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JIBI OCHOBHI TE€HJIEHIIIi CIIOHYKAIOTh 1HAYCTPIIO0 OE3MPOBOIOBOTO 3B’ 3Ky PO3BUBATU
MepeXl CTIIBHUKOBOIO 3B’A3KY IT'SITOTO TOKOJIHHS: CTPIMKE 30UIbIIEHHS NOMHUTY Ha
0€3IpOBOJIOBI IMUPOKOCMYTOBI TIOCIYTH, SIKI TOTPEOYIOTh 3HAYHO OUTBIIMX IIBUIKOCTEH
nepeaayi TaHuX Ta MEPEeKl 3Ha4YHO OUIBIIOT €EMHOCTI, SIKI MOXKYTh HaJlaBaTH BIJICO Ta 1HII
pecypcoemHi mnocnyru; Ta mnociayru Iarepuery Peueir (IoT), mo cmnoHykaioTb 10
HEOOXITHOCTI MacoOBOTO MIJKJIIOYEHHS MPHUCTPOiB, a TaKok JO HEOOXIAHOCTI
HaJIHAJIIMHOTO 3B’SI3KY 3 HAJHU3BKOIO 3aTPUMKOIO.

MoskHa BHM3HAUUTHM HU3KY PpI3HUX o0nactel 3acTOCyBaHHA, J€ OydyTh
BUKOPHUCTOBYBAaTUCh JlaHI MEpEeXl: CIOAM BXOIUTh V2X KOMYHIiKalld (KOMYHIKaIis
TPAaHCIOPTHUX 3ac00iB MK CO000 Ta 3 IHIMUMU OO0 €KTaMH 1HPPACTPYKTYpPH);
MIPOMHMCIIOBA aBTOMATH3AIllsl Ta KOMYHAJIbHI MPOTpamMu; 0e3MpoBOAOBI MEIUYHI TOCITYTH;
CIOKUBYl Ta O13HEC-TIOCIYTU BIPTyaJIbHOI Ta JOMOBHEHOI PEaJbHOCTI; AESKI JOJATKH
PO3yMHOTO MICTa; PO3yMHI OYIWHKH Ta BEJIMKa KUIBKICTh 3aCTOCYBaHb MOOIUIBHOTO
HIMPOKOCMYTOBOTO 3B’SI3KY.

[Ipu uboMy, 13 pO3BUTKOM CTUTLHUKOBUX MEPEXK 3’ SIBISIOTHCS HOBI OLIBII JOCKOHAII
MEpeKeBl apXITEeKTypu HJis Tepefadi JaHuX Ta KepyBaHHsS. [Ipore 3anummaerbest psin
HEBHPILIEHUX 3aBJaHb Ta MPOOJIEMHUX MICIlb, Kl HEOOXIJIHO BHpIIIYBaTH Ta YCyBaTu
BIJITTOBIJTHO.

Tax, Hampukiaa, 3a OCTaHHI NECATWIITTS MOJENIb XMapHUX TMOTYXHOCTEH Ta
o0uuCiIeHb OTpUMaJia IUPOKe 3acTocyBaHHs B o0nacTi [ndopmariitnux Texnonorii (IT).
[Ipore, HEe TUBISAYKCH HA CBIM yCHiX, BOPOBAPKEHHS XMapHUX TEXHOJIOT1H Mae MoA0IaTu

JCKUIbKa Mpo0JieM, 3 SKMMU BOHH 3IIITOBXHYJIUCH MpH NosiBi [HTepHeTy peueit (10T) Ta


