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1. IndopmaniitHa TexHOJIOTiS MiABUIIEHHS e()EKTUBHOCTI po60TH 62a30BUX CTaHIIi CTIIBHUKOBOTO OIllepaTopa

2. Information technology to increase the efficiency of the base station subsystem of the cellular operator

Pedepar:

1. TTigBuiienHs epeKTUBHOCTI QYHKIIOHYBaHHSI MEpPEe’X BU3HAUYa€ KOJIO 33/1ay, SIKi IOTPeOYIOTh PO3B'sI3aHHS, a caMe
- e(eKTUBHICTb pOOOTH 6a30BUX CTaHLIiN, EHEPTO- Ta EKOHOMIYHA €(PEeKTUBHICTb. Y pOOOTI OTPUMAHO Pl HAYKOBUX
pe3yJIbTaTiB, CIIPSIMOBAHUX HA MiIBUIIEHHS €(PEKTUBHOCTI POOOTH 6a30BUX CTAHILiH CTIIBHUKOBUAX MEPEX 3B'3KY,
30KpeMa: BIOCKOHaJIEHO MeTo , IylanyBaHHs [1BC onepaTopa CTiIBHUKOBOTO 3B'I3Ky 3 ypaXyBaHHSM BILJIUBY
IOJATKOBUX NTApaMEeTPiB Ha IIPOLIEC PO3IOBCIOI’KEHHSI PalioXBUJIb; METOJ], PO3BaHTaXXEHHS pasiointepdeiicy I15C
3a paxyHOK BUKOPUCTAaHHS 6araTOKaHA/IbHOI Iepeadi JaHuX, JOJAaTKOBOro paniointepdericy He-3GPP cranmapry,
nporokoJiiB MPQUIC, MPTCP ta MLPPP Ta nuHamiyHOTO 3BaXXEHOTO 6ajlaHCYBaHHS HABAaHTAKEHHS; pO3pO06JIEHO
MeToJ, Ta iHpopMalliiiHy TeXHOJIOTIIO MifiBUIIeHHS eHepreTuyHoi egexkruHocTi [IBC onepaTopa CTiIbHUKOBOTO
3B'SI3Ky. 3arajiom pesysbTaTy JOCiIPKEHb JO3BOJISIOTh 6i/Ibll TOYHO BU3HAYATU PaiiyC 30H 0OCIYyrOBYBaHHS
6a30BuUx cTaHLiil (10 9-10%); o6upaTy HAGIIbII ONTUMAIbHUI BapiaHT 0 KPUTEPI0 BAPTOCTi Ta (PyHKIIOHAIBHOI

cTilikocTi (mo 99%); maibke BABivi 3611bIINTY KiJIbKICTh aKTUBHUX aOOHEHTIB B MepexKi; Ha 15 % 3MEHLIUTU CyKyIlHe



eHeprocrnoxuBaHHs. Po3pobiennit o6¢yckarop StiK Ha 10% mBuammii i B 1,37 pas3u 6isblie 3axuIieHni, HiX
anasnoru. Kiito4oBi cyioBa: CTiIbHUKOBA Mepeska, ONTHUMI3allis MigcucTeMu 6a30BUX CTaHIIiH, eHeproedeKTUBHICTb,
ob¢yckaris.

