BIAI'YK

OTIOHEHTa, IOKTOpa TeXHIYHMX Hayk, mpodecopa IIIMEJIbOBOI Tersnu ®enopisau
Ha JMcepTaliiiHy poboTy JIEMYEHKA Kwupuna MukonaifoBida
«METOIU TA 3ACOBU TNIAHYBAHHA PO3I'OPTAHHA JIITAIOUMX MEPEX
TS 3ABE3IIEUYEHHS [TEPEJIAUI JAHUX B YMOBAX PYIHYBAHbD»,
IIpeICTaBJIeHy Ha 3100yTTS HayKOBOTO CTYIEHS JOKTOpa (inocodii
B raiy3i 3Hanp 12 THOOPMAILIMHI TEXHOJIOI'TT
3a cnenianpHicTiO 123 KOMIT'FOTEPHA THXXKEHEPIA

AKTyajIbHICTh TEMHU

VYV pasi Hag3BUYAHHUX TOAIM Ha 00’€kTaX KPUTHYHOI iHPpacTpyKTypu BKpai
BXUIMBO 3a0€3MEUUTH Tepenady HeoOximHoi iHgopMauii B kpuszoBuil uentp (KLI). g
iHpopMmarlliss BKJIIOYAaE OCHOBHI TapaMeTpd TEXHOJIOTIYHOTO OONaJHaHHs, piBEeHb
3a0pyaHeHHsT poOOYOro cepeqoBHINA y MPHUMIIIEHHSX Ta BiAEO3alHUCH YIIKOIKEHb.
Opnak mpu Haa3BUYaiiHIM Tomii IUTaTHe KOMYHiKaliliHe oOnmagHaHHS Moxe OyTH
MOILIKO/DKEHE, IO YHEMOXUTHBITh mepenady maHux no KL, yckiamHiooun mpuRHSTTS
HEOOXiTHMX YIPaBIiHCBKHX pillleHb. ¥ TaKHX CHTYyaIlisTX MOXXe OyTH pO3ropHyTa JliTaro4a
Mepexa LiFi 3 BukopuctanasaMm Oe3miotHuX sitanbHuX amapariB (BITJIA). Lle mo3Bossie
IIBUAKO BIIHOBUTH mNepenady iHpopmaii B KL Ta 3abe3neynTs THYYKICTh CHCTEMH ITiJT
Jac (yHKLIOHyBaHHS y TMpHMIIEHHsSX 3 pylHyBaHHsAMH. Ha kopuctps mitarouoi LiFi
Mepexi TOBOPHUTH T€, 1110 BOHA Ma€ CTaOLIbHICTD Mepenadi 1aHuX i BUCOKY IIBUIKICTB, 1110
0COONTMBO BaXXJIMBO IJIsI IIOTOKOBOTO BifIeO 1 JaHWX 3 JaTYHKIB B peasibHOMY uaci. OmgHak
CJIIJ] BpaXxOByBaTH HAsSBHICTh MEXaHIYHHX IMEPEIIKOA Y BUPOOHUYUX MPHUMIIIEHHSX, 110
BHMarae npoKJIaJaHHs ONTUMaJIbHUX MapmpyTiB nepenadi LiFi curaany B ix ooxim. 1li
O0OCTaBHHM HAroJIOIIyIOTh Ha AaKTyaJbHOCTI pHociimkeHs Kwupuima MukonaiioBnya
JlelideHka, cIpsMOBaHUX Ha pO3pOOJIEHHS METOMIB Ta MPOTPaMHOTO 3a0e3MeueHHs IS
IiATPUMKH pO3ropTaHHsA Oe3mioTHHX JiTarounx LiFi Mepex B ymoBax pyiHYyBaHb,

