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Pedepar:

1. B pucepTauiiiniil poboTi BUPIIyeThCS aKTyaJbHE HAYKOBO-TEXHIUHE 3aBAAHHS MiBULEHHS e(EeKTUBHOCTI Ta
HaZiHOCTI 06POOKU JaHUX y PO3MNOJiNeHNX TeJleKOMYHiKaliiiHux cuctemax (PTC), mo 3abe3nevye 3HIKEHHS
3aTPUMOK, PIBHOMIpHUI PO3MOiz HABAaHTAa’KEHHS Ta MiABUIIEHHS BiIMOBOCTIHKOCTiI Mepexi. O6'eKToM
IOCJIiI)KEHHS € Mpoliec opraHisallii 00po0KM JaHMX y PO3IOAiIIEHUX TeJEeKOMYHIKallilHUX cucTeMax. [IpegmeToM
OOCIIIKEHHS € METOIY, MOZEJI Ta aJIfOPUTMU iepapxiyHOI KiacTepu3sallii Ta AMHAMIYHOI caMOOprasisatii By3iiB y
PO3IIOZiNIeHNX TeJIeKOMYHIKAiIITHUX CUCTeMaXx, CIIPSIMOBaHi Ha MiJiBUIIEHHS iX e(PeKTUBHOCTI, HAZiMHOCTI Ta
aJanTUBHOCTI 10 3MIHHUX YMOB. METOI0 AuCepTaLiliHOTO OCiI>)KeHHS! € MiJBUIIeHHs e(peKTUBHOCTI Ta HaJiiHOCTI
00pOOKHU JaHUX Y PO3NOIiIEHUX TeJIEKOMYHIKaL[ifHMX CUCTEMAaX IIJISIXOM PO3POOKY METOMIB i Moziesiel iepapxiyHoi
KJlacTepusallii, 6araToKprUTepiaJbHOTO PO3NOLiy MOTOKIB JaHUX Ta AUHAMIYHOI caMmoopraHizalii 064MCIII0BaJIbHUX

BY3JIiB B yMOBaXx 3MiHHOrO cepenoBuiia. OCHOBHI pe3y/bTaTy JUuCepTalifHOro AOCIiIpKeHHs c(pOpMyIbOBAHO Y