https://chdtu.edu.ua/

Mepex 5-ro MoKoJiHHs. B mepiry uepry, e mBuakui picT KiabkocTi mpuctpois [oT (Taki
SK CEHCOPH, BUKOHABYI MEXaHi3MU, MOOUITBbHI Tesle(OHM Ta 1HINI MPUIAAN JOCTYITY), 110
CTBOPIOIOTH AYX€ BEIUKY KUIbKICTh JaHUX, SIKI MOXYTb IMPUBECTU JO NEpEeBaHTAKCHHS
Mepexi, IEHTPIB 00poOKH JaHUX Ta BeMMKUX (iHaHcoBuX BuUTpaT. [lo-apyre, 1e Benuka
¢di3uuyHa BiAcTaHb MK mpucTposMu [oT Ta XmMapHUMH HIEHTpamMu OOpOOKH JaHUX, IO
NPUBOJUTH JO BETUKUX 3aTPUMOK, SIKI MOKYTh OYTH KPUTHUHUMHU IS JESIKUX UyTIUBUX
70 3aTPUMOK MPOTPaMHUX JOJATKIB (HAMpHKiIal, MOTOKOBa Iepeaaya Bile0 BUCOKOI
SIKOCTI, 1HTEpAaKTUBHI MOOUIbHI IrpPH, MNpOrpamMu JOMOBHEHOI peaJbHOCTI Ta IHIII
crHenliagi3oBaHl JOJIaTKH), K1 MOTPeOyIOTh BKpaid Majoi 3aTPUMKH OTPUMAaHHS J1aHUX BlJ
KiHIIeBOrO mpucTporo (Hampukian, 10 mc abo HaBiTh 1 mc). Ilo-Tpere, momatkam, siki
PO3TOPHYTI B XMapi, TSHXKKO aIalTyBaTUCA JI0 3MiH JIOKaJIbHUX YMOB (HAaNpHUKIIaJ, TOYHE
MICLIEpO3TallyBaHHSI KOPUCTYBAYIB Ta YMOBH POOOTH JIOKAJIIBHOI MEPEXkK1) PO3NOAUIEHUX
MOOUIBHHUX MTPUCTPOIB.

B ninsx BupimeHHs nux mpoOiieM, TOB'SI3aHUX 3 XMapaMH, HEIOAaBHI JTOCTIHKEHHS
MPEACTABWIM AHAJIOTTYHY KOHUEMIIIO, SIKa PO3IIMPIOE MOKIMBOCTI XMapHHUX PO3PAXYHKIB,
sKi OmbK4Ye N0 KIHIICBMX KOpHUCTyBauiB (ToOTO Ha Mexi Mepexi) — Mobile Edge
Computing or Multi-access Edge Computing (MEC). MEC Hamae HOBUI piBCHb
PO3MOAUICHUX OOYMCIIOBAIBHUX BY3JIIB MIXK MPUCTPOSIMU KIHIIEBUX KOPUCTYBayiB 1
XMapHUMH IIeHTpaM#u 0OpoOkH nanux. Tomy nmopaTku, siki mpaitooth Ha MEC, MOXyTh
BUKOHYBATH [lii, K1 OJIM3bKI 10 IX KOPUCTYBayiB, Mepe] MAKIIOYEHHSIM 10 XMapH.

Takum uymHOM, NaHa aucepTaliiHa poOoTa cCHpsMOBaHa Ha PO3pOOKY METOIB
MIJBUILEHHS €(PEKTUBHOCTI PO3MOIIEHOI OOpOOKM JaHUX B KOMIT IOTEPHUX CHCTEMAX
OTepaTopiB CTUILHUKOBOTO 3B’SI3KY.

Sx Oyno moka3zaHo, PO3PaxyHKOBI TMOTYXXHOCTI Ha MEXI1 CTUIBHUKIB —II€ JOBOJI
MEPCIIeKTHBHA KOHIICTIIISI B KOHTEKCTI PO3BUTKY I[HTepHETy peuei, 0coOmuBO s
MIITPUMKH 3aJICKHUX BiJI 3aTPUMKH JIOAATKIB. ['OJIOBHOIO 3 OCHOBHHX MpOOJIEM IIpH
IIOMY € 33/1a4a M0 PO3MIIICHHIO PEJICBAHTHUX CEPBICIB, sIKA CTOCYETHCS PIIICHHS, B SIKE K
MicCIle MMOMICTUTH JIeKIJIbKa JTOAATKIB 3TAHO iX BUMOT JI0 AKOCTI HaJaHHs nociyr QoS, 1e

3 0IHOTO OOKY, Ta 00YUCIIIOBAIBHOT IOCTYITHOCTI PECypCy, 3 IHIIOTO OOKY.



