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2. Methods of monitoring and improving the quality of cellular communication network services

Pedepar:

1. Crannii i 36a1aHCOBaHUI PO3BUTOK rayy3i 3B'13Ky HEPO3PUBHO IOB'13aHMH 3i 30iIbIIEHHSM KiJIbKOCTI aOOHEHTIB i
IIOCJIYT, 110 HAZAI0ThCsl. 3 METOI0 30€pEsKEHHS] KOHKYPEHTOCIIPOMOXXHOCTI OCHOBHI 3yCHUJLJISL OTlepaTopu
CIIPSIMOBYIOTH Ha ITiIBULEHHS SKOCTI i 36i/IbIIEHHS TEPMiHY 0OC/IyTOBYBaHHS aOOHEHTIB B MePEXi. BuknaneHni
00CTaBMHM BU3HAYAIOTh aKTyaJIbHICTb AOCIIIPKEHHS 3a71a4, TIOB'SI3aHMX 3 OLIiHKOIO Ta YIIPaBIiHHSIM SKICTIO HATaHHS
IIOCJIYT CTiIbBHUKOBOTO 3B'sI3KY, i pO3pO0OKY MigXomiB 1o iX BupilleHHs. B po6oTi poBeeHo aHami3 cCy4acHUX CUCTEM
CTiJIBHUKOBOTO 3B'SI3KY 3 TOUKM 30PY SIKOCTi HaJJaHHS [1OCJIYT. BUsIBJIEHI HEJO/IIKY CYy4YaCHUX CTiJIbHUKOBUX CUCTEM
CIPUSIM QHAJI3Y CUCTEMU HACTYIHOTO MoKoJiHHA (5G) Ta GOpMyBaHHIO OCHOBHUX BUMOT. YCe IepepaxoBaHe BUILE
BM3HAYMWJIO HAIPSIMOK HAYKOBOT'O OCIIKeHHSI — 3a6€e3T1e4eHHs SIKOCTi HaJaHHS TIOCJIYT OllepaTopaMu
CTiJIBHUKOBUMH 3B'SI3Ky 32 pe3yJIbTaTaMU BCTAHOBJIEHHS B3a€MO3B'SI3KiB MK KJIIOYOBUMU NTapaMeTPaMU SIKOCTi
CIIPUMAHSTTS Ta SIKOCTi OOCJIyrOBYBaHHS A0OHEHTIB CTiJIbHUKOBUX MEPEX Y PEXXMMI peasbHOTO 4acy 3
BUKOPUCTAHHSM MAlIMHHOTO HaBYaHHS. PO3rysiHyTO Kimo4oBi nokasHuku epexktuBHOCTi (KPI) i axocri (KQI)

CTiJIBHUKOBOI MEPEXi Ta BCTAHOBJIEHO iepapxilo ix B3aemozii. byJ10 BCTAaHOBJIEHO OCHOBHi BUNIaJJKU BUKOPHCTaHHS



