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1. MeTonu nifBuieHHs: ePeKTUBHOCTI YIIPaBIIiHHS B T€JIEKOMYHIKaL[iTHUX Mepeskax IIPU HalaHH] MTOCIYT KiHI€BOMY

KOPHMCTYBayeBi.

2. Methods for improving the efficiency of management in telecommunication networks when providing services
to the end user.

Pedepar:

1. Y nuceprauiiiziit pob0Ti IPOBeAEeHO TEOPETUYHI Ta eKCIIEPUMEHTaJIbHI JOCIIiIPKEHHS IIPOLIECiB yIIPaBJliHHS
TeJIEKOMYHiKal[ilHUMU Mepeskamu, CPOPMyIbOBAaHO BUMOTU IO METOIIB i MoZiesiel YIIpaBJliHHS
TeJIEKOMYHIKal[ilHMMY MePeXaMu, PO3pO0JIEHO MAaTEMATUYHI MOZeJli Ta METOAM aIalITUBHOTO PO3MOALNY
MepEeKEBUX PECYPCIB Ta MEXaHi3MiB 3a06e3Me4eHHs I0Ka3HUKIB IKOCTi 06cimyroByBaHHs (QoS /QoE) B ymoBax
3MiHHOT'O HaBaHTAKEHHS MePEXi, IpoBeieHa ONTUMI3allisl MappyTuaalii Tpadiky, a Tako>K BUKOHAHO OLIiHIOBaHHS
e(peKTHUBHOCTI 3aIIpONIOHOBaHUX pilleHb. O6'€KTOM NOCIIKEHHS AUCEePTalliliHOI pO6OTU € METOAU Ta MOEI
aJanTUBHOIO YIIPaBJIiHHS MEPEXEBUMU peCypcaMy, MapIIpyTU3aLii 1 ontuMisanii Tpadiky B T€JIE€KOMYHIKaLiMHAX

Mepeskax, CIIPSIMOBaHi Ha MifBuIleHHs epeKTUBHOCTI QyHKI[IOHYBaHHS Mepesxi Ta 3a6e31e4eHHs] HeOOXiTHUX



