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Pobory BukoHanHo Ha kadeapi KOMII'IOTEPHUX HayK TepHOMIIbCHKOTO
HaI[lOHAJbHOTO TEXHIYHOTO yHiBepcuTeTy iMeHi IBana Ilymros MiHicTepcTBa OCBITH
1 HayKu YKpaiHu

KepiBHuk podortu: KaHIUAAT TEXHIYHUX HayK,
JOLIEHT Kadeapu KOMIT IOTEPHUX HayK
Mapuenko Cepriii BosioaumupoBuy,

TepHOMIIBCHKUH HALlIOHAJIBHUN TEXHIYHUN YHIBEPCUTET
imeHi [Bana [lymros,

Penensenr: KaHIuaaT G13UKO-MaTeMaTUYHUX HaYK,
noteHT kadeapu Gpizuxku
Kpamap Ouaexcanap IBanoBuy,
TepHONTBCHKUI HAITIOHAIBHUM TEXHIYHUI YHIBEPCUTET
imeHi1 [Bana [lymros,

Baxuct BimOymerbcs 27 tpaBHs 2019p. o 9% rommumi Ha 3acigaHHi
ex3ameHaliinoi komicii No_ 33 y TepHONUIbCHKOMY HAI[IOHAIILHOMY TEXHIYHOMY
yHiBepcuTeTi iMeH1 [Bana [lymros 3a anmpecoro: 46001, m. TepHominb, Byn. Pycbka, 56,
HaBuaiabHUM Kopmyc Nel, aya. 701



3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTYaJbHICTh TeMH POOOTH 3yMOBJICHa HEOOX1THICTIO JOCIIIPKCHHS BIpTyaizamii
MEpEXKEBUX PECypcCiB, MO AACTh 3MOTY IMIJABUIIUTH MPOJYKTHBHICTH Ta CTaOUIBbHICTh
poboTH Mepexi.

Meta podoTH: aHaI3 1 JOCTIHKEHHS METOJIIB BIpTyai3allii MepexeBUX pecypciB,
0 JacCTh 3MOTYy 30UIBIIMTH €(EeKTUBHICTh (PYHKIIOHYBAHHS, MIiABUIIUTH HAJIHHICTS,
NPOAYKTUBHICTb, THYYKICTh Ta BU3HAYUTHh HEOOXIJHI 3axo1u Ul 3a0e3meueHHs] poOOTH
KOMIT FOTEpPHUX MEPEK.

O0’ekT, METOAM Ta /Kepesia AOCJTIIZKeHHs: TPOIeC BipTyasi3alii nmepeaaBaHHs
JAaHUX y KOMIT IOTEPHHUX MEpPekaxX reTepOreHHOl CTPYKTYPH.

OCHOBHI METOJM AOCTIIKEHHS 3araibHOi 3a/1a4l — 11€ METOU TeOPii MPOEKTyBaHHS
TEJIEKOMYHIKaLlIMHUX MEpexX, Teopis mepelaBaHHS AaHMX. B sxocTi iHQoOpMariiitHux
JKEpes BUKOPHUCTOBYIOThHCS HAYKOBI IyOJTiKallii Ta IHTEPHET JKepera.

HaykoBa HOBH3HA OTPMMaHUX pPe3yJIbTATIB!

— TMPOBEACHO aHali3 peaiizailii BipTyami3allli 4epe3 BUKOPUCTAHHS TEXHOJIOTi
SDN. V pe3ynbTaTi TaKOro aHalli3y BUSABJICHO PsiJl TPYAHOIIIB MPU BUPIIIEHH]
crienu(p1YHUX 3a]1a4 3 BAKOPUCTAHHSAM I11€1 TEXHOJIOT;

— TMPOBEACHO TMOPIBHAJIBHUKA aHaMi3 30UIbIIEHHS MPOJYKTUBHOCTI MpHU
BrpoBa/pkeHHI SDN y mopiBHsSHHI 3 TexHozoriero MPLS, mo nokasano
CYTT€BHI MPUPICT y NPOTYKTUBHOCTI;

