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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHA BUPIIEHHIO 3aBAAHHS MiIBULIEHHS SKOCTiI HAJaHHS [TOCIYT PYXOMUM
abOHEHTaM reTepPOreHHUX MIPOrpaMHO-KOHGIrypOBaHUX MEPEK Ha OCHOBI 3alIPONIOHOBAHOI METOJIMKY, 110
IO3BOJIsIE BpaXOBYBaTU CTaH reTePOreHHOI MepeXi Ha MOMEHT IIEPEXOY PYXOMOIO aOOHEHTa 3 ypaxyBaHHSIM
3aBaHTAXXEHOCTI By3J1a Ta MOTY>KHOCTI IPUMHSTOrO CUTHAy PyXOMUM aOOHEHTOM. 3 MOSIBOIO HA TePEHax YKpaiHu
aKTUBHO JiI040i TeXHOJIOTiI BUCOKOUIBUAKICHOTO MOOGIJILHOTO NOCTYIY 0 Mepexi [HTepHeT, Tpadik nepenadvi gaHux
B MeperKax CTiIbBHUKOBOTO 3B's13KY IIOCTIMHO 3pocTae. BogHouac icHy04i MepeskeBi apXiTeKTypu He Oyiu
[IPU3HAYEHI 4J11 330,0BOJIEHHS TaKUX IIOTPEO ONEepaTopiB, Cy4aCHUX KOPUCTYBAviB Ta MiAnpueMcTB. TpaguLiiti
BapiaHTy BUPIlIE€HHS IPO6JIEMU YIIiIbHEHHS IOKPUTTS, PO3rOPTaHHS SIKUX NOTPebye 3HaYHUX KalliTaJIbHUX BUTPAT,
He BUPIIIYIOTh IPO6JieM, IIOB'SI3aHUX 3 PO3IIMPEHHIM KaHaJIiB Iepeadi JaHuX BiJl 6a30BUX CTaHLIiN 10
inppactpykTypu sapa Mepexi oneparopa. OCKijIbKYA IOIUT Ha MOGIJIbHICTB i IPOIyCKHY 3JaTHICTb 3pOCTAE, a
IpUOYTOK PO3MUBAETHCS 3POCTAHHSIM KaMiTaJIbHUX BUTPAT HA O0JIa[JHAHHS — BUHMKAE NPO6JIeMa sIKOCTi HalaHHS

MYJIbTUMEIMHUX [10CJIYT MOOIJIbBHUM abOHEHTaM. AJIbTepPHATHBOIO BUPIlIeHHS JaHUX Ipobsiem € meTtor, Wi-Fi