Jlnss  1mporo  aBTOpOoM  Oyno  po3poOJeHO METON  ONTHUMI3ZAIlli  PO3MIMIEHHS
MacHITA0OBaHMX TOCIYT Ha PO3MOJAUICHUX OOYHCIIOBAIBHUX pecypcax Mepexi
CTUIBHUKOBOTO oOIepaTopa, W0 TMOJsIrae y TMOCHIIOBHOMY BHUKOPHUCTAHHI MOJIEN1
TPAaHUYHUX OOYHCIICHb, Yy3arajlbHCHOI MOJENl MEpeXi CTIILHUKOBOTO OIeparopa Ta
€BPUCTUYHOIO PIIICHHS, 3aCHOBAHOTO HA BUKOPUCTAaHHI TEHETUUHUX aJTOPUTMIB.

Januii Metoa J03BOJISE 3MEHIIUTH PIBEHb Jerpajailisi sKOCTI 00CIyrOBYBaHHS
KIHIIEBUX a0DOHEHTIB MEpEXi CTUIBHUKOBOTO OMepaTopa, 30KpemMa, 3aTPUMKH Ha BEJIHUHUHY
110 8 MC JUTSI BETUKOI KIJIBKOCT1 a00OHEHTIB Ta BIAIIOBIIHO BEJIUKOI KUILKOCTI 3aBJaHb.

[Ipu upomy, eeKTUBHE BUKOPUCTAHHS PECYPCIB TPAaHUYHUX MOOUIBHUX OOYMCIIEHb
HEOOX1HE JIJIs TapaHTyBaHHs MepeadayeHuX MepeBar, ki TICHO MOB'3aHi 3 BUPILICHHIM
HACTYIMHUX 3aBJaHb:

1. [IpoOGnema po3BaHTaXEHHS 3a/1a4, SIKA MOJISATa€ y BU3HAUEHH] CEpBEPIB, HA K1 CIIIJT
PO3BaHTAXXyBaTH 3aJa4l.

2. [IpoGnema po3moily pecypciB IOAATKIB, sika BU3HAYAE OOUMCIIOBAIBHI PECYypCH,
SKI TIOBMHHI OyTH PO3MOAUICHI IJIi KOXHOI MPOTPaMH, PO3TOPHYTOI HA TPAHHUYHOMY
cepBepi, 11100 0OpoOUTH BC1 MPU3HAYCHI 1M 3aBJaHHS B MeXaX IXHIX BUMOT JIO 3aTPUMKH.

3. [InanyBaHHs 3aBaHb, 0 BU3HAYAE TOPSIOK, B IKOMY KOKHE 3aBJaHHS Mae OyTu
o0poOsneHe B CHiIbHIN Iporpami, TOTPUMYIOUKCh BUMOT JI0 4acy 0OpoOKwu.

Came 111 3aBAaHHS BUPINIYBAJIUCH B TPETHOMY PO3/LJIi JIaHOT AMCEPTAIIHHOI pOOOTH.
Kpim Toro, miciss mpoiiecy pO3BAHTAKEHHS Ta IUIAHYBAaHHS 3aBllaHb, BUPIIIYBaJOCh
3aBJAaHHS OMNTHMI3allli BUKOPUCTAHHS OOYHCIIOBAJIBLHUX pECypciB Ta €Heprii B
CTUTLHUKOBUX MEpexax IiJ] 4ac MpOBEACHHS TPAaHUYHUX OOUYHUCIICHb.

OOpoOka 3aBaHTAXKECHHUX 3aBlIaHb 3 ypaxyBaHHSAM IX 3aTPUMOK BHUMAara€e MpPUHHSATTS
pimmenHs po cepBep MEC, Ha skuii ci1ij 3aBaHTa)KyBaTH KOXKHE 13 3aBJaHb, BUBHAYCHHS
pecypciB o0UuCIeHHs A po3noauty B nomatkax loT, siki OyayTb oOpoOsaTH 3aBaaHHS,
OKpIM BM3HAUEHHS MOPSAKY B SKOMY BHBAHTa)KEHI 3aBJIaHHS TOBHHHI OOpOOISATHCS
KOXKHUM 13 JTOAATKIB. BupimieHHs TphOX BHUINE3a3HAYCHUX 3aBJaHb CHJIHBHO BIUIMBAE HA
MPUAHATTS 3aBIaHb Y MEPEKYy, OCKUIBKM BOHHM O€3MOCEepeIHBO BIUIMBAIOTh HA JICSKI

3aTPUMKH, SIKI BOHU 3a3HAIOTh.



