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aBilariitauil ynisepcuret, Kuis, 2021.

Cranmii 1 30amaHCOBaHUM PO3BUTOK Taily3l 3B'3KY HEPO3PHBHO ITOB'SI3aHMM 31
30UTPLIEHHSIM KUIBKOCTI a0OHEHTIB 1 MOCIYT, 10 HajaawTbes. CydacHUW pPIBEHb
PO3BUTKY PUHKY MOCIYT CTUIBHHUKOBOTO 3B'SI3KY, AKICHI 3MiHU B 3ac00ax Ta crocobax
HaJaHHS TIOCHYT, MIABUIICHHS 00csAry Ta 0araToacmekTHOCTI iH(opMalii, Mo
UPKYJIIOE B MEPEXax CTIUTHBHUKOBOTO 3B'SI3KYy, BUCYHYJH MOTPeOy B BIOCKOHAJICHH]
CUCTEMHU OIIIHKH SKOCTI MOCIIYT.

3 MeTor0 30epeKeHHS] KOHKYPEHTOCTIPOMOKHOCTI OCHOBHI 3YCHIIISL OTIEPaTOpH
COpPSIMOBYIOTh Ha TMIJBUIIEHHS SAKOCTI 1 30LIbIIEHHS TEPMIHY OOCIYrOBYBaHHS
aOOHEHTIB B Mepexki, 3aBASKH 3a0€3MEUYCHHI0 HEOOXIMHOTO PIBHS 3aJ0BOJICHOCTI
CHOKMBA4YlB y BHMCOKOSIKICHHX TMOCIyrax 3a paxXyHOK CHCTEMH OpraHi3aliiHo-
TEXHIYHHUX 1 COIIAIbBHO-EKOHOMIYHUX 3aXOIB IIOJ0 MPUBEIEHHS JOCATHYTOTO PIBHS
SKOCT1 HaJaHHS TIOCIYT BIAMOBITAHO JO ICHYIOUUX, THUX, IO 3apOKYIOTbCS a0o
MPOTHO30BaHUX MOTPEO A0OHEHTIB.

Buknaneni oOctaBuHM BH3HA4YalOTh aKTYalbHICTh JIOCTIDKEHHS — 3aj1ad,
MOB'A3aHUX 3 OLIHKOK Ta YNPABIIHHSM SKICTIO HAJaHHS MOCIYT CTUIbHUKOBOTO
3B'SI3KY, 1 pO3POOKY MIAXOAIB J0 iX BUPIIICHHS.

B po6oTi npoBeaeHO aHami3 Cy4yaCHUX CHUCTEM CTUIBHUKOBOTO 3B’SI3KY 3 TOUYKHU
30py SIKOCTI HaJIaHHS TIOCHYT, SIKMM TMOKaszaB, IO CTPIMKE 3POCTaHHS KUIBKOCTI
MIPUCTPOIB, BIOCKOHAJICHHS iX TEXHIYHHUX MOXKJIMBOCTEH Ta 3POCTaHHS KUIBKOCTI
MOCITTYT TIPHU3BEJIO IO TAKMX OCHOBHHX MPOOJIeM, SIK HU3bKA IMIBUIKICTh 3aBaHTaKEHHS

Ta BEJIMKUH Yac 3aTpUMKH. BUsBIIEHI HENOMIKUA Cy4YaCHUX CTUIbHUKOBUX CHUCTEM, TaKi



SK BIJICYTHICTh 3a0€3MEeUCHHS 3asBICHUX BUMOT JI0 MEPEX ChOTOJICHHSI, HE3aJ0BLIHHA
AKICTh 0OCTYroByBaHHA aOOHEHTIB, HU3bKa €(EKTUBHICTb ICHYIOUMX METO/IIB
3a0€3MeUeHHs SIKOCTI HaJaHHS TMOCIYT, CHOPHSUIM aHajli3y CHUCTEMH HACTYIMHOIO
nokomHAA (5G) Ta GOpMyBaHHIO OCHOBHHX BHMOT, III0 BHCYBAIOTHCS 3 IIUPOKOTO
KOJIa KOPUCTYBayiB, MPUCTPOIB, KOMMAaHIH 3 pi3HUX rainy3ei npomuciosocti. Y 10000
paziB  Ourelie Tpadiky MNOTpiIOHO Oyjae MNPOBOJUTH dYepe3 BCl  CTIIBHUKOBI
mupokocMyToBi TexHosorii Mk 2020 1 2030 pokamu, MmO BHUCYBaE MOTpPeOy B
JOAATKOBIM IMOTYKHOCTI Ta JOCTYHNOM JI0 OUIBIIOI KUIBKOCTI CIIEKTpa Ha OlIbII
BUCOKHMX 4YacToTax. I[HIIMM ¢akTopoM € paalo3aTpUMKa MEHIIE, HIXK OJIHa
MUTICEKyH/Ia, M0 Ty>K€ BAXKIMBO IJIsl JOCATHEHHS BHUCOKHX IIBHIKOCTEH meperadi
JaHuX, 30epiraouu MpU [IbOMY HHU3bKY BapTicTh oOsagHaHHSA. [likOB1 MIBHAKOCTI
nepeaayl JaHux NOBUHHI OyTH Bulie, Hix 10 I'61T/c, mpu 11bOMy IIBUIKICTH IEpeaayl
JTAaHUX Ha TpaHulll MOKpuTTs (95% kopuctyBauiB) noBuHHa craHoButu 100 M6it/c
JUTsl BAKOPUCTAHHS CTUTbHUKOBOTO [HTEpHETY B SIKOCTI HAIMHOT 3aMiHH KaOelto.