Offload, mo npusHayeHui 7151 pO3BAaHTAXKEHHSI MEPEK MOOIIbHUX ONepaTopiB Bif, Tpadiky nepeaayi jaHux 3a
PaxyHOK BUKOpUCTaHHs TexHosorii Wi-Fi. B ipomy Bunaaxy Tpagik faHux abOHEHTIB BUBOJUTHCS 3 pafiioMepesKi
orepaTopa B OKPEMY PalioMePEXYy, SIKa IIPALoe 3 BUKOPMCTAaHHAM BJIACHUX MariCTpajabHUX KaHAaJIiB, O J03BOJIsE
KOpHMCTYyBauy IIepeCUyIaTy JaHi yepes pi3Hi 6e30pOoToBi TEXHOJIOTI i MOGibHI Mepexxi. [Io LIbOro yacy ofHiero 3
IIEPENOH 1J151 PO3BaHTA)KEHHS MepeX MOOIIbHUX ONEPaTopiB Bif Tpadiky nepenadi JaHMUX 32 PaXyHOK
BUKOpucTaHHs TexHosorii Wi-Fi Offload 3annmaeTbces BincyTHICTh BUpa3HUX METOLIB Ta KpUTEPIiB 17151 IPUNHATTS
pillIeHHs IpO Nepexif, MiX CTiIbHUKOBUMU Mepexkamu Ta Wi-Fi, siki 6 BpaxoByBasu 3a7avi 6ajlaHCyBaHHS
HABAaHTAXEHHS B FeTEPOreHHOMY cepenoBulli. [IpoBeieHO aHali3 BiflOMMX MAaTEMAaTUYHUX MOZEJEN Ta METOIIB
06CJIyrOBYBaHHS [1€PEXOMY PYXOMUX AOOHEHTIB, [0 FeHEPYIOTh Tpa@dik B paMKax (PYHKIIOHYBaHHS T€TEPOTE€HHMUX,
6e37pOTOBUX Ta IPOrpaMHO-KOHQIrypoBaHux Mepex. Ha oCHOBI IpoBeeHOro aHali3y I10Ka3aHo, 110 iCHye
BiICYTHICTb BUPa3HMX METOJiB Ta NIOKA3HUKIB [IJIs1 IPUIHATTA pilleHHd 1po nepexig Mix 3G /4G ta WI-FL
YI0CKOHa/IEHO METOJ, PO3PaxXyHKY MIOKAa3HUKIB [lepeOyBaHHs Ta 0OCIyTOBYBaHHS KOPUCTyBaya B 00J1aCTi BUIi€HO]
CTiZIbHULi FeTePOreHHOI MepeXi, BpaXOBYIOUX TPUBAJICTb 3aTPUMKHN MOOIIBHOTO KOPUCTYBaya B 00J1acTi
00CJIyTOBYBaHHS, BEJIMUMHY [TOTOKY BUXiJHUX BUKJIMKIB Y BUAIiJIEHI! CTIIbHUL T TPUBAJiCTh YTPUMYBaHHS
BUKJIMKY. YIOCKOHAJIEHO MAaTEMATUYHYy MOJIeJIb Ilepeiadi 3’e JHaHHS PyXOMUX aOOHEHTIB reTeporeHHoi 6€31poTOBOi
MEPEXi 3 BpaxyBaHHSIM iHTEHCMBHOCTEN MOTOKIB BUXiIHUX BUKJIMKiB, TOPU3OHTAIBHUX Ta BEPTUKAJIBHUX
IepexiIHUX BUKJIMKIB. YIOCKOHAJIEHO METOJIUKY Ilepefadi 3'eJHaHHS PYXOMUX aOOHEHTIB reTePOreHHUX
IIPOrpaMHO-KOH(QIrypoBaHUX MEPEX 3 YPaxyBaHHSIM KOMIIEMEHTAPHOTO HOPMaJli30BAaHOTO BUKOPUCTAHHS MEPEXI
Ta BiJHOCHOTO [IOKa3HMKA MTOTYKHOCTI CUTHAJy MEPEXKI, 110 JO3BOJISIE€ BPaXOBYBATU CTaH F€TEPOTEHHOI MEPEXKI Ha
MOMEHT Iepeayi 06CIyroByBaHHS PyXOMOro abOHEHTa MK Pi3HUMU TUIIaMU 6e3pOTOBUX MepexX. JociIpKeHo
iMOBIPHOCTI 6JI0KYBaHHSI BUXiJHUX BUKJIMKIB Y Pi3HUX 00JIaCTSIX MePeXKi BiJJ[IOBiIHO 40O BUIAKiB HAllBUIIOTO
npiopurety TpagiKy, HallBULIOrO IPiOPUTETY MOTY>KHOCTI IPUMHSTOTO CUTHAJTY Ta [1IapAMETPiB, OTPMMAHUX Ha
OCHOBI 3aIIpOIIOHOBAHOI MeTOMKY. [T06yI0BaHO a/IrOPUTMU: iTEpaLliiiHOTrO METOY peslaKcaLiil 171 3HaXOIKEeHHSI
BpiBHOB&)KEHUX iIMOBIpHOCTE!! CTaHiB; METOMKU Ilepeladi 3'eJHaHHS PYXOMUX a0OHEHTIB reTepOreHHUX
IIPOrpaMHO-KOHQIrypoBaHux Mepex. [y NigTBepA KeHHS alcKBAaTHOCTi OTPMMAaHNX HAayKOBUX PE3YJIbTATIiB
IIPOBEEHO MPAaKTUYHY peaizalilo po3po6IeHoi MeTOOUKY Nepenadi 3'efHaHHS PyXOMUX aOOHEHTIB reTepOreHHUX
IIporpaMHo-KoHQIrypoBaHux mepex. Po3pobsieHo TecToBe BipTyasibHe cepeioBulie Ha 6a3i TexHOJIorii
IIpPOrpaMHO-KOHQIrypoBaHUX MEPEX, Ha SIKOMY 0YJIO ITIepeBIPEHO PO3p06IEHYy METOIUKY. BUKOopucTaHHS
3aMpONOHOBAHOI METOJMKH J03BOJIsI€ 3MEHIIUTH TIOKa3HUK iIMOBIPHOCTI 6JI0KYBaHHS BUXiIHUX BUKJIMKIB Ha 11-15%
B IIOPiBHSHHI 3 BifoMuMu. Lle nae MOXKJIMBICTD MiABUILNATY SIKICTb HAZAHHS [TOCIIYT PyXOMUM abOHEHTaM