BpPaxOBYIOUYM YacoBi Ta HaIiiHICHI XapakTepucTUKH. [Ipo akTyaJapHICTh HOCIIIKEHDb
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IOUCEpTaHTa CBIOYMTH Te, [0 BOHWU 3HAHIUIM CBOE BINOOPaXEHHS Yy YOTHPHOX
BUKOHYBaHUX Ha Kadeapi KOMIT'IOTEpPHHX CHCTEM, Mepex 1 kibepOe3neku HayKOBO-
nocaigHuX podorax: « MeTomu, TporpaMHo-anapaTHi 3aco0u Ta iHpopMauiiiHi TeXHoIor1l
pO3po0NieHHsT i MomepHi3alii rapaHTO3aTHUX KOMIT'IOTEpHUX cucTeM, Mmepex Ta IT-
inbpactpyktyp» (AP Ne 01170005349, 2018-2020), «Meronosnoriuni 3acagy Ta
TEXHOJIOTIT OL[IHIOBaHHS Ta 3a0e3MeueHHs Oe3MeKH (3aXUCTy ) KPUTHYHHUX 1HQOpMALIITHIX
indpactpykryp» (AP Ne 0119U100979, 2019-2021), «Metonu, moneni Ta iHpopMauiiHi
TEXHOJIOTIl MiABUINEHHS HamifiHocTi Ta Oe3meuHocTi ckimanuux IT-cucreM Ha eramax
PO3pOOIIEHHS Ta BITPOBAKEHHSD»
(/P Ne 0121U113842, 2021-2023), «HaykoBi 3acamu 1 MeTtomu 3abe3TEUCHHS
rapaHTo3gaTHocTi ¢uioTiB BITJIA iHTeNneKTyaJIlbHUX CHUCTEM MOHITOPUHTY IOTEHLIHHO

Hebe3neyHuX i BifickkoBuX 00’ exTiBy ([P Ne 0121U112172,2021-2023).

OOrpyHTOBaHiCTL i [AOCTOBipHICTL HAyKOBHMX pe3y/bTaTiB, BHCHOBKIB i
pexoMeHaauii

OOTrpyHTOBaHICT, 1 JOCTOBIPHICTH HAyKOBHUX pE3yJbTariB, BHCHOBKIB 1
pekoMeHamii, chopMyIbOBaHUX Y TUCEpTaLiliHIA poOOTi, OCATAETHCS OOTIPYHTOBAHUM
1 KOpEeKTHMM 3aCTOCYBaHHSIM BiJOMHX METOMIB CHCTEMHOTO aHali3y, ONTHMi3auii,
MaTeMaTHYHOTO MOJICJIIOBaHHS, Teopii HamilHOCTI, Teopii rpadis, Teopii po3kiamniB, a
TaKoXX TMOPIBHSUIBHUM aHaJi30M pe3yNbTaTiB, OTPUMAHUX MiJ Yac TEOPETUYHHX
PO3paxyHKiB Ta €KCIIEpUMEHTAIBHUX NOCHiKeHb. Pe3ynbraTé AOCHiKeHb KPUTHIHO
aHaJI3yBaJMCs 1 KOperyBaJMcsl TiJ Yac IXHbOI ampobauii Ha TpPeaCcTaBHUIIBKUX
MDXKHapOIHUX KOH(MEPEeHIisIX, a TaKOX IMiJl Yac MPOXOMKECHHS PEleH3yBaHHS HAyKOBUX

myOiKarii.

HaykoBa HoBH3HA
J10 OCHOBHMX HOBMX HAayKOBHX pe3yJbTaTiB AUCEpTalil CJiJ BITHECTH HACTyIIHE:
— BIIEpLIE 3aMporOHOBAHO METONM IaHyBaHHs poamimeHHs BITJIA mitatodoi

LiFi Mepexi st 3a0e3nedueHHs mepeaadi JaHuX B YMOBaxX pyWHYBaHb, sKi Ha BiIMiHY Bif
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BIIOMHMX BPaXxOBYIOTb CTPYKTYPHO-TIPOCTOPOBI MapaMeTpH Mepewkosn i 0a3yroTbcs Ha
KOMOiHyBaHHI aJITOPUTMIB NIPOKJIaaHHsI MapIIpyTiB 3a Pi3HUMH CTPATETIsIMU X 00XO0y,
Ta HaJalOTh 3MOTY MIiHIMi3yBaTH IOBXHHY MapUIpyTy Ta/a00 KiIBbKICTP HEOOXiTHUX
BITJIA;

