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AoKropa rexHi.{HHx HayK, upo$ecopa,
f aapranxa eereHa BoloAul,tl4poBur{a,

npo$ecopa xa$eapr{ aBroMarragauii npoeKTyBale^lnfl eHeprerl4qHl4x npoueclB I cl4creM

HauionanbHoro rexHi.{Horo yuinepcr4Tery YxpaiHra "Kuiscmufi nonirexHi'{Hufi
iHcrzryr ivreni Iropr Ciropcrxoro"

Ha Allceprauiro Myxi-AnAiH Xaccasa MoxaueAa
Ha reMy <MoAeni Ta MeroAr.r :a6esneqeHH, flKocri o6cnyroByBaHH, y Mepexax 3

uigrpnlaxoro $ynxuifi nipryali:aqii>,
flKa npeAcraBJreHa na s4o6yrrfl HayKoBoro cryrleH, KaHAH [ura rexuiqHux HayK 3a

cnerlialrHicrro 05.12.02 - rerreKoMyHirallifiui cucrettu ra uepexi

Arrya.nsHicrr reMrr. 3ua.rHy ponb B QoprtrynaHui crpyKryplz csirosoro
cnieronaplrcrBa nigirpae inSoprtaaqia. Bnsnaqaerscs rparHeHHfl nroAcrBa Ao

uo6yAoera rlo6anruoi insoprtaauifinoi inQpacrpyKrypn. OAHIarra is Krror{oBux

upoexrin 3araJlbHoHaIlioualrHoro 3Har{eHHr, Y sn'xsxy 3 po3BI'ITKoM

insopruaqiftuoro cycnilrc'rea Yxpaiuu, e crBopeHHs Mynbrl4cepeicHoi

reneKoMyuiraqifiHoi inQpacrpyKryp14, IrIo rpyHryerbcq Ha :acrocynauui
e$exrunnux saco6in sa6esner{eHH, qxocri o6clyroeyBaHHq (Quality of Service,

QoS) oAHoqacHo 3a MHoxrrHoro pi:Hopi4Hl4x rloKa3Huxis (npo4yxruaHictl, cepeAHfl

3arplrMKa, Axr4rrep, ivronipsicrr Brpar uaxeris ra iH.). -fx noxa:ye rpaKrl4Ka B

apxireruypi cyuaurlrx reJreKovrynixauiir:aux Mepex (TKM) nocrifiso ni4auqyerrcr
ponb 6es4poroeux rexuolorifi, a oAHI,IM : eQexrraBHnx urqxie niAsllueHus

ocHoBHHx rroKa3Hr4Kia sxocri o6cnyronyBaHHq n 6e:4poroBux TKM e He JITIUe

g6irrueHHr o6cmy AocrynHoro MepexHoro pecypcy, ate ir ga6esne'{eHHq fioro
e$exrunHoro posnoginy (yuparninHr) ruJlf,xoM yAocKoH€LneHH, siAnoeiAHIax

MepexHr4x uporoxolin i uexasisNaie, a raKox rIoKnaAeHLIx B ik ocHoBy

MareMarlrrrHr,rx uoAelefi i vreroAin. y uboMy upoqeci BeJII4Ke 3Har{eHH,

upragirxetcx AocriANessro ra uo6yaoni reneKoMyniraqifinux Mepex (TKM)
HoBoro noxoriHHq ra insopuauifrnrax iHspacrpyKryp pi:noro pinnr. Pogsl4rox

insopruaqiftHux rexHoJrorifi uprarniB Ao MoxJII4Bocri :6opy i :6epiraHH, 3HarrHux

o6csris AaHvrx, ToMy aKTyaJrbHoro e 3aAaqa uu6oxoro anani:y sciei Hassrloi

i HQoprnlaUii Ans upufi uxrrq orrI4MaIbHI,Ix yupanniHcbKrlx piureur.
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Arq niAslaueHH-f, eQerrunuocri upoqecin HaAaHHfl rrocnyr ueo6xiluo
6ylyearu ra BrlpoBa4xyBarv vrepexi : uigrpr,rMKoro rexsolorii eipryani:auii
MepexeBl,Ix Synrqifi (Network Function Virtualization, NFV). 3an,{qxu roMy, rqo
rexuoloris NFV Ao3Bonqe nporpaMHo peanisyearu urupoxufi Ha6ip Qynrqifi i
rlocJlyr, qxi Ha croroAuituHifi Aeur HaAalorbcf, Jrr4rxe MepexeBrzu o6la.qHaHH.f,M
peari:onaHuu anaparHo (uepexeni erpauu, [pr.rKop.qonni MapurpyrLrcaropv,
KoMyraropl{, cepBepu Aocryry ra inrui) y numsAi ni4rpuroro rporpaMHoro
ga6esre.IeHHq. TaxHvr r{r4HoM, 3 BprKopHcraHH{M TexHonorii NFV 6ytrr-aruit eu1
uocnyrl4 Moxe 6yru oreparuBHo BnpoBaAxe:avit i ua1a:awir xinqenouy
KoprrcryBaqeei n uorpi6uuir\ac 3 3aAaHHM pinnerra qxocri.

Tol,ry Al4ceprallifiHa po6ora, ,Ka npprcBflrreHa BAocKoHaJreHHlo icuyrouHx ra
po:po6qi HoBpIx rrloAenefi i rvreroAie QopvrynaHH, ra Ha1aH:afl KoMrJreKcHux rocJryr B

Mepexax : ui4rpl4MKoro Synxqifi nipryalisaqii, ti4nurqeHuro sxocri
SyuxuiotryBaHH, TeneKoMynixarlifiHux clrcreM i vrepex :e'r:xy € aKTyiubHolo,
4oqilrnorc, Hayxoni pospo6xu sxoi crprrf,rorb pea-rri:aqii xonqeuuii po3Br4rKy
reneKoMyHiraqifinoi rany:i Yrpaiuu, rplrcKopeHHro piruenr saxrr4soi saAa.ri
i HQopvrarra:aqii AepxaBr.r.

Bianosiauicrr reMr i rruicry gncepraqii racropry cueqia.nrnocri, 3a

rKoro BoHa rIoAaHa Ha 3ax[cr. Teua 4racepraqii Ta ii :rrlicr siAnoeiAarort
HarpsMKy AocniAxeur n.5 racnopry cueuiarsnocri 05.12.02 - reJrexouyuixauifiui
clrcreMlr ra rraepeNi.

3stqsoK Al{ceprallifinoi po6oru r upiopurerHrrMrr HarrprMKaMrr po3BrrrKy
HayKH i rexuircu, AepxaBHHMIr qu raJry3eBrrMu HayKoBrrMrr flporpaMaMr{.

