PEIEH3IA
Ha AUcepTaliiiHy poboTy
Boxyxu Janiini IropoButia
Ha TeMy «Po3po6IIeHHS] METO/IIB aHai3y Ta no0yI0BH CTPYKTYPH XMapHHX
cHCTEMY, KA IIpe/IcTaBlieHa Ha 3100y TTs HayKOBOTO CTYIeH:A JOKTOpa ¢inocodii
B raity3i 3HaHb 12 Tndopmaniiini TEXHOJOTI 3a CIeL[iabHICTIO

121 IrkeHepis MporpaMHOro 3abe3ne4eHHs

AKTyaJbHICTH TEMH AHCEpTAUii

JucepraniiiHe ROCHI/UKEHHsS € aKTyaJlbHAM 4epes norpedy y mobynoBi
CKJIAMHUX XMApHHX CHCTEM, 1O MOEAHYIOTh Pi3Hi PiBHI o0uMCIIeHb: Bijl KiHIIEBUX
MPUCTPOIB 70 XMapHHX  LEHTPIB. [Ipo6rema monsrac y — BiCYTHOCTI
dbopmani3oBaHuX ~ MojeseH B3acMO/il MiX piBHIMHU. ABTOp TPOIOHYE
4OTHPHMPIBHEBY apXITEKTypy Ta MaTemMaTHuHi Mogjendi ii (yHKUioHyBaHHA. Y
JHcepTalliftHOMY JOCHiKEHHI TPOBENEHO CHCTEMHUM aHaTi3 TEOPEeTHUHHX 1
IPAKTHYHMX MiAXOAIB 10 MOOYIOBH XMApHUX CHCTEM, PO3MIAHYTO apXiTeKTypHI
MOJIelTi Ta MeTO/IY ONTHMI3allii 6araTopiBHEBUX CTPYKTYP, ONMCAHO dopmarnizopaHi
MojieJli YOTHPHPIBHEBOI XMapHOI apXiTeKTypH Ta cuenapii 1l GyHKI[IOHyBaHHS,
MIPH/IiIEHO yBary MUTaHHAM OallaHCyBaHHs HABAHTAXKEHHA, OLIHKH e(eKTHBHOCTI,
BUSBJIEHHS «BY3bKMX MICLb» Ta PO3POOJICHHIO MPOTPaMHHX pileHs s
iMiTalifHOTO MOJIE/IIOBAHHS.

JlicepTallisi € 3aBepIICHUM JOCIIDKEeHHSM, Y SKOMY 3alpOrOHOBaHO METOIA
moGyI0BM XMapHHX CHCTEM, peaii30BaHO mporpaMHi pillleHHs ls aHaiizy ix
poGoTH Ta POBEIEHO MacITabHi eKCIIEPUMEHTH Ha COTHSX THCAY MO/IeNIeH.

AKTYaJbHICTH TeMH J0CIIiKeH sl 00yMOBJICHA HeoOXigHicTIO (popMyBaHHS
HOBMX TEOPETHYHMX 1 NPAKTHYHMX IMiJXOAIB IO noGyoBi GaraTopiBHEBHX
XMapHHX CHCTeM, 3IaTHHX 3a0e3nedyBaTH BHCOKY POy KTUBHICTb, CTIMKICTD Ta
A/[ANTHBHICTh TIPU JHHAMiYHIN 3MiHI iHTEHCHBHOCT iH(pOpMAL[IHHUX TOTOKIB.
3pocTaHHsi BUMOT 10 €()eKTUBHOTO yIpaBITiHHS PeCypcaMH, MiHiMi3allii 3aTPUMOK

06pOoOKK JaHHUX Ta MiJATPUMAHHS cTabibHOCTI POOOTH CHCTEMH B yMOBaX MIKOBHX



HABaHTaXXeHb POOUTH PO3POOIIEHHS TAKUX MiIXOMIiB OCOOIMBO aKTyalbHUM.

AKTyalbHUM € PO3pO0JIeHHS] HOBUX METO/IiB aHali3y Ta NoOyA0BH CTPYKTYpH
GaraTopiBHEBMX  XMapHHX  CHCTeM, 3JaTHMX  3a0e3medyBard  BHCOKY
MPOAYKTHUBHICTH Ta CTIHKICTE B YMOBax NUHAMIYHOI 3MiHM IHTEHCHBHOCTI
iHdopMariifHUX ITOTOKIB.

38’5130k poOOTH 3 HAYKOBHMH NPOTrpaMaMH, IJIAHAMH, TEMaMH

Jucepraniiina po6oTa BHKOHYBaJIach y BiJINOBIAHOCTI 3 IHIAMBILYyalbHUM
IUTAHOM MiIFOTOBKM acmipaHTa Kadeapu imxeHepii mporpaMHOro 3abe3nedyeHHs Ta
indopmaniiinux TexHonorii J{HIMPOBCHKOrO HAIIOHANBHOIO YHIBEPCUTETY iMeHi
Onecs T'onuapa. JlocmimkeHHs 3a TeMOIO AMCepTalii 3AIHMCHIOBAIMCS TaKOX B
paMKax HayKoBO-AOCHiAHUX poGiT Ne ®IIM-2-22 «Po3pobiieHHs MpOrpaMHOro
3a0e3MeueHHs aHali3y Ta Kiactepusamii uyacoBux psuiBy 2022-24 pp. Ne
nepxpeecrpanii 01220001465 ta Noe ®IIM-2-25 «Po3pobienns iHpopmaiiHol
TeXHOJIOrii 0OpOOKM CTaTMCTHYHMX HaHHX» 2025-27pp. HOMep depXkpeecTpaiii
01250002280.

Jucepraliiiina po6oTa BUKOHAHA BiIOBIIHO JI0 MOTOYHMX i MEPCTIEKTUBHUX
IJIaHIB HAYKOBOI T4 HAYKOBO-TEXHIYHOI AisIbHOCTI JIHIMPOBCHKOIO HAIlIOHATBHOTO
yHiBepcutrery imeni Onecs ['oHuapa, cnpsAMOBaHMX Ha TOAQJIBIIHH PO3BUTOK
irKeHepil nporpaMHOro 3ade3neyeHHs.