— Ui BUpIIMIEHHS OCOOJMBHUX 3ajad Oi3HECY Ta 3MEHIICHHS OIepalliiHuX
BUTpAT MpOaHaNi30BaHO 3acTtocyBaHHA TexHosorii NFV, mo namo 3mory
BU3HAYUTH [UISIXH PO3BUTKY MEPEKEBUX apXITEKTYp BIpTyasi3arlii;

— 3ampoONOHOBAHO MOJIENb BIPTyalli3allli MEPEeKEeBUX PECYPCIB 3 BpaxyBaHHSIM
MOTOKIB iH(GoOpMalii Ta aHadi3oM BUMOr 10 poOotu; Ha ocHOBI
3alpPOMOHOBAHOI MO/l BU3HAYEHO TPU BapiaHTH BIpTyali3alii, 10 Ja€
3MOTY BHpIIIYBAaTH TIOCTABJICHI 3aBJaHHSA 3 €(EKTUBHUM pPO3MOILIIOM
pecypciB.

IIpakTHyHe 3HAYEHHS OTPUMAHMX Pe3yJbTAaTIB.

Ha ocHOBI oTprMaHMX pe3yJbTATIB 3aPONOHOBAHO MOJEINb BIpTyaii3ailii Mepexi,
0 6a3yeThbCsl HAa aHalli31 MOTOKIB Ta BUMOT 10 PyHKIIIOHYBaHHS. OnucaHo 3a0e3neueHHs
aKOCTI TTocayr QoS 3a JOIMOMOTO0 BIpTyari3allii MepeXeBHX pecypciB Ta MOJIaHO METO.
OI[IHIOBAHHS SIKOCTI TMOCTYT JJII MEPEeX 3 HEOJHOPITHUMHU JaHUMH; IPOAHATI30BaHO
BIpTyalli3aIlil0 OKPEeMHX €JIEMEHTIB MEPEKl 3 BUKOPUCTAHHSAM MPOTOKOJIIB pe3epBYBaHHS
JIOCTYITHOCTI TIPUCTPOIB.

Amnpobanisa. 3a pesyiabTaTaMu JOCIIKEHb MPOBEICHUX B paMKaxX MariCTepChbKoi
pobotu 3pobneHo nBi gonoBiAHI Ha VII MiXXKHapoIHIM HayKOBO-TEXHIYHIM KOH(EpeHIil
MOJIOJMX YYEHHUX Ta CTYIEHTIB «AKTyallbHI 3aJayl Cy4aCHUX TeXHoJjorid » 28-29
mucronazna 2018 poky 3 myOJtiKaIli€ro Te3 JOMOBIIeH.

Crpykrypa podotu. PoGota ckmagaeTbcsi 3 pO3paxyHKOBO-TIOSICHIOBALHOL
3amucku Ta rpadiuHoi yacTuHU. PO3paxyHKOBO-TOSCHIOBAJIbHA 3alMCKa CKIATAEThCS 3
BCTYyIly, [ YaCTUH, BHCHOBKIB, IEpENIKy IOCHJIaHb Ta aoAarkiB. OOcar poOoTH:
pPO3paxyHKOBO-TIOSICHIOBaJIbHA 3amucka — 97 apk. dopmary A4, rpadiuna gactura — 11
CJakiiB Mpe3eHTallii.



OCHOBHMUM 3MICT POBOTH

Y Berymi npoBeAEHO OIS BaXIMBOCTI TNUTaHHS BIPTyasizallii MepemeBUX
pecypciB st PO3MIMPEHHS CIIEKTPY MOCIYT Ta MaciITabyBaHHs 1HOPACTPYKTYpPH.