Teoperuvni i upaxrr.Ini noroxeHH.,r Ar4ceprarlifinoi po6oru 6ytu eraxouani y
eiAuonitHocri Ao rorloxeHb <Kouueuqii Haqiouarruol rpofpaMpr iusopnrarusaqii),
<Konqeuuii Halliona,rruoi iu$opuaqifiuoi uonirrzxrz>>, <Konqenqii rconeepreuqii
rele$ouunx Mepex i rraepex 3 rraKerHolo xovryraqiero B Vxpaiui>, <Crparerii
po3BlrrKy inSopuaqifinoro cycnilrcrna n Yr<paiui>.

Pe:ylrraru AocniANeur 6yno BrrpoBarxeHo y flepxarnolry ui4upraeurcrai
<Hayxonufi IIeHTp ror{Horo uaruuno6y,qyBaHHr) fepxannoro xocnai.rHoro
areHrcrBa Yxpaiura (axr nnpoBaAxeHH, Irs 1 eia 4.04.2018 p.), TOB "Csir-IT", (axr
BrIpoBaAxeHH, J\o 1203-1 eia 12.03.2019 p.), y HaBr{€LrrbHoMy rrpoueci n Kraiacrxolay
uaqiouarbHoMy yuinepcnreri 6ylinuuurna i apxireKrypr4 ([oniaxa npo
BnpoBaAxeHHr eia 08. l1 .2019 p.).

Ouinxa snicry Al{ceprauii, ii' 3aBepueuicru B ui.norvry. flucepraqia
cKJ'IaAa€Trcq :i Bcryuy ra qorr4pbox po3liris. 3arantuuit o6c-f,r po6orra craHoBHTb
147 cropinox, B roMy qrcni 126 cropiuox ocnoBHoro reKcry, 28 pucyuxis ra 16
ra6rHqr Ha 35 cropiuxax. Cnncox Br4KoprrcraH:ax Axepen Haicrum 147
u afi rr,reuynaHb, Br4KJraAe Hr4x rua I 4 crop i H xax.

V ecmyni :4o6ynaueM po3KpIaro sN{icr i uoro.{Hufi craH o6paHoi uayKoBo-
npuKnaAHoi saAa.Ii, IIoKa3aHo if nayxoBo-rrpaKTr4rrHe 3HatreHHq ra o6rpyHToBaHo
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ueo6xiAnictr nponeAeHHq Anceprauifisux AocriAxesr. Taxox y Bcryui uane4eua
3ar€urbHa xapaKTep ucrvKa po6orra.

B nepu,toMy posdini Al4ceprallifiHoi po6orn upoaHani3oBaHo nayxoni
ny6lixaqii sa reNaoro Alrceprarlii s Merorc nu6opy Haupauin AocliAxeuus. Ha ocHosi
anani:y lireparypHl,Ix Axepen :go6ynauevr Br43HaqeHi uenrapiureni rrr4TaHHf,, qxi
crocylorbc{ poan'rsxy aKTyaJrbHHx 3aqav- niAnurueHHq qKocri $yuxqionyBaHHfl
reneKoMynixaqifinrax cl4creM. y peaynrrari ananiey Br4flBJreHo, u1o nafi6ilrruy
e$exruanicrr y uiAelaueuHi qxocri SynxqionyBaHHfl reneKoMynixaqifrnnx u{creM
:a6e:nevye oIITI4MiLrIbHe yupaaninnr MepexHraMr4 pecypcaMr4, .qo flKtrx cnil
ni4uecru: qacrorHi, uaconi, inSopnraqifini, 6y$epni, o6.rncrroeanrHi pecypckt, a
TaKox rpa$ix. Ypaxonyrouu sHa.IHi ni4rr,riunocri uix 3a3HarreHlrMr4 BzAavtLI
MepexHpIx pecypcin, upuuqurl;u- ytpaeriHHq rravtLT Moxyrb icrorHo ei4pi:Hxruca.
OqiHxa qxocri QynxqionyBaHH, reneKoMyHixaqifinoi vrepeNi srasnar{aerbcfl
zazeu\air nopiaHanHrM 3HaqeHb rroKa3Hr4Kio : 4erxr4Mu Aorrycrr.rMr4Mu MexaMr4.
,f,xuo 3HaqeHH, tIoKa3HI,IKa 3HaxoAvrrbcfl B Mexax 3aAaH[x upouixxiB, To sxicrr
TeneKoMyHixaqii BBaxaerbcr sa4oeiJrbHr4M 3a AaHr4M noKa3Hr4KoM.

Aua-rris npoqecy QoprtrynauHx rpaQa nepeHanpaBneHHq rocnyr roKa3aB, ulo
HaAaHH{ nocnyr 3 3aAaHI4M piaueu qxocri MoxJr[Be Jrr{[re B pa3i y:roAxenoi
ssaei\aoAii KoMrIoHeHria uepexenoi inspacrpyKrypu i ropexruocri pirueur cr4creMr4
yupauiuHfl, a BI4Moru Ao AaHpIx npoqecin 3aKnaAeHi Ha erani QopnryaaHHfl SLA.
Pospo6xa uerogin nepenipxra ei4uoni4Hocri scila euNaoraM cneqrasixauii i SLA
Ao3BoJII4Tb ni4nztquru e$exrunHicru rpoqecy HaAaHH{ nocnyr 3a paxyHoK
niAsrqeuHs qxocri Soplayaannr rpaQa repeHanpaBJreHH.rr nocnyrn.

Posurupenux creKTpy, o6crrie i rraerolie HaAaHHf, rrocnyr xisuennu
KOpr4CTyBarraM npr,r3BoAr4Tb Ao snaqHoi :uisz [apaAr.rfMr4 no6yloau
Mynbrrlcepaiculzx Mepex. OAHiero e Hafi6irbrx repcneKraBHprx rexHoJrorifi e qifi
ranysi e rexHonoriq NFV. MapxerzHroei AocniAxeHHr, rrpoBeleni xounauiero HP i
Infonetics rIoKa3€LIIlI, Ir1o upra ii BrrpoBaAxeuui peura6emuicrr HaAaHHfl [ocnyr
uirnuulurbcf, B cepeAHboMy Ha 35-40%. OAnax BrpoBaAxeHH, Aanoi rexuolorii
cynpoBoAxyerbc, icrorHorc gNaiuorc xouqeuqii yupanniHHfl Mepexero i npunqr.rnia
HaAaHH, nocnyr xiuqennu KoptlcryBaqaM. Apxirexrypa MepeNi a IaHoMy Br4naAKy
uoAirqerrcq Ha rpl4 KoMrIoHeHrLl: SierauHe cepeAoBuue nepe4avi, aipryantne
cepeAoBHrle SopNayBaHHfl nocnyr ra cepeAoBuule yupanniHHr i opxecrpoBxu. [ani
KoMIIoHeHTI4 € rloB's3antvttvtu i sl,riHra oaniei 3 HHx BeAyrb Ao 3HaqHoi uo4u$ixaqii
npoqecy HaAaHHfl nocnyr i, xx npanvJro, Ao AerpaAarril nocnyru.