VYce mepepaxoBaHe BHILE BU3HAYWIO HAMPSMOK HAYKOBOIO JIOCHIJIKEHHS —
3a0e3MeUeHHs] SKOCTI HaJaHHS TOCIYT OlepaTopaMy CTITLHUKOBHUMH 3B S3KY 3a
pe3ysibTaTaMy BCTAHOBJIEHHS B3a€MO3B’SI3KIB MK KIIOUYOBMMH MAapaMeTpaMu SIKOCTI
CIOPUMHSATTS Ta SAKOCTI OOCIYroBYBaHHS aOOHEHTIB CTITBHUKOBHX MEPEX Y PEKHUMI
peaNbHOTO Yacy 3 BUKOPUCTAHHSIM MAIIMHHOTO HaBYaHHs. [yt iboro Oyiu okpecieHi
HaIMpPSIMKH HAYKOBHX JAOCIIKEHb, SIKI TPOBOJIUIIUCH B JUCEPTALIIHII poOOTI.

Posrnsnyro kmouoBi mokasHuku edextuBHocTi (KPI) 1 sxocti (KQI)
CTUIbHMKOBOT MEpPEKI Ta BCTAHOBJIEHO 1€papXii0 iX B3a€MOJIi, U0 BU3HAYAE SIKICTh
MPOIYKTY JIJIsl 3aI0BOJICHHS PIBHS CEPBICY, SIKWW HaJla€e CTUIbHUKOBUI onieparop. [lpu
BUOOp1 HEOOXITHHMX JJIsl aJ€KBATHOI OIIIHKM SIKOCTI CEpPBICY IHIUKATOPIB MOTPIOHO
MIHIMI3yBaTH iX KUIbKICTb 1 BpaxOBYBATH MOKJIMBUNA «IEPEXPECHUI» BIUIMB
okpemoro KPI na xinmpka pizaux KQI. CykymHICTh TapamMeTpiB Ta MOKa3HUKIB SIKOCTI
MOCJIYT TOBHHHA BiIOOpa)KaTH OCHOBHI KpUTEPIi SKOCTI B3a€EMOJII CTIILHUKOBOTO

o0JiaTHaHHS 3 TEJIEKOMYHIKAI[IHHOI0 MEPEXKEIO Ta CIIOKUBAYA 3 TEJICKOMYHIKAI[IHHOIO



MOCIYTOI0 SIK TOBApOM, IO HAJa€ OMEpaTrop CTUIBHUKOBOTO 3B’SI3KY BIAMOBIIHO O
ETSI TS 102 250-1.

Byno BCTaHOBIEHO OCHOBHI BUIQJKH BHUKOpPUCTaHHsS craHaapty S5G, kotpi
3yMOBIICHI 30UIBLICHHSIM HOBHX LHU(PPOBUX, XMApHUX Ta BHUMOI JO Oe€3MeKu y
O0aratbOX  Trajly3sX, BKIIOYAlOUd  aBTOMOOUIBHY, JIOTICTHYHY, pO3ApiOHY,
pO3BakajbHy, BUPOOHHMYY Ta TEJICKOMYHIKALIMHY isuibHICTH. I[loTpeba B HOBHX
BUMAJKaX BUKOPHUCTAHHS BHCYBa€ HOBI HEOOXiJHI (YHKIIOHATbHI MOMJIMBOCTI
MepeKi MallOyTHBOTO, 1110 Y CBOIO 4yepry crpusie yanockoHajaeHHio KPI B mopiBHsHHI 3
BUMOraMHU JI0 MEpEeX CbOTOJCHHsS. 3Ba)kaloun Ha 1€, B poOOTI BU3HAYEHO
knacudikaiiro BUMaakiB Bukopuctanus 5SG y cmiBBigHomeHHi 10 KPI.

JUis nocsarHeHHs 3ajadl MIJBUIIEHHS SKOCTI HAJaHHS IOCIYI BCTAHOBJIEHO
(yHKUIOHATIBHY 3aJI€KHICTh MDK [apaMeTpaMu MEpexi, TOOTO BU3HAYEHO BILIUB
KJIIOYOBUX IIOKa3HUKIB €(PEKTUBHOCTI Ha KIOYOBUHA MOKA3HUK SKOCTI IUIIXOM
BUKopucTaHHa KyOiunux epmitoBux cmaiHiB (KEC). 3acTtocyBanHs cruiaiiHiB, B
SAKOCT1 MOJI€JIl CUTHAIY, TI03BOJISIE CYTTEBO MIABUUIUTH SIKICTh OOPOOKM CHUTHANIB 3a
paxyHOK HEMEpPEepBHOCTI 3HAUYEHb Ta YaCTUHU MOXIJIHUX Yy By3JaX CKIEHKU CIUIalHY.
KEC BUPI3HSIOTHCA MPOCTOTOIO PO3PAXYHKIB, 3a PAXYHOK YOT0 3a0€3MeUy0Th BUCOKY
IIBUJIKOJIIFO TIPM OOYMCIICHH], 1110, Y CBOIO Yepry, BaXKJIMBO JJIs1 pOOOTH B peaIbHOMY
yaci mpu 00poOIIi BETUKUX MAaCUBIB JIAHUX.

ExcriepuMeHTanbsHO TOKa3aHO, M0 3aCTOCYBaHHS CIUIAHHIB  J103BOJISIE
3HAXOJHUTH HE TUTbKU CTATUCTUYHI OIIHKH IIYKaHUX MapaMeTpiB CIUIaiiH-HAOINKEHb,
ajsie 1 iXHl JOBIpYl 1HTEpPBaIM, L0 MIJBULIYE TOYHICTH 1 BIPOTITHICTH MOJATBIIMX
PO3paxyHKIB 1 € 0€3CYMHIBHOIO IEPEBAror0 0OpaHoro Mmiaxomy.

