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Pedepar/aHoTanis:

1. Heo6xipgHicTh po3p006JI€HHS HOBUX METO/IiB NOOYAOBY XMAPHUX CUCTEM 3yMOBJIEHA OOMEKEHUMU MOKIMBOCTSIMU
TPaAULINHUX NigX04iB 10 MacmTadbyBaHHs [T-iHdpacTpykTypu B ymoBax unudposoi Tpancpopmatiii. CyyacHi
BUMOTH IIOTPEOYIOTh CTBOPEHHS THYYKMX, BiIMOBOCTIMKMX i MAaCIITaA60BAaHUX apXiTE€KTYp, 3JaTHUX €(HEKTUBHO
00pOO6JISITH BEJIMKI 00CATU JaHux. JlucepTaliiiHa po6oTa NpUCBsiYeHa PO3POOJIEHHIO METO/IIB ITOOYJOBU XMapHUX
CHCTEM 3 aKL|EHTOM Ha apXiTeKTypPHE IPOEKTYBAaHHS Ta aBTOMATU4YHE YIIPABJIiHHS pecypcamu 1 NOTOKaMU 3allUTiB.
[IpakTHyHEe 3HaYE€HHSI pOOOTU MOJISIrae y PO3B'sI3aHHI CYyIIEPEYHOCTI MK 3pOCTal0YMMU BUMOTaMU J10
IIPOIYKTUBHOCTI Ta OOMEXXEHICTIO PECYPCiB. AKTya/IbHICTh TEMU BU3HAYAETHCSI IOTPEOOIO Y HOBUX MiJIX0JaX 0
OpraHisallii XMapHOTro CepeloBUILA, SIKi 3a6€311e4yI0Th CTabiIbHICTb iIHPPACTPYKTYPU, BUCOKY IIPOJYKTUBHICTD i
3HMKEHHS ONepalliiHUX BUTPAT, 110 1 3yMOBUJIO BUOIp TEMU AOCIIKEHHS. Y NIEPIIOMY PO3/ii TPoaHai3oBaHO

cIieliiasiizoBaHy JiiTepaTypy Ta cy4acHi iHpopmaliiliHi TexHOJIOrii, PO3IJISHYTO iCHYI04i MEeTOAU [100YI0BA XMapHUX



cucreMm, cpopMyIbOBAHO 33[1a4y JOCIIIIPKEHHS Ta BU3HAYEHO XapaKTEPUCTHMKY XMAPHOI apxiTeKTypu. pyruit
PO3IIiJ IPUCBSIYEHO JOCIIKEHHIO apXiTeKTypy XMapHOI CUCTEMU Ha OCHOBI MacITaboBaHoi iepapxii 3 piBHAMU
Edge /Fog. [TobynoBano ¢popMasnizoBaHy MOJeJb YOTUPUPIBHEBOI XMAPHOI CUCTEMHU, PO3IJISIHYTO ii B TepMiHax
MEPEXK MaCOBOr0 OOCIIYTOBYBaHHS Ta BU3HAYEHO YMOBU PO3MIllleHHS PECYPCIB i CIIOKMBAHHSI NIOCJIYT. Y TPETbOMY
PO37iJi pO3rJIsIHYTO NPUHLMIN MOOYL0BY iepapXiuHOi apXiTeKTypHu Ta JOCJiI’)KEHO METOL0JIOTII0 ONTAMI3allii
dyHKUiOHYBaHHS Mogu@ikaliil YoTUpUPiBHEBOi XMapHOI CUCTEMU. Y YETBEPTOMY PO3/iJli 3aIIPOIIOHOBAHO
IIpOrpaMHi MOJLyJli 171 OLiHIOBaHHS €(PeKTUBHOCTI PO3rOPTaHHSI XMapHUX CUCTEM i BU3HAUEHHSI HAIPSIMIB iX
nopgasnbioi onTuMisanii. HaykoBa HOBM3HA oflep>KaHMX PE3YyJIbTATIB [10JIArae B TakoMy: 1. Briepiie nposeneHo
KOMILJIEKCHUI aHasIi3 iCHYI0UMX apXiTeKTyPHUX pillleHb 171 TO0YJ0BU CTPYKTYP XMapHUX CUCTEM 3 [103Ullii1 Teopii
CHCTEM MAaCOBOT0 0OCJIyTOBYBAaHHS Ta MOJAJIBIIOrO y3araJbHEHHS Ha PO3IIOAiJIEH] CUCTEMU, 1O JO3BOJIMIIO
BUSIBUTU [IPUXOBaHI HEJIOJIKY HASIBHUX MiAXOiB. 2. Biepiue po3po6seHO apXiTeKTypHE pillleHHs I00YA0BU XMapHOi
CHCTEMHU 3 BU3HAUEHOIO NIOCJIIOBHICTIO PyXY 3aIllMTY/3aBAaHHS, IO BiIPi3HIETHCS Bifl iCHYIOYMX PillIEHb TUM, 1O
BHUKOPHUCTOBYE OiJbIlly KiZIbKiCTb piBHIB (BKII0oueHHs napaaurm Edge /Fog) npencraBnenHs 38’43KiB. 3. Bepiue
3aIIPOITIOHOBAHO MOJKJIMBICTb IIPEACTABIEHHS XMAPHOI CUCTEMU YEPE3 YOTHPHU PiBHI 3 BKJIIIOUEHHSM PiBHIB