B dpyzouy posdini AocriAxeHo, Ir1o npo6neua oqiuronauH, rrapaMerpia sxocri
SynxqiouyBaHH.tl reneKoMynixauiftnux cr4creM Hocr4Tb .rirxo anpaxeuufi
cmamucmurauuil xapaKmep i posa'xry€Tbcq MeroAaMr4 reopii ftuonipHocri i reopii
crarr4crlrr{Hr.rx pi ruenr.

llpoqecra [poeKTyBaHtfl, nraupo6ynaHH, Ta excnnyaraqii cKnaAHrx
reneKoMynixaqifiHux crlcreM uos'qsaHi : o6po6xoro BeJrr4Ktrx MacHBin insoprtaauii
rpo rapaMerpl4 f,K cl4creMz e qiroN{y, TaK i ii eyaniB ra KoMnoHeHris. Ilporxrou
Bcboro xllrr€Boro IILIKIy raKux cr4creM Heo6xiAno aHpiuryBarLr BenrzKy xi,rrxicrr,
onruNaigaqiftnrax 3a1aLt. MeroAonoriq ouiHrosauHs napatrerpin qKocri



Atrs uiAsllueHus eSexurnuocri npoqecie HaAaHHs nocnyr neo6xilno
1ygyvaru ra BrlpoBaAxyBarkr uepexi : uigrpraMKoro rexnororii aipryani:auii
MepexeBl,Ix Syuxqifi (Network Function Virtualization,l!-FV). 3asAqxra roMy, rqo
rexHorloris NFV Ao3Bonr€ rporpaMHo peanisynarrz ruupoxuft ua6ip Syuxqifi i
uocnyr, xri Ha cboro4nirunifi AeHb HaAarorbc, Jrpr[re MepexeBr,rna o6laAuaHHf,M
pearisonauuu anaparHo (uepexeei erpaura, [pr4Kop.qonni Mapupyrkr3aropkr,
KoMyraropl4, cepBeplz Aocryrry ra inrui) y srarr.sAi ni4rpuroro rporpaMHoro
sa6esneqeHHq. Taxuru qrIHoM, 3 BHKopr4craHHrM rexHoJrorii NFV ly1;-rtxwfi evl
nocnyru Moxe 6yrw oneparl4BHo BrlpoBaAxesuir i rua11asnfi xinqenovry
KoprrcryBa.reei n norpi6nufi \ac 3 3araHr4M pinnerra sxocri.

Touy Al4cepraqifiHa po6ora, ,Ka [pr4cB.rrqeHa BAocKoHiureHHro icHyrovux ra
pospo6qi HoBI4x trloAelefi i l,re:rolie QopvrynaHHr ra HaAaHH, KoMrrJreKCHr.rx [ocnyr B

Mepexax s ui4rpl4MKolo SyHr<uifi eipryani:aqii, ui4auuleuuro qxocri

SyuxqiouyBaHHq reneKoMyuiraqifiunx cncreM i laepex :e'rsxy € aKryanbHoro,
4oqimHoro, uayxoni po:po6rcn qroi crpz-srorb peani:auii xonuenqii po3Br4rKy
reneKoMyniraqifinoi rany:i Yxpainu, npucKopeHHro piurenr eaxrasoi za1a'ai
inQopvrarn:aqii AepxaBlr.

Bianosianicru reMI{ i ruricry gucepraqii racropry cueuia.nunocri, 3a

flKorc BoHa rIoAaHa Ha 3axl{cr. Teua 4ucepraqii Ta iT sNaicr ni4toni4arorr
HarpqMKy AocliAxesr n.5 racropry cneqianruocri 05.12.02 - reJreKouyuixaqifiHi
cHcreMH ra rraepexi.

3s'qgoK Alrceprallifiuoi po6oru r npiopurerHrrMr{ HarrprMKaMrr po3Br{Tr(y
HayKIr i rexuircu, AepxaBHHMrr qu raJry3eBrrMr.r HayKoBnMrr rrporpaMaMu.

Teoperuvni i upaxrz.rHi roJroxeHHfl rr4cepraqiftnoi po6orra 6ytu azxonaui y
ni4noni4nocri Ao rloJloxeHb <Kouuenuii Hauiona-urHoi nporpaMr4 insoprtrarn:aqii>,
<Konuenuii uaqioua.nruoT iusoprtaaqifinoi uoniruxn>>, <KoHqeuuii rconeepreuqii
releSoHHtlx Mepex i urepex 3 rraxerHolo xoivryraqiero B Yxpaiui>, <Crparerii
po3Br4rKy iu$opuaqifiHoro cyclilrcrna n Yxpaini>.

Pe:ylrrara AocriAxeur 6yno BrrpoBaAxeHo y lepxanHouy ui4npraenacrai
<Hayxonufi IIeHTp rotlHoro uauruso6yAyBaHHr) flepNannoro xocuiqHoro
areHrcrBa Vxpaiuu (axr nnpoBaAxeHH.s J\rs I eia 4.04.2018 p.), TOB "Cair-IT", (arr
BrIpoBaAxeHHfl J\b 1203-1 sia 12.03.2019 p.), y HaBq€LrrbHoMy rpoqeci s KHincrxolay
uaqiouanbHoMy yuiaepcnreri 6ylienzuraa i apxireKrypr ([oniaxa npo
BrrpoBaAxeHHn sia 08.11.2019 p.).

Ouiurca rvricry Auceprar.tii, iT 3aBepueuicru B qi.norvry. lHcepraqia
cKnaAaerrcq si Bcryly ra r{or[pbox po3Ainis. 3aran:.;auit o6cqr po6ora craHoBtrrb
147 wopiHox, B roMy.IHcJri 126 nopisox ocsoBHoro reKcry,28 pracynxis ra 16
ra6nzqr Ha 35 cropiHxax. Cnucox Br4Kopr{craHr4x Axepen uicruru 147
uafiueuynaHb, Br4KJraAeHr4x ua 14 cropiuxax.

V ecmyni :4o6ynaueM po3Kpraro sN{icr i noro.ruufi crau o6paHoi uayKoBo-
rrpl4KnaAHoi saAa.{i, rloKa3aHo ii nayxoBo-npaKTr4r{He 3HarreHH-rr ra o6rpyHToBaHo



Heo6xiAHicrr nponeAeHHfl Ar4ceprarlifiurax .qocniAxeHr. Taxox y Bcryni uane4eua

3ar€LrrbHa xapaKTepucrr4Ka po6orra.