3a paxyHOK 3aCTOCYBaHHS BIIEpIIE€ pPO3pOOJIEHOrO0 METOAY BHU3HAUEHHS
¢dbyHKU10HATBHOI 3anekHocTl MK TapameTpamu KPI ta KQI Ha ocHOB1 BUKOpUCTaHHS
KyOIUHUX €pPMITOBUX CIUIAIHIB CTa€ MOXJIMBHUM OI[IHUTH CTYIIHb BIUIUBY KOXHOTO 3
napametpiB KPI na mapamerp KQI 3 mMaitbyTHIM cepeaHbOCTATUCTUYHUM TIPOTHO30M

JIaHUX, 110 TIPU3BEJIe 10 peanizalii Bubopy nesHoro napamerpa KPI qis mogansiioro



Horo mokparieHHss abo onTuMizallii, 3 METOI MIJBUIIEHHS PIBHS SIKOCTI HaJlaHHS
MOCITYT CTUIBHUKOBUM OTIEPATOPOM.

Po3risiHyTa OCHOBHA TEXHOJIOTIS IITYYHOTO IHTENEKTY — MAIlIMHHE HABYAHHS —
3 TOYKH 30py 3aCTOCYyBaHHS B cepl TeIEKOMYHIKaIiil K amapary JUisl 3HIKCHHS
BUTPAT, 30LJIBIICHHS OOYHMCITIOBAIBHOI MOTYKHOCTI, MOKPAIIEHHS OOCIYyroByBaHHS 1
JIOCBIJy KIIEHTIB, ONTHMI3aIlil0 Mepexi 1 poOodyux mpoleciB. 3 orsay Ha
301IbIIeHHsT 00CATY JaHWX, IO NAIATAlOTh OOpoOIll B MOTOYHIA apXIiTEKTypi
CTUIBHUKOBOTO OIEeparopa, 30UIbIIYEThCA Yac OOYMCICHHS 1 BUHUKAE 3aTpUMKa
poOounx NOTOKIB cucTeMu. IIBUAKICTH Mpoliecy pO3paxyHKy KIFOUOBHX MOKA3HHKIB
€(EKTHUBHOCTI Ta KJIIFOYOBOI'O 1HJIMKATOpa SIKOCTI, IOYMHAIOYH 3 MPUXOY JAHUX, IO
MICTATh JIYMJIBHUKH, N0 TOJAHHS KOPHUCHOI 1H(opMmalii omeparopy, € KIHOUYOBUM
BY3bKMM MICHEM B CHUCTEMI YINpPAaBIIHHA SKICTIO HaJaHHS Mociayr. MamimHHe
HaBYaHHS JO3BOJUTH 3 BEJIMYE3HOI IIBUIKICTIO OOpOOJIATH BEIWYE3HI MacUBU
JAHUX, BUAUIATA HEOOXI1HI BIIOMOCTI Ta HAJJJACTh MOKJIUBICTh NMPUHMATH PIIICHHS
B PEXHMMI peaJbHOro 4acy. MammHHe HaBYaHHS € HEOOX1AHUM BapiaHTOM pPIIICHHS
OTIepaTOPiB CTUTHHUKOBOTO 3B’SI3KYy IOJO TMOKPAIIEHHS SKOCTI HAJlaHHS MOCTYT Ta
poOOTH CTUIBHUKOBOI MEpPEX1 B LUJIOMY, 3a0€3ME€YUTh HE TUIBKM MOKpPAIleHHS
0OCITyroByBaHHS 1 JIOCBITy KJII€HTIB, ONTUMI3AIliI0 Mepexi 1 poOOYMX IMPOIIECiB, a i
30UTBIIIEHHS JOCTYITHUX PECYpPCiB Ta 3HUKEHHS BUTpPAT.

VY I0CKOHAIEHO METOJ YIPABIIHHA SIKICTIO TOCTYT 332 paxyHOK BHUKOPHCTaHHS
MalIMHHOTO HaBYaHHS, MO0 € e(OEKTUBHUM I1HCTPYMEHTOM [Jii MOJCITIOBAHHS
IHTErpajJbHUX MOKAa3HUKIB KOHTPOJIIO SIKOCTI HAJaHHS MOCIYT 3B'SI3Ky, MOHITOPUHTY
iX cTaHy B po3pi3l KIHIEBUX MPUMIPHUKIB MOCIYT, MOUIYKY MPUYUH JAerpajaaiii Ta
noOynoBU 3BITHOCTI. BiH BiACTeXye mpane3naTHICTh TMOCIYTr, L0 HaJIarThCs
OMEepaToOpoOM CTIIBHUKOBOTO 3B's3Ky. KpiM TOro, merToj mnepeBipsie TOTOBHICTH 1
JIOCTYITHICTh TIOCIIYT, BUSIBJISIE BY3JIM MEPEXi, 4epe3 siKi BiIOYBAEThCS JIeTpaaailis
SAKOCT1, 30Upae pi3Hi SIKICHI METPUKH 1 31CTABIISIE iX 3 MOMEPETHHO BCTAHOBJICHUMH

1HAMKATOPaMH SIKOCTI.



Bnepiie po3poOieHuit MeToj OIIHKA Ta ONTHMI3AIii CTaHy Mepexi 3amis
MOKPAIICHHS SIKOCTI HaJaHHS IMOCITYT KOPHUCTyBadaM OIEpaTOPaMH CTITLHUKOBOTO
3B’SI3KY 13 BUKOPHUCTAHHAM METOJY YIPABIIHHS SIKICTIO TOCIYT Ha OCHOBI MPUHITUIIIB
po6oTH MamMHHOTO HaBuaHHS. [IpeacTaBieHuit METO/ OIIHKK Ta ONTHUMI3AIll]l CTaHy
Mepexi € ehEeKTUBHHM I1HCTPYMEHTOM Jid (OpMyBaHHS 3amMTIB BiJ aOOHEHTIB,
MOHITOPUHTY CTaHy MeEpeXi, MOJENIOBAaHHS I1HTErpajbHUX MOKA3HUKIB KOHTPOJIIO
SKOCTI HAQJaHHA TMOCIYT 3B'SI3Ky Ta iX ONTHUMI3allii, MOIIyKy MPUYHH Jerpaiarii Ta
1o0Y/1I0BH 3BITHOCTI.

