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Pedepar:

1. Tenesxenko [I. O. MeTonu Ta MozeJli CUHTE3Y apXiTeKTYPH BipTyaJlbHUX PO3IIOiIIEHNX KOMITIOTEPHUX CUCTEM. —
KsanigikauiiiHa HaykoBa npaljsl Ha paBax pykonucy. [lucepratis Ha 3006yTTs CTyIeHs fJoKTopa ¢inocodii 3a
crienianbHicTio 122 Komm'iotepHi Hayku (T'any3b 3HaHb 12 ITHdopMauiiiHi TexHO0rii). — XapKiBCbKUI HalliOHAJIbHUN
yHiBepcuteT imeHi B. H. Kapasina, MinicrepcTBo ocBitu i Hayku Ykpainu, Xapkis, 2025./lucepTauis IpucBsiYeHa
aKTyaJIbHill HAyKOBil Tpo6sieMi — po3po6Lii METOIiB i MoZiesiell CUHTe3y apXiTeKTypH BipTyaJbHUX PO3IOJieHuX
KoMITtoTepHux cucteM (BPKC) nj1s1 3a6e3neueHHs ix HaIiltHOCTI, NPOLYKTUBHOCTI Ta aJallTUBHOCTI 10 3MiHHUX
yMOB po60oTu. OCHOBHA MeTa JOCIIiIPKEHHS TI0JISITa€e Y CTBOPEHHI HOBUX aJITOPUTMIYHUX MiIXOMiB, O JO3BOJISIIOTh
IIPOTHO3YBaTHU Ta MiHiMi3yBaTU BILJIUB 360iB, 3a6€311e4yBaTy ONTUMAaJIbHUIN PO3IOLLJI PECYPCiB i miATpUMyBaTH
CTabisbHy POOOTY B YMOBax AMHAMIUHMX 3MiH. ¥V nucepTauii npoBefieHO rIMO0KUil aHasli3 Cy4yacHUX MiAXOiB 10
ynpasiainHg BPKC, Bkito4yarouy 6aaHCyBaHHsI HAaBAaHTKEHHS, AUHAMiYHe MacIITabyBaHHS, aBTOMaTUYHe
pe3epBYBaHHS Ta MOHITOPUHT. BHSBIEHO KIII0YOBi BUKJIMKU: BiICYTHICTh €(DEKTUBHUX 3aCO0iB TPOAKTUBHOTO

BUSIBJIEHHS Ta [IOIepeI’KeHHs 300iB, a TAKOK HEJOCTATHSI iHTerpalist iHCTpyMEHTIB MAalIMHHOTO HaBYaHHS [1JIsl