@opmyJIIOBAHHS HAYKOBOI 3a]1a4i, HOBe BHPIILIEHHS $IKOI O/lepiKaHe B
aHcepTanii

Haykosa 3amaya poGOTH Tonisirae y po3poOieHHi Ta Gopmarizaiii METOAIB
nmoOyaoBH  GaraTopiBHEBOi  XMapHOi  apXiTeKTypH, 34aTHOi  e(eKTHBHO
(yHKIiOHyBaTH 3a yMOB JWHAMi4HOI 3MiHM iHTEHCHMBHOCTI iH(MOpMaLIHHAX
IOTOKiB, 3a0e3MeyyBaTH ONTUMAILHUN PO3MO/IT PecypciB MiXk PIBHAMH CHCTEMH
Ta MiHiMi3yBaTH 3aTpuMKA 00poOku nanux. Haykosa 3asa4a BK/IIOYAa€ CTBOPEHHS
MaTeMaTHYHUX MOJIeNIel YOTUPUPIBHEBOI XMapHOT CHCTEMH, BU3HAYEeHHs KPUTEPIiB
il omruMizamii, mOCHiMKEHHS cTparerii OalaHCyBaHHS HaBaHTAKEHHI Ta
pO3pO0JIeHHS. MPOIPaMHUX pillleHb JUIA IMITal[lHHOrO MOMENIOBAaHHS CKJIAJHUX

CTpyKTYp. O6’ckmom Oocniodcenns € TpolecH NoOYIOBH XMapHHX CHCTEM



aBTOMATH3alli INpOLECIB Ta B3aEMOAIl 3 KOMIT IOTEPU30BAHUMH [IPUCTPOSIMH.
IIpeomemom Odocnidocenns € Metoau NOOYAOBH apXiTEKTypHOIO pillleHHs Ta
QIrOPUTMIYHOrO 3abe3ledyeHHss XMapHHX CHCTEM aBTOMATH3allii MpoleciB Ta
B3a€MOJIi1 3 KOMIT’ FOTePH30BaHHMH IIPHCTPOSAMH.

OCHOBHHMH 3ala4aMHi JUCEPTALIIHOIO JOCIIiIKEHHS €:

1. TlposecTn aHami3 ICHYIOYHMX IiJXOAiB MOOYZOBH XMAapHHX CHCTEM,
Mojielieil Ta METO/1IB IX Ipe/ICTaBIIeHHs Ta YIIPaBIiHHs, iHhOpMAaIiiHIUX TEXHOIOTIi
JUIs 1X OIHCY.

2. JlocmiautH  XapaKTEePHCTHKM XMapHOI CHCTeMH Ta HoOYy[yBaTH
y3arajibHeHe apXiTekrypHe pimenHs ii [T-indpacTpykrypw.

3. Cmpoextysatu IT-iHdpacTpyKTypy XMapHOI CHCTEMHM i3 3aCTOCYBAaHHSIM
MAXO/IB YNpaBIiHHSA, METOJIB PO3MILEHHsS PeCypeiB, CHOXKHBAHHA MOCTYT Ta
IPOrHO3yBaHHS HABAHTAXEHb XMapHOI CHCTEMHU.

4. PosrnsiHyTM — migXoaW  opraHizamii  po6OTH  CHCTEM ~ MacoBOro
00CITyroByBaHHS Ta METOH MOOYI0BH CKIaJHUX TUCKPETHUX CHCTEM.

5. Hocniguru icHyrodi (B TepMiHOJIOri CHCTEM MacoBOro o6cCIyroByBaHHS)
YMOBH CTaJIOro peUMy i MepeBipKH CKJIAJHOCTI CTPYKTYPH XMapHOI CHCTEMH.

6. PospoOutu mnporpamHe pimeHHs A0 poGOTH By3miB mig  uac
HaBaHTaXXEHHSA XMapHOI CUCTEMH MiXOAaMH IMIiTaI[iHHOIO MOIEIIOBaHHS.

7. PosrisiHyTH pi3Hi KOMOiHallii apXiTeKTYpHHX pillleHb CTPYKTYPH XMapHOI
CHCTEMH.

8. Po3pobutu mporpamue pimeHHst uisi MOGYAOBaHOI CTPYKTYpH XMapHOT
CHCTEMH.

9. Jlns HaBaHTaXEHHS XMapPHUX CHCTEM INPOBECTH AHANI3 JAHMX 3 BiIKPUTHX
JUKepen JUls TpOBeJleHHs iMIiTalifHMX eKCIepPHMEHTIB Ta MiArorysaTd obpaHi
HaOOpH JaHKX ISl iMiTalliifHAX eKCIIePUMEHTIB pOGOTH XMapHOT CHCTEMH.

10.TIpoBecTn mporpamHi eKcHepUMEHTH Ta OOCHIAUTH pPoGOTY Mozeni
XMAapHOI CUCTEMH.

HaykoBa HOBH3HA OTPHMAaHHX aBTOPOM pe3y.JIbTATIiB

ABTOPOM OTPMMAaHO HU3KY Pe3yJIbTaTiB, [0 MAIOTh O3HAKK HAyKOBOI HOBU3HH.



3okpema, Brepiie po3pobieHo (GopMmaiizoBaHy MoJeNb YOTHPUPIBHEBOI XMapHOI
apxitektypu (DC-EC-FC-CC), siky mnpexcraBneHo y BUrisai Oaratodasosoi
3alpONIOHOBAHO HOBI MaTeMaTHW4Hi cTpaTerii pO3BaHTAXKEHHS, AITOPUTMH
TIepepo3MOALTy 3alMTIB Ta AreHTHI MIXOAW s TiJABHINEHHSA CTabilbHOCTI H
[POrHO30BaHOCTI cucTeMH. [IpakTHYHA LIHHICTH pe3yJbTaTIB IiATBEPIKEHA
CTBOPEHHSIM MPOTrPaMHHKX MOJIYJIiB, IPU3HAYEHHX JUIS MACIITaOHOrO MOJIEIIOBAHHS
JOCTaTHBO BEJHKOI KiJILKOCTi BapiaHTiB CTPYKTYPHHUX KOMOIHAIIIH.