— ynmockoHaneHo Meron posmimenHs BITJIA mitarouoi LiFi mepexi pns
3a0e3neyeH s mepenadi JaHuX B yMOBax pyHHyBaHb LUISIXOM (OpMYyBaHHS Ta BHOOpPY
MapIIpyTiB TMOJBOTY y BHU3HAYEHI TOYKH Y TMPOCTOpi Ui YTBOPEHHS MEpexi 3
ypaxyBaHHSIM pi3HMX BapiaHTiB OasyBanHs BIIJIA, mo 3MeHIIye cymapHi 4acoBi Ta
BapTICHI BUTPATH Ha pO3TOPTaHHS MEPEXi;

— YAOCKOHAJICHO METOJ IMiABUINEHHS HaaliHoCTi jitatogoi LiFi Mmepexi musixoMm
pO3poOIeHHST MOJEINi Ta aJITOPUTMIB BUNepelKyBasibHOI 3aMiHU BITJIA 3 ypaxyBaHHSAM
BUMOT 10 UMOBipHOCTI Oe3BiIMOBHOI pOOOTH Mepexi, MOKa3HUKIB O€3BiAMOBHOCTI Ta
aBTOHOMHOCTI okpemux BITJIA, mo 3abe3nedye rapantoBaHe QyHKIIOHYBaHHS MEpEXi

BIIPOZOBXK 3a/IaHOTO Yacy.

IToBHOTA BUKJIaAeHHS pe3yJIbTATiB A0CiIKeHb B OMYyO0J1iKOBAHUX MpPausix

Pesynbprati HayKOBUX IOCHIIKEHb BIIOOpa)X€HO B 6-TH IPYKOBAaHUX HAYyKOBHX
IpaLsx, 30KpeMa B TPhOX CTATTSX y HAYKOBHUX (PaxXOBUX BUAAHHSIX YKpaiHH (2 — KaTeropis
b, 3 sxkux 1 crarts npupiBHoeThes no 0,5 myOmikamii; 1 — kareropis A (SCOPUS,
kBapTuib Q3)), ABOX myOmikamisix B Marepiajiax MiXKHapOTHUX HAayKOBHX KOHQEpEeHIIii
(o6bunsi — SCOPUS) Ta ogmmiif myOnikamii y 3akOpZOHHOMY TMEpiOAMYHOMY BHIaHHI
(SCOPUS, kBaptuis Q4).

Bci HaykoBi mparii omyOIikoBaHO y CITiBAaBTOPCTBI, y4acTh B HUX Jleiuenka K. M.
3a3Ha4yeHa y AucepTauiiiHiidl poOoTi.

Ony6nikoBaHi MaTepiali TOBHICTIO BiZOOpaXkalOThb 3MICT AMcepTalii Ta
BiINOBiHalOTh BUMOTraM MyHKTY 8 «ITopsiaKy mpHCYmKeHHS cTymeHs: JoKTopa dhisocodil

Ta CKacCyBaHHS DIIIEHHS Pa30BOi CIeEIiali3oBaHOI BUSHOI paau 3aKjaxy BHUINOI OCBITH,
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HAyKOBOI yCTaHOBHM NP0 TMPHUCYIKEHHS CTyIeHs OokTopa (inocodii», 3aTBEpIKEHOrO

[TocranoBoro KM Vkpainu Bix 12.01.2022 p. Ned4.

3HAaYUMMICTL OTPUMAHHUX PpPe3yJbTATiB I HAYKH i TNPaKTHYHOIO
BHKOPHCTAHHSA

[lpakTiyHe 3HA4YeHHs OTPHUMaHMX B OHWCEpTaliiiHiii poOOTi pe3ynbTariB
Jletiuenka K. M. momnsrae y Tomy, o po3poOiieHi aJifOpUTMH Ta MPOrpaMHi 3acolu €
OCHOBOIO JIsI BITPOBADKEHHSI CUCTEMH MIATPUMKHN NPUUHSATTS pillleHb BiANOBIAAJIbHUMHI
0oco0aMH KpHU30BHX LIEHTPIB 00’€KTIB KPUTHYHOI 1HPPACTPYKTYpH IIOAO PO3TOPTaHHS
mitarounx LiFi Mepexx B MpUMillleHHX 3 pyHHYBaHHIMH SK AJTTEPHATHBH MTOIIKOIKEHUM
IITaTHUM MepexkaM JpPOTOBOro Ta pajaio3B’s3Ky. ITpo mpakTWyHy LiHHICTE OTPHUMaHMX
pE3yAbTaTiB CBIAUYATH iX BIPOBAaKEHHS B IHOYCTpil Ta Y HaBYAJIBHOMY IMpOLECI.
3HaYMMICTh OTPUMAaHUX PE3YyNBTaTIB AJ HAyKH MIATBEPIDKYETHCS IX BUKOPUCTAHHSM i1