B nepruo^4y posdini Araceprarrifinoi po6orra upoauani3oBaHo nayxori
uy6lixaqil sa reNaoro Ar4ceprarlii: Meroro nu6opy uanpxnin AocliANeHuq. Ha ocuosi
ana-rrisy nireparypHnx Axepen :4o6yBar{eM BI43Har{eHi HenupiureHi ilktraHHfl, sxi
croayrorbc, posn'rsxy aKryarrbHr4x 3aAaq niAsHrIeHHq sxocri SyuruionyBaHHfl
reneKoMyHixaqifinnx crcreM. y pe:yrrrari ana-ui:y BI4qBJIeHo, rlo nafi6inuuy
eSerrunnict y niAelrueHHi qrocri SynxuionyBaHHr reneKoMynirauifiHlrx cucreM

:a6e:ne.rye orrrr4MzurbHe ynpauiHHx MepexHr,rMrr pecypcaMI4, Ao flKl4x cnil
ni4uecru: uacrorui, uaconi, inQopnaaqifini, 6y$epHi, o6qucmoeanrHi pecypcl4, a

raKox rpa$ix. Ypaxonyrouu sHaqHi silN,riHHocri nix 3a3HaqeHuMrr B:n!.alr,la

MepexHr4x pecypcin, npuurlvlrtu ytpaBriHHg Hr4Mu Moxyrb icrorno ni4pi:urrracx.
OrIiHxa sxocri SyuxqionyBaHHr reneKoMyuixauifinoi l,repexi elagHaLlaerbc,

sazsu'tair uopieuxHHtrM 3HaqeHb uoxa:Huxis 3 AeqKHMH Ao[ycrtruktur4 MexaMH.

,flxruo 3Har{eHH{ rroKa3Hr4Ka 3HaxoArTbcfl, B Mexax 3aAaHI4x upouixxiB, To qxicrr
TeneKoMyn i rcaqii BBaxaerbcq saAoni JIbHI4M 3a AaHI4M IIoKa3HI,IKoM.

Ananis rpouecy $opvryaaHur rpa$a repeHarpaBneHHq nocnyr rIoKa3aB, ulo
HaraHH, [ocnyr 3 3aAaHuM pianeu qxocri MoxJrHBe JrH[Ie B pa:i y:ro4xeuoi
esaeNaoAil KoMrroHeHrie uepexenoi in$pacrpyKrypz i xopexrHocri piruenr ctrcreMl4
ynpaalinHfl, a Br4MorH Ao AaH[x upoqecin 3aKnaAeHi Ha erani QoprtrynaHHfl SLA.
Pospo6ra MeroAis nepenipxu eiAnoeitHocri sciNa BLIMoTaM cneqnSixaqii i SLA
Ao3Bonr{Tb niAazruurt,t e$errrnuicrr [pouecy HaAaHHq rocnyr 3a paxyHoK

niAeraulenHq qxocri Sopuyranur rpa$a repeHanpaBneHH, rlocnyrl4.
Poaurupeuu.a crreKrpy, o6cqrie i NaeroAis HaAaHHq rlocnyr xiHuestaN{

KopucryBaqaM [pr43BoAr4Tb Ao sHa.{Hoi :lainu [apaAI4rMI4 no6yloeu
Mynbrr4oepnicHrax Mepex. Oaniero : uafi6inbu [epcileKTI4BHpIx rexHoJlorifi s qifi
rany:i e rexHoJroriq NFV. MapxerraHrosi AocnilxeHHt, rlpoBeleui xounauiero HP i

Infonetics roKa3arr{, ulo npr if BnpoBaAxenni peura6ersuicrb HaAaHHfl rocnyr
nirsnrrlurbcf, B cepeAHboMy Ha 35-40%. OAnax BrrpoBaAXeHH, Aanoi rexsororii
cynpoBoAxyerbcq icroruoro :uisoro xosueuqii yupanniHH, Mepexerc i upuHuauin
HaAaHHfl rrocnyr rciHrlesllN,r Kopr4cryBar-raM. Apxirexrypa MepeNi e AaHoMy BpInaAKy

uoAirqerrcq Ha rplr KoMnoHeHrpr: $isravne cepeAoBI4IrIe uepe4aui, eiprya,rrne
cepeAoBr,uqe SopuyBaHHfl rrocnyr ra cepeAoBprrqe yupanniunr i opxecrpoBl(fl. laHi
KoMnoHeHTr4 € rroB's3aswrvrut i sNaiHra oauiei 3 Hlrx BeAyrb Ao 3Har{Hoi rtro4rz$ixauii
rpoqecy HaAaHHq rocnyr i, xx npau4Jlo, Ao AefpaAauii uocnyrra.

B dpyzouy pozdini AocniAxeHo, rqo npo6nerura oqiHroeauH, rlapaMerpin sxocri

QyuxqionyBaHHfl TeneKoMynixaqifinrax cucreM Hocr,rrb qirxo nupaxenrafi

cmamucmuuuuil xapaKmep i poaa'r:y€rbcq MeroAaMr4 reopii ftuoeipHocri i reopii
crarrrcrrrrlHr4x p i ruenr.

flpoqecu [poeKryBaHHfl,, nuupo6ynaHHf, Ta ercnnyaraqii cKJIaAHrx

TeneKoMyHixaqifinux cr4creM nos'qgaHi : o6po6xoro BenuKrx MacHBin iuQopuauii
rpo rapaMerpr4 f,K cHcreMU s rriroN{y, rax i if ey:niB ra KoMuoneHrie. Ilporrrovt
Bcboro xrrrr€Bofo ur4Kny raKlrx cncreM Heo6xiAno nupiruyBarpl BenrKy rciltxicrr
onruN4isaqifiHnx 3aAar{. MeroAonoriq oqiuronauus napauerpin qxocri



$yuxqiouyBaHHf, reneKoMynixaqiftnux clrcreM rpyHryerbcq Ha pe3ynbrarax
nuvripronaHb ra eKcrleprHux oIliHxax, ,Kt4M rrpraTaMaHni upunqunoei HeAolixH, rt1o

tlpH3BoAqrb Ao 3HI,IxeHHfl pinnx sxocri HaAaHH, reneKoMyuixaUifturax [ocnyr.
OaHiero 3 BI,IMor 4o apxireKrypr4 NFV e ycnarKyBaHH, ncix Qynxuiosalrunx

MoxJlHBocrefi Mynbrl4cepaicurax Mepex. Tarula qr{HoM, rrpn 3acrocyBanni NFV
TexHoJlorifi cepnicu xinqesoro KopucryBaqa [oBuHui nepegaBarvcfl 3 rapaHToBaHHM
pinHerra axocti, He Huxr{e, nix y rparr4rliftnrax Mynbrr4cepeicnax rraepexax. [nr
opranisaqii ra HaAaHHf, sxicunx cepnicin BlrKopucroByrorbcfl raxi vrepexeni
no;riruxu, qx Diffserv, IntServ, Traffic Shaping & Policing, uexaui3Mr rrrraHyBaHH,
ta 6atascyBaHHq. B qrouy BI,IIaAKy, AJu orrrr4M€urbHoro po:no4iny HaBaHTaxeHHq
xoNauoHenris cI4creMI4 MANO Heo6xiAna in$opvraqir rpo KoxHoro
o6'{HcrroBaJlbHoro By3JIa, gunauixa sNainn fioro uapavrerpin B :alexHoc'ri sia
HaBaHTaxeHHr, uro HaAxo lLrrb, i vacy o6cnyronyBaHHr.

