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1. Inceprauis Ha 3000YTTSI HAYKOBOTO CTyIEHs AOKTOpa ¢inocodii B ranysi 3HaHb 12 - InpopmaliiiHi TexHoOorii,
crnenianbHicTb 123 - KoMm'totepHa imkeHepis. — JlepkaBHUI yHiBepCUTET iHQOpMaLiiHO-KOMYHiKaLiiHUAX
TexHoJioriit. — Kuis, 2026. lucepTaliiiHa po6oTa NpucBsyeHa Po3B’sI3aHHIO aKTyalbHOI HAyKOBO-TIPaKTUYHOI 3aa4i
PO3pOo06JIEHHSI METOIIB i MOoJesell 3abe3nedeHHs] MaclITab0BaHOCTI, HAIMHOCTI Ta €PEKTUBHOCTI (PYHKIiOHYBAaHHS
BUCOKOHABAaHTa)XEHMX KOMITIOTEPHUX CUCTEM IJISIXOM iHTerpallii TexHoJIorii 6;I0K4eiiH i CMapT-KOHTPAKTIB Y iX
apxiTeKTypy. AKTyasIbHICTh TEMU 3yMOBJIEHA 3DOCTAHHSIM BUMOT 10 IPOAYKTUBHOCTI, IPO30POCTi Ta CTIAKOCTI
Cy4aCHHUX BUCOKOHABAaHTKEHUX KOMITIOTEPHUX CUCTEM, 110 0OCIYTOBYIOTh BEJIMKi OOCITY TPaH3aKLil i JaHUX Y
cepax ¢piHaHCiB, XMapHUX cepBiciB, 10T Ta Big Data. O6’eKT mocifkeHHs — npouecy QyHKIiOHyBaHHS
BUCOKOHABAaHTa)XEHUX KOMITIOTEPHUX CUCTEM Y PO3IOAiIEHOMY cepenoBulli. [IpeaMeT qocliI>)KeHHs — METOAU Ta

Mojiesi iHTerpaiiii 6;I0K4eiH-TeXHOJIOTIN i CMapT-KOHTPAaKTIB 11711 3ab6e3neYeHHs] MacIITaboBaHOCTI, HATiHHOCTI Ta