yac BUKOHAHHS YOTUPbOX HAYKOBO-AOCIHIIHUX POOIT.

OuiHka 3micTy auceprauiiiHol podoTH

Huceprauiiina pobora Jleituenka Knpuna MukonaifoBnda cKiagaeTses 3 aHOTaIiT,
BCTYILYy, YOTHPHOX PO3MALTIB, BACHOBKIB Ta 2 IOAATKIB.

Y BeTyni OOTpYHTOBAaHO aKTyaJlbHICTh TEMH AMCEpPTAIii, MOKa3aHO ii HAyKOBY Ta
NPaKTUYHY 3HAYYIIiCTh, MPEACTABICHO METY 1 3amadi HAOCIiIKEeHHs, ChHOpMYIbOBAHO
00’€KT Ta MpeAMET AOCIHIIKEHHS, OMMCAHO 3B 30K AUcepTalii 3 HayKOBUMH TEMaMH,
HaBezleHo ampobarlii pe3ysbTaTiB qucepTaliifHoi poOOTH Ta CITMCOK MyOTiKawii.

B mnepuwomy posmini mpoBemeHo aHami3 cmocoOiB 3acrtocyBaHHs BITJIA y
IPUMILIEHHSX Ta ICHYIOYHX METOHIB pO3TOPTaHHS MEPEeX B yMOBaX pyiHHYBaHb.
3a3HaueHo MpoOiIeMH, 3 SIKUMH TOBOOUTHCS CTUKATHCS MiJ 4ac 3actocyBaHHs BITJIA y
npuMiteHHsx. s BupimeHHi chopMynbOBaHUX HAyKOBHX Ta NMPHKJIAJHUX 3aBIaHb
pO3pobNeHO cxeMy IUIaHyBaHHS posropranHs Jitarouoi LiFi Mepexi Ha OCHOBI
3acrocyBaHHs BITJIA y BUpoOHHYOMY MPHUMIIIEHH] 3 TIEPEIIKOIaMH, BIIMOBIAHO IO SIKOT

TaKe TUIaHyBaHHS BiIOyBa€eTbCs y TPU €TallH.
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VYV ppyromy po3nisii po3poOfieHO Ta MOKa3aHO IMPaKTUYHE 3aCTOCYBAaHHS Pi3HUX
ITOpUTMIB OOXOMY TIEPEIIKO TiJI Yac MPOKIagaHHs MapIupyTiB po3noBcromkeHHs LiFi
CUTHaJly Bif Mxepena iHdopMalil o i cioxWBadya B NMPHUMILEHHI 3 pyHHYBaHHIMH.
3nificHeHO MOPIBHIbHUI aHaJIi3 3alIPONIOHOBAaHUX aJITOPUTMIB.

B TperboMy po3mii  3ampOINIOHOBAHO Ta TPOAHAN30BAaHO TPH CTparerii
posropranHs BIUIA ans yTBOopeHHs JliTarodoi Mepexi B MexaX OTPUMAHOT0 y IpyroMy
po3aini MapuIpyTy posnoscromkerHs LiFi curramy. Po3misHyTo ciocobu 3a0e3neueHHs
rapaHToBaHOro (yHKLIOHYBaHHS yTBOpeHoI jitatodoi LiFi Mepexi BIpomoBk 3aJaHOTO
qacy.