Tomy, came niist BUPIIIICHHST BUIIE OKPECICHUX 3aBAaHb, OyJIO yIOCKOHAJIEHO METO.
TUHAMIYHOTO PO3BAaHTAXCHHS Ta IUIAHYBaHHS 3a1ad Il TPAaHUYHUX KOMIT FOTEPHHUX
CUCTEM OIepaTopa CTUIBHHUKOBOTO 3B’SI3KYy 3a paxyHOK (hOpMyBaHHS 3a/iayl 3MIIIAHOTO
[IJIOYNCETFHOTO TIPOTPaMyBaHHS Ta 11 BHUPIMICHHS 3a JOMOMOTOI0 JEKOMITO3HIIi1
bennepca.

Po3pobniennii MeTon Hajlae 3MOTY MAKCHUMI3yBaTH KUIBKICTh JIOMYIICHUX Ta
BIJIMOBIAHO BUKOHAHMX 3aBJaHb Ha PO3MOAUICHUX TPaHUYHUX pecypcax Mepexi
CTUIBHUKOBOTO oriepatopa. [Ipyu 1bOMy MIBHIKICT, BUKOHAHHS JIaHOTO IUIAHYBaHHS Ta
pO3BaHTaXEHHS miABUIIMIACh 10 10 pa3is.

Hapmanmi  Oyno  AOCHIPKEHO — yOpPaBIIHHA ~ BUIPOMIHIOBAHOKO  MOTY>KHICTIO
pajionepenaBayiB 'y CTUIBHUKOBIM 0araTOKOPUCTYBAllbKi CHCTEMI B YMOBax BIUTUBY
iHTepdepeniii. B gaHoMmy BUMajKy, BIAMIHHICTH I[I€] CUCTEMH BIJ BLIBHOI BiJ 3aBajJ y
TOMY, IO KOHTPOJb >KMBIIEHHS y 0araTOKOpPUCTYBAllbKiii CHCTEMiI B yMOBaX BIUIMBY
iHTepEepeHIlii TOJOBHUM YHHOM PO3MOJAUICHUN Yepe3 B3aEMOMII0 MDK pI3SHUMHU
KOPUCTYyBa4aMH MOOITBHUX TPUCTPOiB, IO AYXKE€ YCKIAIHIOE 3a1ady KepyBaHHS
MOTYXKHICTIO.

Tomy OyJi0 yIOCKOHAJNE€HO METOJl KEpyBaHHS BHUIIPOMIHIOBAHOIO MOTYXHICTIO
MOOUIBHMX TMPHUCTPOIB MMiJI YaCc PO3BAHTAXKEHHS 3aBJaHb B PO3MOJIJICHIA KOMIT IOTEpPHIN
CUCTEMI TpaHWYHUX OOYHCIIEHb OlepaTopa CTIIBHUKOBOTO 3B’S3Ky 3a paxyHOK
MOCJIJOBHOTO BUKOPUCTAHHS MO ISl OIIHKK YMOBHM HEOOXITHOCTI PO3BAaHTAKCHHS
3aBAaHb B MOOUIbHIM Mepeki Ta KepyBaHHS BHUIIPOMIHIOBAHOIO TOTYXHICTIO
pazionepenaBagbHUX MPUCTPOIB B KaHaaX 3 IHTEpPEPEHIIIEID HA OCHOBI TE€OPIi 1rop.

Jlanuii MeToz M03BOJISIE 3MCHINUTA BUKOPUCTAHHS CHEPTil IMiJ YaCc BUKOPHUCTAHHSI
TPAaHUYHUX OOUYMCIICHh B KOMIT IOTEPHUX CUCTEMAX OMEepPaTopiB CTITLHUKOBOTO 3B’ A3KY Ha
Benuuny B 5% 1o 40%.