e(eKTUBHOCTI BUCOKOHABAaHTA)KEHNUX KOMITIOTEPHUX CUCTEM. MeTa po60TH — MifBUIIEHHS €PEeKTUBHOCTI
(YHKLIOHYBaHHS BUICOKOHABAaHT)KEHUX KOMITIOTEPHUX CUCTEM IIJIIXOM PO3POOJIEHHS Ta BIIPOBAI)KEHHSI METOAY i
MogeJieil inTerpatlii 6;I0K4€iiH i CMapT-KOHTPAKTIB 3 ypaxyBaHHSIM Cy4YaCHUX BUMOT IO MACIITabOBAaHOCTI, 6€311eKU
Ta IIPO30POCTi. BupilleHO HAayKOBi 3aBJAaHHS: — IPOBELEHO CUCTEMHMI aHaJli3 OOMEXEHD KIIACUYHUX APXITEKTYP
BUCOKOHABAaHTAXXEHUX CUCTEM; — PO3POOJIEHO MOJEJI apXiTeKTypHOi iHTerpallii cMapT-KOHTpakTiB (on-chain /off-
chain, oracle-based) y BKC; - ynockoHasieHO METOIY JeLleHTPasli30BaHOro YIIPaBJliHHS pecypcamy i3
3aCTOCYBAaHHSM CMapT-KOHTPAKTiB; — C(pOPMOBAHO MiAX0nU A0 3a6e31eYeHHs] MaclITaboBaHOCTI HA OCHOBI
sharding, Layer 2-pimeHs i IeljeHTpani3oBaHUX CXOBUIL; — PO3PO06JIEHO AITOPUTMU KOOPAMHALl PO3MO/IiIeHOTO
30epiraHHs Ta 06pOOKY AaHUX i3 BUKOPUCTAHHSIM 6JIOKYeH-MeXaHi3MiB; — BUKOHAaHO €KCIIEPUMEHTaJIbHY
nepeBipKy e(eKTUBHOCTI 3allpOIIOHOBAaHUX MoZesiel i anropuTmis. HaykoBa HOBU3HA Ofiep>KaHUX pe3yJIbTaTiB: 1.
YIOCKOHAJIEHO areHTHO-OPi€HTOBAHM METOZ, IEL€HTPAIi30BAHOIO YIIPABJIHHA PECYypPCaMy BUCOKOHABAHTAKEHNX
KOMITIOTEPHUX CUCTEM, SIKUIA, HA BiIMiHY BiJl iCHyI0OUMX LIEHTpaJi30BaHMUX AUCIIETYEPIB, 32 paxyHOK (popmaidaiii
CMapT-KOHTPAaKTiB K aBTOHOMHUX areHTiB IPUNHATTS PillleHb, BUKOPUCTAHHS MEXaHi3MiB KOHCEHCYCHOTO
y3rOJpKEHHSI CTaHIiB PECYPCIB y pO3NOJiJIEHOMY CEPelOBUIII Ta peasidalii KpunrorpadivHo 3axXUILEHOT0 XXypHalIy
nozint (immutable ledger) nns dixcauii Bcix onepatiii, 4O3BOINIIO YCYHYTU €IMHY TOYKY BiIMOBHU, 320€3[1€YUTH
1po3ope Ta BepudikoBaHe yIIpaBJliHHS pecypcamu, MiABUILUTH BiIMOBOCTIHKICTb CUCTEM i 326€311e4YUTU [TIOBHY
npo3opictb ayputy (100% ¢ikcanii noniit y 6;0kyeiiH-peecTpi). 2. YA0CKOHATIEHO MOJEeJIb apXiTeKTYpHO] iHTerpatiii
CMapT-KOHTPAKTiB y BUCOKOHABAaHTA)KEHUX KOMITIOTEPHUX CUCTEMAX, 5IKa, Ha BiIMiHY Bifl iCHyI0UMX MOAEJEN, 3a
PaxyHOK 3aCTOCyBaHH4 ribpugHoi on-chain /off-chain apxiTexTypu 3 nosieBo-opi€eHTOBaHOIO B3aEMOJIi€I0 Yepes
opakysu, popmaiszaliii IOTOKIB TpaH3aKLIiil y BUTJISLI CTOXaCTUYHOI CUCTEMHU CTaHiB i lepexois (anapar Teopii
MacoBOr0 OOCJIyTOBYBaHHSI) Ta PO3[IiJIEHHS 00YMCIIIOBaIbHUX i BepudikallilHUX [IPOLECiB MDK PiBHSIMU CUCTEMH,
I03BOJIAJIO 3a6€3M1eYnTH 6alaHC MiXK POAYKTUBHICTIO Ta JOBIPOIO, Y3rOIPKEeHe yIIpaB/IiHHS NOTOKAMU TPAaH3aKIiil y
PO3IIOZiNIEeHOMY CepeOBUILli, SMEHIIUTY Yac OOPOOKU 3aIKUTIB i MiABULIMTH IPOIYCKHY 3ATHICTh CUCTEMU. 3.
Briepiue 3aniporioHOBaHO MOJiesIb KOOPAUHALLil PO3I0/IiIeHOro 36epiraHHs Ta 0OpOOKM NaHUX Y
BHMCOKOHABaHT)KEHUX KOMITIOTEPHUX CUCTEMAX, SIKQ, HA BiIMiHY BiJl iCHYIOUMX MiTXOMiB, 32 PaXYHOK BUKOPUCTaHHS
CMapT-KOHTPAKTIB SIK LIEHTPAJIbHOTO KOOPAMHYIOUOTO MEXaHi3My, 3aCTOCYBaHHSI anapary Teopii rpadis nj1s1 onucy
TOIIOJIOTII pO3MOAINIEHUX BY3JIiB i IOTOKIB 33a4, peasisdaliii MeXaHi3MiB aBTOMAaTU30BaHOTO JI€JI€TYBaHHS
obuncmoBanbHUX 33724 (Golem, iExec, Akash) Ta interpauii genenrpanizosanux cxosuy (IPFS, Filecoin) i3
MEXaHi3MaMu KOHTPOJIIO NOCTYIy Ta SLA, 03B0OIMIIO 326€311€4UTU aBTOMATU30BaHy KOOPMHALIII0

004K CIIOBAIBHUX i 36€piralounx pecypciB y €IMHOMY CepefoBUILi, MaclITabyBaHHS iHQPACTPYKTYpH Ta

nifBUILEHHS €(PEKTUBHOCTI BUKOPUCTAHHS PECypCiB.