IIOKA3HUKIB SIKOCTi 06CJIyTOBYBAaHHS KiHI€BUX KOPUCTYBayiB. [I[peIMeTOM NOCIIiIPKEeHHS JucepTaliiiHOl poboTu €
[IpOLieC aJANTUBHOTO YIIPaBJIiHHS MEPEXXEBUMHU pecypcamu, MapuIpyTU3alii€lo Ta posnomisoM Tpadiky B
TeJIeKOMYHiIKal[iiHUX Mepe’kax 3 METOIO0 3ab6e3le4eHHs IIOKa3HUKIB SKOCTi 06cyroByBaHHs (QoS /QoE) npu
HAJJaHHi IOCJIYT KiHLIEBUM KOPUCTYBadaM. MeTOI0 OCIiI)KeHHS! € MiBUIIEeHHS €(PeKTUBHOCTI (QyHKIIOHYBaHHS
TeJIEKOMYHIKalliIHMX MEPEXK 3a PaXyHOK MiHiMi3allil 3aTPMMOK IepeaBaHHs, BTPAT AKETIB i IepeBaHTa)KEHb
KaHaJliB MIJIIXOM CTBOPEHHS MaTeMaTU4YHUX MOJieJiell, aJlrTOpUTMiB 6araTokpuTepiasbHOI MaplpyTu3alii Ta
aJalTHBHOIO KePYyBaHHS IPOIyCKHOIO 37aTHiCTI0. OCHOBHI HAyKOBi pe3yJIbTaTu: * Briepie po3pobieHo METOx
aZlalITUBHOTrO YIIPABJIiHHS MEePeKeBUMHU PeCypcamMu TeJleKOMYHIKalilTHOI MepeXxi, SIKii 6a3yeTbCsl HA 3aMKHEHOMY
KOHTYpi MOHITOPHHTY CTaHy MEpeXXi Ta JUHaMiYHil alaliTUBHIN 3MiHi IPOIYCKHOI 3MaTHOCTI KaHaJIiB 3B'I3KY, SIKUI
3abe3rnevye 3MEHIIEHHs 3aTPMMOK II€peJaBaHHs i BTPAT IIaKeTiB Ta MiJBUIIy€e piBeHb BUKOPUCTAHHS PECYPCiB
Mepexi. * YIO0CKOHAJIEHO MaTeMaTU4Hy MOJiesb (yHKI[IOHYBaHHS TE€JIEKOMYHIKaLilTHOiI Mepexi, sIKa, Ha BiIMiHY Bif
BiZJOMUX, BPaxOBYy€ 3aKOHM PO3IOiNy iMOBIPHOCTEN 3aBaHTaKEHOCTI MAPLIPYTIiB Yepe3 BUSHAYEHHS BarOBUX
KoeillieHTiB [1akeTiB 3 ypaxyBaHHSM SKOCTi 0OCJIyTOBYBaHHS, 1110 A€ MOSKJIMBICTb OLIiHIOBAaTH 4aCOBi
XapaKTEPUCTUKUA POOOUMX MTPOLECIB, BU3HAUUTU 3aTPUMKY BUKOHAHHS TPaH3aKlill i aHasi3yBaT epeKTUBHICTb
(PYHKLIOHYBaHHS CUCTEM i3 IapasiesIbHOI0 06POOKOIO NaHUX. * Briepie po3po6yieHO MeTo, 6araToKpUTepiaabHOi
ONTUMaJIbHOI MapiipyTu3anii Tpadiky Ta npiopuresalii KpUTUIHUX JAHUX, SIKUHM IPYHTYEThCS Ha BUKOPUCTAHHI
KOMOiHOBaHOI BaroBoi (pyHKIii KaHasiB Ta MeXaHi3My 6araToIIsIX0BOrO PO3MNOiNy IIOTOKIB Ta J03BOJIsSIE BU3HAYUTU
JIMOBIpPHICHO-4aCOBi XapaKTE€PUCTHUKU CUCTEM MAaCOBOT0O OOCJIyTOBYBAaHHS 3arajlbHOTO TUIYy 6€3 BpaXyBaHHS
PO3M0iy MPOLeCiB HaAXOPKEHHSI Ta 00CJIYTOBYBAaHHS. * YIOCKOHAJIEHO METO]] KEPYBaHHS T€JI€KOMYHIKal[iTHUMUI
MepekaMy, SIKUH, Ha BiMIHY Bifl iCHylounX, 6a3yeTbCsl Ha aJlallTBHOMY YIIpaBJliHHi MEpeXXeBUMU pecypcaMu Ta