TeopernuHi pe3ynbTatv, OTpPHMaHI B JIUCEPTAIIHHOMY JOCHIJKEHHI, BIIKPHIA
MOXJIUBICTh BHUSIBUTH 1 3amMpONOHYBATH HOBI TMPAKTHUYHI TUIAXW  IT1IBUIICHHS
e(eKTUBHOCTI (PYHKIIIOHYBaHHS MiACUCTEMH 0a30BUX CTaHINN CTUIBHUKOBUX MEPEX Mij
yac iX BIPOBAHKCHHS B YKpaiHI HA OCHOBI BUKOPHUCTAaHHS HOBHX METOJIB KE€pPyBaHHS

MEpPEeKero, IepeIaBaHHs JaHUX.



[Tpu oMy OTpHUMaHi pe3yabTaTH JO3BOJISIIOTS:

—3MEHIINTH PiBEHb 3aTPUMKH B MEpPEXK1 CTUTLHUKOBOTO omneparopa 5G 1o 8 mc;

—pPOBOJUTU OUIbII €(QEKTUBHE KEpyBaHHS BUKOHAHHSIM 3aBJaHb B MeEPEXi
CTUTHPHUKOBOTO OTEparopa 13 BHKOPUCTAHHAM TpaHWYHUX oOumcieHb (1o 12%
HiABUIIECHUI PIBEHb €HEProe()EKTUBHOCTI);

— 3amnpoBaKyBaTH HOBI CEPBICH JJIsI BAKOPHUCTAHHS B CTUIBHUKOBIN Mepexi.

[IpakTH4Ha IHHICTH AUCEPTALIMHOT pOOOTH MOJISTae B HACTYITHOMY:

— pO3po0JIECHO METOJUKY PO3BAHTAKEHHS 3aBllaHb B MEPEXI CTUIBHUKOBOTO
oriepaTopa 3a J0MOMOI'0r0 KOHIICHIli TPAHUYHUX O0UYUCIICHB;

— po3poOJieHI KOMIT' FOTEpHI MOJIeNIl TPOBEACHHS PO3MOAUICHHX OOYUCICHb B
KOMIT FOTEPHUX CHUCTEMaX ONEePaTopiB CTIILHUKOBOTO 3B’ SI3KY;

— po3poOJIEHO BIAMOBITHE aNTOpPUTMIYHE 3a0€3MEUeHHs ISl IUJIaHyBaHHS —Ta
PO3BAaHTAKEHHA 3aBJaHb B TPAHUYHUX KOMIT IOTEPHUX CHUCTEMax OIepaTopiB
CTITBHUKOBOTO 3B SI3KY.

Marepianu nuceprauiiinoi poooTH BripoBakeHo y AisuibHICTE TOB «ICIIT Imnepiam»
Ta y HaBualbHUU Tipolniec LleHTpanbHOYKpaiHCHKOTO HAI[IOHAJIBHOTO TEXHIYHOTO
YHIBEPCUTETY.

Bci oTpumani pe3ynbTatv  JOUUIBHO BHUKOPUCTOBYBATH IMiJi 4Yac TUIaHYBaHHS
6e3mpoBoioBux Mepex ctanaapty LTE ta 5G, po3poOku o6iagHaHHS Ta MPOTPAMHOTO
3a0e3nedeHHs AJIsl CUCTEM Tepeiadl JaHUX, a TAKOXK B HABYAJIbHOMY ITPOILIEC.

Knrouoei cnosa: CTITbHUKOBAa MeEpeka, IMiJICUCTeMa 0a30BUX CTaHIIIM, IUIAHYBaHHS,

TpaHCTIOpTHA Mepexka, 5G, edeKTUBHICTh, OalaHCcyBaHHs HaBaHTaxeHHs, MEC.



ABSTRACT

Pavlo Usik. Methods for improving the efficiency of distributed data processing
in computer systems of cellular operators. — Qualifying scientific work on the rights of
the manuscript.

Thesis for the degree of Doctor of Philosophy (PhD) in the specialty 123 «Computer
Engineering». — Cherkasy State Technological University, Cherkasy, 2021.