BUIJIS/li IIYHKTiB HAYKOBOI HOBM3HM: 1. Biepie po3po6s1eHO KOMIIEKCHAM METO/I, CaMOOPpraHisallii po3nofineHnx
TeJEKOMYHIKalliiHUX CUCTEM, SIKMH, Ha BiIMiHY Bif TpaJULIiITHMX MigX0iB, BPAXOBY€ NPOLYKTUBHICTh BY3JIiB,
TOIIOJIOTiI0 MepeXKi, 3aTPUMKMU Ta IIPOIIYCKHY 3/1aTHICTh KaHaJiB nepefadi. 2. Briepiie po3po6yeHo iHTerpoBaHuil
METOJ] KepyBaHH iHpOPMaLifHUMY TOTOKaMU B yMOBaX HECTAbi/IbHOI Mepexi i3 3abe3reueHHsIM BUOOPY
TOJIOBHOTO BY3J1a Ta OJIHOYACHOTO (POPMYyBaHHS 064MCIIIOBATIBHUX KOHBEEPIB y PO3NOJiNIEHUX TEJIEKOMYHIKaLiiHUX
CcHCTeMaX, UIJIIXOM I1I0€JHAaHHS peCypPCHO-3aTPUMKOBOI OLIiIHKY XapaKTePUCTUK BY3JliB Ta MO (IKOBAaHOTO
aJITOPUTMY 3 aCUHXPOHHO-Y3TO/I)KEHUM BUOOPOM KEPYIOUOro By3J1a, 110 3abe3redye MiHiMi3allilo 4acoBUX
3aTPUMOK. 3. YIOCKOHAJIEHO MeTOo, 6araTOKPOKOBOI iepapxiyHoi KyacTepu3aliii Ha OCHOBI 3aCTOCYBaHHS
mopudikoBaHoro anroputmy JlyBeHa, SKuii, Ha BIGMiHY Bif BifoMux migxozis, 3a6e3rnedye KOHTPOJIb PO3Mipy Ta
IIiJIBHOCTI KJIACTEPIB 3aBASKYA TUHAMIYHOMY PETYJIIOBAHHIO [IapaMeTpa PO3LiIbHOI 30ATHOCTI Ta PEKYPCUBHOMY
YTOYHEHHIO KJIACTEPHOI CTPYKTYPHU. 4. YIOCKOHAJIEHO METO] 6araTOKpUTEPiaIbHOTO PO3NOIily IIOTOKIB OOPOOKHU
IAHUX y TeJIE€KOMYHIKaliiHAX CUCTEeMax Ha OCHOBI MOAN(IKOBAHOTO reHeTUYHOro anroputmy NSGA-III, 3 meTo1o
3a0e31e4yeHHs MiJiBUIIeHHS] TOYHOCTI PO3MO/iNy Ta 3HVMKEHHS YucJa JeJleraliil M KiacTepaMmy, LUISIXOM
BMKOPHMCTaHHS MEXaHi3My ri6puaHOro paHXyBaHHS Ta aalITUBHOIO PEryJI0OBaHHS 4aCTOTH MYTalill B 3aJI€XKHOCTI
Bifl, IPOTHO30BaHOTrO HABAaHTAXXEHHS. [IpakTU4HI pe3yabTaTy, OTPMMaHI B AUCEPTALiliHil pOOOTI, OJNATal0Th Y
PO3po06IIi Ta BIPOBaAXKEHHI 3aIPOTNIOHOBAHUX METOMIB [IJis MifBUIIeHHST eeKTUBHOCTI Ta HagmiriHoCcTi PTC, a came: -
Ha OCHOBI IIOPiBHSIJIBHOTO aHaJIi3y Cy4YaCHUX apXiTeKTyp i MeToliB 06po6ku ganux y PTC o6rpyHTOBaHO [OLIIbHICTD
PO3pOOKU HOBUX aJJaITUBHUX METO/IiB Ta aJITOPUTMIB KJlaCTEpU3allii, caMoopraHisanii Ta 6araToKpuTepiaabHOi
OITHMI3allii, [0 BPaXOBYIOTb JMHAMIKy HABAaHTAKEHHSI, CTPYKTYPHY CKJIQ[HICTb i IapaMeTpu MepeXeBUX 3'€IHAHb;
- po3po0bJIeHO aJITOPUTM i IporpaMHy peasisaliiio MeTony camoopratizauii PTC, 110 103B0JIsi€ 3HU3UTH 3aTPUMKU B
06po61i Ta nepenayvi ganux go 170% B nopiBHSIHHI 3 MeTonamu JlyBeHa i JlefieHa Ta 0HOYaCHO MOKPAIIATH
Y3TOJIKEHICTb CTPYKTYPU KJIACTEPIB, 1110, B CBOIO YEPry, 3MEHIIY€e BUTPATH PeCypciB Ha MapupyTusauiio Ha 10-150%
3aJIEXKHO Bif TOmoJIorii Mepexi i HaBaHTa)KeHHS; — YLOCKOHaJIeHO anropuTM JlyBeHa misxom popMyBaHHS
KJIaCcTePiB 3 aJalITUBHOIO IMIMOMHOIO, 1110 YCyBa€ HaIMipHY arperaliiio i 3MeHIIye CTaHAapTHE BilXUIeHHS pO3MipiB
KJ1acTepiB Ha 53 — 660%, 110 HeoO6XigHO AJ1s cTabinbHOI po6oTr PTC B ymMoBax 3MiHHOI TOIOJIOTI; — B MeXax
iHTErpoBaHOroO METOAY KepyBaHHS iHPOPMaLiiHUMY NOTOKAMHU YAOCKOHAJIEHO aJITOPUTM BUOOPY T'OJIOBHOTO BY371,
3a pPaXyHOK 3aCTOCYBaHHS aCMHXPOHHO-Y3rOIPKEHOT0 BU60OPY KOOPAMHATOPA, 10 CKOPOYY€ YaC BiIHOBJIEHHS MiCJIs
BiZIMOBM T'OJIOBHOTO By3J1a Ha 430% Ta 3HMXKYe Cy>k60Buii Tpadik 10 300 %, 3aBIsSKM BUKIIIOUYEHHIO IBHOI (a3u
BUOOPIB i BUKOPUCTAHHIO Hanepes c(pOPMOBAHUX CIMACKIB PE3ePBHUX KaHAUIATIB; — PO3PO6JIEHO aJITOPUTM Ta
[IpOrpamHy peasizaLiio meTony GOopMyBaHHS 004YMCIIIOBAJIbBHUX KOHBEEPIB /17151 0OPOOKY [TIOTOKOBUX JAHUX, 110
3abe3nevye AMHAMIUHy CaMOOpraHisallilo Mepexi 3i CKOPOUEHHSIM 3aTPUMOK Ha 5-7%, 3MEHIIEHHSIM KilIbKOCTi
nepeBaHTaKeHb 10 20% i MifBUIeHHSIM PiBHOMIPHOCTI 3aBaHTa’KE€HHS PecypciB By3iiB Ha 38-54%; — po3p061eHO
MoaudiKoBaHU anroputm GOpPMyBaHHS OOYMCIIOBAIbHUX KOHBEEPIB HA OCHOBI CIIPSIMOBAHOT0O 6araTomapoBOro
rpada 3 mapaMeTpUYHUM ypaxXyBaHHSIM 3aTPMMOK, PECYPCHUX OOMEKeHb Ta ITPadiB 3a NepeBaHTa)KEHHS, 110
3abesneyvye napajesbHy MapLIPyTU3allilo IIOTOKIB i afanTaliio 1o 3MiHHUX YMOB HaBaHTaxeHHs B PTC; OTpumaHi
Pe3yJIbTaTU MigTBEPIPKYIOTh TEOPETUYHY i IPUKJIALHY LiHHICTh PO3POOJIEHNX METOiB KJIaCTEPU3alLlii,
camoopraHizauii Ta onTumizauii B 3aga4ax 00poOKY JaHUX Y PO3NOIiIEHNX TeIEKOMYHIKaL[iHHNX CUCTeMaX, 110

BiIKpMBa€ NEePCIEeKTUBY X [10JabIIOr0 BIIPOBAI)KEHHS Ta PO3BUTKY.