aJlaliTUBHOTO YIIPaBJIiHHS apXiTeKTypolo. PO3TJIIHYTO €BOJIOL{I0 TEXHOJIOrIN BipTyasisalii Ta knacudikariio
apxitektyp BPKC (MoHOIiTHI, MiKpOCEpBiCHI, LIeHTpaJli30BaHi, feleHTpani3oBaHi). [lizkpecieHo BIIUB pi3HUX
apXxiTeKTyp Ha MaclITabOBaHICTh Ta ONTUMI3all0 cucTeMU. JJOCiIKeHO BaXK/IMBICTb ONITUMI3aLlii pecypciB, 30Kkpema
IVHAMiYHOTO PO3MIillleHHS BipTyaJIbHUX MAIIVH Ta 3aCTOCYBAHHS iHTEJIEKTyaJIbHUX MiIXOiB (MAIIMHHOIO
HaBYaHH$) JJ14 NiBUIIEHHS e(PeKTUBHOCTI BUKOPUCTAaHHS pecypciB. [IpoaHanizoBaHo icHy10ui iHCTpyMeHTU
IIPOTHO3YBaHHS Ta YIIPaBJIiHHS, BUSBUBIIN iXHIO HEJOCTATHIO TOYHICTD IJIS1 CY4YaCHUX NUHAMIYHUX CUCTEM.
OnucaHo po3poOKy KOHIENTYalIbHOI Mozesti cuHTe3y apxitekrypu BPKC, 1m0 BkItoyae anapaTHe 3a0e3l1e4eHHs,
rinepsisop, BipTyasibHi MalIMHU Ta MOAYJIb YIIPaBJiHHA. JOCTiIXeHO MeToAU ITapasesibHoi 06po6ku iHpopmalii
(cyminieHHS He3aJyiesKHUX OIlepaTopiB, KOHBEEPHA Ta JeKOMIIO3UIiliHa 06po6Ka) [J1s ONTUMI3aLlii 06YMCITIIOBATIbBHUX
IIPOLECIB Y BipTyaJIbHMX MAllMHAX. JleTaJlbHO PO3IJISHYTO Npouec iHTerpauii anroputmy LSTM 11151 IpOrHO3yBaHHS
HaBaHTaXeHHs. OCOOJIMBY yBary NpUIiNeHo SKiCHIN NifroToBLi JaHUX (OUMIIEHHS, HOpMali3allis, CTPYKTYpHU3aLlis)
ta aganTauii LSTM 1151 po60TH 3 4aCOBUMMU NOCTiIOBHOCTSIMU. [IpeicTaBieHo po3poOKy Ta TECTYBaHHS
mopaudikoBaHoro metony BinHoBeHHs BPC micis 360iB. OCHOBHA yBara 30cepe/i>keHa Ha IIPOTrHO3yBaHHi
HaBaHTaXEHHS Ta MOJEJII0OBAHHI I10BEMIIHKY CUCTEMHU IIifi 4ac aBapiHuxX cutyauiil. CTBOPEHO €KCIIEPUMEHTAJIbHE
cepenosulie 3a fonoMmoroio Docker-koHTeliHepis, Nginx, Prometheus Ta Node Exporter nys mopaesntoBaHHs 300iB
(3ynmmHKa KOHTeHepiB, IepeBaHTaKeHHs By3JiB). JJocaimkeHo BB LSTM Ha TOYHICTb MPOrHO3yBaHHS 300iB
BY3J1iB, I0KA3aBLIY 3Ha4YHE 3MEHIIEHHs 4acy peakliii cucTeMu Ta MiHiMi3allilo BTpaT jaHux. OnucaHo rpouec 360py
IaHUX 3 BUKopuctanHsam Apache Benchmark ta MmoHiTOopuHr kitoyoBux nokasHukis (CPU, RAM, 3aTpuMKa Bifnosizi,
KiZIbKiCTb 06p06J1€HMX 3anUTiB). ONMMCaHO METOMOJIOTi0 360Py, 06pOOKM Ta HOpMaUlizallil JaHUX [J1s1 MOJerti
IIPOTHO3YBAaHHS HaBaHTaXeHHs. BukopucTaHo BigkpuTi Habopu naHux Kaggle 3 nokasnukamu BukopuctanHs CPU,
RAM, I1CKOBUX i MEpEXEBUX peCcypciB. [leTabHO PO3IVISIHYTO HaJlaTyBaHHs apxiTekTypu LSTM-Mopeni (BxigHuM
wap, LSTM-mapu, Dropout-map, Dense-map), BU3BHa4€HO ONTUMAJIbHY KiJIbKiCTh HEMPOHIB Ta IapaMeTpu
TpeHyBaHHs. ONMCaHO NMPOLeC HaBYaHH4 Ta Bajlifallii MOZEsli 3 BUKOPUCTAaHHSIM KpOC-BaJlifallii Ta METPUK OLiHKU
(MSE, MAE, R?). PesynbTaTu nigTBEpAuau 30aTHicTb LSTM edeKTUBHO [IPOTHO3YBaTU HABAaHTAKEHHS Ta 3HMKYBaTU
3aTPUMKU B peaJIbHUX YMOBaxX pob0THU cepBepiB. [lucepTallis 1eMOHCTpye €(EeKTUBHICTb 3alIPOIIOHOBAHUX METOIIB i
MOZEJIEN [JIs1 CUHTE3Y apXiTEKTypU BipTyaJIbHMX PO3IOLIIEHMX CUCTEM. 3alIPOIIOHOBAHUI ITPOrHO3HO-aJalITUBHUN
niaxin i3 BUKopuctaHHsIM anroputmy LSTM 3abesneuye BUCOKY TOUHICTh IPOrHO3YBAaHHS HABAaHTAKEHHS,
ONTUMI3allil0 pO3NOiny pecypciB Ta MiHiMizalilo HaciaKiB 3060iB. [IpakTUYHA 3HAUYLLICTh MigTBEPIKYETHCS
3[ATHICTIO MiABUILYBAaTU MIPOLYKTUBHICTD | HAAIMHICTD BipTyaJbHUX CUCTEM Y AMHAMIYHUX yMOBax. Lle BiTKpuBae
HOBI NIEPCIIEKTUBH [J151 BIIPOBAI)KEHHS iHTEJIEKTyalbHUX PilleHb y XMapHUX cepenoBuiax, [oT Ta inmux
MaclTaboBaHUX OOYUCIIOBATIbHUX IIaTPOPMax, pobJIsSTuM BHECOK Y PO3BUTOK CyYaCHUX iHPOpMaliliHuX

