PELHEH3IA

pelleH3eHTa
K.T.H., CTaplIOro Haykosoro crniBpoOiTHuka JlepradoBa Koctsaruna IOpifioBuya
Ha mucepTaniiiny podory Jleliuenka Kupuna MuxkosnaiioBuya
«METOAU TA 3ACOBU INIAHYBAHHS PO3I'OPTAHHS JIITAIOUUX
MEPEXK JJI51 BABE3IIEYEHHS ITIEPEJTAYI JIAHUX B YMOBAX
PYUHYBAHb,
Npe/icTaBiIeHy Ha 37100yTTsl HayKOBOTO CTyIeHs ToKTopa ¢inocodil
B ray3si 3Ha"b 12 [Hdopmaliiiti TexHOIOT il
3a crernianpHicTiO 123 Komm’toTepHa iHxkeHepis

AKTya/IbHICTb TEMH J0CTIIZKeHHS.

DyHKI[IOHYBaHHSI 00’€KTIB KPUTHUUHO! 1H()PACTPyKTypH Mij 9ac BUHUKHEHHS Ta
pPO3BUTKY aBapii nependayae mepenady [0 KpHU30BOTO IIEHTPY JOaHHUX IPO CTaH
TEXHOJIOTIYHOTO 00JIaiHaHH 1 BiieoiH(popMallil Ipo CTYNiHb HOUIKOKEHb BUPOOHUINX
IPUMILIEHb, HAsBHICTb B HHMX MOCTPaXJajuX, a TaKOX OCEpelKiB 3ropsHHS abo
3agumiieHHs. LlltatHUl npoToBUET Ta palio3B’s30K, SIKWM 3a0e3nedye HaaXOmKEHHS
Takoi iH(opmamii, Moxe OyTH NOIIKOPKEHWH BHACTIAOK BIUIMBY HECHPHITIMBUX
(akTopiB aBapiii. ¥ SKOCTI aJIbTEpPHATUBHOIO PilIEHHs], CIIPSIMOBAHOIO Ha 3a0e3IeueHHs
IIOCAJIOBUX 0CI0 KpPU30BOI0O LIEHTPY HEOOXiHOIO iH(OpMali€ro, MOXe PO3TIIIaTHCS
posropranHs Jitatrouoi LiFi mepexi Ha ocHOBI O€3MIIOTHHX JITaJbHUX arapariB
(BIUIA). HasBHicTh ocTaHHIX y sikocTi ckyanoBoi LiFi mepexi mo3Bossie ii MIBHUIKO
po3ropTary, a 3a moTpedbu — MIBUJKO 3MIiHIOBATH i1 KOH]Iryparmiro Ta MacmTaOyBaTH.
OnHnak cyrreBoto Bajnoro LiFi TexHonorii € HEMOXIMBICTS MPOHUKHEHHS CBITIIOBOTO
CUTHAJTy Kpi3b MeXaHiuHi mepemrkonu. ToMy Ba)XJIMBUMHU 3aBHAHHSIMHU € MPOKIaJaHH:
MapuIpyTiB po3noBcrokeHHs LiFi curnamy B 00XiJ [IUX MepelIko, BU3HAUYeHHS MiCIlb
po3TanryBaHHs Ha IUX npokianeHux mapupyrax BIIJIA nns yrBopenns mitarouoi LiFi
MepexXi, a TakoK 3a0e3MeueHHs] TapaHTOBAHOIO (DYHKIIIOHYBaHHS MEpEXi BIPOIOBIK
3afaHoro yacy. Came Ha BUpPILICHHS IUX Ba)KJIMBHUX 3aBIaHb CHPSIMOBAHI JOCHIIHKEHHS
3100yBaya, 110 poOUTH IX aKTyaJlbHUMHU SIK 3 HAyKOBOI, TakK i IPaKTUYHOI TOUOK 30pY.

OuiHka OOIDYHTOBAHOCTI HAYKOBHX pe3yJbTaTiB, IX [JOCTOBIipHOCTI Ta
HOBH3HH.