B mnepmomy po3giii auminomMHOi poOOTH PO3IIIAHYTO AaKTyaJbHICTh MHUTaHHS
BipTyasizalli MepeKeBUX pecypciB Ta MPOBEICHO aHajli3 peai3allii uepe3 BUKOPHUCTaHHS
texHonorii SDN. ¥V pe3ysibTari Takoro aHami3zy BUSBICHO PSJI TPYIHOIIB IPU BUPIIIECHH]
cnenuQiyHuX 33734 3 BUKOPUCTAHHIM Iii€i TexHoJor1i. [IpoBeieHO MOpiBHIBHUN aHAI3
301IbIIEHHSI MPOAYKTUBHOCTI Tipu BrpoBakeHHI SDN y mOpiBHSHHI 3 TEXHOJOTIEO
MPLS, mio mokasano CyTTEBUHN MPHUPICT Y MPOAYKTUBHOCTI. [l BUpIIIEHHS OCOOJIMBUX
3ama4 Oi3HECY Ta 3MEHIICHHS OMNEepaliifHUX BUTPAT MPOAHATI30BAHO 3aCTOCYBAHHS
texnonorii NFV, mo mamo 3Mory BU3HAUWTH HUIIXH PO3BUTKY MEPEKEBHUX apXITEKTYP
BipTyamiizaiii. 3a pe3yJbTaTaMu JOCIHIPKCHHS BH3HAYEHO MOJXKJIUBICTD ITiJIBUILICHHS
HAJIMHOCTI (PYHKI[IOHYBaHHSI MEPEXKEBUX PECYPCIB Uepe3 BIPOBAHKEHHS BIpTyali3arlii.

B apyromy po3aiii omnucano 3abesrneueHHs skocTi mocayr QO0S 3a jgomoMororo
BIpTyaltizalli MEpeXeBUX PECYpPCIB Ta MOJAHO METOJ OI[IHIOBaHHS SIKOCTI MOCHYT s
MEpeX 3 HEOJHOPIMHUMH JaHuMU. [IpoaHanizoBaHO BipTyali3alil0 OKpEMHUX E€JIEMEHTIB
MepekKi 3 BUKOPUCTAHHSAM IIPOTOKOJIIB pe3epBYBAHHSI IOCTYITHOCTI NMPUCTPOiB. [IpoBeneHo
aHai3 MOJIEl BIPTyaJbHOTO MAapUIPYTHU3aTOpa 3 MOMJIMBICTIO PO3MOJILIY BIPTyaJIbHHX
pecypciB.

B Tperbomy po3amini IUMIOMHOI poOOTH HA OCHOBI MPOBEACHUX JOCIIIKEHb
3alpONOHOBAHO MOJEIb BipTyadi3alii MEpPEKEeBHX PECYpCIB 3 BpaxyBaHHSIM IOTOKIB
1H(popMalii Ta aHaIi30M BUMOT 10 poOoTH. Ha 0CHOBI 3anpOrioHOBaHOI MO/IEIl BU3HAYEHO
TpU BaplaHTH BipTyami3alii, IO Ja€ 3MOry BHpPINIYyBaTH IIOCTABJICHI 3aBJaHHS 3
e(EeKTUBHUM PO3MOLJIOM PECYPCIB.

B cnemianbHiii YacTUHI PO3INIAHYTO TUTAaHHS MEPEXKEBOI OE3MEKU Ta 3aXUCTY
Mepexk 3a gormomororo cucremu FireWall.

B po3aisi «O0rpyHTYBaHHSI €KOHOMIYHOI e()eKTUBHOCTI» PO3paXOBaHO OCHOBHI
TEXHIKO-€KOHOMIYHI TMOKa3HUKHU BiJ] BIOPOBAPKEHHS BIpTyallizailii MEpekKeBUX PECYpPCIB.
Po3paxoBane 3Ha4eHHS €KOHOMIUHOI €(PeKTHBHOCTI cTaHOBUTH 0,56, 110 € MPUHHATHUM
3HaueHHSM. Tak caMO HOPMaJIbHUM € TepMiH OKymHOCTI. [IJis 1aHo1 Mepexi BIH CTAHOBUTH
1,8 pokis.

B 4actuni «OxopoHa mpaui Ta Oe3nmeka B HAA3BUYAWHMX CHUTyaLisAX»
PO3TJITHYTO THTAHHS amapaTHUX XapaKTEepHCTUK BITMBY Ha poboty 3 IIK, moxexHoi
Oe3nekn B J1a0OpaTopisix 3 KOMIT IOTEPHOK TEXHIKOI; O€3IMeKy JKUTTEIISUIBHOCTI B
eKCTPEeMalIbHUX YMOBAX Ta JIii HaCEJICHHs B yMOBaxX HAJA3BUYAMHMX CUTYyallild BIICHKOBOTO
XapakTepy.