Edge /Fog Ta ii po3ryisay gK NpoCTOro NOTOKY 3alUTiB/3aBAaHb. 4. Briepiie 3arIponoHOBAaHO MiIXif, WOL0
[IPOEKTYBaHHS apXiTeKTypU XMapHOi CHUCTEMU 3 BUBHAYEHOIO KiJIbKICTIO PiBHIB, SIKUI [TO€IHYE B COOi YMOBY
PO3MillleHHS YCiX 3allUTiB/3aBAaHb HAa PeCypcax Ta MBUIKOLiI0 pOOOTH BUKOPUCTAaHUX PECYPCiB (YMOBU
CIIO)KMBAHHS). 5. 3aIIPONIOHOBAHO NIPOrPaMHe PillleHHS IOA0 06'€JHAHHS iCHYI0UOi YMOBHU CTaJIOTO PEKUMY Ta
IIPOEKTYBaHHs. 6. BusHaueHo Tpu Moaudikalii 4oTMPUPiBHEBUX XMapPHUX CUCTEM 3 JOCTaTHbO BEJIUKOIO KiJIbKIiCTIO
KoMOiHalliil 3B's13KiB MDXX By3JlaM1 CUCTEMU Ta BU3HAUEHUMU ITpaBUJIaMU [I€PEHECEHHS 3alUTiB/3aBlaHb. 7.
3anponoHOBaHO BU3HAYEHHS ABOX TUIIB BY3JIiB 1151 TI06Y0BU CTPYKTYPU XMApHOi CUCTEMU Ta PO3POOGIEHO
nporpamue pimeHHs. 8. Bnepiie chopMoBaHo Habopu pi3HUX KOMOIHALIN YOTUPUPIBHEBUX XMAPHUX CUCTEM [IJISI
MIpOBeIeHHS iMiTalliliHUX eKCIIEePUMEHTIB POOOTH XMapHOi cuctemu. 9. Po3po6eHo mporpaMHe pilieHHs 11
no6y10BaHOI CTPYKTypU XMapHOi CUCTEMH, 1[0 BUKOPUCTOBYE pi3Hi ii KoMOiHaLii i Hazae MmeToau Ta niaxonu
aHani3y ii opranisaniiiHoi CTpykTypu Ta QyHKUiOHaNIbHUX 3B’13KiB. 10. IlinroroBneno Habopy JaHUX BEJIUKOTO
00csry 3i 3MEHIIEHOI0 KiJIbKICTIO TapaMeTpiB s iMiTalifiHoro mogesntoBaHHs. 11. JlocigkeHo BIJIMB areHTa-
IOJATKY Ha XapaKTEPUCTUKU (PYHKLIOHYBAaHHS, CKJIQIHICTb yIIPaBJliHHA Ta IPOrHO30BaHICTh cucteMu. 12. Briepue
IIPOBELEHO €KCIIEPUMEHTH MOJEJIOBAHHS YOTMPHPIBHEBOI XMAapPHOI CUCTEMU IIPU IOAABaHHI pO3pO6JIEHUX
[IPOrpaMHUX PillleHb 47151 KOSKHOTO 3 3alIPONIOHOBAHUX METOIIB Ta MiIXOMiB AUCEPTALiHOTO AOCIiIKEeHHS.
[TpakTUyHe 3HaUY€HHS pOOOTH MOJISITA€ Y 3aCTOCYBAHHI 3alIPOIIOHOBAaHMX METOJB i IPOrpaMHUX pillleHb Ha eTalli
IIPOEKTYBAHHS apXiTEKTypPU XMapPHUX CUCTEM JJIs1 OLiHIOBAHHSI CKJIQAHOCTI iX OOYOBU Ta KOHTPOJIIO TUHAMIKM
HaBaHTaKeHHs. PO3po6yieHO porpaMHe pilleHHs Ta cPOPMOBAHO HAOOPU KOHDIrypatiil YOTUPUPiBHEBUX XMAPHUX
CHCTEM [1J1s1 IPOBEJeHHSI iMITal[iiHUX eKCIIEPUMEHTIB POOOTU PiZHUX apXiTEKTYpPHUX KOMOiHAIill XMapHOi CHCTEMHU.
[IpoBeneHe Moe/M0BaHHS NiATBEPANIIO €(PEKTUBHICTD 3alIPOIIOHOBAHUX METO/IIiB aHAJIi3y Ta IPOEKTYBaHHSI.
CTBOpEHO MpOrpamHi pillleHHs [JIs MOJEJIIOBAHHA YOTUPUPIBHEBUX XMAPHUX CUCTEM 3 YPaXyBaHHAM 3B'3KiB MK
By3JIaMH, YMOB PO3MillleHHS PECYPCiB, CIIOXXMBAaHHS MOCIYT i TapaMeTPiB HABAHTA)KEHHS. Pe3ysibTaTh HAyKOBOTO
IOCJIiI)KeHHS pO3BUBAIOTD IiZIXOAU [0 [100YIOBU apXiTEKTypY XMapHUX CUCTEM Ta KOHTPOJIIO JUHAMIKU
HABaHTaXEHHS i MOXXYTb OYTH BUKOPUCTAHI SIK OCHOBA [1JIs1 OAAJIBIINX NOCIIIPKEHHSIX Y rajly3i yIpaBIiHHS