OOrpyHTOBaHICTb HAyKOBHX pe3yJbTaTiB 3a0e3leyyeTbcs aBTOPOM IUISIXOM
3aCTOCYBaHHS 3arajbHOBIJIOMHX METOJIB JOCJi)KEHb, 30KpeMa METOJiB CHCTEMHOI'O
aHai3y, ONTHMi3amii, Teopili HamiAHOCTI, Teopil po3kiaxiB, Teopii rpadis,
MaTeMaTHYHOTO MOJICIIOBAaHHS, a TaKOXX PEeTEJbHOI0 HiArOTOBKOIO BXIJHMX [aHUX 3
ypaxyBaHHSM B)K€ BiJIOMHX HAalpallOBaHb y LI ramgy3i 1HIIMX BYEHHUX 1 3a34aJIerilb
PO3POOIIEHOIO CXEMOIO ITPOBEICHHS IOCIIiIKEHb.

JIoCTOBIpHICTL  pe3ynbTariB  3a0e3Nneuyerbess MOKPOKOBOIO MEpeBipKOI0 Ha
TOTOXHICTh pPe3yJbTaTiB BHpIIMICHHS OJHUX 1 THUX K€ 3aBJlaHb AaHAJIITHYHUMU
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po3paxyHKaMM 1 IMiTallifHUM MOJEJIOBAaHHSM, & TAaKOX X KPHUTHUYHHM aHATi30M i
KOpEryBaHHsAM 3a pe3yJIbTaTaMd eKCIEepTH3 HayKOBO-IOCIHIIHHX IPOEKTIB, y SKHX
PO3MIIIIEHO HAyKOBi pe3yNbTaTH MUCEpTaHTa, pPELEH3YBaHHS HAyKOBHX IyOJikaiiid B
NepioANYHUX BUJIAHHSX Ta BUCTYIIIB Ha HAYKOBHUX KOH(MEPEHITisIX.

HaykoBy HOBH3HY oOfepXaHUX pe3yJbTaTiB IUCEPTALiMHOI POOOTH CKIazac
HaCTYyIIHE:

1) enepuwe 3anpononosarno memoou nianysants posmiwennss BIIJIA nimaiowoi
LiFi mepesici 01151 3a00e3neuenns nepedaui 0aHux 6 YMo8ax pyuHy8aHb, sIKi Ha BiIMIHY Bif
BIJOMMX BpaXOBYIOTb CTPYKTYpPHO-IIPOCTOPOBI IapameTpd Mepeurkon i 0a3yroThCs Ha
KOMOIHYBaHHI aJITOPUTMIB MIPOKJIJaHH MapUIPYTiB 3a Pi3HUMH CTPATETisIMH 1X 00XO.Y,
Ta HaJAIOTh 3MOTY MIiHIMI3yBaTH AOBXKHHY MapuUIpyTy Ta/a00 KiIbKICTh HEOOXiTHHMX
BIUIA;

2) yoockonaneno memoo posmiwenna bBIIJIA nimawouoi LiFi mepedci ons
3abezneuenns nepedadi OAHUX 6 YMOBAX PYUHY6AHH LUIIXOM (QOPMYBaHHS Ta BHOOPY
MapLIpyTiB IIOJIbOTY y BH3HA4eHI TOYKM Y IPOCTOpi i YTBOPEHHS MeEpexi 3
ypaxyBaHHsSIM pi3HMX BapiaHTiB OasyBanHs BIIJIA, mo 3MeHmiye cymapHi yacoBi Ta
BapTiCHI BUTPATH Ha PO3TOPTAaHHS MEPEXKi;

3) yoockonaneno memoo nioguwenns HaoiuHocmi naimaiouoi LiFi mepeoici
[UISIXOM PpO3pOOJIEHHsS MOJIENIl Ta aJIrOpUTMIB BHUIlepe/KyBalbHOI 3amiHu BIIJIA 3
ypaxyBaHHSIM BHUMOI' 10 HMOBIpHOCTI 0e3BiIMOBHOI pPOOOTH Mepexi, MOKa3HHKIB
Oe3BigMOBHOCTI Ta aBTOHOMHOCTI okpemux bBIIJIA, mo 3abe3medye rapaHTOBaHE
(byHKIIIOHYBaHHSI MEpeXi BIPOJIOBXK 3a7aHOr0 Yacy.