crangapry 5G. 3Bakaruu Ha lLie, B poOOTi BU3HAU€HO Kilacudikallilo BUNAIKiB BUKOPUCTAHHS 5G Yy CHiBBiAHOIIEHHI
1o KPI. I mocsirHeHHs! 3a7a4i MifBULIEHHS SIKOCTI HaJJaHHS [TOCIIYT BCTAHOBJIEHO (QYHKIIOHAIbHY 3aJIEKHICTh MK
napaMeTpamMy Mepexi, TOOTO BUSHAYEHO BIVIUB KJIIOYOBUX I10Ka3HUKIB €(pEKTUBHOCTI Ha KJII0UOBUI [TOKa3HUK
SIKOCTI IIJISIXOM BUKOPHUCTaHHS Ky0idyHMX epmiToBux ciiaizis (KEC). 3a paxyHOK 3aCTOCYBaHHS BIIEPIIE
PO3pobIeHOro MeToAy BU3HaYeHHs PyHKLiOHAIbHOI 3aeskHocTi Mixk mapameTrpamu KPI ta KQI Ha ocHOBI
BHUKOPHCTaHHS KyOiYHUX €pPMITOBUX CILJIaliHiB CTa€ MOXJIMBUM OLIiHUTH CTYIiHb BIJIUBY KOKHOTO 3 napameTpiB KPI
Ha napametp KQI 3 MaitbyTHiM cepeHbOCTaTUCTUYHUM IIPOTHO30M JIaHUX, 110 [IpU3BEJe 40 peasnizalii Bubopy
nesHoro napamerpa KPI nyig nopansuoro Moro nokpaiieHHs abo ontumisaliii, 3 MeToI0 NifgBUILIEeHHS PiBHSA SIKOCTI
HaJlaHH$ [TOCJIYT CTIIBHUKOBUM OIEPATOPOM. PO3IIIHYTa OCHOBHA TEXHOJIOTIS IITYYHOrO iHTEJIEKTY — MalIMHHE
HaBYaHHS — 3 TOUYKU 30py 3aCTOCYBaHHS B c(pepi TesiekoMyHiKaliil. MalirHHe HaBYaHHS € HeOOXiIHUM BapiaHTOM
pillleHHs onepaTopiB CTIILBHUKOBOTO 3B'SI3KY 1010 TOKPALeHHS SIKOCTi HaIaHHSI [TOCJIYT Ta POOOTU CTiNIbHUKOBO]
MepexXi B LIiIoMy. YJOCKOHAJIEHO METOJ, YIIPABJIiHHA SKICTIO IOCJYT 3a PAXYHOK BUKOPUCTaHHS MaLIMHHOTO
HaBYaHHS, 110 € e(PeKTUBHUM iHCTPYMEHTOM [IJIsS1 MOZIEJII0BaHHS iHTerpajibHUX MTOKa3HUKIB KOHTPOJIIO SIKOCT]
HaJlaHH4 ITOCJIYT 3B'93Ky, MOHITOPHHTY iX CTaHy B pO3Pi3i KiHI€BUX IIPMMIPHUKIB IIOCIYT, MIOIIYKY IIPUINH
Ierpapauii Ta noby0BY 3BITHOCTI. Biepie po3po6sieHni MeTo, OL[iHKY Ta ONTHMMI3allii CTaHy Mepexi 3azJ1st
[IOKpAILeHHS! IKOCTi HaJlaHHSI [T0CJIYyT KOPHUCTyBayaM OIlepaTOpaMU CTiJIbHUKOBOI'O 3B'513KY i3 BUKOPUCTaHHSIM
METO[y YIIPaBJIiHHS SIKiCTIO IIOCJIYT Ha OCHOBI IPUHIUIIIB pOOOTH MAIIMHHOIO HaB4aHHs. Po3po6seHo NpoToTUI
uinogo6osoro Chatbot nsg 06c1yroByBaHHsI aOOHEHTIB, 10 FTeHEPYE HAa OCHOBI HAAXOMKEHHS 3alIMTY Bifl abOHEHTa
3as1By 3 IOJA/BLINM ii aHAII30M CUCTEMOIO 3 BUKOPHCTAaHHSIM MAIIMHHOIO HaB4aHHS. [IpoBeieHo
eKCIIepMMEHTaJIbHE IOCIIiI)KEHHSI Ta KOMITIOTePHE MOJeJIIOBAaHHS CUCTEMU MOHITOPUHIY Ta ONTUMIi3allii
CTiZIBHMKOBOI MepexXi B IporpaMHOMy cepenosulli Atoll Ha npukiazi onHiei i3 ckapr, mo 6ysin 3agikcoBaHi
po3po6siennm Chatbot, 3 po3paxyHKOM KapT ITOKPUTTS, aHAJI30M KJII0UOBUX IIOKA3HUKIB SIKOCTi Ta ONTUMi3alielo
PO3IIOZiNIeHHSIM HaBaHTaKE€HHS], 3 METOIO IIPeCTaBlIeHHs e(PEeKTUBHOCTI 3aIIpOIIOHOBAHMX METOIB Ta MOAesel s

IiABUILEHHS SIKOCTi HaJJaHHS [10CIYyT KOPUCTYBayaM.

2. Sustainable and balanced development of the communication industry is inextricably linked with an increase in
the number of subscribers and services provided. 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. 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. The shortcomings of modern cellular systems contributed to the
analysis of next generation (5G) and the formation of basic requirements. 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. The key performance indicators (KPI) and quality (KQI) of the
cellular network are considered and the hierarchy of their interaction is established. The main uses of the 5G
standard have been identified. 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. 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. Machine learning is a necessary solution for cellular operators to
improve the quality of service and the cellular network as a whole 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. 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. 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. 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.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHI HaNIpsIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLilHOI AiSJILHOCTI:
ITiZCcyMKH JOCTiI>KEeHHS:

Iyosikarrii:

HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Conia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH T€EMaMH:

VI. BizomocCTi Ipo HayKOBOr0 K€PiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I10o-6aTbKOBI:
1. Ogapuenko Poman CepriftoBuy

2. Odarchenko Roman Serhiiovych
KBasigikamis: g. 1. 1., 05.12.02
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:

dopma By1acHoCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BinomocTi npo odiniliHuX OIIOHEHTIB Ta PELI€H3E€HTIiB



OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. HaputHuk Teonop Mukosainosuy

2. Narytnyk Teodor

KBasigikamis: k. . n., 05.12.13
InenTudgikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa indpopmamuist:

IloBHEe HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KEeHHSI:

dopma BiracHoCTI:

Cdepa ynpasiriHHSL:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Camiko Bomogymup I'puroposuy

2. Saiko Volodymyr

KBasmigikanis: 1. 1. 1., 05.12.02
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs

PeuenseHTn

BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:
1. Vnancekuir Bosiogumup BacunboBud

2. Ulansky Volodymyr Vasylovych

KBasigikamis: n. 1. 1., 05.22.20
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indopmamist:

IloBHEe HaMEHYBaHHS IOPHIHYHOI 0COOH:



Kopg 3a €IPIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:
Cdepa ynpasiiHHS:

Imentudikarop ROR: He zacrocoyerbcs

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Kosnoscekuii Banepin BanepiitoBny

2. Kozlovskyi Valerii Valeriiovych

KBasigikanis: n. 1. n., 05.12.13
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma Bi1acHoCTI:

Cdepa ynpasiiHHS:

Inentudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3aCifilaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisSIIBHOCTI

Mauasin Irop OznekcintoBuy

Mauautin Irop OnekciitoBuy

Opuenko T.A.