XMapHUMU CUCTEMaMU.

2. The necessity of developing new methods for constructing cloud systems is driven by the limited capabilities of
traditional approaches to IT infrastructure scaling under conditions of digital transformation. Modern
requirements call for the creation of flexible, fault-tolerant, and scalable architectures capable of efficiently
processing large volumes of data. This dissertation is devoted to the development of cloud system construction
methods with an emphasis on architectural design and automated management of resources and request flows.
The practical significance of the work lies in addressing the contradiction between increasing performance
requirements and limited resources. The relevance of the research topic is determined by the need for new
approaches to organizing cloud environments that ensure infrastructure stability, high performance, and reduced



operational costs, which motivated the choice of the research topic. The first chapter analyzes specialized
literature and modern information technologies, reviews existing methods for constructing cloud systems,
formulates the research problem, and identifies the characteristics of cloud architecture. The second chapter is
devoted to the study of a cloud system architecture based on a scalable hierarchy incorporating Edge /Fog levels. A
formalized model of a four-tier cloud system is developed, the system is considered in terms of queuing networks,
and the conditions for resource allocation and service consumption are defined. The third chapter examines the
principles of hierarchical architecture design and investigates a methodology for optimizing the operation of four-
tier cloud system modifications. The fourth chapter presents software modules for evaluating the efficiency of
cloud system deployment and identifying directions for further optimization. The scientific novelty of the obtained
results is as follows: 1. For the first time, a comprehensive analysis of existing architectural solutions for cloud
system structures was conducted from the standpoint of queuing theory and its extension to distributed systems,
making it possible to identify hidden shortcomings of existing approaches. 2. For the first time, an architectural
solution for a cloud system with a predefined request/task processing sequence was developed. Unlike existing
solutions, it employs a greater number of layers through the integration of Edge /Fog paradigms. 3. For the first
time, a representation of a cloud system as a four-tier structure including Edge /Fog layers and its consideration
as a simple request /task flow was proposed. 4. For the first time, an approach to cloud architecture design with a
predefined number of layers was proposed, combining the placement of all requests /tasks on resources with the
processing performance of the utilized resources (service consumption conditions). 5. A software solution was
proposed that combines the steady-state condition with criteria for selecting the structure of a four-tier cloud
system for further reconfiguration during the design stage. 6. Three modifications of four-tier cloud systems were
identified, featuring a large number of possible interconnections between system nodes and predefined
request/task transfer rules. 7. A model involving two types of nodes for constructing a cloud system structure was
proposed, and a corresponding software solution was developed. 8. For the first time, sets of different four-tier
cloud system configurations were generated for conducting simulation experiments on cloud system operation. 9.
A software solution was developed for the constructed cloud system architecture, supporting various
configurations and providing methods and approaches for analyzing its organizational structure and functional
relationships. 10. Large-scale datasets with a reduced number of parameters were prepared for simulation
modeling purposes. 11. The impact of an application agent on system operation characteristics, management
complexity, and system predictability was investigated. 12. For the first time, simulation experiments of a four-tier
cloud system were conducted using the developed software solutions for each proposed method and approach of
the dissertation research. The practical significance of the work lies in the application of the proposed methods
and software solutions during the design stage of cloud system architectures to evaluate their structural
complexity and monitor load dynamics. A software solution and four-tier cloud system configurations were
developed for simulation experiments. The results confirmed the effectiveness of the proposed methods. Software
tools were created for modeling cloud systems with consideration of node connections, resource allocation,
service consumption, and load parameters. The results contribute to cloud architecture design and load
management and support further research in cloud system management.
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Micuesnaxo,rm(eHHﬂ: npocnekT Hayku, [JHinpo, IHIiTpoBChKuil p-H., 49045, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HAayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiIiiHUuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. T'y6epkuil AHnpitt MukosiaitoBuy