Anani: oco6rueocreir cwcreMr4 MANO i NFVC, NFVM ua pi:Hrax erarrax
xrITT€Boro III4Kny cepnicy rIoKa3aB, rqo rr4Mr{acoBi roxasHraxu xrocri, raxi flK
3arpHMKa i ii napiaqii, uac ni4ryxy Malorb Kpr,rrr4rrHr4fi snrrs ua piaeur uaAauoi
sxocri o6cnyronyBaHHr. BilsHa.{eHo, rqo ananis i uoAenroBaHH, noKzrHtrKie AaHoro
Tr4ny e AocHTb rpyaornlicTKr4M 3aBAaHHrM.

lnx nro4eJlloBaHHfl Ausauiru MepexeBlrx xapaKTepucrrrK B rrpoueci HaAaHnq
cepnicia rcinqeazu croxuBaqaM 3alponoHoBaHo 3acrocoByBaru reopiro uepeNeBoro
o6'rHcreuuq. Teopir MepexeBoro o6.rucneHHfl Ao3Bonfle onepyBaril flK ToqHlrMr,r
3HarIeHHrMI4 MepexeBl4x xapaKTepvcrLrn, rax i Btr3Haqara ix uoporoei 3HaqeHHq.
Iloai6nafi nitxia Ao3Bonfl€ po3paxoByBartt noporoni roKa3HlrKu qxocri HaILaHHfl
cepaicin i siAcrexyBarv 4anaruixy AerpaAarlii sr<ocri.

Tpemiu posdin rrpl4cBqrleHo anani:y noxa:HHxis qxocri KoMrri'reKcHr4x
cepnicin, ruo HaAarcmcr xiuqeBl4M KopHCryBaqaM ra xapaKTepr,r3yrorbcfl 3HaqeHHf,M

Qyuxqii e$exruauocri. 3 ror{Ka 3opy Kopr4cryBaqa .{yxe BaxrruBoro
xapaKrepl4crl'IKoro e AocrynHicrr cepnicy, uo xapaKrepn3ye :Aarsicrr naepexenoi
in$pacrpyKryp14 KopeKrHe HaAaHH, cepnicy rpH scix MoxJrr4Br4x MepexeBHx
o6MexeHHqx. locryunicrr xapaKTepu3y€Tbcs aiAnoureHn-rNa r{acy, KoJr}r cepeic
nepe6ynae B craHi roronuocri Ao BuKopprcraHHq Ao 3araJrbHoro Lracy, [porf,roM
{Koro ni46yaarorbc, BprMipronaHna.

Tax sr 4ocryunict i uaAiftnicm e firr,ronipuocr{Mr4 BrrHr4KHeHHq nesHoi
nolii, To MeroAlrxa ix o6.rNcreHH, aHzuroriqna.

Taxurra qpIHoM, Maloqu iu$oprtraqiro npo [oKa3HHKu rxocri, a raKox crleuapii
BKrloqeHH, oKpeMI4x cepniciB B KoMrr,rexcuufi, MoxHa Bt3*a.turkt iurerpa,rrulrfi
IIoKa3HLtK QoSi", gnr 6y4r-sKoro KoMrrJreKcHoro cepnicy.

flpone4euo ananis ouinxr.r norcasHHxis sxocri KoMrrJreKcHax cepnicia,
3acHoBaHwfi ua in@oprtrallii npo rroKa3Hr4Kr.r sxocri aroMapHr{x cepnicia. Po:po6neni
MareMarl4uni Qopvrali:ua, u1o Ao3Borqrorb oqiuura BnJrr4B aroMapHr4x cepeicin ua
cyuapunfr IroKa3HrIK sxocri pe3ynbryroqoro KoMrrJreKcHoro cepeicy n pasi pi:uux
cqeuapiin BKJrlor{e H Hx i nHxop prc,T aH:afl aroMapHr.rx.

Ytrocxou€L[eHo MeroA Qopuynannx KoMrrJreKcHLrx cepnicin, uo Ao3Bonre
4Iauaruivuo QopnayBarv cKnaA KoMlneKcHoro cepnicy rurqxoM cBoeqacHoi :auinu
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a6o AoAaBaHH.tI aroMapHzx cepeicin. Po:po6nenufi MeroA Ao3Bonf,e
BlIKopI4croByBarI,I xilrxa i4eurauHux aroMapHnx cepnicin Anfl AocflrHeHH,
Heo6xi4noro piru-a sxocri o6cryronyBaHHfl.3acrocyaaHHrAaHoro MeroAy Ao3Bon{e
sa6esne'Iuru neo6xiaHi roKa3HHKz rrpoAyKrueHocri 3arrr,rryBaHoro cepnicy.y Hemqepmowy posdini [oKa3aHo, uo [pouec HaAaHH, nocnyrn
xapalCep[3yerbc, HacryrIHI4Ma B3aeMorisuu: c[oxr4Baq cepricy 3ailurye neesnft
Ha6ip rocrlyr, aani NFV I(oHrponep, Ha uiAcrani iuSopnaaqii npo roror{Hy xi6xicrr
rocnyr i ix r,ticqesHaxoAxeHH.a, Sopnaye ni4uonigr, n {KoMy BKa3ye lani rilfl
Aocryrly Ao rlocnyru. Y pasi nnpoBaAxeHHf, sonoi nocnyrr4 nocraqulnbHraK cepnicy
rlepeAa€ iH$opvraqiro upo uei xourponepy, sxuir B cBoro .{epry 3aHoctrrb 4uri npo
rrocnyry Ao peecrpy cepnicin.

3pocraun, [onynf,pnocri rocnyrr4, po3TauoBauol sa eiAAareHouy cepnepi,rlacro tIpI'I3BoAHTb Ao 3Hr4xeHH, pinnx iT qxocri. 3uuxesur pinur srocri
o6yuonleHo rIepeBaHTaxeHHrM KaH€urin u'asxy, 3arpuMKaMr4 B trpoqeci o6po6xu i
HaAaHHf, rlocnyrl4. 36inuueHs.s xilrxocri sanarin npu:noAarb Ao nepeBaHTaxeHHfl
cepBepa i suHIaxHeHH, ni4rraon a o6cryronyaauui, a, orxe, i :rrleHueHua piaHr
AocryrrHocri nocryru.