2. The introduction of the latest high-performance cellular networks of the new generation can be considered a
strategic direction of providing the citizens with accessible means of receiving, transmitting and disseminating
information. A key element of any cellular network is the base station subsystem. Data transfer begins with it.
Therefore, a very important and urgent task is to increase the efficiency of the base station subsystem. The
method of planning the base station subsystems of the cellular communication operator was improved due to
considering the influence of additional parameters on the process of radio wave propagation, as well as
construction of functionally stable communication topology between base stations and comparison of
construction options by cost. This method made it possible to more accurately determine the radius of base
stations service areas (up to 9-10%) and choose the most optimal option on the basis of cost and functional
stability (up to 99%). Moreover, the method of unloading the base station subsystem radio interface has been
improved due to the use of multi-channel data transmission, additional non-3GPP radio interface, MPQUIC,
MPTCP and MLPPP protocols and dynamic weighted load balancing. This method made it possible to double the
number of active subscribers in the network and reduce the total energy consumption by 15%. For the first time a
method was developed to increase the energy efficiency of the base station subsystem of the cellular operator,
which, unlike the existing ones, consists in sequential use of procedures for unloading the radio interface of base
stations, in using alternative sources of renewable energy as well as adaptive energy consumption which allows to
reduce energy consumption, adjust the radiated power to the needs of subscribers and increase the economic
efficiency of the base station subsystems. Based on the use of all the above methods, it was for the first time when
information technology had been developed which improves the efficiency of the base station subsystems of the
cellular operator, which in contrast to the existing ones, allows to reduce energy costs, costs of construction and
operation of the subsystem of cellular operator base stations, and thus increases technical, energy and economic
efficiency of the subsystem of cellular operator base stations by using an improved method of planning the cellular
base station subsystem, improved method of unloading the radio interface subsystem of base stations as well as
the method of increasing the energy efficiency of the subsystem of cellular operator base stations. To implement
the developed information technology to the modern cellular network infrastructure, appropriate algorithmic and
software solutionswere developed forplaning a more efficient architecture of the base station subsystem and
increase its efficiency. To ensure the security of this software product, the method of mobile operator software
protection based on obfuscation technique was improved. According to experimental results, the developed StiK
obfuscator is 10% faster and 1.37 times more protected than analogues. All this helps telecommunications
companies to protect data from different types of attacks. The materials of the dissertation had been already
introduced into the operations of Bundleslab KFT (Hungary), the State Research Institute of Special
Communication and Information Protection, the educational process of the National Aviation University (Ukraine).
Theoretical results obtained during the dissertation research reveals new possibilities to identify and propose new
practical ways to increase the efficiency of subsystems of cellular network base stations in Ukraine. The obtained
results allow: to more accurately estimate the maximum allowable range of radio communication; more effectively
plan the location of base stations; to introduce new algorithms for unloading cellular communication networks, to
use LTE and 5G wireless networks in planning, to develop hardware and software for data transmission systems, as
well as in the educational process. Keywords: cellular network, optimization of base station subsystems, energy
efficiency, obfuscation.

Jep>kaBHH peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHI HaNpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHHUI HAIIPSIM iHHOBaLiHHOI AiS/ILHOCTI:

ITiZCyMKH JOCTiI>KEHHS:



Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasibHO-€KOHOMIYHA CIPSIMOBAHIiCTh:

OxopoHHi gJokymeHTH Ha OIIIB:

BnpoBazkeHHS pe3yJIbTaTiB AHCEpPTaIii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Opapuenko Poman CepriiioBuy

2. Odarchenko Roman Serhiiovych

KBasgigikanis: x. 1. u., 05.12.02
ImenTudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmanist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizmomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kyuyk I'eopriit AHaTosiioBAY

2. Kuchuk Heorhii Anatoliiovych

KBasigikanis: 1.1, 05.13.06
InenTudikarop ORCID ID: He 3acrocosyerscs
JopaTrkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoo KeHHS:

dopma ByracHoCTI:



Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Yonumkina Osabra ['eHHaaiiBHa

2. Cholyshkina Olga Hennadiivna

KBasigikamis: . . 1., 05.13.06
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa indopmamnist:

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

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

InenTudgikarop ROR: He zacrocosyerscs

PeuenzeHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. IlpokoneHko Tergna OsiekcangpiBHa

2. Prokopenko Tetiana Oleksandrivna

KBasigikamis: n. 1. 1., 05.13.06
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

ImentTudikarop ROR: He zacrocoyerbcs

BiacHe IlIpizBuie Im'sa I1o-0aTbKOBI:
1. Omnizapenko Cepriit AHATOJIINOBUY

2. Olizarenko Serhii Anatoliiovych

KBasigikamis: x. 1. 1., 05.13.06

InenTudikarop ORCID ID: He sacrocosyetbcs



JoparkoBa iHdpopmamnist:

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

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. bongapeHko Makcum OJieKCiioBUY

2. Bondarenko Maksym Oleksiiovych

KBasmigikamis: 1. r. 1., 05.11.13
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indopmamnist:

IloBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasstiHHS:

ImentTudikarop ROR: He zacrocoyerbcs

VIII. 3ak1104Hi BiZOMOCTI
ByacHe IlpizBume Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCimaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisIIBHOCTI

Pynuuupkuit Bosogumup MukosiaitoBuy

Pynuuupkuit Bosogumup MukosiaiioBuy

IOpuenko T.A.