Two major trends are driving the wireless industry to develop fifth-generation
cellular networks: the rapid increase in demand for wireless broadband services that
require much higher data rates, and much higher capacity networks that can provide video
and other resource-intensive services; and Internet of Things (IoT) services, which
encourage the need to connect devices en masse, as well as the need for ultra-low latency.

You can define a number of different applications where network data will be used:
this includes V2X communication (vehicle communication with each other and with other
infrastructure); industrial automation and utility programs; wireless medical services;
virtual and augmented reality consumer and business services; some smart city apps; smart
homes and a large number of mobile broadband applications.

At the same time, with the development of cellular networks, new and more advanced
network architectures for data transmission and management appear. However, there are
still a number of unresolved issues and problem areas that need to be addressed and
addressed accordingly.

For example, in recent decades, the model of cloud capacity and computing has been
widely used in the field of Information Technology (IT). However, despite its success, the
introduction of cloud technologies must overcome several of the challenges they faced
with the advent of the 1oT and 5th generation networks. First and foremost, it is the rapid
growth in the number of 10T devices (such as sensors, actuators, mobile phones, and other
access devices), which generate very large amounts of data that can lead to network
congestion, data centers, and high financial costs. Second, there is a large physical
distance between IoT devices and cloud data centers, leading to long delays that can be

critical for some delay-sensitive software applications (e.g., high-quality video streaming,



Interactive mobile games, augmented reality applications). and other specialized
applications) that require extremely little delay in receiving data from the end device (for
example, 10 ms or even 1 ms). Third, applications deployed in the cloud find it difficult to
adapt to changes in local conditions (such as the exact location of users and LAN
conditions) of distributed mobile devices.

To address these cloud-related issues, recent research has introduced a similar
concept that extends the capabilities of cloud computing that is closer to end users (ie, at
the network boundary) — Mobile Edge Computing or Multi-access Edge Computing
(MEC). MEC provides a new level of distributed computing nodes between end-user
devices and cloud data centers. Therefore, applications that run on MES can perform
actions that are close to their users before connecting to the cloud. Thus, this dissertation is
aimed at developing methods to improve the efficiency of distributed data processing in
computer systems of cellular operators.

It has been shown that computing power at the cell boundary is a rather promising
concept in the context of the development of the Internet of Things, especially to support
delay-dependent applications. The main problem is the task of placing relevant services,
which concerns the decision in which place to place several applications according to their
requirements for the quality of QoS services, on the one hand, and the computational
availability of the resource, on the other hand.

To do this, the author developed a method for optimizing the placement of scalable
services on the distributed computing resources of the cellular network, which consists in
the consistent use of the boundary computation model, a generalized model of the cellular
network and a heuristic solution based on genetic algorithms.

This method reduces the level of degradation of the quality of service of end users of
the cellular operator's network, in particular, delays of up to 8 ms for a large number of
subscribers and, accordingly, a large number of tasks.

At the same time, the efficient use of resources of marginal mobile computing is
necessary to guarantee the intended benefits, which are closely related to the solution of

the following tasks:



1. The problem of unloading tasks, which is to determine the servers on which to
unload tasks.

2. Application resource allocation problem, which determines the computational
resources that must be allocated for each program deployed on the marginal server to
handle all assigned tasks within their latency requirements.

3. Task planning, which determines the order in which each task must be processed in
a joint program, adhering to the requirements for processing time.

These tasks were solved in the third section of this dissertation. In addition, after the
process of unloading and planning tasks, the task of optimizing the use of computing
resources and energy in cellular networks during the boundary calculations was solved.

Processing downloaded tasks based on their delays requires deciding on the MEC
server to load each task, determining computing resources for distribution in loT
applications that will handle the tasks, in addition to determining the order in which the
downloaded tasks should be processed by each application. Solving the above three tasks
greatly affects the acceptance of tasks into the network, as they directly affect some of the
delays they experience.

Therefore, it is to solve the above problems that the method of dynamic unloading
and scheduling of tasks for the boundary computer systems of the cellular operator was
improved by forming the problem of mixed integer programming and its solution by
Benders decomposition.