BpaxoBye MeTOJ, 6araToKpuTepiaabHOi ONTUMAaIbHOI MapHIpyTU3alii Tpadiky, 10 J03B0JIs€ NiABUIMTY iHTETpajbHi
nokasHuku QoS /QoE 114 KiHLleBUX KOPUCTYBaviB B IporpaMmHo-kepoBaHux IP/MPLS mepexax. Y nepiomy
PO31Iiii 3nifiCHEHO BCeOiYHUI aHali3 CyYaCHUX TeJIeKOMYHIKalliHUX TeXHOJIOTIN Ta METOIiB YIIPaBJIiHHS
Mepexkamy, 30Kkpema MexaHizmiB QoS /QoE, anroputmis mapupyTusallii, 6asaHCyBaHHSI HAaBaHTaKEHHS Ta
Po3I0AiNy NPONYCKHOI 30aTHOCTI, IPOBEIEHO MOPIBHAIBHY OLIHKY iCHYIOUMX PillIEHb i BUSBJIEHO iX OOMEKEHHS B
YMOBax 3MiHHOTO TpadiKy Ta 3pOCTaHHS BUMOT JI0 SIKOCTi CEPBICiB, 1[0 J03BOJINIIO C(POPMYIIIOBATA HAYKOBY
npobaeMy, METY Ta 3a/ia4i JOCTiIKeHHs. Y IPpyroMy po3fiii po3po6seHo KOMIIJIEKC MaTeMaTUYHUX MoJiesielt
(YHKLiOHYBaHHS TeJIEKOMYHiKal[iliHOI MepeXi, 30KpeMa MO/I€JIb BUKOPUCTAHHS IIPOITyCKHOI 31aTHOCTI KaHaJiB,
Mozesb (GOPMYBaHHS 3aTPUMOK i BTPAT MAKETIB, @ TAKOK 6araTOKpUTEpiaJIbHy MOJEJb OL[iHIOBAHHS SIKOCTI
00CJIyTOBYBaHHS, HA OCHOBI SIKMX C(pOpMYJIbOBAHO 3a7jady ONTHUMI3allii pO3MOAiNy pecypciB Ta MapuIpyTU3aLil
Tpadiky y BUIIISAL 3BaskeHoro rpada. Y TpeTboMy po37ili 3alIpOIIOHOBAHO aJallTUBHUM METO], YIIPaBJIiHHS
MEPEXXEBMMHU peCypCcaMi Ha OCHOBI 3aMKHEHOT'O KOHTYPY MOHITOPUHTY CTaHY MEPEXi Ta METOJ], ONITUMAaJIbHOI
mMapupyTusauii Tpadiky 3 BUKOPUCTAHHSIM 6araTOKpUTEPiasbHOI BaroBoi PyHKIii KaHaiB, 10 103BOJIsSIE
3[iMICHIOBATYU IUHAMIYHUI po3noAin Tpadiky, 6asaHCyBaHHS HaBaHTAXKEHHS Ta IiJBUIIEHHS e(peKTUBHOCTI
BAKOPUMCTAHHS ITPOIYCKHOI 30aTHOCTI TE€JIEKOMYHIKALIMHOI MepeXi. Y 4eTBEPTOMY PO31iJli IPenCTaBIEHO
peasizanio po3pobJIeHrK METOIB y BUTJISIZL aJITOPUTMIB i IporpamMHoi Mofesti, HaBeJeHO pe3yIbTaTy iMiTaliiiHOro
MOJIEJIIOBAaHHS Ta €KCIIEPUMEHTAJIBHUX JOCTiIKEHb, BAKOHAHO MOPIiBHSIbHUI aHali3 epeKTUBHOCTI
3aIIPOINTIOHOBAHMUX 1 iICHYI0UMX MiAXOMiB, @ TAKOXX BU3HAYEHO BILIMB aJAlITUBHOTO YIIPABJIiHHS Ha [IOKa3HUKU
(OYHKLiOHYBaHHS TeJIEKOMYHiKaliliHOI Mepexxi. OTpUMMaHi pe3yJIbTaTi CBiiuaTh, 10 pO3po0JIeH] ajaliTUBHI METOAU
yIIpaBJIiHHS Ta ONTUMaJbHOI MapIpyTu3auii Tpadiky 403BOJISIOTh 3MEHIINTY I€PEBAHTAXEHHS KaHaliB 3BSI3KY,
NiABUIMTY IIPOIYCKHY 3[laTHICTh Mepexi Ta 3abe3neynTy cTabipHe PYyHKIIOHYBaHHS TeJleKOMYyHiKaliliHO]