TEXHOJIOTIN.

2. Telezhenko D. Methods and models for the synthesis of architecture in virtual distributed computer systems. -
Qualification scholarly paper: a manuscript. The dissertation submitted for obtaining the Doctor of Philosophy
degree in Information Technology: Speciality 122 Computer science. V. N Karazin Kharkiv National University,
Ministry of Education and Science of Ukraine, Kharkiv, 2025. This dissertation addresses a pressing scientific
problem: the development of methods and models for synthesizing the architecture of virtual distributed
computer systems (VDCS) to ensure their reliability, performance, and adaptability to changing operating
conditions. The main goal of this research is to create new algorithmic approaches that allow for the prediction
and minimization of fault impact, ensuring optimal resource allocation and maintaining stable operation under
dynamic changes. The dissertation conducts an in-depth analysis of modern approaches to VDCS management,
including load balancing, dynamic scaling, automatic redundancy, and monitoring. Key challenges identified
include the lack of effective tools for proactive fault detection and prevention, as well as insufficient integration of
machine learning tools for adaptive architecture management. The evolution of virtualization technologies and the
classification of VDCS architectures (monolithic, microservice, centralized, decentralized) are examined. The
impact of different architectures on system scalability and optimization is highlighted. The importance of resource
optimization, particularly dynamic virtual machine placement and the application of intelligent approaches
(machine learning) to enhance resource utilization efficiency, is investigated. Existing prediction and management



tools are analyzed, revealing their insufficient accuracy for modern dynamic systems. The development of a
conceptual model for VDCS architecture synthesis, encompassing hardware, hypervisor, virtual machines, and a
management module, is described. Methods of parallel information processing (combining independent operators,
pipeline processing, and decompositional processing) for optimizing computational processes in virtual machines
are explored. The process of integrating the LSTM algorithm for load prediction is thoroughly reviewed. Special
attention is given to high-quality data preparation (cleaning, normalization, structuring) and adapting LSTM for
working with time series. The development and testing of a modified VDCS recovery method after failures are
presented. The main focus is on load prediction and modeling system behavior during emergency situations. An
experimental environment was created using Docker containers, Nginx, Prometheus, and Node Exporter to
simulate failures (container stoppage, node overload). The influence of LSTM on the accuracy of node fault
prediction was investigated, demonstrating a significant reduction in system reaction time and minimization of
data loss. The data collection process using Apache Benchmark and monitoring of key indicators (CPU, RAM,
response latency, number of processed requests) are described. The methodology for data collection, processing,
and normalization for the load prediction model is outlined. Open-source Kaggle datasets were used, including
CPU, RAM, disk, and network resource utilization metrics. The configuration of the LSTM model architecture
(input layer, LSTM layers, Dropout layer, Dense layer) is thoroughly detailed, with optimal neuron counts for each
layer and training parameters determined. The model training and validation process using cross-validation and
evaluation metrics (MSE, MAE, R?) are described. The results confirmed LSTM's ability to effectively predict load
and reduce latencies in real server operating conditions. This dissertation demonstrates the effectiveness of the
proposed methods and models for synthesizing the architecture of virtual distributed systems. The proposed
predictive-adaptive approach using the LSTM algorithm ensures high accuracy in load prediction, optimization of
resource distribution, and minimization of fault consequences. Its practical significance is confirmed by its ability
to enhance the performance and reliability of virtual systems in dynamic environments. This opens new
perspectives for implementing intelligent solutions in cloud environments, IoT, and other scalable computing
platforms, contributing to the advancement of modern information technologies.
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