B dgerBepromy po3nini pospoOneHo mporpamHuil 3aci6 “Simulation Way” nmis
NiATPUMKH TUlaHyBaHHsS po3ropraHHs BIUJIA mns ytBopenHs LiFi Mmepexi, a Takox
nporpaMuuii 3aci6 “Reliability Level”, sxuit no3Bosisse BU3Ha4aTH yac QyHKLIOHYBaHHS
nitarodoi LiFi Mepesxxi 3 BU3HaUeHUM piBHEM HAIiHOCTI BITPOIOBXK 3aHOTO Yacy.

BHcHOBKM [0 po3aUTiB Ta 3arajibHi BUCHOBKH € OCTaTHbO YiTKUMHU, 3pO3yMITUMHU
Ta iIHPOPMaTHBHUMH.

Criucok BUKOPHCTAaHUX JKepen i3 69 HalilMeHyBaHb JOCTAaTHBO MOBHO BilOHBae
CBITOBI Ta BITUM3HSHI HAyKOBi TEHIEHLII MO0 OO’€KTY Ta MPEaMETy IOCIiIKEeHb
IMCEepTaHTa.

VY nomarkax MICTUTBCS iHGOpMaLis PO BIPOBAKEHHS OEPIKaHUX PE3yNBTaTiB B
IHIyCTpil, HABYAJILHOMY TIPOIIECi Ta MiJ Yyac BUKOHAHHS HAyKOBO-IOCTIIHHUX pOOiT, a
TaKOX JIICTUHTH KOJiB pO3poOJIEHUX MpOrpaMHHX 3aco0iB.

HuceprauiiiHa po6oTa HanrcaHa y CydacCHOMY HayKOBOMY CTHUII, a 11 0hopMITeHHS
BiamoBinae BuMoram Hakasy MOH Vkpainu Bim 12 ciuas 2017 p. Ne 40 «IIpo

3aTBEPIKEHHSI BUMOT 10 0hOpMJIIEHHS IUCepTallii».



AkaaeMiyHa 100poYecHiCTh

[Topymenp akageMigHOi JOOPOYECHOCTI B QUCEPTAIlil Ta HAyKOBUX MyOmiKamisx, y
SIKMX BHCBITJICHI OCHOBHI HayKOBI pe3y/bTaTh poOOTH, HE BUSIBIIEHO.

HayxoBi pe3ynbraT, ski BHHECEHO 3100yBadyeM Ha 3aXHUCT, OTPUMaHO CAMOCTIHHO
1 BHUCBITJIEHO B OIMyOJIKOBaHWX HAyKOBHX mparsx. OCKUTBKM BCi HayKoBi mparli
oIryOJIiKoBaHI IMCEPTAHTOM Y CITiBaBTOPCTBi, y KoxHiil 3 HuX Jleituenkom K. M. Oyrno
BUKOPHUCTAaHO B HUX TIIbBKM Ti i1€i, MiIXOOW, TOJIOXEHHS Ta pPO3pPaXyHKH, SIKI €
pe3ynbTaToM HOro OCOOMCTMX HayKOBUX IIOIIyKiB. Bei mporpamui 3acobu, ski

OIHCYIOTHCS Y AUCEpTaLii, po3poOiieHi aBTOPOM 0COOHUCTO.

Henousiku Ta 3ayBaxkeHHs 10 AUCepPTaULiiiHOT po6oTH

[To mucepratiitHiit po6oOTi MOXXHA 3pOOUTH HACTYIIHI 3ayBa)KEHHSI:

1. B nmucepramiitHiii poGOTI He B TIOBHOMY 00CS3i pO3KPHUBAETHCS THII,
XapaKTEpUCTUKHU Ta OCOOIMBOCTI HA3€MHOT0 Ta OOPTOBOro 0O/afHAHHS, siKe 3abe3medye
byukuionyBaHHs Jiitatouoi LiFi mepexi Ha ocHOBI 3acTocyBanHs BITJIA.

2. B npyroMy po3nisi mpeacTaBieHH alrOpUTM KEPOBAaHOTO BOIOCHAMY, SIKUH €
KOMOIHALI€I0 aJITOPUTMIB MPABOTO Ta JIBOIO KYTiB Ta B Ps/i BUMAIKIB Ma€ OCOOTUBHIMA
NiAXiAg moxo MmoOymoBH OUISHKM MapHipyTy posmoBctokeHHs LiFi curnamy, ame ns
0COOJTUBICTD HE ONMKMCAaHA JOCTAaTHBO 3PO3YMLJIO.