OCHOBHI HayKOBI pe3yJbTaTH AUCEPTALlil TOJIAraloTh Y HACTYITHOMY.
1. Brepiie nmpoBefeHO KOMIUIEKCHHMH aHalli3 iCHYIOYMX apXITeKTypHHUX pillleHb
s oOy/I0BH CTPYKTYp XMapHHX CHCTeM 3 IIO3HMIll Teopil CHCTEM MacoBOIO
00CIyroByBaHHS Ta TMOAAIBLIOIO y3arajbHEHHS Ha PO3MOALIEHI CHUCTEMH, IO
JIO3BOJIMJIO BUSIBUTH IIPUXOBaHI HEJIOJIKY HAsBHUX I1IXO/(1B, 30KpeMa IXHIO HU3bKY
aIalTUBHICTh OO JMHAMIYHOI 3MiHM IHTEHCHBHOCTI BXIJTHOTO TOTOKY 3asiBOK Ta
HeeeKTHBHE  BHKOPHUCTAHHS  OOYMCIIOBAJbHUX  PECYpCiB  MpH  HIKOBHX
HaBaHTaXeHHsX. Ha OCHOBI OTprMaHUX pe3yNbTaTiB Oyso hopMaizoBaHO KpUTEpIl
onTHMi3allii CTPYKTYPHMX [apaMeTpiB XMapHHX CHCTeM, WIo 3abesnedye
MiHiMi3alil0 4Yacy 3aTpUMKH OOpoOKM JaHUX Ta MiJBHUILY€E 3arajbHy
BiIMOBOCTIHKICTh CHCTEMH.
2. Bnepie po3po0iieHO apXiTeKTypHe pilleHHs 1MoOyJ0oBH XMapHOI CHCTEMH 3
BH3HAYEHOK MOCIIIOBHICTIO pyXy 3alMTy/3aBIaHHs, IO BiJPI3HAETbCA BiJl
iCHYIOUMX pillleHb THM, III0 BHKOPHUCTOBY€E OINBIIY KiTbKICTh PiBHIB (BKJIIOYEHHS
napagurm Edge/Fog) npescraBienHs 38’ s3KiB, sike € MaclITaboBaHOIO iepapXi€ro
MpH BHUKOPHCTAHHI PO3MOAUIEHHX pecypciB ISl e(EeKTUBHOI MIATPHMKH Ta
pPO3ropTaHHs XMapHOi CUCTEMHU.
3. Bmepiie 3anmponoHOBaHO MOXIJIMBICTh MPEACTABIEHHS XMapHOI CHCTEMH Yepe3
YOTHPH PiBHI 3 BKJItoYeHHsIM piBHIB Edge/Fog Ta 1i po3misay, K MPOCTOro MOTOKY
3aIMTiB/3aBaaHb, L0 IPU3BOAMTE OaraTo(a3oBy CHCTEMY 0 CTOXACTHYHOI MEPEXI.
4. Bnepie 3amporOHOBAHO MiAXiA MO0 NMPOEKTYBaHHS apXiTEKTypH XMapHOI

CHCTEMH 3 BU3HAYEHOIO KUJIBKICTIO PiBHIB, AKHi MMOENHYE B COO1 YMOBY PO3MIILEHHS



YCiX 3alMTiB/3aB/IaHb Ha Pecypeax Ta WIBUIAKO/IK0 POGOTH BUKOPHCTAHHX pecypciB
(yMOBH crnoxkuBaHHs). 30KpeMma, JUIs YOTUPUPIBHEBOI apXiTeKTypH XMapHOT
CHCTEMH 3aIIPOIIOHOBAHO BHUKOPHCTaHHS IePEBipKH IMOKa3HHUKIB e()eKTHBHOCTI Ta
HaJiAHOCTI, K YHiBepCaIbHHX METPUK (YHKIIOHyBaHHS CHCTEMH MAacOBOIO
o0CI1yroByBaHHS.

5. 3amporoHOBaHO NpPOrpamMHe pilleHHs MO0 O06'€AHAHHS iCHYHYO YMOBH
CTAJIOT0 peXMMy Ta BHOOPY KpHUTEpIiiB CTPYKTYpH HYOTHPHPIBHEBOT XMapHOI
CHCTEMH Ul MOJAJIBILOI NepedyJoBH Ha eTari il NPOEKTYBaHHS, IO HE3HAYHO
3011bLIYy€ O6YMCITIOBANbHY CKIIaZHICTh POGOTH 3aIIPOIOHOBAHUX aJITOPUTMIB.

6. BusHayeHo Tpu MomuQikauii YOTUPUPIBHEBHX XMAPHHX CHCTEM 3 JOCTATHBO
BEJIMKOIO KUTBKICTIO KOMOIHALIiH 3B SI3KiB MiX By3/IaMH CHCTEMHM Ta BH3HAYCHUMH
MpaBUJIaMH  TIEPEHECEHHs 3aluTiB/3aBJaHb. 30KpeMa, HaBEeIeHO IPYHTOBHE
JOCIIPKeHHs  onHiel Moxudikauii 4OTHPUpPIBHEBOI XMapHOi cHCTeMH IS
obmesxenoro yacy [0,T] 3 mpuItyueHHsM, 10 BU3HAYEHO MPABUIIO OanaHcyBaHHS Ta
WIBH/KICTh BUKOHAHHS 3aIMTiB/3aBaHb KOXKHOIO KOJEKII€I0 By3JTiB PiBHIB.

7. 3amnponOHOBAaHO BM3HAYEHHS [BOX THIIB BY3NiB IS MOOYHOBH CTPYKTYpHU
XMapHOI CHCTEMH Ta PO3pOOJICHO MPOrpamMHe pillleHHs, IO HALal0 MOYK/IMBICTB
aHani3y ix BiTOKpeMIIeHOro hyHKLiOHyBaHHS Ta BHUSBIECHHS IPOGIEMHHX CTPYKTYDp
NpH iMiTauii XMapHoTo cepsicy. 3okpema, 10cTiauTH "By3bKi Micua" X 6JI0KIB 3a
napaMeTpaMH HaAIMHOCTI Ta OTPMMATH TIHYYKHH IHCTPYMEHT BHKOPHCTAHHS
PO3PO0IIEHHX MPOrPAMHHUX MOJIYJIIB JUISl JOCIIDKEHHS OBEIiHKH Pi3HHX CTPYKTYP
CKJIa/IHOI XMapHO1 CHCTEMH.

