye y3arajbHeHe OLiHIOBAaHHS BAPTOCTi MapUIPYTY SIK iHTErPaJIbHOTO MIOKA3HUKA, 110 103BOJISE
OibII TOYHO BiOOpa’kaTy peasibHUi CTaH Mepexi. Y po6oTi mo6y10BaHO MaTeMAaTU4HY MO/IEJIb 3alTPOIIOHOBAHOTO
METO/ly, Ka onucye npouec GopMyBaHHS MAapIIPYTIB i3 ypaxyBaHHSIM HaKOIMMYEHHS METPUKHU B3JOBXK LLJIAXY, a
TaKO>X OHTOJIOTIYHY MOJI€JIb, 10 (POpMaliye B3a€MO3B's13KM MiXX IlapamMeTpaMH Pi3HUX PiBHIB MepEXEBO]
apxitektypu (¢pisndHoro, KaHaJIbHOTO Ta MepeskeBoro). Ha ocHOBI Iux Mozeseil po3po6eHo aJrOpuTM
004KCIIeHHs CKIanoBrx MeTpuku (3okpema S(P), I(P), A(P)) ta ix arperauii B mpoueci mapurpyTtu3satii. Haykosa
HOBHM3HA OTPUMAaHUX PE3YJIbTaTiB MOJIsirae B PO3po01ii KOMIIJIEKCHOTO METOAY 1100y 10BHU QOS-0pieHTOBAHOI
MapupyTU3alii 17151 KOTHITUBHUX 0€3POTOBUX CITYACTUX MEPEXK, SIKUH NNoeIHye MogupikoBaHuil TpoTokoa AODV
i3 6araTokpurepianpHoio MmeTpukoio mMWCETT, mo, Ha BiiMiHY Bif iCHyI0YMX IiIXOIiB, peasni3yeTbCsl HA OCHOBI
mopaudikosaHoro nporokony AODV i3 iHTerpariieio 6araTokpurepiaabHOi METPUKU B IIPOLIECH BCTAHOBJIEHHS Ta
MiATPMMKU MapUIPYTIB KN BiIPi3HAETbCA Bif] iICHYIOYMX PillleHb IHTETPOBAHMMHU YPaXyBaHHAM OUHAMIKU
CIIEKTPaJIbHOTO CEPENIOBUILA, iHTEPDEPEHIIITHUX BIUIMBIB SIK y MEXXaX OJIHOTO KaHaJjly, TaK i MiXK CyMi>KHUMUA
KaHaJlaMH, a TaKOX Pi3HOPITHUX BUMOT MepeskeBoro Tpadiky. 3aliporioHOBaHMI METO], JO3BOJISIE i BUIIUTU
TOYHICTb OLIiHIOBAaHHS MapIIPYTIB i, SIK HACJAiTOK, 326€311€4UTH 3POCTaHHS HACKPI3HOI IPONYCKHOI 31aTHOCTI,

3MEHIIEHHS 3aTPUMOK Ta MiJIBUILIEHHS CTA0iIbHOCTI MAapUIPYTiB Y AMHAMIYHUX YMOBAX.

2. The relevance of the dissertation topic is driven by the rapid growth of data transmission volumes in wireless
networks, which is accompanied by increased load on network infrastructure, limited availability of radio
frequency spectrum, and continuously rising requirements for Quality of Service (QoS) in modern and future
telecommunication systems. These challenges become particularly acute in cognitive wireless mesh networks (CR-
WMN), which are characterized by dynamic spectrum availability, the necessity to account for primary user (PU)
activity, and significant impact on intra-system and inter-channel interference. Under such conditions, classical
routing approaches based primarily on static or semi-dynamic metrics prove to be insufficiently effective, as they
do not consider the specifics of the cognitive radio environment. This results in reduced throughput, increased
delays, and decreased route stability. Therefore, there is an objective need to develop new QoS-oriented and



spectrum-aware routing methods capable of adapting to rapid changes in both network and spectrum
environments. The aim of the dissertation is to improve the Quality of Service in cognitive wireless mesh networks
by developing, mathematically substantiating, and experimentally validating a modified routing method capable of
comprehensively accounting for dynamic spectrum availability, interference effects between nodes and channels,
as vell as the requirements of different classes of network traffic (particularly delay- and loss-sensitive traffic).
Achieving this goal involves solving a set of interrelated tasks, including formalization of the routing process as a
multi-criteria optimization problem, development of a new routing method, and creation of efficient algorithms
for its computation and real-time application. In the dissertation, the routing problem in CR-WMN is formulated
as a multi-criteria optimization problem with QoS constraints, where delay, throughput, channel reliability,
interference level, and spectrum availability are simultaneously considered. A modified routing metric, mMWCETT,
is proposed as an extension of the classical WCETT metric, enhancing its functionality through integration of
additional parameters, including channel switching cost, inter-channel interference estimation, and spectrum
availability indicators under the presence of primary users. Thus, the proposed metric combines the evaluation of
transmission time, interference, availability and spectrum reliability into a single indicator. Unlike the traditional
approach, the proposed metric is integrated into an AODV-based routing protocol, enabling adaptive route
selection considering dynamic changes in the radio environment. The modification of the AODV protocol involves
improving route discovery and maintenance procedures by incorporating mWCETT metric values into control
messages (RREQ, RREP), as well as modifying the route selection mechanism based on multi-criteria evaluation.
This ensures a more accurate representation of the network state during route establishment and allows
avoidance of congested, interference-prone, or spectrally unstable network segments, The mWCETT method
provides a generalized evaluation of route cost as an integral indicator, enabling a more accurate representation of
the actual network state. A mathematical model of the proposed method is developed, describing the route
formation process considering metric accumulation along the path, as well as an ontological model that formalizes
relationships between parameters at different layers of the network architecture (physical, data link, and network
layers). Based on these models, algorithms for calculating metric components (in particular S(P), I(P), A(P)) and
their aggregation during routing are developed. The scientific novelty of the obtained results lies in the
development of a comprehensive method to QoS-oriented routing in cognitive wireless mesh networks, which
combines a modified AODV protocol with a multi-criteria mWCETT metric. Unlike existing approaches, the
proposed method integrates the multi-criteria metric directly into route discovery and maintenance processes
and accounts for the dynamics of the spectral environment, interference effects both within a single channel and
between adjacent channels, as well as heterogeneous traffic requirements. The proposed method improves the
accuracy of route evaluation and, consequently, ensures increased end-to-end throughput, reduced delay, and
enhanced route stability under dynamic conditions. The mathematical routing model has been improved by
formalizing the route selection problem as a multi-criteria optimization problem with QoS constraints, enabling

optimal or near-optimal solutions under incomplete and dynamic network state information.
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Inentudirarop ORCID ID: 0000-0002-4081-328X
JonmaTkoBa iHdopmarist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjionanbHuii TexHiuHmil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI I'mo6a Jlapuca CepriisHa
TOJIOBH paju

Bnacwue IpizBume Im's I1o-6aTbKOBI I'no6a Jlapuca CepriiBHa
rOJIOBYIOYOTO Ha 3acCiiaHHi

Bi,ILl'IOBi,ua JILPHHUHA 33 lli,uI‘OTOBKy Mixnenko fIpocnaB OnekcangpoBuy
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



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

JisiIbHOCTI