Po3po6neno nporotun minogoo6osoro Chatbot nist 06¢ciyroByBanHs aOOHEHTIB,
[0 TeHEepyE Ha OCHOBI HAJXOJKEHHS 3alUTy BiJl a0OHEHTA 3asiBY 3 MOJAJBIIUM ii
aHaJII30M CHUCTEMOIO 3 BUKOPUCTAaHHSM MamuHHOTO HaBuaHHs. Chatbot peasnizoBaHo
Ha MOBI mporpamyBaHHs Python B mporpamHomy cepenoBuili po3poOku PyCharm
st noaatky Telegram.

[IpoBeneHO ekcriepuMeHTaIbHE JOCIHIKEHHS Ta KOMIT I0TEpHE MOJICITIOBAHHS
CUCTEMU MOHITOPUHTY Ta ONTHMI3alli CTUIBHUKOBOI MEpEXl B MPOrpaMHOMY
cepenoBuili Atoll Ha mpukani oaHiel 13 ckapr, 1o Oynu 3adikcoBaHi po3poOIECHUM
Chatbot, 3 po3paxyHkoM KapT MOKPHUTTS, aHATI30M KJIFOYOBHUX IMOKA3HUKIB SKOCTI Ta
ONTHUMI3alll€l0  PO3MOJUICHHSM  HABAaHTAKEHHSA, 3  METOI  MPEJCTaBICHHS
¢()EKTUBHOCTI 3aIPOIIOHOBAHUX METOJIB Ta MOJEICH IS IJBUIICHHS SKOCTI
HAJIaHHA MTOCIIYT KOPUCTYBadaM.

[IpakTryHa MIHHICTH OTPUMAHUX PE3YJIHTATIB B AUCEPTAIlliiHIi pOOOTI MOJATAE
B: PO3pOOLI alroputMy poOOTH CHUCTEMHU YINPABIIHHS SKICTIO MOCIYT; pO3poOLi
aIrOpUTMy POOOTH MOJIEII OI[IHKM SIKOCT1 HaJaHHS MOCIYT Ha OCHOBI MaIllMHHOIO
HABUYaHHS;, po3poOIi Ta peamis3alii MNPOrpaMHOTO 3a0E3MeUeHHs s JOJaTKy
Telegram.

Martepianu aucepTariiiinoi po6oTH BIpoBapkeHO y AisutbHICTH [IpAT «B®D
VYkpaina», y HaBuanpbHuUW mporiec HaioHansHOTO aBiaIlliiHOTO YHIBEPCUTETY,

HamionanbHOro TEXHIYHOTO YyHiBepcuTeTy YkpaiHu «KuiBCbKUU MOMITEXHIYHUN



iHcTUTYT 1MeH1 Irops Cikopcbkoro» Ta JlepikaBHoro 3aknany «KuiBCbKUN KOJEIK
3B A3KY».

KirouoBi cnoBa: CTIIBHUKOBAa MeEpeXka, MeEpeka HACTYIHOIO IOKOJIIHHS,
MAalIMHHE HaBYaHHA, CIUIAWHU, KIIIOYOBI MapamMeTpu €PEeKTUBHOCTI, SKICTh HaJaHHS

MOCJIYTH, ONTUMI3aITis.
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Abakumova A.O. Methods of monitoring and improving the quality of cellular
communication network services. — As a manuscript.
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Sustainable and balanced development of the communication industry is
inextricably linked with an increase in the number of subscribers and services
provided. The current level of development of the cellular services market, qualitative
changes in the means and methods of providing services, increasing the volume and
diversity of information circulating in cellular networks, put forward the need to
improve the services quality assessment system.

In order to maintain competitiveness, the main efforts of operators are aimed at
improving the quality and increasing the service life of subscribers in the network, by
ensuring the required level of customer satisfaction in high quality services through a
system of organizational-technical and socio-economic measures to bring the
achieved level of QoS provision in accordance with the existing, emerging or
projected needs of subscribers.

These circumstances determine the relevance of the study tasks related to the
assessment and management of the quality of cellular services, and the development

of approaches to their solution.



The paper analyzes modern cellular systems in terms of service quality, which
showed that the rapid growth in the number of devices, improving their technical
capabilities and increasing the number of services has led to such major problems as
low download speeds and long latency. The shortcomings of modern cellular systems,
such as the lack of compliance with the stated requirements for today's networks,
unsatisfactory quality of customer service, low efficiency of existing methods of
quality assurance, contributed to the analysis of next generation (5G) and the
formation of basic requirements for a wide range of users. devices, companies from
various industries. 10,000 times more traffic will be needed through all cellular
broadband technologies between 2020 and 2030, which puts forward the need for
additional power and access to more spectrum at higher frequencies. Another factor is
the radio delay of less than one millisecond, which is very important to achieve high
data rates while maintaining low equipment costs. Peak data rates should be higher
than 10 Gbps, and the data rate on the border of coverage (95% of users) should be
100 Mbps to use cellular Internet as a reliable cable replacement.

All of the above defined the direction of research - ensuring the quality of
services provided by cellular operators through the establishment of relationships
between key parameters of the quality of perception and quality of service to mobile
network subscribers in real time using machine learning. For this purpose, the
directions of scientific researches which were spent in the dissertation work were
outlined.

The key performance indicators (KPI) and quality (KQI) of the cellular network
are considered and the hierarchy of their interaction is established, which determines
the quality of the product to meet the level of service provided by the cellular
operator. When selecting the indicators needed to adequately assess the quality of
service, it is necessary to minimize their number and take into account the possible
"cross™ impact of a single KPI on several different KQI. The set of parameters and

indicators of service quality should reflect the main criteria for the quality of cellular



equipment with the telecommunications network interaction and the consumer with
the telecommunications service as a product, provided by the cellular operator in
accordance with ETSI TS 102 250-1.