IIpakTHYHA WiHHICTH OTPUMAHMX Pe3YyJIbTATIB.

[IpakTHuHa  WiHHICTP  pe3yJNbTaTiB  JUCepTalii  MiATBEPIKYEThCS  IX
BIIPOB/UKCHHSIM Yy  HAyKOBO-ZIOCJIJIHY Ta HaBYalbHY JiSUIBHICTE  Kadenpu
KOMIT'IOTEpPHUX CHCTeM, Mepex 1 KibepOesneku HanioHaapHOro aepoKOCMIYHOTO
yHiBepcurety iM. M. €. JKykoBcbkoro «XapkiBCbKUH aBiallifHUM 1HCTUTYT», a TAKOX Y
TOBapHUCTBI 3 0OMexeHoro BianoBigaibHicTIO « CIJT JITHK».

Ouinka 3MmicTty auceprauii, il 3aBeplIeHICTb Ta JOTPUMAHHS aKaJeMidHOI
A00pPOYeCHOCTI.

3a cBOIM 3MicTOM auceprariiina podota Jleliuenka K. M. moBHICTIO BianoBigae
Cranpgapry BuUIOi OocBiTH 31 creuianbHocTi 123 Komm’rorepHa iHXeHeEpis TpeThOro
OCBITHBO-HAyKOBOTO PiBHSI.

Jluceprarniiiina pobota sBIsiE COO0I0 OAHOOCOOOBO HamucaHy KBaliikamiiHy
HAyKOBY IIpallfo, SKa MICTHTh CyKYIIHICTh PE3yJIbTaTiB Ta HAayKOBHX IIOJIOKEHb, Ma€
BHYTPIIIHIO €IHICTD 1 CBIAYHTH PO OCOOUCTHI BHECOK aBTopa y Hayky. JlocmimkeHHs
CIIPSIMOBAaHO Ha PO3POOJEHHS METOMIB i MpOrpaMHUX 3ac00iB MiATPHUMKH PO3TOPTaHHS
6esmiorHux nitatounx LiFi mepex g 3a0esnedeHHs nepenadi JaHUX B YMOBax
pYHHYBaHb 3 ypaxyBaHHSIM BUMOT JI0 YaCOBHUX 1 HAJIIHHICHUX XapaKTEPHUCTHK.
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Juceprariis BUKOHaHa 3 JOTPUMAHHSM BHUMOI' aKaJeMIYHOI JTOOPOYECHOCTI,
OTpUMaHi pe3ynbTaT! JatOTh MiJICTaBH FOBOPUTHU PO OPUTIHANBHICTH pOOOTH.

Od¢opmuenns auceprauii Ta ii cTpyKTypa.

OdopmiieHHs auceprarii 3MIiMCHEHO 13 JAOTPUMaHHsIM BHMoOr Hakazy MOH
Vkpainu Ne 40 Bim 12 ciyns 2017 p. «Ilpo 3arBepmxeHHs BUMOI 10 OQOpPMIICHHS
qUcepTamin.

Jluceprartisi CKJIama€eTbCsi 31 BCTYILY, YOTHUPHbOX PO3MAUIIB, BHUCHOBKIB, CITUCKY
BUKOPUCTAHUX JDKepen i3 69 HaliMeHyBaHb Ta JBOX JOJaTKiB. 3araJibHUH oOcsr
muceprarii ckiagae 183 cTopiHKH.

Y 6cmyni OOIpYHTOBaHO aKTyaJbHICTh TEMH JUCEpTAlliiiHOI poOOTH,
chopMybOBaHO MeTy, OO0’€KT, IpeAMeT 1 3aBHaHHS MJOCIiJKEHHs, IepeideHo
BUKOPHCTOBYBaHI METONM JOCIi/PKEHb, II0Ka3aHO HAayKOBYy HOBU3HY OTpPHMAaHHUX
pe3yJbTariB, MOBHOTY I1X OIYOJiKyBaHHsS i ampofallifo, a TakoX 3a3Ha4eHO 3B’S30K
MarepiaiiB nucepTaiiitHol poOOTH 3 HAYKOBUMH IIPOTrpaMaMu i TeMaMH.