2. Andrii M. Hubskyi

KBasmigikamis: k. 1. 1., 05.13.07
InenTudikarop ORCID ID: 0000-0002-5361-5485



JoparkoBa iHdpopmamnist:

http:/ /www.scopus.com/inward /authorDetails.url?authorID=57553120300&partnerID=MN8TOARS;

https:/ /publons.com /researcher /D-5369-2016; https: / /www.webofscience.com /wos /author /record /D-5369-
2016; https:/ /scholar.google.com/citations?hl=en&user=CeYOWxwAAAA]

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHmil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Mopo3 Bopuc IBaHOBHY

2. Borys 1. Moroz

KBasigikamis: 1. 1. 1., npodecop, 05.25.05
ImenTudikarop ORCID ID: 0000-0002-5625-0864

JoparkoBa iHdpopMmamist: https://www.scopus.com /authid /detail.uri?authorld=57218242332;
https://scholar.google.com.ua/citations?hl=ru&user=i5B7-AMAAAAJ;
https:/ /www.researchgate.net /profile /Borys-Moroz

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TexHiYHMI yHiBepCUTeT "JIHIMPOBCHKA

MOJITEXHIKa"

Kopg 3a €IPIIOY: 02070743

Micqesﬂaxon)KeHHH: npocnekT JImutpa SIBopHUIpKOTO, JHiNpO, JHITpOBCHKUN P-H., 49005, YKpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. IBanuenko Mapuna I'ennaziiBHa

2. Maryna H. Ivanchenko

KBasigikamis: . r. u., gouenr, 05.13.06
InenTudikarop ORCID ID: 0000-0001-7795-0459

JoaparkoBa iHdpopmanist: https://www.scopus.com/authid /detail.uri?authorld=55226376100;
https://publons.com /researcher /2015066 /marina-sidorova/;
https://scholar.google.com.ua/citations?hl=uk&user=ZJdxq5EAAAA]



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIA HAlliOHAIbHUI yHiBEpCUTeET imeHi Osecs

'oHuyapa

Kopg 3a €IPIIOY: 02066747

MicueSHaxo,q)KeHHﬂ: npocnekT Hayku, [JHinpo, JIHinpoBchKuil p-H., 49045, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. Knumenko CsiTiana BonogumupisHa

2. Svitlana V. Klymenko

KBasigikamis: k. 1. 1., go., 05.13.06
Inentudikarop ORCID ID: 0000-0003-2005-9993

HoparkoBa iHpopmamist: https://www.webofscience.com/wos /author /record /AIC-8105-2022;
http: / /www.scopus.com/inward /authorDetails.url?authorID=35775451500&partnerID=MN8TOARS;
https://scholar.google.com /citations?user=_TFGEEMAAAAJ&hl=en

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHABHUIA YHiBEpCUTeT imMeHi Onecs
l'oHuapa

Kopg 3a €IPIIOY: 02066747

Micue3Haxoa>KeHHsI: npocnekt Hayku, J[Hinpo, JHINpoBcbhKuil p-H., 49045, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi

BsiacHe I'Ipianme IMm's [To-6aTBLKOBI KopunHcekuir Bostopumup Muxaiiosuy
rOJIOBH pagu

Biacue I'IpiaBnme IMm's [10-6aTHLKOBI KopuunHcekuit Bosopumup Muxannosuy
rOJIOBYIOYOTO Ha 3aciJaHHi

BigmoBizasnbHUI 32 IIi,qI‘OTOBKy AHToHeHKO CBiTs1aHa BasieHTHHIBHA
00JIIKOBHX JOKYMEHTIB

Peectparop IOpueHko TetsiHa AHaToOJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