The main uses of the 5G standard have been identified due to the increase in
new digital, cloud and security requirements in many areas, including automotive,
logistics, retail, entertainment, manufacturing and telecommunications. The need for
new use cases puts forward the new necessary functionality of the future network,
which in turn contributes to the improvement of KPI compared to the requirements
for today's networks. In view of this, the paper defines the classification of cases of
5G use in relation to KPI.

To achieve the task of improving the quality of service provision, a functional
relationship between network parameters has been established, i.e. the impact of key
performance indicators on a key quality indicator through the use of cubic Hermitian
splines (CHS) has been determined. The use of splines, as a signal model, can
significantly improve the quality of signal processing due to the continuity of values
and part of the derivatives in the joints of spline gluing. CHS are characterized by
simplicity of calculations, due to which they provide high speed in computing, which,
in turn, is important for real-time work when processing large data sets.

It is experimentally shown that the use of splines allows to find not only
statistical estimates of the required parameters of spline approximations, but also their
confidence intervals, which increases the accuracy and probability of further
calculations and is a definite advantage of the chosen approach.

Due to the application of the first developed method of determining the
functional relationship between KPI and KQI parameters based on the use of cubic
Hermitian splines, it becomes possible to assess the degree of influence of each KPI
parameter on the KQI parameter with future average data forecast, which will lead to

the implementation of the certain KPI parameter choice for its further improvement or



optimization, in order to improve the quality of service provision by the cellular
operator.

The main technology of artificial intelligence - machine learning — is
considered in terms of application in the field of telecommunications as a device to
cost reduction, computing power increase, customer service and experience
improvement, network optimization and workflow. Due to the data amount increase
to be processed in the current architecture of the cellular operator, the computation
time increases and there is a delay in the workflow of the system. The speed of the
calculating process of key performance indicators and key quality indicators, from the
arrival of data containing in meters to the provision of useful information to the
operator, is a key bottleneck in the quality management system. Machine learning will
allow to process huge amounts of data with great speed, extract the necessary
information and provide the opportunity to make decisions in real time. Machine
learning is a necessary solution for cellular operators to improve the quality of service
and the cellular network as a whole, not only to improve customer service and
experience, network optimization and workflows, but also to increase available
resources and cost reduction.

The method of service quality management through machine learning has been
improved, which is an effective tool for modeling integrated indicators of
communication services quality control, monitoring their condition in terms of final
copies of services, finding the causes of degradation and reporting. It monitors the
performance of services provided by the cellular operator. In addition, the method
checks the readiness and availability of services, detects network nodes through which
quality degradation occurs, collects various quality metrics and compares them with
pre-installed quality indicators.

For the first time, a method has been developed to assess and optimize the
network state to improve the quality of service provision to users by cellular operators

using the method of services quality management based on the principles of machine



learning. The presented method of assessing and optimization of the network state is
an effective tool for generating requests from subscribers, network state monitoring,
modeling integrated indicators of communication services quality control and their
optimization, finding the causes of degradation and reporting.

A prototype of a 24-hour Chatbot for customer service has been developed,
which generates a statement based on the receipt of a request from the subscriber with
its subsequent analysis by a system using machine learning. Chatbot is implemented
in the Python programming language in the PyCharm software development
environment for the Telegram application.

An experimental study and computer modeling of the monitoring and
optimization system of the cellular network in the software environment Atoll were
conducted on the example of one of the complaints that were recorded by Chatbot,
with the calculation of coverage maps, analysis of key quality indicators and
optimization of load distribution, in order to present the effectiveness of the proposed
methods and models to improve the customer service quality.

The practical value of the obtained results in the dissertation work is:
development of the algorithm of the service quality management system; development
of the algorithm of the model for assessing the quality of service provision based on
machine learning; development and implementation of software for the Telegram
application.

The materials of the dissertation were introduced into the activity of VVodafone
Ukraine, into the educational process of the National Aviation University, the
National Technical University of Ukraine "Kyiv Polytechnic Institute named after
Igor Sikorsky" and theKyiv-basedCommunicationsCollege.

Keywords: cellular network, next generation network, machine learning,

splines, key performance indicators, service quality, optimization.

Cnucoxk nyoaikanii 3100yBaua



1. AbakymoBa A.O. JlocnipkeHHs] BUMOT 10 CTIIbHUKOBUX MEPEX HOBOTO
MOKOJIIHHST Ta MOXJIMBOCTI iX po3ropranHs B Ykpaini / Ogapuenko P.C., [luka H.B.,
AbGakymoBa A.O. // Ilpobnemu iHpopmaTu3alii Ta ynpapiiHHsA: 30IpHUK HAyKOBUX
npark: Bumyck 2 (54). — K.: HAY, 2016. — C. 52-59

2. AbakymoBa A.O. BwuzHaueHHsS 3aJeXHOCTI MK IapaMeTpamMu
CTUIbHUKOBOT Mepexl KyOluHUM epMmiToBUM ciuiailHom / AbGakymoBa A.O.,
Onapuenko P.C., lllytko B.M. // HaykoBo-TexHiuHHI XypHai1 «MiKpOCHUCTEMH,
Enerponika ta Akyctuka» ». — 2018. — Tom 23, Ne 6 (107). — C. 34-41

3. Abakumova A.
AdaptiveRegulationofRadiatedPowerRadioTransmittingDevicesinModernCellularNet
workDependingonClimaticConditions / MazinAlHadidi, Jamil S. Al-Azzeh, R.
Odarchenk, S. Gnatyuk, A. Abakumova // ContemporaryEngineeringSciences
[Enextponne naykoBe BuaaHHs]. Vol. 9 — 2016. — Ne 10. — C. 473-485. Pexum
JOCTYTY: http://www.m-hikari.com/ces/ces2016/ces9-12-2016/p/alazzehCES9-12-
2016.pdf