Torr'ty 6yno po:po6neHo crpareriro penniraqii, xxa Ao3Borrf,e BpaxoByBarr4
BI4MorH r(opucryBaqis i :a6e:neuyBarr4 rHy,txufi nepepo3rrogin pennix niAuosiAHo
4o pinnr ixnroi ronynflpHocri i rororrHr4x xapaKTepr{crrrK l,repexi (:anauraxenicrrc
cepeepin i xaHanie nepe4aui 4aHrax).

(DopuynaHHq Heo6xianoi rirrxocri penrix B rroK€urbHoMy Qparnenri naepeNi
rIpH3BoII{Tb Ao cKoporleHux cnyN6oBoro rpa$ixy, a raKox 3Hr4xye HaBaHraxeHHfl
Ha uepeNeni eneMeHTI4. Taxox, crBopeHHq AoAarKonoi pennixu upw loxanlHifi
penlixaqii ro3Bonre ui4nuuluru 4ocryuuicrr i npo4yxrzeHicrn 3a,rratryBaHoro
cepaicy, urJr{xoM rrepepo3no4iny sauzrie rr,rix pennixaupr.

lracrauqifina penlixaqir uepe46avae SopuynaHua xouifi rocnyrrz ra ix
rlepeHeceHH{ B rofi @parMeHr uepexi, ae if rorynrpHicrr sucoxa. Heo6xi4uic6 y
nalyveuifi peunixauii sIaHIaKae B roMy BHrraAKy, KoJur xinrxicrr sauurie s olHiei
Air-sHru vrepexi Ao rleBHoro siAAaneHoro pecypcy 3Har{Ho 3pocre. Touy, 3 Meroro
3MeHIIIeHux rpa$ixy [epeAaHoro Mepexelo, a raKox cKopoqeHHfl Lracy Aocryny Ao
pecypcy, 3anycKaerbcr rpouec pennixaqii.

B AaHoMy poe4ini lpone4euufi auanis icuyrounx uero4in ui4nurqeHur
AocryrlHocri cepnicin, nusHaueHo, tqo penniraqiq e oAHula s Haft6ilrur e0errrrBHnx
uerogin iT ni4nurqeHux. 3acrocyeaHH{ AaHoro MeroAy Ao3Bonr€ niAera1quru
4ocrynuicrr i upo4yxrueHicrr cepaicin, a raxox norinruuru uacurra6osaHicrr
reorpa$ivHo po3noAineuoi Mynbrac epei cHoi l,repexi .

Pospo6neno MeroA rIaHanai.{Hoi pennixaqii, sxuit Ao3BoJrre uiAerauuru
4ocryuHicrr rocJlyr s NFV Mepexax, B pa3i 3pocraHHs ixnroi rorynf,pHocri.
3acrocynaHHfl MeroAy nepe46auae MoxJrr4eicrr Br4KoHaHH, ABox enAie peu,rixauii:
loxalruoi i ni44aneHoi. OcHonHI4N{Ia perynflTopaMz €lJrropuTMy graHarn{i.{Hoi
penrixaqii aucrynarorb uopir peurixaqii i nopir BHAaJreHHr.



Y eucuoeKax BVKItaAeHo Hafieaxruairui nayxosi ra npaKTr4rrHi pe:ynrrarn
Arrceprarliff uoro AocniANennq.

Cnucorc GuKopucmqHux dcrcepea cKJraAaerbcf, 3 140 safiyteHyBaHb Hayxonoi
ni:reparypa no rerrai 4ncepraqii.

fodamrcu Naicrqrr aKTI,t BrIpoBaAxeHb pe3ynrraris Ar4ceprauifiuoi po6orn, xri
ni4rnep.uxyrorb [paKTLIqHe Bl4Kopr4craHHfl orpr4MaHprx aBTopoM pe:ynmarin Ha
n i4npraerracrBax, Ha {Kr{x BrrpoBaAx y Bailvrc fl pe3ynbraru Aocr iAxeH b.

Cralr BLIKJIaAeHH, rtaarepiany 4ucepraqii :a6esne.rye AocryrHicrr fioro
cnpufiu.arrq i aiAuonilae icnyrouarvr BprMoraM Ao HayKoBrrx flparlb.

Hayrcona HoBH3Ha oAep?KaHr{x pery.nrrarin [oJrsra€ B ToMy, uo B

4ucepraqii:
- pospo6JleHo MeroA ArHanai.IHoi pennixaqii cepnicis s Mepexax : uigrpraMKoro
Oyuxuifi nipryanisaqil uepexeBr,rx pecypcir, srcufi 3a paxyHoK BuKoprcraHHf, reopii
MepexeBoro o6qzcrenHq Ao3Bonte niAsuu1rru 4ocrynuicrr i eSexrusHic6
HaAaHHf, cepeicin 3a paxyHoK cBoeqacHoro SoplrynaHtfl, Bwil€ureHH, xouifi pi:uux
ruuis cepnicin i ix paqioH€urbHoro po:no4iny uiN Sparuenraun uepexi.
- yAocKoH€LleHo MeroA Sopuynau:nfl Ta ynpaeninH{ cKJraIoM KoMrrJreKcHHx cepeicin
B Mepexax : ni4rpuMKoro Qynxqifi nipryanisaqii runqxoM ypaxyBaHH, rroroqHoro
craHy pecypcin rurepexi uiA qac QopnynanHq i ynpauinH, cKnaAov cepeicin, rqo
Ao3Bon{e sa6esne'{uru ueo6xilnufr pinenr qxocri o6cnyronyBaHHfl y ei4noni.qHocri
Ao rroroAxeHoro AoroBopy upo axicru o6clyroByBaHHf,;
- yAocKoHa-[eHo MeroA 6atarucyaaHtfl. HaBaHTaxeHH, B uepexi : nigrpzMKoro
niprya-rrisaqii uepexeBl{x pecypcin 3a paxyHoK paHxyBaHHr cepnicin uo sxocri ix
HaAaHHfl ra neo6xianifi uponycxuifi 3larHocri ra nocli4onuoro repepo3ro4iny
Haf,BHlIx sirruux MepexeBl4x pecypciB, rrlo Ao3BoJr{e Ha ocHoBi anani:y rroror{Horo
HaBaHraxeHH, ,K Ha eipryanury, rax i na Si:ar{Hy cKnaAoBy Mynrrucepnicuoi
vrepexi ga6e:ue'{url4 zagaruufi pinenr sxocri o6cnyroayBaHH.rr 3 MeHtuprMu
HaKnaAHr4MH BprTpaTaMH.