The developed method makes it possible to maximize the number of allowed and
performed tasks on the distributed marginal resources of the cellular operator's network.
At the same time, the speed of this planning and unloading has increased up to 10 times.

Further, the power control of the radiated power of radio transmitters in a cellular
multiuser system under the influence of interference was investigated. In this case, the
difference between this system and free from interference is that the power control in a
multi-user system under interference is mainly distributed through the interaction between
different users of mobile devices, which greatly complicates the task of power

management.



Therefore, the method of controlling the radiated power of mobile devices during the
unloading of tasks in the distributed computer system of boundary calculations of the
cellular operator was improved by sequential use of the model to assess the need for
unloading tasks in the mobile network and control the radiated power of radio devices in
interference channels. based on game theory.

This method reduces the energy consumption when using limit computing in the
computer systems of cellular operators by 5 to 40%.

The theoretical results obtained in the dissertation research opened the possibility to
identify and propose new practical ways to increase the efficiency of the subsystem of
cellular base stations during their implementation in Ukraine based on the use of new
methods of network management, data transmission.

The results obtained allow:

— reduce the level of delay in the network of the 5G cellular operator 5G to 8 ms;

— to carry out more effective management of performance of tasks in a network of the
cellular operator with use of boundary calculations (to 12% the increased level of energy
efficiency);

— introduce new services for use in the cellular network;

— improve the quality of service for cellular network subscribers.

The practical value of the dissertation is as follows:

— developed a method of unloading tasks in the network of the cellular operator using
the concept of boundary calculations;

— developed computer models for distributed computing in computer systems of
cellular operators;

— Appropriate algorithmic software has been developed for scheduling and unloading
tasks in borderline computer systems of cellular operators.

The materials of the dissertation were introduced into the activities of ISP Imperial
LLC and into the educational process of the Central Ukrainian National Technical
University. All the obtained results should be used during the planning of wireless
networks of the LTE and 5G standard, development of equipment and software for data

transmission systems, as well as in the educational process.



Keywords: cellular network, base station subsystem, planning, transport network,
5G, efficiency, load balancing, MEC.

Cnucoxk ocHOBHMX myOJiikauiii 3100yBaya

1. Usik P., Smirnov O., Odarchenko R., Abakumova A., Kundyz M. QoE
assesment technique for media delivery in 5g networks. Problems of Infocommunications,
Science and Technology (PIC S&T): 2019 IEEE Int. Sci.-Pract. Conf., (Kyiv, Oct. 8-11,
2019). P. 597-601 (Scopus).

2. Usik P., Odarchenko R., Volkov O., SimakhinV.,  Gospodarchuk O.,
Burmak Yu. 5G networks cyberincidents monitoring system for drone communications.
Actual Problems of Unmanned Aerial Vehicles Developments (APUAVD): 2019 IEEE 5th
Int. Conf., (Oct. 2224, 2019). P. 165-169 (Scopus).

3. Ponomarenko O., Bulakovskaya A., Skripnichenko A., Usik P., Olenyuk A.
Tomographic application-specific integrated circuits for fast radon transformation. CEUR
Workshop Proceedings. 2020. No. 2654. P. 339-351 (Scopus).

4. VcikIL.C., CwmipaoB O.A. JloCHiPKEHHSI  TEPCIEKTUB  BUKOPHUCTAHHS
TEXHOJIOTIYHUX pillleHh B Mepexax 5g. Kibepbesnexa ma ingopmayitini mexHoli02ii:
MoHorpadis. Xapkis: JJICA ITJTFOC, 2020. C. 122-135.

5. Koremsuens B.B., Ycik I1.C., Kumenko B.B., I'natiok B.O. IaTenexryanizoBana
CHUCTEMa MOHITOPUHTY IapaMeTpiB HABKOJUIIHBOIO CEpPEIOBUINA Ha 0a3i TEXHOJOTIT
IHTEpHETY peueil. Bicnux inoceneproi akademii Yrpainu. 2018. Ne 4. C. 133-140,

6. Ycik I1.C., ITonirensko O.0., Opnapuenko P.C., Tepemenko JI.1O.,
CwmipnHoB O.A. «IHopmarriiiHa TEXHOJIOTIS Ta MpOrpamMHe 3a0e3MeUeHHs JJIs 1BUIIICHHS
e(eKTUBHOCTI IJIaHyBaHHSA TMiACHUCTeMU Oa30BHX CTaHLIA CTUIBHUKOBOTO 3B SI3KY».
IIpobnemu menexomynixayiu. 2020 Ne 1(26). C. 83-96.