Y nepuiomy po3oini nposenexo anaii3 3acrocyBanHs bITJIA s nepemadi janux
B IIPUMIIIEHHSX, HA ITiICTaBi SKOT0 BU3HAYEHO MIUPOKUM criekTp 3acTocyBaHHs BITJIA y
IPUMIIIEHHSIX, BU3HAYEHO OCHOBHI MPOOJIEMH, 3 IKUMU JOBOAUTHCS CTUKATHCH MiJl Yac
3acrocyBaHHs BITJIA B ymMoBax CKJIagHOro BHYTPIIIHBOIO IUIaHyBaHHs OyaiBenb Ta
HasSBHOCTI B HHX Tnepemikoa. IlpoaHani3oBaHO ICHYIOYI METOAM, AQITOPUTMH Ta
mporpamMHi 3acoOH pO3rOPTaHHS JITAIOUUX OE3POTOBUX MEPEX B yMOBaxX pyHHYBaHb 3
dboxycyBaHHSIM Ha mepeBarax Ta Hemonikax LiFi TexHomoriil. OnucaHo MOCIiIOBHICTb
IUTaHyBaHHsI po3ropranHs jitatouoi LiFi mepexi Ha ocHoBi BIUJIA y BupoOHHYOMY
OPUMIIICHH] 3 IEePEIIKOIaMHU.

Y opyzomy po30ini po3risiHyTO METOH IIaHyBaHHs po3MilienHs BITJIA nitaroqoi
LiFi mepexi 3 BUKOpUCTaHHSM Uil 00Xofy Iepelkoi mia yac mpokianaHHs LiFi
MapIIpPyTiB aJIrOPUTMIB MPSIMOKYTHHKIB, SIKi BKIIOYAIOTh aJITOPUTMHU JIIBOIO ¥ MPaBoOro
KyTiB Ta aJrOpUTMy KEpOBaHOTO BOJOCHAdy, SKUH IOE€NHYE IepeBard IMONEePemaHIX
QJITOPUTMIB Ta Ma€ JOAaTKOBe MpaBmio obxony nepemkon. [li Yac MOpPiBHAIBHOIO
aHaJli3y aJrOPUTM KEPOBAHOTO BOMOCMANY ITOKa3aB HaWKpallli 3HAaYEeHHs Cepes iHIIUX
aITOPUTMIB sIK 32 nomkuHOI LiFi MapmipyTy, Tak i 3a kinbkicTio BILUIA, mo HeoOxigHa
st posropranHs LiFi Mepexi.

YV mpemvomy po3oini po3risHyTo ocobnuBocTi posmimenHs BIIIA nitarodoi
LiFi mepexi 3 BUKOPHUCTAHHSM pi3HHUX CTpareriii posropranHs opHotunHux BITJIA i3
CTaI[iOHAPHOI'0 JEI0, sIKe pO3TalllOBaHE y MPHUMIIIEHHI 3 Iepemkogamu. 3iHCHEeHO
MOPIBHSUTBHUHM aHali3 CTpaTerii po3ropTaHHs Ul 3aJaHOro Habopy BXIHUX NaHHX.
3anpornoHOBaHO MeToj 3abe3rnedeHHs (yHKIIOHyBaHHs posropHyToi LiFi mepexi i3
BU3HAYCHOIO MMOBIpHICTIO 0€3B1IMOBHOI poOOTH BIPOAOBXK 3amaHoro yacy. Ilokazano
IpUKIA]  3aCTOCYBaHHS  po3poOJIeHOro MeToAy Ul BUIAAKY 3a0e3ledeHHs
OesnepebiitHoro ¢ynkiionyBanus LiFi mepexi nsoma 3miHamu BITJIA 3a 3aspanerigs
po3pobiieHrM rpadikoM IMOJNBOTIB IO CBOTO MicIsl po3TamryBaHHs Ha LiFi mapmipyTi i
TIOBEPHEHHS JI0 CTAl[lOHAPHOIO JIETIO.
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Y uemeepmomy po3oini onvcana apxiTekTypa, 6a30BUil GyHKIIOHAT Ta HABEACHO
NPUKJIATAH 3aCTOCYBaHHS TMPOTPaMHUX 3aco0iB, PO3POOJIEHUX 3 METOK MiATPUMKH
posropranns Oe3minorHux yitatounx LiFi mepex nms 3a0esneueHHs nepenadi JaHWX B
yMOBax pyHHYBaHb 3 ypaxyBaHHSIM BUMOT JJO YACOBUX i HAAIMHICHUX XapaKTePUCTHK.