4, AbGakymoBa A.O. [lomiHOMIQNIBHHUN CIUTAMH SISl BUPIIIEHHS MPUKIATHAX
3a/1ad B TEJIEKOMYHIKalisiXx Ta pamiorexHuii / AbGakymoBa A.O., Cainmyxina O.0.,
Onapuenko P.C., STnoscwkuit @.1., Illytko B.M. // «Bueni 3ammckn TaBpilichkoro
HalloHainbHOTO yHiBepcutery imeHi B.I. Bepuaacwekoro.Cepist: TexHiuHl HayKm». —
2018. — Tom 29 (68) Ne 5. — C. 60-64

S. AbGakymoBa A.O. Meton OanaHCyBaHHS HaBaHTaXKEHHS B OIOPHIM
Mepexi CTUTbHUKOBOTO omneparopa / Onmapuenko P.C., AbakymoBa A.O. // HaykoBuit
xypHan «Haykoemni texnosorii» (“Science-Based Technologies™). — 2016. —Ne 4
(32). — C. 369-375

6.  Abakumova A.
AdvancedmethodforQoEevaluationandimprovementinmoderncellularnetworks / R.
Odarchenko, A. Abakumova, S. Bondar, Y. Bogachuk, K. Maratkyzy //


http://www.m-hikari.com/ces/ces2016/ces9-12-2016/p/alazzehCES9-12-2016.pdf
http://www.m-hikari.com/ces/ces2016/ces9-12-2016/p/alazzehCES9-12-2016.pdf

Problemsofinfocommunications. ScienceandTechnology (PIC S&T):
Conferenceproceedings. — October 6-9, 2020, Kharkiv, Ukraine.

7. Abakumova A. QoEOptimizationTechniqueforMediaDeliveryin 5G
Networks / R. Odarchenko, A. Abakumova, P. Usik, O. Smirnov, M. Kundyz // 2019
IEEE InternationalScientific-PracticalConference:
ProblemsofinfocommunicationsScienceandTechnology (PIC S&T):
Conferenceproceedings. — October 8-11, 2019, Kyiv, Ukraine. — pp. 597 - 601. —
ISBN: 978-172814184-8, DOI: 10.1109/PICST47496.2019.9061469

8. Abakumova A
Securitykeyindicatorsassessmentformoderncellularnetworks / R. Odarchenko, A.
Abakumova, V.Gnatyuk, S.Gnatyuk /l IEEE 1st
InternationalConferenceonSystemAnalysisandintelligentComputing, SAIC  2018:
Conferenceproceedings. — October 8-12, 2018, Kiev, Ukraine. — pp.83-89. —
ISBN: 978-153867195-5, DOI: 10.1109/SAIC.2018.8516889

Q. Abakumova A. Trafficoffloadimprovedmethodfor 4G/5G
mobilenetworkoperator / R. Odarchenko, A. Abakumova, O. Poligenko, S.Gnatyuk //
14th InternationalConferenceonAdvancedTrendsinRadioelecrtronics,
TelecommunicationsandComputerEngineering (TCSET): Conferenceproceedings. —
February 20-24, 2018, Slavske, Ukraine. — pp. 1051 - 1054. — ISBN: 978-153862556-
9, DOI: 10.1109/TCSET.2018.8336375

10.  Abakumova A
Estimationandreductionoftheclimaticconditionsinfluenceontheradiosignalpropagationi
nthetroposphere / R. Odarchenko, N. Dyka, G. Konakhovych, A. Abakumova, D.
Vergeles /l 2017 4th InternationalScientific-
PracticalConferenceProblemsofinfocommunications.  ScienceandTechnology (PIC
S&T): Conferenceproceedings. — October 10-13, 2017, Kharkiv, Ukraine. — pp. 45 —
48. — ISBN: 978-1-5386-0983-5, DOI: 10.1109/INFOCOMMST.2017.8246346


https://ieeexplore.ieee.org/xpl/conhome/8329953/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8329953/proceeding
https://doi.org/10.1109/TCSET.2018.8336375
https://doi.org/10.1109/INFOCOMMST.2017.8246346

11.  Abakumova A.
Mobileoperatorsbasestationsubsystemoptimizationmethod / R. Odarchenko, N. Dyka,
O. Poligenko;L.Kharlai, A. Abakumova // 2017 4th InternationalScientific-
PracticalConferenceProblemsofinfocommunications.  ScienceandTechnology (PIC
S&T): Conferenceproceedings. — October 10-13, 2017, Kharkiv, Ukraine. — pp. 29 —
33. — ISBN: 978-1-5386-0983-5, DOI: 10.1109/INFOCOMMST.2017.8246342

12.  Abakumova A.
TransportnetworkoptimizationmethodsofmobileoperatorsinUkraine / R. Odarchenko,
Y. Kochergin, D. Vergeles, A. Abakumova Il 2017 IEEE
FirstUkraineConferenceonElectricalandComputerEngineering (UKRCON):
Conferenceproceedings. — May 29 — June 2, 2017, Kyiv, Ukraine. — pp. 1107-1112. —
ISBN: 978-1-5090-3006-4

13.  Abakumova A. LTE
andwirelesssensornetworksintegrationintheconceptof "SmartHome" / R. Odarchenko,
A. Abakumova, O. Tkalich, O. Ustinov /I 2016 |IEEE 4th
International ConferenceMethodsandSystemsofNavigationandMotionControl
(MSNMC): Conferenceproceedings. October 18-20, 2016, Kyiv, Ukraine. — pp. 35 —
38. — ISBN: 978-1-5090-1052-3, DOI: 10.1109/MSNMC.2016.7783100

14.  Abakumova A Evaluationof SDN
NetworkScalabilitywithDifferentManagementLevelStructure / R. Odarchenko, O.
Tkalich, G. Konahovich, A. Abakumova // 2016 ThirdInternationalScientific-
PracticalConferenceProblemsofinfocommunicationsScienceandTechnology (PIC
S&T): Conferenceproceedings. October 4-6, 2016, Kharkiv, Ukraine. — pp. 128 — 131.
— ISBN: 978-1-5090-2978-5, DOI: 10.1109/INFOCOMMST.2016.7905357