- ua6yn rIoA€LJIbIxoro po3Bl4rr(y MeroA 4nuauiunoro po:uo4ily nponycxnoi
3AarHocri xananis uepe4avi laH:ax y I.[FV Mepexax, rqo 6a-:yerbc, Ha npHHrI vilax
posuogineHHf, ganlEruxosoi npouycxnoi cupoMoxuocri. 3acrocynaH:afl AaHoro
MeTOAy AO3BOnf,e yHLIKHyTI4 IOBHOTO 3aBaHTaXeHHf, Ta [epeBaHTaXeHH, KaH€Lny
uepe4aui.

lf parrnuna qinnicrb Hayr(oBr{x pe3yrsraris A}rceprarlifi noi po6oru.
Orpunaaui y aucepraqifiHifi po6ori uayxoni pe3ynbrarr4 € MeroAonori.{Horo

6asoro Ant po3po6xu i nnponaAxeHHfl e$exrunuux iucrpyMeHrzlnbHr4x 3aco6in y
nnux4i [porpaMHwx a6o [porpaMHo-araparHr4x MoAynie oqinroBaH, napanaerpia
qxocri SyuxqionyBaHH, reneroMyHixaqifiHax cucreM i vepeN 3t'l3Ky, sxi uarorr
ni4nzrqeuy oneparuBuictr, aAa[ToBauicrr Ao yMoB 3acrocyBaHHr, ro3Bonf,rorb
peaniaynaru ix i: sacrocyBaHH.,rM rexHoJrorifi aagnucoKoro cryreHf, iHrerpaqii.

Honu:Ha HayrcoBnx rroJroxeHb, nucuosrcin ra pemoMeHAauifi,
cQopurylboBaHlrx y Arlcepraqii, ni4rnep.uxyerbcfl ni4cyrnicto y ai4xprarifi npeci
aHarori.rHlrx uilxoAie.
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Cryuinr o6rpynronauocri Hayr(oBr{x rroJro?KeHb, sucHosKis ra
pel(oMeHlaqifi, cQopnry.nboBaHI{x y qucepraqii. Hayxoai roJroxeHHfl, ulo
o4epxani :4o6yna.reM ra BuHocqrbefl Ha 3axucr, y AocrarHifi uipi o6rpynronani. L{e
ni4rnepAxyerbc, KopeKrHr4M Br4Kopr4craHHrM ocHoBHlrx rroJroxeHr reopir MacoBoro
o6cnyronyBaHH, ra reopix rpa$in, MeroAie irnliraqiftnoro MoAenroB aHHfl ra
M areMarr4quoi crarl4cru Kr4.

[ocronipuicru oaHoBHI{x HayKoBrrx pe3ynbrarin, encHosxin i pexoueuaaqifi
ui4rneplxyerbc-s cuienaAiHHrM Teoperrrr{Hrrx pe3ynbrarin, pe:ylrrarie quaerbHux
eKcleprlMeHris: ni4ounuu eKc[epr4MeHTiurbHr4M:z 1aHr4l,ru iuurux AoclilNeur.

Mox.nuni rurqxu BI{KopucraHHq pe:y.rrrrarin Arrceprauifiuux
Aoc.niAxceun. Orprauani n po6ori Hosi reoperzvui roJroxeHH, Aouilrso
BuKopllcroByBarl4 B HayKoBr4x AocniAxeHHrx, [paKTVqHr4x po:po6xax i
HaBqarbHoMy npoqeci HayKoBo-AocliAuzx opraui:aUifi ra Br.rtqr4x yu6oaHx
3aKJraAax, [oB'fl3aHrzx ig rrurraHHrM]r reJreKoMyuixauift .

Ouinrca BHcHoBKin :go6ynaqa uroAo 3Haqyruocri fioro npaui g.nn uayrcu fi
rIpaI(TI{KH. Ilpoee4eHufi asari: NaeroAie Qoprrynanur KoMrrJreKcHr4x cepnicie
rIoKa3aB urrapoxi Hloxlunocri B ynpauinni pinHerra sxocri o6cnyroayBaHH, 3a
paxyHoK :tuiuu cKnaAy KoMrIneKcHnx cepBicis. ToNay 6ylo yAocKoHaJreHo MeroA

Sopuynannx ra yupauiuur cKnaAoM KoMrrJreKcHr,rx cepeicia B Mepexax 3

ni4rplanrxoro Qynxqifi niprya,risauii rrrJrrxoM ypaxyBaHH, rroror{Horo craHy pecypcin
uepexi nia qac Soprnryeannr i yupanniuu-a cKnaAoM cepeicin, uo Ao3BoJrfl€
sa6esne'{I4ru Heo6xi4nrafr pinenr qxocri o6cnyronyBaHH, y siAnosiAHocri Ao
IlororxeHoro AoroBopy [po sxicrr o6clyroeyBaHHr.

Y 4IzcepraqifiHifi po6ori 3arrponoHoBaHo aupirueun, aKryzubHoro HayKoBo-
rlpI4KnaAHoFo 3aBAaHHfl,, rKe rroJrf,rae B yAocKoHarreuni uexaui:lais ga6e:neqeHH,
ueo6xiAHoro piaur qxocri o6cryronyBaHH, B MynbrnCepnicnnx Mepexax 3

ni4rpuvrxoro nipryanisaqii MepexeBux Syuxqifr .

floBuora BlIKJraAy pe3yJlbrarin 4uceprauii n ony6.niKoBaHr{x npaqrx. Bci
[oJroxeHHr, uo Bl4Hocqrbcfl Ha 3axr4cr, AocrarHbo ony6nixosaHi y cneqia;risoeanzx
Saxoaux BuAaHHrx Yxpainrz ra y BuAaHHflx, xxi axrroqeHi Ao rraixnapoguax
HayKoMerplrr{Hl4x 6as i lpofiurnra anpo6aqiro uil vac xon$epeuqifi ra cetriuapie.
OuroeHi pe3ynbrarl4 Al4ceprauifinoi po6orra ouy6nixonani n 4en'rrrz HayKoBrrx
crarrqx. 3 HLIx siciNa HayKoBI4x crarefr ony6niroBaHo B HayKoBr,rx Saxoenx
BaAaHHrx Vxpaina ra oAHa crarrfl y :apy6ixHoMy $axonouy B:aAaHHi. Marepianz
Azceprallifiuerx AocliAxeur ony6nixoBaHo y [recrr.r :6ipnaxax sir.{usHqHax ra
uixuapoAuax HayKoBo-rexniqsax xouQepenqiil, B roMy qrzcli i4 ny6nixaqii,
upoiu4excosaHi y HayKo Merpr4r{Hux 6a:ax IEEExplore ra SCOPUS. Kinsxicrb ra
xxicrr uy6nixaqift pesynrrarin po6orz sinuoeiAae BHMoraM BAK Yrpainu Ao
KaHAHAarcbKr4x 4ucepraqifi .