VY eucHoekax mogaHo CyMapHy OILIIHKY pe3ylbTaTiB JOCHIHKeHHs, 1X 3HAYUMICTh 1
MPaKTUYHY 3aCTOCOBHICTh, @ TAKOXK 3alIPOIIOHOBAHI HAIIPSIMKU MOJAJIBIINX JOCIiKEHb.

CRucok uKopucmanux o0xcepesl XapaKTepu3yeTbCs TOCTATHBOIO I 00paHOro
OpeaMeTy JOCHIJKeHb KIUIBKICTIO Cy4acHHMX HayKOBUX IIpallb BITYM3HSHHX Ta
3aKOPIOHHUX HAyKOBIIIB, Ma€ TICHUU 3B’S30K 3 BUPILLYBAHUMH y AUCEpTaIliiiHi poOOTi
3aBJaHHIMH.

Y 0ooamky A nonaHo Komii akTiB BIPOBAJKEHHs HAYKOBHX Ppe3y/bTaTiB, a y
0ooamkKy b HaBeJIeHO JIICTUHTH KOJIiB pO3pOOJICHUX MPOrpaMHUX 3aC00iB.

OnpwitoaHeHHsI pe3y/bTaTiB po0oTu.

HaykoBi pe3ynapTaTi BUCBITICHO Y uiecmu HayKOBUX MyOJiKallisx:

— O0O0Ha CTaTTsl y HayKOBOMY BUJAaHHI, BKIIFOUEHOMY Ha JaTy OMyOINiKyBaHHS 1O
nepeyiky HaykoBuUX (axoBux BUJaHb YKpaiHH Kareropii b 3a cmeuianpHiCTIO
123 Komm’roTepHa iH)XeHepis, 3 JBOMa cIiBaBTOpaMd (pa3oM i3 3100yBaueM), siKa
IPUPIBHIOETHCA 10 OOHI€ET TyOiKaIlil;

— O0O0Ha CTaTTs y HayKOBOMY BHUJaHHI, BKJIIIOUEHOMY Ha Jary OmyOJiKyBaHHsS IO
nepeiky HaykoBuUX (axoBux BUIaHb YKpaiHu Kkarteropii b 3a cmeuianbHicTiO
123 Komm’toTepHa iHXKeHepis, 3 TpbOMa cIiBaBTOpaMu (pa3oM i3 3100yBadeMm), sKa
HNpUPIBHIOETHCA 110 0,5 myOmikauii;

— 0OHa CTaTTs y HayKOBOMY BH/IaHHI, BKJIIOYEHOMY Ha JaTy OmyOJiKyBaHHS IO
nepeiky HaykoBuX (haXxOBUX BHJaHb YKpaiHW Kareropii A 3a CIeHiaIbHICTIO
123 Komrr’toTepHa iH)XeHepisl, MpoiHAeKCOBaHOMY Yy 0a3i JaHUX Scopus Ta BiIHECEHOMY
no tperboro kBaptuiio (Q3) BinnmosigHo o kiacudikanii SCImago Journal and Country
Rank, sika mpupiBHIOETHCS 10 080X MyOiKalliii;

— o0O0Ha TmyOiikamiss y 3aKOpAOHHOMY IIepiOJMYHOMY HAyKOBOMY BHIaHHI,
nmpoiHgeKkcoBaHOMY Yy 0a3i maHmmx Scopus Ta BIIHECEHOMY A0 YETBEPTOro KBApPTHIIIO
(Q4) BignosimHo jgo kiacudikamii SCImago Journal and Country Rank, sxa
MPUPIBHIOETHCS 10 0OHIET TTyOIiKalii;

— 06i muyOmkamii anpobayitinoco xapakxmepy y Marepiajax MiKHapOIHUX
KoHGepeHIif mix erimoro [HCTUTYTy iH)KEHEepiB 3 €JIEKTPOTEXHIKH Ta eJeKTPOHIKH
(Institute of Electrical and Electronics Engineers (IEEE)), mpoinnekcoBanux y 0asi
JlaHUX Scopus.