8. Bmnepure cdopmosano HaGopu pisHEX KOMOGiHaLiil YoTHpHpiBHEBHX XMapHHUX
CHCTEM JUIi TIPOBECHHS IMIiTalliHUX eKCIIePHMEHTIB po6OTH XMapHOI CHCTEMH.
3okpema, chopmoBaHo Habopu 3 810000 Ta 244140625 xomGinaiit pi3HUX
CTPYKTYp XMapHOI CHCTEMH B 3al€XHOCTI BiJl BUKOPHCTAHHX OOYHCIIOBAJIBHUX
MOTYKHOCTEH, IO JOCHTH CYTTEBO 0OMEKy€e BUKOPHCTAHHS ApPYroro HaGopy muis
aHaJli3y Ha 6€3KOINTOBHUX CepBicax.

9. PospobneHo mnporpamue pimesHs a1s 1o6ymxoBaHOT CTPYKTYPH XMapHOi

CHCTEMH, 110 BUKOPHCTOBYE pi3Hi 1i komOiHawii (30kpema, nobymosano 810000



MoJiesiel) Ta HaJae METOJIM Ta MiAXOAM aHallidy ii opraHizaumiiHOI CTPYKTYpH Ta
GYyHKIIOHATBHUX 3B’ A3KiB.
10. ITigroroBneHo HabOPH TAaHUX BEJITMKOTO 00CATY (OTPUMaHi 3 BIAKPUTHX Kepen)
3 3MEHIIIEHOIO KIJIBKICTIO NapaMeTpiB Ui JOCIHIDKEHHS PI3HUX CTPYKTYP XMapHOI
CHCTEMHM IpH IMITAllifHOMY MoJemoBaHHI iX poboTH (30KpeMa, 3 2 HaboOpiB y
3aranbHiil KinbkocTi 49/47 napamerpiB Ta 2540047/46686579 mnpoeneHux
eKCIIepHMEHTIB Bi[TIOBI/IHO IIPH BUKOPHCTAHHI MiAXO0/IiB Ta TEXHOJIOTIH IMiArOTOBKH
JaHUX MalIMHHOIO HAaBYaHHS — OTPUMAHO 2 MapaMeTpH JJIs MOJEIIOBaHHS IBOX
THUIIIB IHTEPBAJIiB).
11. JlocnimkxeHo BOyIOByBaHHS areHTa-10aTKy Ha piBeHb XMapHOI CHCTEMH, KUl
Ma€ MaTeMaTH4Hi JOKaJbHi Ta rio0albHi HACTIIKHA MPHU 3POCTaHHI CKJIaJHOCTI
yIpaBlliHHS Ha PiBHI Ta IPOTHO30BAHOCTI, IO B TOPIBHAHHI 3 AJITOPHTMOM
nepepo3noAily (BCepelMHI By3JiB) IEMOHCTPYE PI3HHIIO MiXK TI0GAIBHOIO
CTpaTericro Ta JIOKAJIBHOIO TAaKTHKOK. 30KpeMa, 3alporOHOBAaHO alrOpHTM
Nepeposnojily 3a paxyHOK BHKOHaHHA YMOB (.4 HAyKOBOI HOBH3HH)
KOHTPOJIIOIOTE CTablIBHICTh BY3IiB, a areHTU-I0AATKH MiATPUMYIOTh OallaHc Mix
PiBHSMH.
12. Bnepmie npoBeleHO €KCIEPUMEHTH MOJEIIOBAHHS YOTHPUPIBHEBOI XMapHOL
CHCTEMHU IIpH JOJaBaHHI PO3POOJIEHHX MPOTrPaMHHMX PpillleHb IS KOXHOIO 3
3allPOIIOHOBAHMX METOIB Ta MiAXO/IiB IUCEPTALIIMHOrO JOCIIIHKEHHS, 1[0 YaCTKOBO
HIITBEPIAMIIO TIIOTE3Y PO HAsIBHICTH "BY3bKOr0 MiCIs" Ha MEPIIIOMY PiBHI CHCTEMH
Ta iCHyBaHHS mopory (skuii mpubnusHo nopiBaioe 50%) 3B'A3Ky MK BXiZHUM
IIOTOKOM 3alMTiB/3aBIaHb Ta IIBHAKICTIO 00poOku. 30kpema, 30inblIeHHS
IIBUAKOCTI OOCIyroByBaHHS ([) cro4yaTKy pi3Ko MOKpallyBajlo IIPOMYCKHY
3[aTHICTb, ajie MicJs MEBHOIO MOPOry MPUPICT CTaBaB HE3HAYHMM, L0 BKa3ye Ha
nepeMilleHHs "By3bKOro Micus" 10 iHIIIMX KOMIIOHEHTIB CHCTEMH.

IIpakTHYHe 3HAYEHHS O/lep:KAHUX Pe3yJIbTATIB

[TpakTvyHa HiHHICTH AHMCepTalii IOJArae y CTBOPEHHI MPOrpaMHHUX pillleHb
JUIS MOJZEIIOBAHHS XMapHMX CHCTeM, METOJIB aHali3y IXHbOI CKJIQJHOCTI Ta

MPOAYKTUBHOCTI, IHCTPYMEHTIB BUSIBJICHHS «BY3bKHX MICI[b», & TAKOXK IIAXOIIB 10



ONTUMI3alil apXiTeKTypHHX pillleHb 1 BiANOBITHMX HAOOpIB MJaHUX JJIA
iMiTaliiHOro MoearoBaHHs. BrnpoBaIkeHHS pO3pOOJIEHUX METOMAIB 103BOJISE
CYTTEBO MiJBHUIIMTH MACIITA0OBAHICTh XMAapHUX CHUCTEM, IXHIO CTIHKICTh Ta
BiIMOBOCTIHKiCTh, 3a0€3MeYUTH BUCOKY IPOAYKTUBHICTE OOpOOKH 3amMTiB i
3arajibHy e()eKTUBHICTb YTPaBJIiHHS pecypcamH.