2. The dissertation addresses the pressing scientific and technical challenge of improving the efficiency and
reliability of data processing in distributed telecommunications systems (DTS), which reduces delays, ensures even
load distribution, and increases network fault tolerance. The object of the study is the process of organizing data
processing in distributed telecommunication systems. The subject of the study is methods, models, and algorithms
of hierarchical clustering and dynamic self-organization of nodes in distributed telecommunication systems,
aimed at improving their efficiency, reliability, and adaptability to changing conditions. The goal of the dissertation
research is to improve the efficiency and reliability of data processing in distributed telecommunications systems
by developing methods and models of hierarchical clustering, multi-criteria distribution of data flows, and
dynamic self-organization of computing nodes in a changing environment. The main results of the dissertation
research are formulated in the form of points of scientific novelty: 1. For the first time, a comprehensive method of



self-organization of distributed telecommunication systems has been developed, which, unlike traditional
approaches, takes into account the performance of nodes, network topology, delays, and transmission channel
bandwidth. 2. For the first time, an integrated method for managing information flows in unstable network
conditions has been developed, ensuring the selection of the main node and the simultaneous formation of
computing pipelines in distributed telecommunication systems. 3. A method of multi-step hierarchical clustering
has been improved based on the application of a modified Louven algorithm, which, unlike known approaches,
provides control over the size and density of clusters through dynamic adjustment of the resolution parameter and
recursive refinement of the cluster structure. 4. The method of multi-criteria distribution of data processing flows
in telecommunication systems has been improved based on the modified NSGA-III genetic algorithm, with the aim
of ensuring increased distribution accuracy and reducing the number of delegations between clusters, through the
use of a hybrid ranking mechanism and adaptive regulation of the mutation frequency depending on the predicted
load. The practical results obtained in the dissertation consist in the development and implementation of the
proposed methods to improve the efficiency and reliability of RTS, namely: — based on a comparative analysis of
modern architectures and data processing methods in RTS, the feasibility of developing new adaptive methods and
algorithms for clustering, self-organization, and multi-criteria optimization that take into account load dynamics,
structural complexity, and network connection parameters has been substantiated; — an algorithm and software
implementation of the RTS self-organization method have been developed, which allows reducing delays in data
processing and transmission by up to 17% compared to the methods of Leuven and Leiden, while improving the
consistency of the cluster structure, which, in turn, reduces routing resource costs by 10-15% depending on
network topology and load; - the Louwen algorithm has been improved by forming clusters with adaptive depth,
which eliminates excessive aggregation and reduces the standard deviation of cluster sizes by 53-66%, which is
necessary for stable RTS operation in conditions of variable topology; — within the integrated method of
information flow management, the master node selection algorithm has been improved by applying asynchronous-
coordinated coordinator selection, which reduces the recovery time after master node failure by 43% and reduces
service traffic by up to 30%, by eliminating the explicit election phase and using pre-formed lists of backup
candidates; - An algorithm and software implementation of a method for forming computing pipelines for
processing streaming data have been developed, which ensures dynamic self-organization of the network with a
5-7% reduction in delays, a 20% reduction in overloads, and a 38-54% increase in the uniformity of node resource
loading. - A modified algorithm for forming computational pipelines based on a directed multilayer graph with
parametric consideration of delays, resource constraints, and overload penalties has been developed, ensuring
parallel routing of flows and adaptation to changing load conditions in the RTS. The obtained results confirm the
theoretical and applied value of the developed methods of clustering, self-organization, and optimization for data
processing tasks in distributed telecommunication systems, opening up prospects for their further
implementation and development.
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dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ouenko Cepri#t Iniv

2. Sergiy Dotsenko



KBasigikamnis: g. 1. u., npodecop, 05.13.06

Imentudikarop ORCID ID: 0000-0003-3021-4192

JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKUIL IEeP>KAaBHUI YHIBEPCUTET 3aJTi3HUYHOTO

TPaHCIOPTY

Kog 3a €IPIIOY: 01116472

Micue3HaxoaKeHHS: maiinan Qeitepbaxa, Xapkis, XapkiBcbkuii p-H., 61050, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi
ByacHe IlpizBuie Im's ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

Peectparop

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisiIBHOCTI

[IIToMnens Mukosia AHATOJIIOBUY

[IIToMmnens Mukosia AHaTOJIIIOBUY

Kyyenko Onekcanzap CepriftoBuy

FOpuenko TetsHa AHaToJiiBHA

[Opuenko TersiHa AHaToJiiBHA