CHUCTEMU B YMOBaAX 3MiHHOTO Tpa(:l)iKOBOI‘O HaBaHTa>XE€HHSI.

2. This dissertation presents theoretical and experimental studies of telecommunications network management
processes, formulates requirements for methods and models of telecommunications network management, and
develops mathematical models and methods for the adaptive allocation of network resources and mechanisms for
ensuring quality of service (QoS) and quality of experience (QoE) under conditions of variable network load, traffic
routing is optimized, and the effectiveness of the proposed solutions is evaluated. The subject of this dissertation is
methods and models for adaptive management of network resources, routing, and traffic optimization in



telecommunications networks, aimed at improving network performance and ensuring the necessary quality of
service for end users. The subject of the dissertation is the process of adaptive management of network resources,
routing, and traffic distribution in telecommunications networks with the aim of ensuring quality of service
(QoS/QoE) indicators when providing services to end users. The objective of the research is to improve the
efficiency of telecommunications networks by minimizing transmission delays, packet loss, and channel
congestion through the creation of mathematical models, multi-criteria routing algorithms, and adaptive
bandwidth control. « For the first time, a method for adaptive management of telecommunications network
resources has been developed. This method is based on a closed-loop network status monitoring system and
dynamic, adaptive adjustment of communication channel bandwidth, which reduces transmission delays and
packet loss while increasing network resource utilization. * A mathematical model of telecommunications network
operation has been improved; unlike existing models, it accounts for the probability distribution of route load by
determining packet weighting coefficients based on quality of service, enabling the evaluation of the time
characteristics of operational processes, determine transaction execution delays, and analyze the operational
efficiency of systems with parallel data processing. * For the first time, a method has been developed for multi-
criteria optimal traffic routing and prioritization of critical data, which is based on the use of a combined channel
weighting function and a multi-path flow distribution mechanism, and allows for the determination of
probabilistic-temporal characteristics of general-type queuing systems without considering the distribution of
arrival and service processes. * A method for managing telecommunications networks has been improved; unlike
existing methods, it is based on adaptive management of network resources and incorporates a method for multi-
criteria optimal traffic routing, which allows for an improvement in the integrated QoS /QoE metrics for end users
in software-defined IP/MPLS networks. The first chapter provides a comprehensive analysis of modern
telecommunications technologies and network management methods, including QoS/ QoE, routing algorithms,
load balancing, and bandwidth allocation. A comparative assessment of existing solutions is conducted, and their
limitations under conditions of variable traffic and increasing service quality requirements are identified, which
allowed for the formulation of the scientific problem, the research objective, and the research tasks. In the second
chapter, a set of mathematical models of telecommunications network operation was developed, including a model
of channel capacity utilization, a model of packet delay and loss formation, and a multi-criteria model for
evaluating service quality. Based on these models, the problem of optimizing resource allocation and traffic routing
was formulated as a weighted graph. The third chapter proposes an adaptive method for managing network
resources based on a closed-loop network status monitoring system and a method for optimal traffic routing using
a multi-criteria channel weighting function, which enables dynamic traffic distribution, load balancing, and
improved utilization of the telecommunications network’s bandwidth. Chapter 4 presents the implementation of
the developed methods in the form of algorithms and a software model, provides the results of simulation
modeling and experimental studies, performs a comparative analysis of the effectiveness of the proposed and
existing approaches, and determines the impact of adaptive control on the performance indicators of a
telecommunications network. The results indicate that the developed adaptive control and optimal traffic routing
methods allow for reducing communication channel congestion, increasing network throughput, and ensuring the
stable operation of the telecommunications system under conditions of variable traffic load.
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Micuesnaxo,szemm: ByJI. [HCTUTYTCBbKA, XMEJIbHULIbKUM, XMEJIbHULILKU p-H., 29016, YKpaiHa
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aTbKOBI:
1. Kopmyn Haranisg Bonogumupisaa

2. Nataliia V. Korshun

KBasigikamis: n. 1. 1., npodecop, 05.12.13

InenTudikarop ORCID ID: 0000-0003-2908-970X

JopaTrkoBa indpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: KuiBchkuil cronuHmii yHiBepcuTeT imeni Bopuca I'piHuenka
Kopg, 3a €IPIIOY: 45307965

Micue3Haxoa>KeHHSI: By BynbapHo-Kynpsscbka, Kuis, 04053, Ykpaina

dopma BiracHoOCTI: KomynanbHa

Cdepa ynpaBitiHHS: [lepkagminictpauis

InmenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. bepkman JIro60B HaymiBHa

2. Liubov N. Berkman

KBasigikanis: g. 1. ., 1.1.H., npodecop, 05.12.02
InenTudikarop ORCID ID: 0000-0002-6772-1596
JopaTrkoBa iHdpopmamnist:

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHuii yHiBepCUTET iHGOPMALIHO-KOMYHIKALiAHIX

TEXHOJIOTIN
Kopg 3a €IPIIOY: 38855349

Micue3Haxoa KeHHS: By Cosom'ssHChbKa, Kuis, 03110, Vkpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. TypoBcekuit Onexkcangp JleoHizosuy

2. Oleksandr L. Turovsky

KBasigikanis: x. 1. u., npodecop, 05.12.13

ImenTudikarop ORCID ID: 0000-0002-4961-0876

JoparkoBa iHpopmamuist: https://www.scopus.com/authid /detail.uri?authorld=57217115256

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHMII yHiBEpCUTET iHPOPMAIITHO-KOMYHIKaI[IHUX

TEXHOJIOTI!

Kopg 3a €IPIIOY: 38855349

Micuesnaxomxennﬂ: ByJI. CosioM'siHCBKa, KuiB, 03110, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akr04Hi BimoMocTi
Biacue IpizBume Im's ITo-6aTbKOBI Mesnbruk HOpiit Bitaniiiosny

TrOJIOBH pagu

Baacue IlpizBuie Im's [10-6aTbKOBI Menbuuk FOpiit BirasniioBuy

rOJIOBYIOYOrO Ha 3acCifiaHHi

BinmoBigasbHUH 32 MiATOTOBKY JlazopeHko JI.M.
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaTosiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLio HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