7. VYcik I1.C., CmipuoB O.A., Muponens [.B., bypaBuenko K.O., Sxkumenko H.M.
Meron minBuilieHHs €()EeKTUBHOCTI PO3MOAUICHOI OOpPOOKH MaHWX Yy KOMIT IOTEPHUX
CHUCTEMaxX OIepaTopiB CTUIBHUKOBOTO 3B’SI3KYy. Bichux UYepkacbkoeo Oepowxcasno2o

mexHnonoeiunoeo yuisepcumemy. 2020. Ne 4. C. 103-110.


https://www.scopus.com/authid/detail.uri?authorId=57219113403
https://www.scopus.com/authid/detail.uri?authorId=57219107991
https://www.scopus.com/authid/detail.uri?authorId=57213110491
https://www.scopus.com/authid/detail.uri?authorId=57215326547
https://www.scopus.com/authid/detail.uri?authorId=57202218602

8. Vcik II.C., TIlomirenpko O.0., CwmipHoB O.A. HanpsmMku  migBUIICHHS
e(eKTUBHOCTI YIPABIIHHS MMIJICUCTEMOIO 0a30BUX CTaHINM CTITBHUKOBHX OIEPaTOPIB.
Ilpobnemu pozeumky 2n1006anbHOI cucmemu 38 83Ky, Hagieayii, CNOCMePedCeHHs ma
opeanizayii nosimpsnozo pyxy CNS/ATM: te3n non. Hayk.-TexH. KoHO., (M. KuiB, 21-23
muctor. 2018 p.). Kuis: HAY, 2019. C. 32.

9. Opapuenko P.C.,  Mapatksizsl K.,  VYcuk I1.C. AHalM3  TEPCHEKTUB
UCIIONIb30BAaHUsl ceTe S5g s  aBTOMAaTU3allMd  MPOU3BOJACTBEHHBIX IPOIIECCOB.
Onoipicmeei yugpavix mexnono2usaniap xKougepenyusacel: PecryOIruKanblK FhUIBIMUA JKOHE
MTPaKTUKAITBIK KOH(EpEHITUSICHIHBIH KuHarbI=L{ugposvie MexHoI02uu
8 NpOMbLULIEHHOCIU: MaTepuajbl pecil. Hayd.-mpakT. koHd.=Digital technologies in
industry: Materials of sci. and pract. conf. Kazaxcran, Akray: KI'YTU um. I11. Ecenosa,
2019. Ka3., pyc., anri. C. 42-44.

10.Vcik I1.C., CwmipuoB O.A., SAxumenko H.M. IlepcrniekTuBu BUKOpPUCTAHHS
MEpEeKEBUX TEXHOJIOTIYHUX pillleHb B S5g. [ngopmayitina 6be3nexa ma iHgopmayitini
mexnonoaii (Information Security and Information Technologies): 11 Mixuap. Hayk.-
npakT. KoH®., (M. KponuBauibkuii, 2—3 kBiT. 2020 p.). C. 56.

11.Vcix I1.C., CwmipuaoB O.A. [IligBuiieHHss eQEeKTUBHOCTI  (YHKIIOHYBaHHS
mijicucteMu 0a30BHMX cTaHIliii Ha ocHoBi Multi-Access Edge Computing. Ingopmayitini
mexnonoeii — 2020 (IT-2020): VII Bceykp. Hayk.-mpakT. KOH(}. MOJOIUX HAYKOBIIIB,
(M. Kuis, 21 tpaB. 2020 p.). C. 135-136.

12. Chumachenko B.S., Zaitseva N.O., Grigorenko D.K., Usik P.S. Research of the
advantages and disadvantages of the network virtualization of network resources of a
consistent architecture of 5g networks. POLIT. Challenges of science today, (Apr. 1-3,
2020). P. 99-100.