15.  Studytheproblemofserviceprovisionqualityassessmentincellularnetworks
I A. Abakumova, M. Roshchuk // Inzynier XXI wieku: Monografia. — Bielsko-Biala:
2017. — pp. 17-26. — ISBN 978-83-65182-81-4 (Tom 2)


https://doi.org/10.1109/MSNMC.2016.7783100
https://doi.org/10.1109/INFOCOMMST.2016.7905357

16.  Trafficflowreservationandredistributionmethodsinthebackbonemobileope
ratornetwork / A. Abakumova // Inzynier XXI wieku: Monografia. — Bielsko-Biala:
2016. — pp. 25-34. — ISBN 978-83-65182-51-7

17. AbakymoBa A.O.
VY nockoHaneHaapXiTEKTypacuCTEMUOE3MEKUMEPEKICTIIILHUKOBOIO OIlepaTopa HOBOTO
nokoninag / P.C. Opapuenko, A.O. AbGakymona, Jluka H.B., B.O. I'mattok //
«AKTyalIlbHIMUTaHHA3a0€3MeUCHHAKI OepOe3neKn Ta 3axucTyiHpopMariin:
TE3UI0TOBIIeHyIaCHUKIB v MixxHapoHOTHAYKOBO-TIPAKTUIHOTKOH (PEepeHITiii
(3akaprarcbka 00nacTh, MIXKTipchkuil paiioH, ceno BepxueCrynene, TypuUCTHUHUN
KOMILICKC «EnenbBeiicy. 21-24 JIIOTOTO 2018 p.) — K.:
Bunasaunrso€Bponeiicskoroynisepcurery, 2018. — C. 8-10

18. AobGakymoBa A.O. BUkopuCTaHHS MalTMHHOTO HABYAHHS [l TUIAHYBaHHS
Ta ynpasmiHHsATocayramu wmepexx S5G / P.C. Opapuenko, A.O. AbGakymoBa //
«AKTyanpHIMUTaHHA3A0E3MCUCHHAKIOEpOe3eKn Ta 3axXUCTyiHGOPMAIi»:
TE3UI0NOBIICHyYaCHHUKIB v MiHapOoIHOTHAYKOBO-IIPAKTUYHOIKOH(PEPEHIIIil
(3akapmarcbka 0o0nacTh, MiKripchkuil paiioH, ceno BepxueCryneHe, TYpUCTUUHHIMA
KOMITJIEKC «EnenbBeiicy. 21-24 JIOTOTO 2018 p.) - K.:
Bunasaunrso€Bponeiicrkoroynisepcurery, 2018. — C. 8-10

19. AbakymoBa A.O. Amnamismepexi 5G Ta mepcnekTuB iipo3ropTaHHs /
P.C. Opapuenko, A.O. Ab6Gakymona, JI.O. Xapmnait // IIpoOnemunaBiramii i
YIOpPaBIIHHS PyXOM: T€3H JI01. Beceykp. HayK.-MpakT. KOH). MOJTOIUXYUYEHUX 1 CTY/L.;
M. KuiB, 2224 nuctonana 2017 p., HanionanpHuiiaBialiiiHUityHiBEpCUTET / PEAKOI.
I. O. Mauammu ta 1. — K. : HAY, 2017. - C. 55.

20.  Abakumova A.
EfficiencylmprovingMethodsofModernTroposphereRadioSystemsofSpecialPurpose /
R. Odarchenko, A. Abakumova, D. Verheles, N. Dyka // Ilepma

MDKHApOIHAHAYKOBO-TEXHIYHAKOH(PEPEHIT1s «Komm’roTepHi Ta



1H(popMaLiiHICUCTEMH 1 TeXHONIOTIi». 30ipkanaykoBuxmpailb. Xapkis: XHYPE. 2017.
- C. 10.

21. AlGakymoBa A.O. AHaNI30CHOBHUXBUMOI JI0 TPaHCHOPTHOIMEPEXi
HoBoro mokomiHHa / A.O. AbakymoBa, P.C. Opapuenxo // ABIA-2017: XIII
MDKHapOIHaHAyKOBO-TeXHIUHaKOHDepeHis, 19-21 kBitasa 2017 p.: marepiaiukoHd.
-K., 2017. —C. 14.19-14.23.

22. AbaxkymoBa A.O. Bubip onTuMaibHOTO METOy pe3epBYBaHHS PECYPCIB
TPaHCIIOPTHOT MEpEeXki CTUIBHUKOBOTO orepaTtopa 3B 53Ky / A.O. AbGakymosa, C.IO.
Hakos, C.A. ByitHoBcbkuid, P.C. OnapueHko // «AKTyanabHl TUTaHHS 3a0€3MCUCHHS
K10epOe3neKku Ta 3axucTy iHpopmarlii»: Te3u gonosiaen yyacHukiB |l MixuapoaHoi
HAyKOBO-TIPAaKTUYHOI KOH(pepeHiii (3akaprnarcbka 007acTh, MIiXKripcbkuili paiioH,
ceno Bepxue Ctyaene, TypuctuaHuii kommuieke «Enenbpeiicy. 22 — 25 motoro 2017
p.). — K.: Bunasaunrso€Bponeiicskoroynisepcurery, 2017. — C. 9-10.

23. AlGakymoBa A.O. Mertoguka BUOOpPY ONTUMAJIBHOI  TEXHOJIOTIT
TpaHcnopTHoi Mepexi / A.O. AOakymoBa // IlpobGiemu poO3BUTKY TJI00aTBHOT
CUCTEMHU 3B’SI3Ky HaBiraiii, CIIOCTEPE)KCHHS Ta OpraHizaiii MOBITPSIHOTO pPyXy
CNS/ATM: te3u nom. Hayk.-TexH. KoH(., m. KuiB, 21-23 nucromaga 2016 p.,
HarmionansHuit aBiamiitnuii yaisepcutet / peakodn.: B.1. Yenixxenko, C.M. Kpeaennap
ta iH. — K.: HAY, 2016. — C. 34.