HayxoBi pe3ynbTaTH HOCIHIDKEHHS € BHECKOM Y DO3BHUTOK apXiTeKTypHHX
pimeHs MoOyI0BH XMapHOI CHCTEMH 3a/a4i BiJICTE)XKEHHS CKJIaJHOCTI MO0y /I0BU Ta
KOHTPOJIIO JUHAMIKH HaBaHTaXeHHs. JlocnipkeHHs Mo)xe OyTH BHKOpPUCTaHE SIK
OCHOBA JUISl MOJAJILIIMX HAyKOBUX HOCII/DKEHBb y Taly3i yNnpaBlliHHS XMapHHUMH
CHCTeMaMH.

OOrpynroBanicTh i J0CTOBIpHiICTH HAYKOBHX M0JI0KE€Hb, BHCHOBKIB i
peKomMeHaaiii, siki 3aXHIAI0THCS

HucepTaniss BHKOHAaHa Ha HaJeXHOMY HAyKOBOMY piBHI Ta BIANOBiHa€
BUMOTIaM JIOCIII/IKeHb TPETHOTO (OCBITHBO-HAYKOBOT'O) PiBHS BUIIO1 OCBITH.

HagifiHicTh 1 JOCTOBIpHICTh OTPHMaHHX pe3yJbTaTiB TrapaHTYIOThCH
BUKOPUCTaHHSIM KOPEKTHMM 3aCTOCYBaHHSAM arnpoOOBaHON0 MaTeMaTHYHOI'O
armapaty (Teopil MacoBOro oOCIyroByBaHHS Ta METOJIB aHali3y), Y3roJKEeHICTIO
TEOPETHYHUX TOJIOXKEHB 13 pe3yJibTaTaMH IMITAllIHHOTO MOJETIOBaHHS, a TaKOX
MacIITaOHUMH eKCIIepUMEHTAIBHUMH JTOCIIDKeHHAMM, [0 OXOIMIJIM TeCTYBaHHS
BEJIMKOI KiJIbKOCTI CTPYKTYp Ha OCHOBI peaJbHHX HaOOpiB JaHWX i3 BIAKPUTHX
Jokepelt. 30Kkpema, MiATBepKEHO ICHYBaHHS «BY3bKOI'O MICLIsH» Ha IIEPLIOMY PiBHI
CHCTeMH Ta ropory npubau3Ho 50% MiXk IHTEHCHBHICTIO HAJXOKEHHS 3aIHUTIB Ta
IIBHAKICTIO iX 00poOKH.

Oco0ucTuii BHecok 3100yBaua

YV  nmuceprauiiiHiii poOoTi 3700yBavyeM CcaMOCTIHHO BHMKOHAHO aHali3
JITEPaTypHUX JKEpel, POo3poOJIeHHS alropuTMiB, MaTeMaTHUYHUX MoOJeseid Ta
IporpaMHoOro 3abe3nevyeHHs, a TAKOX MOBHY 00poOKy i iHTeprpeTaLio OTPUMaHHX
pe3ynbTatiB. Y Ci TEOPETHYHI MOJIOKEHHS, MO, €KCIIEPUMEHTANIBbHI JOCITI JUKEHHS
Ta MpOrpaMHi peanmi3alii € 0coOMCTMM BHECKOM aBTOpa. Y MeKaX HayKOBHX

nyOmikariit 3700yBaueM CcaMOCTIHHO BHAUIEHO CYTTEBI  XapaKTEPUCTUKH



1€papXivHOCTI XMapHOI CTPYKTypH, Mo6ym0BaHO K1acudikaTop NpOEKTyBaHHS
XMapHHX CHCTeM, (OpMalli3oBaHO YMOBH PO3MIILEHHS i CIOXWBAHHS PECypCiB,
po3polbieHO NOMOMiKHI By3nu Ta iMitauiifHi Momeni, cTBopeHO apxiTeKTypHe
pilueHHs iH(PAaCTPyKTypH Ta MpPOBENEHO eKCIIePUMEHTATBHI JOCITiIKEHHS
MOBEIIHKH XMapHOI CHCTEMH.

Boxyxoro JI.I. chopmoBano winicHuii HaykoBWH mixim 10 noOy10BH Ta
aHajii3y 6araTopiBHEBHX XMapHHX CHCTEM, IO OXOIIIOE TEOPETHYHI, MAaTEMATHYHi
Ta NPUKJIAJHI aCIIEKTH JOCHi/DKeHHs. 30KkpeMa, ch)OopMOBaHO KpuTepii onTuMisarii
CTPYKTYPHHX NapaMeTpiB XMapHHX CHCTeM, IO 3a0e3NedyloTh IIiABHINEHHS iX
MPOMYKTUBHOCTI Ta CTIHKOCTi; pPO3po6IeHO YOTHPHPiBHEBY apXiTeKTypy 3
BKIOUeHHAM piBHiB Edge/Fog Ta BU3Haueno GpopmanizoBaHy mociinoBHicTs pPyXy
3alMTIB Y CHMCTEMi; 3alpOIOHOBaHO (hopMaltizoBane NPEICTABIEHHs XMapHOI
CHCTEMH 5K CTOXacCTHYHOI Mepeski 3 6ararodazoBoro 06poGKOI0; CTBOPEHO IMifXiz
MPOEKTYBAHHS apXiTEeKTYpH, SKHil BPaXOBY€ YMOBH PO3MIILEHHS Ta CHOKHUBAHHS
pecypciB Ha pi3HHX PiBHSX; PO3POGJIEHO MPOrpaMHi pilueHHs s nepe0ymoBu
CTPYKTYPH CHCTeMH, aHani3y ii epeKTHBHOCTI Ta OLiHKM HaAiHHOCTI; chopMOBaHO
BeNMKI HabOpH Mozenell XMapHHX CHMCTeM Ta MpPOBEIEHO iX iMiTariifHe
MOJIEIIOBaHHA A/ NOCIIIKEHHS MOBEAIHKH PI3HUX CTPYKTYp; MiArOTOBJIEHO Ta
00pobneHo Benuki HAabOpH HaHMX, OTPUMaHi 3 BiZKPUTHX JoKepen, s
MOJIETIOBAHHS XMapHOrO HaBaHTaXXEHHS Ta MOOYJ0BH JIHHAMIYHHX IIOTOKIB
3AIIMTIB; JIOCII/DKEHO iHTerpawilo areHTiB-IOATKIB XMapHy apXIiTeKTypy;
MPOBEJIEHO IOBHMH LMKJI EKCIIEPMMEHTIB, IO MiATBEPAMB HASBHICTh «BY3bKHX
MICLIb» Y CTPYKTYpi CHCTEMH Ta BCTAHOBHB ITOPOTOBI 3HAYEHHS B3a€MO3B’SI3KY MiXK
IHTEHCHBHICTIO MTOTOKY Ta LIBHIKICTIO 0GPOGKH.