B yactuni «Exosoris» BUCBITIIEHO MUTaHHS JUCHEPCIHHOrO aHami3y B €KOJIOTIi 1
MOHITOPUHTY JIOBKUJUISI Ta CHCTEMY CIIOCTEPEKEHb 3a BIUIMBOM Ha JIOBKLLIA
aHTPOTMOTEHHUX (HaKTOPIB.

¥ 3arajibHMX BUCHOBKAX I10/10 JUIJIOMHOI pOOOTH ONTMCAHO IPUIHSATI B TIPOEKTI
TEXHIUHI PIMIEHHS 1 OpraHi3alliiiHO-TEeXHIUH1 3aXOAM, SKI 3a0e3MedyloTb BUKOHAHHS
3aBJaHHS HAa MPOEKTYBAHHS; OPUTIHAIBHI TEXHIUHI PIIICHHS, MPUWHSTI aBTOPOM B TIPOIIEC]



po0OTH; TEXHIUHI pIlIEHHS POOOTH, AKI MOXYTh OYTH BIPOBAIKEH1 ISl PO3POOKH UHU
BJIOCKOHAQJICHHSI METO1B Ta 3aC001B M1IBUIIICHHS OE3MEKU KOMIT FOTEPHUX MEPEK.

B monmaTtkax 10 mosiCHIOBAILHOT 3aMCKU MPUBEICHO KCEPOKOITii Te3 TOTOBIICH.

B rpadiuniii yacTuHI MOJAHO TEeMy, METy, OO0’€KT Ta MpeaMeT IOCIIIKEHHS.
[Togano 3amauyi, siki He0OXiaHO BUpiUTH. [IpoBeneHo nopiBHsAHHS Tpaauiliinoro ta SDN
nuzaitHiB. [IpoanamizoBano mu3aiin Ha ocHOBI NFV. IlokazaHo meroau OIliHIOBaHHS
saxocTi nocayr QO0S. IlogaHo MpoTOKOIU pe3epByBaHHS pecypciB. BimoopakeHo dyHKIIIT
pesepByBanHa. OmmcaHO MOJENh BIPTYaldi30BaHOTO MapIIpyTH3aTopa. 3ampOrOHOBAHO
MOJIeJb BipTyaumi3aliii Mepexi. 3po0JieH0 BUCHOBKH IT0JI0 TIPOBEICHOT pOOOTH.

BUCHOBKHA

Ha ocHOBi mpoBeieHOTO aHaji3y po3po0JIeHO yIOCKOHAICHY MOCNb BipTyasi3arlii
MEpEeXi 3 TMiABUIIEHUMHU BIACTUBOCTSIMHU HAIHHOCTI.

B pe3yabTaTi mpoBeneHoro JOCHIKEHHS! OTPUMAHO HACTYIHI BUCHOBKH:

— TPOBEACHO aHalli3 HAYKOBHX MyOJiKailiii, HayKOBO-AOCIIIHUX POOIT 100
BIpTyasi3allii OCHOBHUX MEPEKEBHX CIYKO Ta pecypciB, IO A0 3MOTY
opraHizyBatu CTaOUIbHY poOOTYy Mepexi Ta MiJBUIILYE CTIAKICTh MPOTH
MEpPEKEBUX 3arpos;

— onucado poiab TexHousorii SDN y po3poOieHiii Mojen Ta MpoaHali30BaHO
nepeBaru Takoro pimeHHs. Ilpu po3ropraHHi Takoi MeEpexi 3pOcTae
MPOJYKTUBHICTh Ta 3aBaJOCTIMKICTh O 3arpo3 TENEPIIIHbOIO Yacy, a TaKOX
YMOKJIUBJICHE BJIOCKOHAJICHHS CHCTEMH 4Yepe3 MpOorpaMHi MOJIYJ JUis
IPOTHU/IIT 3arpo3aM MaiOyTHHOTO;

— TMPOAHAJII30BaHO POJIb MPOTOKOJIIB PE3€PBYBAaHHS PECYPCIB JJIs 3a0€3MEeUeHHS
MOCTIMHOTO Ta HAJIHHOTO MIXXMEPEXKEBOTO 3’ €IHAHHSI.