Oqinra siAnosilHocri gucepraqii BcraHoBJreHtrM BHMoraM BAK
Yrpainu. ,{ucepraqiq e 3aBeprueHoro xnaniSixauifinoro po6ororo, Hricrars
orplrrr,raHi aBropoM noai HayKoBo o6rpynroeaHi pe3ynbrarr4, qxi y cyxynuocri
Ao3Bonffort sa6e:neql4rl4 crBopeHHs uexaui:Mie sa6e3rer{eHH, neo6xiluoro pieux
qxocri o6cnyrooyBaHH, B Mynbrncepnicuux Mepexax : ni4rpuvxoro aipryani:aqii



MepexeBlrx QyHxrrifi 3a paxyHox yAocKoHaneHH, trroAerefi i laeroAin aua;ri:y,

SopuynaHHr ra HaAaHHfl cepnicin.
3aynaxeHHfl rrloAo Arrceprarlii:
l. B nepruorray pos4ini 4racepraqifinoi po6orra Br43Har{eHo, rlo uepexeni

cepnicu Moxyrb 6yrw pos4ineui Ha rpr4 ocHoeHi rpyur4: rrpr{BarHufi rraepexesuiL
cepnic; MepexeBr4fi cepnic 3ar€LrrbHoro Aocryuy; ri6pup.ruir MepexeBl4fi cepeic,
oAHaK Aer€LnbHo ortuca:auit rirsxu uepurufi.

2. florpe6y€ yror{Herurur, xxvtit caMe rprarepifi B}rKopr4croByBaBct aBTopoM rn.a

Qopuyeanur piruenHx rpo ueo6xiAnicrr pennixaqii rocnyrr4 Anfl cepnepin 3

ui4rpnlaxoro penni Karlii OPERA.
3. B rexcri 4ucepraqii npncyrHfl HaqsHicrr pocificsr<oi uonu, Harrpr4Knar, pve.

4.4.
4. HaseAeHi s Araceprauii pr4cyHKa po:po6neHux MoAe reit ra naeroAis He .{irxo

siAuoeiAalorb HaBeAeHoMy MareMarzr{HoMy ailapary .

5. 3 rexcry Ar4cepraqii ne epo:yrrairo, 3a flKr4M rpaBunoM o6wpatuca xpurepii
penniraqii y upoqeci $oprr,ryBaHHq crparerii peunixaqii.

3asHa.{eHi neAonixr4 He e cyrreBttuur, n qirortry He 3MeHrrryrorb BucoKoro
HayKoBoro piaHr Ar{ceprarlii ra orpraMaHr4x s Hifi npaKTuarHr4x pe3ynbrarie, a roMy
ix Haqeuicrb He BrrJrHBae Ha 3ar€urbtwit r.ozurue:g.uit BLtcHoBoK no Allceprauii.

BLICHOBOK:

flucepraqifiua po6ora Myxi-A.naiu XaccaHa MoxaMeAa :a csoiN,I sN,IicroNa i
orpuMaHr.rMr4 pe3ynbraraMr4 niAnosiAae racropry cuerrianrsocri 05.12.02
reneKoMynixaqifiHi cr4creMr{ ra uepeNi. {raceprauir € 3aBeprxeHo}o HayKoBoro
po6ororo Ha aKry€LnbHy reMy, uicrurr HayKoBo o6rpyuronaui reoperzuui
pe3ynbraru i noroxeHHfl, i ceiAqurb rrpo oco6ucrufi euecorc:4o6ynaua e Hayxy. B
Ar4ceprarliftnifi po6ori orprl,raui Hoei HayKoBo o6rpyn:ronaui po:po6xu n rany:i
TeneKoMynixaqifi, llo sa6e:[eqyrorb posn'xsaunr saxrranoi HayKoBo-nprarna4noi
zagaui, rqo rronf,rae y ngocxouareuui icuyrouux ra po:po6qi HoBI4x ntoAenefi i
MeroAis SopuynaHHfl ra HaAaHHr KoMrrJreKcHr4x rrocJryr B Mepexax : ui4rpzuxoro
Synxqifi nipryanisauii, ulo Ao3Bonf,mr paqiou€LrrbHo Br4Kopr{croByBaru nrepexeni
pecypcr4 siAuosiAHo 3 rroror{Hr4M craHoM Mepexi i suNaor Kopr{cryBa.{is uoro qxocri
o6cnyronyBaHHf,, a orxe Auceprauifina po6ora <Moleni ra MeroAu :a6e:neqeHHq
qxoc'ri o6cnyronyBaHH, y Mepexax : uigrprzMKolo $yHxqifi niprya;ri:aqii>, sa csoiNa

:uicrov e gaxiHqeHr4M HayKoBHM AocniAxeHHflM, y ,KoMy orpurtaaui nori nayxoni
pe3ynbrarr4, qKi Moxyrb 6ytu Br4Kopr,rcraHi qr HayKoBo-MeroAurrHa 6aza Als
roAaJrbrxr4x AocriAxesr QynxqionyBaHHfl i HaAaHHs cepnicin y pi:nzx rl4rlax
po:uo4ineHr4x Mepex, ruo SynxuioHyrorb Ha ocHoBi rcouueuqii NFV: niA qac

po:po6xra, uigrpunxH, [poeKryBaHHfl i enpoaa4xeHH.f, pi:Hrax KoHBepreHrHI,Ix

Mynbrr4cepnicnux Mepex, 3acHoBaHlrx Ha xMapHoMy nigxogi.
flracepraqifiua po6ora Br4KoHaHa Ha BrrcoKoMy HayKoBoMy piani, niAnosiAae

BHMoraM il. 9, 11 <llopr4xy rpr4cyAxeHHq HayKoBr4x cryueHie>) 3arBepAxeHoro
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rlocraHoBoro Ka6inery Miuicrpin Yxpainu nil 24 rrurms 2013 poKy }lb567, a iT aerop
3acnyroBye Ha nplICyAxeHH, fionay HayKoBoro cryneHfl KaHAHAara rexni.rHkrx HayK
:a cneqiamuicrro 05.12.02 - reJreKoMyHixaqifiui cucreuu ra rrrepexi.

OQiqifiHufi ononeur:

llpoQecop xaSe4ppl aBroMarusaqii npoeKryBaHHfl eHeprerr4r{Hux npoqecin i cacrev
HaqionanbHoro rexHi.{Horo yniaepcvrery Yrcpainu "Kuisctrzfi uonirexHi.rHrafi
iucruryr iueni Iropr Cixopcrxoro"
AoKTop rexui.{Hr4x HayK, upo$ecop

eereH |ABPI,IIKO

"&r" oL 2020 p.

Ilignuc fanpulr<a e .B. sacsi4uyro:

B.reH[fi ceKperap HaqionanbHoro
IIOJIITCXHI qHI4U IHCTI,ITVT IMCH I

J ixopcrxoro"
KaHAHAaT TeXHlr{Hprx HayK

rexHi.ruoro yuieepcrrrery Yxpainra "KuiscrKlrfi

Banepir XOILflBI(