TakuM 4MHOM, yci KIOYOBI pe3ynbTaTM AMCEPTALIHHOTO MOCTiIKEHHS
OTPHMaHi JHCEPTAHTOM OCOOMCTO Ta CTAHOBJIATH MOTO CAMOCTiHHMI HayKOBHii
BHECOK y PO3BHTOK METOAIB MOOYJAOBM Ta aHali3y GaraTopiBHEBHX XMAapHHX
CHCTEM.

Anpobauis maTepiais gucepranii

OcCHOBHI TOJIOXKEHHS Ta pe3yJbTaTH aucepTaniiHol poboTH HonoBiTamHcs i



obrosopropanucss Ha XX Ta XXIII MiKHAPOAHMX HAyKOBO-TIPAKTHYHHX
KoH(pepeHLisX «MaremaTHuHe Ta NporpamHe 3abe3NedeHHs iHTENEeKTyalbHUX
cucteM (MPZIS)» (m. Iuinpo, 2022, 2023, 2024, 2025), XXVII MixunaponHiit
KoH(epeHwii «ABTomaruka-2024» (M. J{uinpo, 2024), V MixHapoaHiii HaykoBo-
NpakTHYHiK iHTepHeT-KoH(epeHuii «Ways of Science Development in Modern
Crisis Conditions» (m. Juinpo, 2024), IX BceykpaiHChKili HayKOBO-TIpaKTHYHiif
KoH(epeHwii «[lepcrieKTHBHI HANPSIMKH Cy4acHOi eJeKTPOHiKH, iHpopManiiHuX i
komm'torepuux  cucrem (MEICS-2024)» (M. J[luinpo, 2024), HaykoBHX
KOH(epeHUiAX 3a MiICyMKaMH HayKOBO-JIOCHiAHOI po6oTH JIHIIPOBCHKOro
HALIOHANBLHOIO yHiBepcuTeTy iMeni Onecst ['onuapa (M. Jluinpo, 2023, 2024, 2025),
MixknaponHili  HayKOBO-TIpaKTH4HiH iHTepHeT-koH(Depeniii «TeHmeHuii Ta
NePCIIeKTUBH PO3BUTKY HAYKH 1 OCBITH B yMoBax riobainizauii» ([Tepesicias, 2023).

Mosa i cTHIABL poboTH

Martepian poboTu BUKIaneHH il IOTI9HO, [IPE/ICTABIECHHH T0CTATHBOK MipoIo i
HAIMCaHUH IapHOK YKPAaiHCHKOIO MOBOIO 3 BHKOPHCTAHHSIM CY4acHOi HayKOBOi
TepMiHonorii. 3MicT JucepTaiii BIiAMOBiJae BHMOraM, IO BHCYBAIOTHCS 10
HAayKOBHX IIpallb TaKoro PpiBHS, a TaKOX BHPI3HAETHCS IOCIIJOBHICTIO,
CHUCTEMHICTIO Ta OOIPYHTOBAHICTIO Ta BHUCBITIIIOE OCHOBHI Pe3yJIbTaTH HAayKOBHX
JIOCTIIKEHb.

Iyonikauii

3a Temoro aucepranii omy6iikoBaHo 12 HaykoBHX ImyGuikaliii, cepes Akux 4
CTaTTi B NIEPIOJIMYHMX HAYKOBHX XypHaJIaxX i 30ipHUKAX HAYKOBUX Mpallb KaTeropii
b Ta 8 Te3 nomosineit y 30ipHuKax MaTepianiB HayKOBHX KOH(EpPEHIIii.

CrpykTypa Ta obesir quceprauii

Huceprarniiina po6oTa BuKnaneHa Ha 189 cropiHkax MalIMHONKMCHOTO TEKCTY,
CKIIaJIa€ThCs 31 BCTYITy, YOTHPBOX PO3MLNIB, BUCHOBKIB, MEPEiKy BHKOPUCTAHHX
Jokepen Ta foaaTkis. OOcAr OCHOBHOIO TeKcTy aucepramii ckaanae 132 cTopiHku
MAallMHOMKUCHOrO TeKcTy. PoboTa imoctpoBana 44 pucyHkamu Ta 7 TabIHLSIMU.
Cnucok BUKOPUCTaHUX [DKepen oXoruioe 117 HaliMeHyBaHb.

Y 6cmyni po3KpUTO aKTyalbHICTh OOPAHOTO HANIPAMY, C(OPMYJIHOBAHO METY i



JOCHIIHALIBK] 3aBJAHHS, & TaKOX BHCBITIEHO HAYKOBYy HOBH3HY, MPAKTHYHY
LIiHHICTh OJEPXKAaHUX Pe3ylbTATIB, OCOOHCTHH BHECOK 3n00yBava Ta JaHi MO0
anpoOartii. J/luceprauis 6asyerbes Ha HayKOBHX 3106y TKaX aBTOpa, OTPUMAHUX Mijl
4ac BHUKOHAHHS JIOCHIIHMUBKMX pobOiT Ha Kadenpi iHkeHepii mHporpamMHOro
3abe3neyenHs Ta indopmaninaux texsonorii JIHY imeni Onecs I'onuapa.