— TIOJJaHO MOJIENb BiIpTyai30BaHOTO MapIIPyTHU3aTOpa Ta OMHCAHO MOTO POJb
Ta CUEHapli BUKOPUCTAHHS;

— CTBOPEHO MOJIEeNb BipTyani3alii Mepexi, 0 0a3yeTbCs Ha OCHOBI aHajizy
MOTOKIB JIAaHUX Ta BUMOT JI0 €KCILTyaTallii.

B dgerBepTOMYy pO3ainai IUIIIOMHOI POOOTH PO3TJISIHYTO THUTAHHS MEPEKEBOi
Oe3IeKH Ta 3aXHUCTy Mepek 3a Jormomororo cucremu FireWall.

B po3gimi «OOrpyHTYBaHHS €KOHOMIYHOI €(EeKTHUBHOCTI» Oyl0 pPO3paxoBaHO
OCHOBHI TE€XHIKO-€KOHOMIYHI TMMOKAa3HUKH Bijl BIPOBAKEHHS BipTyaiizailii MepesKeBHX
pecypciB. Po3paxoBaHe 3HaYeHHS €KOHOMIUHOI €(QEeKTUBHOCTI cTaHOBUTH 0,56, 1m0 €
OPUIMHATHUM 3HAYEHHSIM. Tak caMo HOpMaJbHUM € TEPMIH OKYMHOCTI. J{Jis 1aHoi Mepexi
BiH CTAHOBUTH 1,8 pOKIB.

B poszain «OxopoHa mpaii Ta Oe3neka B HAA3BUYAWHHUX CUTYALISX» PO3IIISHYTO
MUTaHHS alapaTHUX XapaKTepUCTUK BILIMBY Ha poboTy 3 IIK, mokexHoi Oe3mekw B
Ja00paTopPisAX 3 KOMIT FOTEPHOIO TEXHIKOI; OE3IMEKYy KUTTEMISUIBHOCTI B €KCTpEMaIbHUX
yMOBax Ta Jii HaCEJICHHS B yMOBax HaJ3BUYAWHUX CUTYaIlli BINCHKOBOTO XapaKTepy.

B po3aini «Exomnoris» po3rissHyTO NUTaHHS TUCHEPCIMHOTO aHalli3y B €KOJIOTii 1
MOHITOPUHTY JIOBKUJUIS Ta CHCTEMY CIIOCTEPEKEHb 3a BIUIMBOM Ha JOBKIUIA
aHTPOMOTEHHUX (haKTOPIB



CIIUCOK OIIYBJIKOBAHUX ABTOPOM IIPALIb 3A TEMOIO POBOTHU

1.  JlocmiKeHHs BIIPOBAPKEHHS HOBUX MOCIYT B MEPEkKax onepaTopis 3B’ 513Ky /
[Pumap X.S. ta in.]. // Matepianu VII mMikHapoaHOT HAyKOBO-TEXHIYHOI KOH(EpPEHIIi
MOJIOIUX yYEHUX Ta CTYACHTIB «AKTyalnpHI 3aJadi CydaCHUX TEXHOJOTil»
TepHOMIILCHKOTO HAIIOHAJIBHOTO TEXHIYHOrO yHiBepcuteTy imeHi IBana Ilymros,
(Tepuominb, 28 — 29 nucronana 2018 p.). — TepHoninb: TepHOMIILCHKUN HalllOHATBHUN
TeXHIYHUI yHiBepcuteT iMeHi [Bana Ilymtoa — 2018. — C. 154.

2. MeTomu 1 3aco0M TIABUINCHHS HAMIMHOCTI KOMIT'IOTEPHUX Mepex /[
[Pumap X.4. Ta in.]. / Matepiasm VII MixkHapogHOI HAYKOBO-TEXHIYHOT KOH(EpEHIIiT
MOJIOIUX yYEHUX Ta CTYACHTIB «AKTyanpHl 3aJadl Cy4aCHUX TEXHOJIOTii»
TepHOMIBCHKOTO  HAI[IOHAIBHOTO TEXHIYHOTO YyHiBepcuTeTy imeHi IBana Ilymios,
(Tepnomins, 28 — 29 nucronaaa 2018 p.). — Tepuomninb: TepHOMIIbCHKUIN HAIlOHATHHUIMA
TeXHIUYHUH yHiBepcuTeT iMeHi [Bana [lymros — 2018. — C. 155.