3. B TperproMy po3aui y JEMOHCTpalifHUX MPHKIaaax 3aCTOCYBAaHHS Pi3HUX
cTpateriii posropranHs jiTatouoi LiFi Mepexi Oyno 0 HOUITEHO PO3MISHYTH MPHUKIIAIH
IUTSL pI3HUX MicLIb PO3MIIIEHHS cTauioHapHoro aemno mist BITJIA.

4. B uyerBeproMy po3mini, B myHKTI 4.2.3 HEIOCTaTHHO TIOBHO OITMCAHO
byHKUioHaNT po3pobieHoro mporpaMHoro 3aco0y “Reliability Level”, mo yrpymHioe
PO3yMiHHS MpOLeCy OTpUMaHHs rpadikis, MpeacTaBIeHUX Ha puc. 4.21-4.23.

BkazaHi HefoNiKM Ta 3ayBa)kK€HHs HE BIUIMBAIOTH Ha 3arajibHY MO3UTHBHY OLIHKY

HayKOBOI L{IHHOCTI Ta MPaKTUYHOI 3HAYYIIOCTI JUCEePTALiHOT poOOTH.



BucHoBok npo auceprauiiiHy podorty

Iuceprariiina pobora Jlefiuenka Kupuna MuxkonaiioBuua «Metomu Ta 3acobu
TUTAHyBaHHS pO3TrOPTaHHS JIITAIOUMX MEPEX Ui 3a0e3MedeHHs Nepeaadi JaHuX B yMOBax
pyHHYBaHB» 3a CBOIM 3MiCTOM BiamnoBifae cremianbHocTi 123 Komn’ioTepHa iHxeHepis.
Jlucepraliist € 3aBepIIEHO0 HAyKOBO-IOCTITHOO pOOOTOI0, PO3B’A3y€ BAXKIIMBY HAyKOBO-
TEXHIYHY 3a/1a4y, sika MoJIsrae B po3poOIeHHsI METOMIB 1 MPOrpaMHUX 3aC00iB MiATPUMKH
posropranHs Oe3mioTHuxX sitatounx LiFi Mepex mis 3abe3medyeHHs mepenadi JaHAX B
yMOBax pyHHYBaHb 3 ypaXyBaHHSIM BHMOT JI0 YaCOBHUX 1 HalIHHICHUX XapaKTEPUCTHK.

Hucepraniiina podora Jlefiuenka Kupuina Mukonafiouua «Meromu Ta 3acobu
TUTaHYBaHHS pO3TOPTaHHS JIITAIOYUX MEPEX s 3a0e3redeH s nepeaadi JaHuX B yMOBax
pyHHyBaHb» BIONOBiZa€ BUMOraM [0 OUCEpTaliii Ha 3400yTTS HAayKOBOIO CTYIEHS
nokrtopa ¢inocodii, a came BuMoram myHKTiB 6 - 9 «IlopankKy NpHUCYIKEHHs CTyIEHs
IokTopa ¢inocodii Ta ckacyBaHHs pillleHHS pa3oBOl creliali3oBaHOI BYEHOI paau
3aKJIaqy BHIOI OCBITH, HAayKOBOI YCTAaHOBH IpO MPHUCYIXKEHHS CTYIMEHs MAOKTopa
dinocodiin, 3arBepmrenoro ITocranoBoro KMV Big 12.01.2022 p. N°44, a 3100yBady,
Jleituenko Kupuno MukosiaiioBu4, 3aciIyroBye MPUCYIKEHHS HOMY HAyKOBOIO CTYIICHS

nokropa ¢inocodii 3a crienianbHicTio 123 KoM’ toTepHa iHXeHepis.

OnouHenr:
IOKTOp TEXH. HayK, mpodecop,

npodecop kadeapu aepoHaBiralifHuxX cucteM

HamionanbHOro aBianiifHOro yHiBEpCUTETY / " Tersma ILIMEJIBOBA

“J0” 05 2024 poxy

Muxkona JIETEHLKU