Y nepwiomy po3dini aBTOPOM PO3IISIHYTO Criemiasi3oBaHy niTeparypy Ta
iH(popMaUiiHi TeXHONOril WISl BA3HAYEHHS aKTyaIbHOCT] TEMH JOCIiKEHHS TaHOT
mucepraniinoi podoru. PosrisiHyTo cydacHi migxomu, apxiTeKTypHi mozeni Ta
npobJieMu MacIITaboBaHOCTI XMAPHUX CHCTEM.

Y opyeomy posoini nns hopmanizauii Mozeneit aBTopom IIPOBEJIEHO 00y I0BY
YOTHPUPIBHEBOI MOJIEITi, YMOBH PO3MIIIIEHHS T4 CIIOKHUBAHHS pecypcis.

Y mpemvomy po3oini nas onucy 6GanaHCYBaHHS HABAHTAXKEHHS OIMCAHO
BU3HAYCHHS MaTeMaTM4HUX CTpaTerii, AeTajbHUH Omuc (HOPMyBaHHS TPAcKTOPil
HaBaHTa)KeHHS.

Y uemeepmomy po3oini mpuninena ysara nporpamHiit peanizauii pimers npu
IMiTaUiHOMYy MOJIEIIOBAHHI XMapHOI CHCTEMH, IPOBELEHO poboTa 3 BeIMKHMH
HabOpaMH JaHUX Ta MPOaHaIi30BaHO NMPOLYKTHBHICTh POGOTH XMAPHOT CHCTEMH 3
PI3HHMH CTPYKTYpaMH.

Bucnoeéxu 1o poboti witki, 5Oriddi i BUTIKAIOTH i3 TEOpPeTHYHMX Ta
CKCIePUMEHTAIbHUX JaHUX, OTPHMAHHX aBTOPOM.

Hooamku micTaTh crMcok myGuikaniit 3106yBada 3a TeMOIO JHcepTauii, aKkT
BIIPOBA/UKEHHS pe3yNbTaTiB pobOTH B OCBiTHIM mpouec kadempu imxeHepii
MPOrpamMHOro  3alesneveHHs Ta iH(oOpMamiiiHUX TexHonorik JIHIMPOBCHKOro
HALIOHANLHOTO yHiBepcuTeTy imeni Onecs I'omuapa Ta YaCTHHY IPOTrPaMHOI0
KOJy.

Oxpemi auckyciiini naranns i 3ayBaskenns

I. 'V rekcri nuceprauiifiHoi poGOTH TpamIAIOTBES TepMiHM, sKi BapTo
yHi(iKyBaTH ab0 1071aTKOBO HABECTH BU3HAYEHHS.

2.V mepwoMy pospim AuceprauiifHoi po6oTH TpoBeeHO aHANI3 ICHYIOYHX

METO/iB OLIHIOBaHHA e(peKTHBHOCTI XMapHUX CHCTEM Ta IIAXONIB 10 I1X
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dopmamizanii. Pazom i3 TuM, mounineHuM Oyno © mnpHALIMTH Olnblle yBaru
TOPIBHAJIBHOMY aHalli3y NMPHIATHOCTI 3a3HAYEHUX METOJIB I OaraTopiBHEBHMX
apXiTekTyp, 1o noeaHyoTs By3nu pisaux tunis (DC/EC/FC/CC), 3 ypaxyBaHHAM
0cO0JIMBOCTEH PO3MOJIiTY HABAaHTAXKEHHSI, MEXaHi3MIB B3a€MOJIl MiX piBHAMH Ta
BHMOT JI0 3a0e3MevYeHHs BIAMOBOCTIMKOCTI CUCTEMH.

3. Jlns 3anpornoHOBaHUX MareMaTHYHUX MOJEed XMapHHUX CHUCTEM HaBEIEHO
OCHOBHI TNpPHUIYILIEHHS WIOA0 1X (yHKUIOHYBaHHS, OJHAK MNOTPeOyIOTh OLIBLI
neTanpbHOro (GopMyJIIOBaHHS CTPYKTYpPHI Ta pecypcHi oOMeXeHHs, NOB'f3aHi 3
OCOOJIMBOCTSIMH ~ B3a€MOJil  piBHIB  apxiTekTypu. HaBeneHHS NpUKIAiB
BUKOPHUCTAaHHS TakuX oOOMeXeHb I Pi3HMX YMOB (DYHKIIOHYBaHHS XMapHUX
CUCTEM JI03BOJIMIIO O MIABUIIMTH PAKTHYHY LIHHICTh 3alPOIIOHOBAHUX MOJIesIeH Ta
PO3MIMPHUTH MOXKIMBOCTI 1X afanTarii 1o peanbHUX yMOB eKCILTyaTallii.

4.V npyroMy po3zisi qucepraliifHoi poOoTH 3ampornoHoBaHO (hOpMai3oBaHy
MOJieJTb YOTHPUPIBHEBOT XMapHOi CHCTeMH 3 BUKOpucTaHHsAM piBHIB Edge/Fog Ta
amapaty Teopil cUcTeM MacoBoro obOciayroByBaHHs. Pa3oM i3 THM, aBTOpOM He
HaBeJIeHO TMOPIBHAJIBHOIO aHaJi3y BIUIMBY 3MIHM KLUJIBKOCTI BY3JiB Ha KOKHOMY
piBHI apXiTEKTypd Ha OCHOBHI ITOKa3HMKH IPONYKTHBHOCTI CHCTeMH (4ac
OYiKyBaHHSI, CEPEIHIO IOBKHHY 4Yeprd Ta Koe(illieHT 3aBaHTaXEHHS peCypCiB).
HagejeHHST BIAMOBIOHUX 3aleKHOCTEH [MO3BOJHIO O OBl IOBHO OLIHUTH
MaciTabOBaHIiCTh  3aNpPOIIOHOBAHONO MiJAXOXY Ta BHU3HAYUTH MeXI HOro
e(heKTHBHOI'O 3aCTOCYBaHHS.