AHOTALIA

VY numnioMHiM poOOTI MPOBEJAEHO MOCHIIKEHHS METOJIB BipTyati3alii MepesKeBUX
pecypciB Ta 3ampoIIOHOBAHO MOJIENb BipTyaiisallli 3 aHaI3aTOpoM BXIJHUX TOTOKIB Ta
BHMOT.

B nmepmomy po3aini  AMIZIOMHOT pOOOTH  PO3IVISHYTO —aKTYaJbHICTh MHUTAHHSA
BipTyaltizallli MepeXeBUX PECypCiB Ta MPOBEACHO aHal3 peaiizallii yepe3 BUKOPUCTAHHS
texHoJiorii SDN. V pe3ynbTaTi TaKOro aHaiizy BUSABIEHO Psii TPYAHOILIB [IPU BUPILICHHI
crnenu(dIvYHUX 337a4 3 BUKOPUCTAHHAM ILi€i TeXHonorli. [IpoBeneHo nopiBHAIPHUN aHaI3
30UTbIIEHHS! MPOAYKTHUBHOCTI MpU BOpoBakeHHI SDN y MOpIBHSAHHI 3 TEXHOJOTIEIO
MPLS, mo nokaszano CyTTEBUH MPUPICT y NPOJYKTUBHOCTI. {151 BUpIIEHHS 0COOJIMBHX
3ama4 Oi3HECY Ta 3MEHIICHHS OMNEpaliifHuX BUTPAT MPOAHATI30BAHO 3aCTOCYBAHHS
texHoJsiorii NFV, mo gano 3Mory BU3HAUUTH LUISIXH PO3BUTKY MEPEKEBHUX aAPXITEKTYP
BipTyamizamii. 3a pe3yabTaTaMH JOCIHIDKCHHS BH3HAYEHO MOJXKJIMBICTH IT1JIBUIICHHS
HAJIWHOCTI (PYHKI[IOHYBaHHSI MEPEKEBUX PECYPCIB Uepe3 BIPOBAKEHHS BIpTyasi3allii..

B npyromy po3aini omucano 3a0esneuyeHHs SKOCTI mociayr QoS 3a JI0MOMOroro
BipTyastizallli MEpeKeBUX PECypCiB Ta MOJAaHO METOJ OIlIHIOBaHHS SIKOCTI TMOCHYT st
MEpeX 3 HEOTHOPIMHUMH JaHuMu. [IpoaHanizoBaHO BipTyali3alil0 OKpEMHUX EJIEMEHTIB
MepeXi 3 BAKOPUCTAHHSIM MPOTOKOJIIB PE3epBYBaHHS JIOCTYHOCTI mpuctpoiB. [IpoBeneno
aHai3 MOJEJl BIPTyaJlbHOTO MAapIIPyTHU3aTOpa 3 MOMIIMBICTIO PO3MOJUTY BIPTyaJIbHHX
pecypcis.

B TperbomMy po3aiiai Ha OCHOBI TNMPOBEACHUX JOCHIIKEHb 3alpOlOHOBAHO MOJEINb
BIpTyaJli3alli MEpeKEeBHX PpEeCypciB 3 BpaxyBaHHSM MOTOKIB IHQoOpMalii Ta aHaIizoM
BUMOI 10 poOoTu. Ha OCHOBI 3ampomoHOBaHOiI MOJEIl BH3HAYEHO TPHU BaplaHTU
BIpTyalsi3alii, 110 Ja€ 3MOry BHpIIIyBAaTH TIOCTABJICHI 3aBAaHHS 3 €(EeKTUBHUM
PO3IOIIIIOM PECYPCIB.

B po3aini «CreniagbHa 4acTHHAY) PO3TIISIHYTO MUTAHHS MEPEXKEBOi O€3MEeKH Ta 3aXUCTy
Mepex 3a joromMororo cucremu FireWall.