24. AbakymoBa A.O. Meton migBuiieHHs €()EKTHBHOCTI BUKOPHUCTAHHS
KaHaJlIB TPAHCIIOPTHOI MEpexkl CTUTbHUKOBUX orepaTopiB / A.O. AbakymoBa //
[Ipobnemu ekcryararii Ta 3aXUcTy 1H(QOpMaLIHHO-KOMYHIKALIMHUX cucTteM: Te3u
HayK.-TipakT. koHd.; M. KuiB, 7-9 uepBHs 2016 p., HamionanbHuil aBiamiiHuit
yniBepcureT. — K.: HAVY, 2016. — C. 5-6.

25. AbakymoBa A.O. OCHOBHI BUMOTH J10 00JIaITHAHHSI MEPEK CTUIBHUKOBHUX
omepatopie / A.O. AbakymoBa // XVI MixHapogHa HayKOBO-TIPaKTHYHA

KoH(epeHwiss Monoaux ydeHux 1 cryaeHTiB «[lomit. CyudacHi mpoOieMu HayKu.



[Enextponnmii pecypc]. — K.: HAY, 2016. — C. 102. Pexum noctyny 10
30ipauka:http://iids.nau.edu.ua/wp-content/uploads/2014/03/polit2016.pdf

26. AbGakymoBa A. O. Meton nmoOy/i0oBU Cy4acHOI CTIJILHUKOBOI MEpPEXi Ha
6a31 texnomorii SDN / A. O. AbakymoBa // [ndpopmariiitna Ge3neka Ta KOMI IOTEpHi
TeXHOJIOT1i: 30ipHUK Te3 J1on. MiXXKHapOAHOI HayKOBO-TIPAaKTUYHOI KOH(pepeHIi, 24—
25 6epesnst 2016 p., m. Kiposorpan: KHTYVY, 2016. — C. 82-83.

27. AbakymoBa A.O. @opmyBaHHS BHUMOT [0 TPaHCIOPTHOI MeEpexi
oreparopa CTUIbHUKOBOIO 3B 513Ky / A. O. AGakymoBa, P. C. Onapuenxo // IIpobnemu
HaBIrauii 1 YHOpaBJiHHA pyXOM: Te3W JAom. BceykpaiHChbKOI HayKOBO-ITPaKTUYHOL
KOH(epeHLli MOJOAUX YYEHHX 1 CTyleHTiB; M. KuiB, 23-25 nucromama 2015 p.,
HarnionansHuit aBiamiitnuii yHiBepcuteT / penkodi.: B.I1. Xapuenko ta iH. — K.: HAY,
2015. - C. 80.

28. AlGakymoBa A.0O. Cucrema KepyBaHHS  MIKPOKJIIMAaTOM 3
BUKOPHUCTAaHHAM ceHCOpHUX Mepex / A. O. Abakymona // [IpoGiaemu ekcrutyaTarii Ta
3axXUCTy 1HQOpMaLIHHO-KOMYyHIKaIHUX cucteM: Te3n Hayk.-mpakT. KoH(.; M. Kuis,
2-4 uyepus 2015 p., Hamonanbumii asiamiiinuii yHiBepcuter. — K.: TOB «llentp
ya00Boi mitepatypmy», 2015. — C. 72-73. — ISBN: 978-611-01-0740-2.

29. AoOGakymoBa A.O. Texnomoris IP-over-DWDM Ha  omnopHii
tpancnopTHii Mepexi IP/MPLS / A. O. AbakymoBa // VIIIMixH. HayK.-TeXH. KOH(Q.
mosiogux BueHux «Emnextponika-2015», 15-17 xsitHs 2015 p.: 30. crateii. — K.:
HTVYYVY «KIll», 2015. — C. 258-261. — ISBN: 978-617-7240-07-3.

30. AbakymoBa A.O.  JlocmiIKEHHSIMOXJIUBOCTIIHTETPAIiiCEHCOPHUX
mepexx 3 wmepexeto LTE /  A.O. AbakymoBa, P.C. Opapuenko //
[Tpo61eMUpO3BUTKYTI00aTBHOICHCTEMU3B I3KyHABIT AL, CIIOCTEPEKEHHS Ta
opranizaiiinoBiTpsHoro pyxy CNS/ATM: te3u norm. Hayk.-TexH. KoH}., M. KuiB, 17—
19 muctomana 2014 p., HamionansauitaBiamiauitynisepcuret / peakoi.: M.C. Kymnuk

ta 1H. — K.: HAY, 2014. - C. 41.


http://iids.nau.edu.ua/wp-content/uploads/2014/03/polit2016.pdf

31. [Ilar. 108520 UA, MIIK HO04K 1/06 (2006.01)
CriociOmiICUIeHHACTINKOCTIKBAHTOBUXIIPOTOKOIIB ~ MPSIMOTO  OE3MEYHOTr03B’ SI3KY
[Texcr] / Omapuenko P. C., T'matiok C. O., AbakymoBa A. O., CtosgHOBiu A.
J., ’Kmypko T. O., KinzepsBuit B.
M.;3asBaukHarionanpuuitABiamitnui Y visepcurer. — Ne  u201512445; 3assi.

16.12.2015; ony6u1. 25.07.2016, bron. Ne 14, 2016 p.


http://uapatents.com/patents/odarchenko-roman-sergijjovich
http://uapatents.com/patents/gnatyuk-sergijj-oleksandrovich
http://uapatents.com/patents/abakumova-anastasiya-oleksandrivna
http://uapatents.com/patents/stoyanovich-aleksandar-despotovich
http://uapatents.com/patents/stoyanovich-aleksandar-despotovich
http://uapatents.com/patents/zhmurko-tetyana-oleksandrivna
http://uapatents.com/patents/kinzeryavijj-vasil-mikolajjovich
http://uapatents.com/patents/kinzeryavijj-vasil-mikolajjovich