5. OTpuMani aBTOpPOM pe3yJbTaTH ILIOJO ICHYBaHHS IIOPOrOBOrO 3HAYEHHS
CIBBiIHOIIEHHS MiXK IHTEHCHBHICTIO BXiJHOTO MMOTOKY 3aIlMTiB Ta IIBUIKICTIO 1X
00pobku (6mu3pk0 50 %) € HikaBUMHU 3 HAyKOBOI TOUKH 30py. [IpoTe B poboTi He
HaBeIeHO JOCTAaTHHOro  OOIPYHTyBaHHS [[OJ0 30epeskeHHs  3a3HauyeHol
3aKOHOMIPHOCTI TIpH BUKOPHCTaHHI IHIIMX MojJeNell HaIXOIXEHHsS 3alluTiB,
30KpeMa CcaMomnoiOHUX a00 HEepiBHOMIpPHUX TMOTOKIB JaHUX, XapaKTEPHUX I
Cy4YacHHUX PO3IMOAUIEHUX 00UYHUCIIOBAIIBHIX CHCTEM.

6. 3anpornoHOBaHi y3arajibHeHi yMOBHU aHaJi3y CKJIaHOCTI XMapHUX CUCTEM Ta

ANTOPUTMH  JIOCTI/DKEHHS pPi3HUX KOHQirypamiii OaraTopiBHEBOI apXiTeKTypu
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JOCTATHBO MOBHO (hopMaJti3oBani. Pa3oMm i3 THM, y po6oTi HEIOCTATHHO BUCBITIIEHO
MUTaHHS OLIHIOBAHHSA O0YMCIIOBAJIBHOI CKJIAJHOCTI 3aIIpONOHOBAHHX AJITOPUTMIB
3aJIeXKHO Bifl KUIBKOCTI By3JIiB Ta MOXJIMBHX KOMOIHALH CTPYKTYPHHX eJeMEHTIB
cucremu. [IpoBefeHHs Takoro aHamizy J03BOJAMJIO O OiNBII MOBHO OLIHMTH
MOXJIHBOCTI MaciuTabyBaHHS 3alpONOHOBAHMX METOMIB Y BHCOKOHABAHTAXKEHMX
XMapHHUX CepeIOBHUIIAX.

7.Y nuceprauiiiHiii po6oTi OCHOBHY yBary IpUJiieHO MTUTAHHAM MPOEKTYBAHHS
apXiTeKTYpH XMapHHX CHCTeM, OalaHCyBaHHs HABAHTAXKEHHS Ta JOCILIKEHHIO X
NPOJAYKTUBHOCTI  3aco0aMH  IMIiTaliifiHOro MOJENIOBaHHS, IO JO3BOJHIIO
KOMIUIEKCHO ~ OLIHWUTH  e(eKTUBHICTE  (YHKUIOHYBAaHHS  3aIPOIIOHOBAHHMX
apXiTeKTypHHX DpilleHb. BoaHowac mo3a MeXaMH JeTaabHOTO po3rIsALy
3QIUIIHIIACS OKPEMi MOKa3HUKU SKOCTi OOCIYyroBYBaHHS XMApHOI CHCTEMH, IO
MOXe OyTH peali3oBaHO y MOJAIBIINX HAYKOBUX JOCHIKEHHSX aBTOpA.

CdopMysiboBaHi 3ayBakeHHS He NMPUHUMIOBI Ta HE 3HWKYIOTb 3aralbHOL
TMO3UTHBHOI OLIHKH JMCEPTAliHHOIO AOCIHIIKEHHsA. ABTOPOM OTPHMAHO BAaroMi
HayKOBi pe3yNbTaTH, fIKi MalOTh BHCOKHH piBEHb HOBH3HH, LIO Ja€ BCi MiACTABH
BBA)XAaTH TMOJAHy TMpAIO LUIICHUM, aKTyaJbHHM Ta IOBHICTIO 3aBepIIEHUM
HAyKOBHUM JIOCIIIIPKEHHSIM.

3arajibHui BUCHOBOK

Mucepraniiina po6ora Boxyxu [laniina Iroposuua Ha Temy «Po3pobienHs
METOJIB aHajlizy Ta Mo6GyJIOBH CTPYKTYpH XMapHHX CHCTEM» € aKTyalbHOI 3a
3MiCTOM, MiCTHTh HayKOBY HOBH3HY, OCHOBHi Pe3yJIbTATH T4 BUCHOBKH auceprarii
OOIpYHTOBaHi, MaiOThb TEOpeTHMYHE Ta MpAKTHYHE 3HAYeHHd. PeleH3oBaHa
mucepTaniiina poboTa € 3aBepIIeHOI0 HayKOBOIO Mparielo. OhopMIeHHs aucepTarii
BIANOBi/la€ BUMOTAM, 3aTBEpP[KEHHX Haka3oM MiHictepcTBa OCBiTH i HayKH
Ykpainu Ne 40 Bin 12.01.2017 poxy. Meropuunuii piBeHb, HaykoBa HOBH3HA i
MPaKkTUYHE 3HAYCHHS, PiBEHb ONPUIIONHEHHS Pe3yNbTaTiB PeleH30BaHol poGoTH
BIJMOBi/Ia€ BUMOTaM [0 AMCEPTALTii CTyIeHs JoKTopa (inocodii 3riqHo 3 BAMOraMu
Iocranosu KaGinery MinictpiB Ykpainu Bin 12 ciums 2022 poxy Ne 44 (31

3minamu) «I1po 3atBepmkenHs [TopsAKy NPUCY IKEHHS CTYTIeHs JOKTOpa dinocodii
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Ta CKaCyBaHHs DILEHHs pa30BOi BYEHOI pay 3aKjiaqy BHIIOI OCBiTH, HayKOBOI
YCTaHOBH INPO NPHCY/DKEHHs CTyIIeHs JoKTopa (dinocodii», a 3m06yBad boxyxa
Jlaniin IropoBud 3aciryroBy€ Ha IPUCYIDKEHHS CTYIIEHs JoKTopa dinocodii B ramysi
3HaHb 12 Indopmaniiini TexHonorii 3a crienianshictio 121 Iwkenepis mporpamMHoro

3a0e3MneyeHHs.
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