B noBHOMY 00cs131 BUKOHAHO po3ian «OOTrpyHTYyBaHHS €KOHOMIYHOI €(EeKTUBHOCTIY,
«OxopoHa mparli Ta 0e3neKa B HaJ3BUYAMHUX CUTYaIisX» Ta « EKoorisy.

OO6’€eKT JOCHIKEHHS. TPOIEC BipTyawisaiii nepefaaBaHHsS JaHUX y KOMIT IOTEPHUX
Mepekax reTepOreHHOI CTPYKTYPH.



[Mpenver mocaimkenHs. Teopis NMpoeKTyBaHHS TEIEKOMYHIKAIIHHUX MEpexX, Teopis
nepeaaBaHHs JaHUX.

Mema i 3adaui Oocnioxcenns. MeTowo poOOTH € aHali3 1 JOCHIHDKEHHS METOJIB
BIpTyatizaiii MepeXeBHX pEeCypciB, IO JacTb 3MOTY 30UIBIIUTH €(PEKTUBHICTD
(YHKIIIOHYBaHHSI, MIJBUIIUTh HAAIMHICTh, MPOAYKTUBHICTh, THYYKICTh Ta BH3HAUUTH
HEOOX1/IH1 3axoau Jjisg 3a0e3medeHHs POOOTH KOMITIOTEpHHX Mepex. [ mocsrHeHHS
MOCTABJICHOI METH HEOOX1IHO BUKOHATH HACTYIIHI 3aBJaHHS: MMPOBECTH aHATI3 HayKOBHUX
myOJiKaIii, pe3yJabTaTiB HAYKOBO-IOCHIMHUX POOIT MO0 BipTyami3aiii OCHOBHHX
MEpPEKEBUX CIYXkO Ta pecypciB, 10 JaCTh 3MOTY OpraHi3yBaTH CTaOUIbHY pOOOTY Mepexi
Ta MABUIIMTH CTIHKICTh TPOTH IEBHOTO POJY MEPEKEBUX 3arpos3; MpoaHaIi3yBaTh
BUMOTH JI0 MEPEXKEBUX AMU3aiHIB 3 BUKOPUCTAHHSM BIpTyaii3allli MEpeKEeBUX PECypCiB,
[0 TaCTh 3MOTY PO3pOOUTH BAOCKOHAJICHUH MU3aifH 3 BpaXyBaHHIM BHMOT Ta Crieu(iku
013HEC MPOIIECIB OpraHizallii; BU3HAYUTH OCHOBHI XapaKTEPUCTUKHU SKOCTI mociayr QoS
JUTSL IMIUIEMEHTAIllT B €JIEMEHTH BipTyaslizallii, 1o JacTh 3MOTY TU(EpeHIII0BaTH BY3/IH Ta
CITy0u 117151 3a0€3MeUeHHs 33J]aHOTO PIBHS OOCITYyTrOBYBaHHS.

OCHOBHI pe3yJIbTATH:

— TMPOBEJEHO aHall3 HAyKOBHX MyOdiKalii, HAyKOBO-IOCHIIHUX pOOIT 11070
BipTyalli3aili OCHOBHUX MEPEXEBUX CIYX O Ta pecypciB, IO JaJ0 3MOTY OpraHi3yBaTH
cTaOUIbHY POOOTY MEpeXki Ta MiABUIILYE CTIHKICTh MPOTH MEPEKEBUX 3arpo3;

— omnucaHo poib TexHosorii SDN y po3po0iieHiit Mojieni Ta mpoaHaii30BaHO MepeBaru
Takoro pimeHHs. Ilpu po3ropraHHi Takoi Mepexl 3pocTae MPOAYKTHBHICTH Ta
3aBaJIOCTIMKICTh IO 3arp03 TEMEPIIIHBOTO Yacy, a TaKOXX YMOXKIIUBJICHE BIOCKOHAJICHHS
CHUCTEMH Yepe3 NporpaMHi MOIYJI1 JUIsl MPOTHAIT 3arpo3aM MaildyTHBOTO;

— TPOAHATI30BAHO POJIb MPOTOKOJIB PE3EPBYBaHHA PECypCiB sl 3a0e3MeUeHHS
MOCTIMHOIO Ta HAAIITHOTO MIXKMEPEKEBOTO 3’ €THAHHS;

— TMO0JaHO MOJEh BIPTYaldi30BAaHOTO MapIIpyTH3aTOpa Ta OMHCAHO KOTO POJb Ta
CrieHapii BUKOPUCTAHHS;

— CTBOPEHO MOJIeTh BIpTyasizallli Mepexi, mo 0a3yeThCcsi HA OCHOBI aHAJI3y MOTOKIB
JTAHUX Ta BUMOT JIO €KCILTyaTarii.