Henosixku Ta 3ayBaxeHHsI 40 AUcepTALiHHOI poOOTH.
1. He 3po3ymisnio, siki caMe 3a XapakTepHUCTHKaMH BHKOPHCTOBYIOThCs BIIJIA Ta
SKMMH caMe HaBiramidHOK CHCTEMOIO Ta CHUCTEMOIO YHUKHEHHs 3iTkHeHb (Traffic
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Collision Avoidance System (TCAS)) Bouu obnagHaHi 1100 BHKOHYBAaTH PO3rOPTaHHS
LiFi Mepexi y mpuMIIlIeHH].

2. byno 6 moniipHO y ApYyroMy po3ziii OUIBII JeTalbHO OOTPYHTYBAaTH BUOIp IS
IOLIYKY HaWKOpPOTIIOro MapuipyTy Ha rpadi anroputMmy JleWkcTpu, 3poOHBIIH
HNOPIBHSJIBHUM aHami3 3 anroputMamu bemnmmana-®opna, dmoitna-Bopiemna, A-star
TOLLIO.

3. Byno 6 ROUUIBHO PO3MISIHYTH Y TPEThOMY PO3IUIL JJIsi YTBOPEHHS JIITAr04ol
LiFi mepexi cTparerii po3ropransst rpynu pisHoTUmHEX BITJIA.

BucnoBok npo aucepraniiiny pooory.

BBaxaro, mo muceprauiiina po6ora Jleliuenka Kupuna MukonaiioBuya Ha TemMy
«Metomu Ta 3aco0HM TUTaHYBaHHSI PO3TOPTAHHS JIITAIOUUX MEPEX I 3abe3lmedeHHs
nepenadi J@aHUX B yMOBax pyWHYBaHb» He IMOPYIIYE€ MPHHIMIIB aKaJeMiqHOL
NOOPOYECHOCTI 1 € 3aBeplIeHUM HayKOBHM OCIIDKEHHSM, CYKYITHICTh TEOPETHYHHX i
IPAKTUYHUX PE3YJIbTaTiB SIKOrO pO3B’si3ye HAyKOBE 3aBIaHH, III0 MAa€ iCTOTHE 3HAYEHHS
Juts crieniasibHOCTI 123 KoMt rotepHa iHeHepisl.

Hucepranifina po6oTa 3a aKTyaJbHICTIO, NPAKTUYHOIO I[IHHICTIO Ta HAyKOBOIO
HOBHM3HOIO TMOBHICTIO BiAMOBiIae BUMOraM NYHKTIB 6-9 «llopsaky NpHCYmKEeHHS
CTyIeHs JokTopa ¢imocodii Ta ckacyBaHHsI pillIEeHHS Pa30BOi CIeliali30BaHOI BYEHOT
panu 3akiaay BHILOI OCBITH, HAyKOBOI YCTAaHOBH IPO NPUCYIKEHHS CTYNEHS IOKTOpa
¢inocodiin, 3arsepmkenoro Ilocranosoro Kabinery MinicTpiB Yikpainu Ne 44 Binm 12
ciung 2022 p.

3no0yBau Jleiiuenko Kupunmo MukonalloBUd 3aciayroBy€e Ha IPUCY/KECHHS
HAayKOBOTO CTyIeHsl JokTopa (iocodii B ramysi 3HaHb 12 [Hbopmariiini TexHoorii 3a
crerianeHicTio 123 KoM totepHa iH)XeHepisl.

Penen3eHT: KaHIUIAT TEXHIYHUX HAYK,
CTapIIXii HAyKOBHUI CITiBPOOITHUK,
3aBiiyBa4 Kadeapu CUCTEM YIPaBIIHHS
JTaJbHUMU anaparaMmu

HarioHambHOTO aepOKOCMIYHOIO YHIBEPCUTETY
iM. M. €. XKykoBcbkoro

«XapKiBChKUI aBlalliiHUIA IHCTUTYT»
20,05 2024
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