2. Thesis for the degree of Doctor of Philosophy in the field of knowledge 12 - Information Technology,
specialisation 123 - Computer Engineering. - State University of Information and Communication Technologies. -
Kyiv, 2026. This thesis addresses the pressing scientific and practical challenge of developing methods and models
to ensure the scalability, reliability and efficiency of high-load computer systems by integrating blockchain
technology and smart contracts into their architecture. The relevance of the topic stems from the growing
demands for performance, transparency and resilience of modern high-load computer systems that handle large
volumes of transactions and data in the fields of finance, cloud services, loT and Big Data. The object of the study is
the operational processes of high-load computer systems in a distributed environment. The subject of the study is
methods and models for integrating blockchain technologies and smart contracts to ensure the scalability,
reliability and efficiency of high-load computer systems. The aim of the work is to improve the operational
efficiency of high-load computer systems by developing and implementing methods and models for integrating
blockchain and smart contracts, taking into account modern requirements for scalability, security and
transparency. The following research objectives have been achieved: - a systematic analysis of the limitations of
classical architectures for high-load systems has been conducted; - models for the architectural integration of
smart contracts (on-chain/off-chain, oracle-based) into high-load systems have been developed; - methods for
decentralised resource management using smart contracts have been improved; - approaches to ensuring
scalability based on sharding, Layer 2 solutions and decentralised storage were formulated; - algorithms for



coordinating distributed data storage and processing using blockchain mechanisms were developed; -
experimental verification of the effectiveness of the proposed models and algorithms was carried out. Scientific
novelty of the results obtained: 1. An agent-oriented method for the decentralised management of resources in
heavily loaded computer systems has been improved; unlike existing centralised dispatchers, by formalising smart
contracts as autonomous decision-making agents, utilising mechanisms for consensus-based coordination of
resource states in a distributed environment, and implementing a cryptographically secured event log (immutable
ledger) to record all operations, has made it possible to eliminate a single point of failure, ensure transparent and
verifiable resource management, increase system fault tolerance, and ensure full audit transparency (100%
recording of events in the blockchain ledger). 2. The architectural integration model for smart contracts in high-
load computer systems has been improved; unlike existing models, through the use of a hybrid on-chain /off-chain
architecture with event-driven interaction via oracles, formalising transaction flows as a stochastic state and
transition system (queueing theory) and separating computational and verification processes between system
levels, has enabled a balance between performance and trust, coordinated management of transaction flows in a
distributed environment, reduce query processing times and increase the system’s throughput. 3. A model for
coordinating distributed data storage and processing in high-load computer systems has been proposed for the
first time; unlike existing approaches, by utilising smart contracts as a central coordinating mechanism, applying
graph theory to describe the topology of distributed nodes and task flows, implementing mechanisms for the
automated delegation of computational tasks (Golem, iExec, Akash) and the integration of decentralised storage
systems (IPFS, Filecoin) with access control and SLA mechanisms, has enabled the automated coordination of
computing and storage resources within a single environment, the scaling of infrastructure, and the improvement
of resource utilisation efficiency.
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dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBume Im's ITo-6aTbKOBI Cropuak Kamisna [1aBiiBHa
TOJIOBH pajgu

BnacHe IlpizBume Im'st Ilo-6aTbKOBI Cropyaxk Kamirna [TaByiBHa
rOJIOBYIOYOTO Ha 3acCiflaHHi

BignoBigasibHUIH 3a HiATOTOBKY JlazopeHko JI.M.
00JIiIKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA



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

JisiIbHOCTI