Kuruosi ciosa: KOMI'IOTEPHA MEPEXA, BIPTYAJIIBALIIAA MEPEXI,
[TPOTPAMHO KOH®II'YPOBAHA MEPEXA, CEPBICH, TTPOTOKOJI, MOJEJII
BIPTYAJIIBALIL PECYPCIB.

ANNOTATION

In the thesis work the research of network resources virtualization methods has been
conducted and the virtualization model with the analyzer of input data flows and
requirements is offered.

In the first section of the thesis the urgency of the issue of network resources
virtualization is considered and an analysis of the implementation through the use of SDN
technology is carried out. As a result of this analysis, a number of difficulties have been
identified when solving specific problems using this technology. A comparative analysis
of productivity increase with the introduction of SDN compared to MPLS has been
performed, which showed a significant increase in productivity. To solve specific business

7



tasks and reduce operational costs, the application of NFV technology has been analyzed,
which has enabled to determine the ways of network virtualization architectures
development. According to the results of the study, the possibility of increasing the
reliability of network resources functioning through the introduction of virtualization has
been determined.

The second section describes QoS quality assurance through virtualization of network
resources and provides a method for evaluating service quality for networks with
heterogeneous data. The analysis of the virtualization of individual elements of the
network using the availability of device reservation protocols was analyzed. The analysis
of virtual router model with the possibility of distribution of virtual resources is carried
out.

In the third section, on the basis of the conducted researches, a virtualization model of
network resources is proposed taking into account data flows and analysis of requirements
for work. On the basis of the proposed model, three variants of virtualization are defined,
which enables to solve the problems with efficient allocation of resources.

The section "Special part" addresses the issues of network security and network
protection with FireWall.

The sections "Justification of economic efficiency”, "Labor protection and safety in
emergencies” and "Ecology" are executed in full.

Object of study. The process of data transmission virtualization in computer networks of
a heterogeneous structure.

Subject of study. The theory of telecommunication network design, the theory of data
transmission.

The purpose and tasks of the study. The purpose of the work is to analyze and research
the methods of network resources virtualization, which will increase the efficiency of
functioning, increase reliability, productivity, flexibility and determine the necessary
measures to ensure the operation of computer networks. In order to achieve this goal, the
following tasks must be accomplished: to analyze the scientific publications, the results of
research works on the virtualization of the main network services and resources that will
enable to organize a stable network operation and increase the resistance against certain
types of network threats; analyze the requirements for networked designs with
virtualization of network resources, which will enable the development of advanced design
taking into account the requirements and specifics of business processes of the
organization; define the main characteristics of the quality of QoS services for
implementation in the virtualization elements, which will allow differentiating nodes and
services to provide a given level of service.

Main results:

— the analysis of scientific publications, research works on the virtualization of the
main network services and resources has been carried out, which made it possible to
organize a stable network operation and increase resistance to network threats;

— described the role of SDN technology in the developed model and analyzes the
advantages of this solution. When deploying such a network, productivity and impediment
to the threats of the present time increase, as well as the possible improvement of the
system through software modules for counteracting the threats to the future;



— the role of the resource reservation protocols has been analyzed to provide a
permanent and reliable interconnection connection;
— the model of the virtualized router is presented and its role and usage scenarios are

described;
— a virtualization model for the network was created, based on the analysis of data

flows and operational requirements.

Keywords: COMPUTER NETWORK, NETWORK VIRTUALIZATION, SOFTWARE
CONFIGURATED NETWORK, SERVICE, PROTOCOL, MODELS OF RESOURCES
VIRTUALIZATION