reTeporeHHUX IPOrpaMHO-KOH(DIrypOBaHUX MEPEXK.

2. The dissertation is devoted to solving the problem of improving the quality of provided services to mobile
subscribers of heterogeneous software-defined networks on the basis of the proposed methodology, which allows
taking into account the state of the heterogeneous network at the moment of mobile subscriber call transition
taking into account the load of the node and the strength of received signal by the mobile subscriber. With the
advent of active technology of high-speed mobile Internet access in Ukraine, the traffic of data in cellular networks
is constantly increasing. At the same time, existing network architectures were not designed to meet the needs of
operators, modern users and enterprises. Traditional solutions to the problem of seal coverage, the deployment of
which requires significant capital costs, do not solve the problems associated with the expansion of data channels
from the base stations to the core infrastructure of the network operator. As the demand for mobility and
bandwidth increases, and profits are blurred by the growth of capital costs for equipment, there is a problem of
the quality of providing multimedia services to mobile subscribers. An alternative to solving these problems is the
Wi-Fi Offload method, which is designed to unload mobile operators' networks from data traffic through the use of
Wi-Fi technology. In this case, subscriber data traffic is output from the operator's radio network into a separate
radio network that runs using its own trunk channels, which allows the user to forward data through various
wireless technologies and mobile networks. Until now, one of the obstacles to unload mobile operators' networks
from data traffic due to the use of Wi-Fi Offload technology remains the lack of clear methods and criteria for
making a decision on the transition between cellular networks and Wi-Fi that take into account load balancing



tasks in a heterogeneous environments. The analysis of known mathematical models and methods of service of
transition of mobile subscribers generating traffic within the framework of the functioning of heterogeneous,
wireless and software-defined networks was made. Based on the analysis, it was shown that there is no explicit
methods and criteria for making a decision about the transition between 3G /4G and WI-FI. The method of
calculating the rates of user's stay and service in the area of a dedicated cell of a heterogeneous network was
improved. The method takes into account the length of the mobile user's delay in the service area, the size of the
outgoing call in the dedicated cell, and the duration of the callback. The mathematical model of mobile subscribers
connection transmission to heterogeneous wireless network was improved, with the consideration of outgoing call
intensity, horizontal and vertical transient calls intensities. A method for transferring the connection of mobile
subscribers to heterogeneous software-defined networks was improved. The method takes into account the
complementary normalized use of the network and the relative signal strength indicator of the network, which
allows take into account the state of the heterogeneous network for the moment of switching mobile subscriber
between different types of wireless networks. The probability of blocking outgoing calls in different areas is
analysed according to the cases of the highest priority of traffic, the highest priority of the power of the received
signal and the parameters obtained from the proposed methodology. Following algorithms were developed:
algorithm of an iterative relaxation method for finding balanced equations of states; algorithm of transfering
mobile subscribers' connection within heterogeneous software-defined networks. In order to confirm the
adequacy of the obtained scientific results, a practical implementation of the improved method of mobile user
connection handover for heterogeneous software-defined network has been carried out. A test virtual
environment was developed based on the technology of software-defined networks, which tested the developed
methodology. The use of the proposed method allows reduce the probability of blocking outgoing calls by 11-15%
compared to the known ones. This gives the opportunity to improve the quality of service providing to mobile
subscribers of heterogeneous software-defined networks.
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