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Pedepat/anoranis:

1. O6’exT mocimKeHHS: PoLlecy MpeCcTaBIeHHs, 00pOOKY, 36epiraHHs Ta nepenadi iHdopmariii mpu CTBOpPEHHi Ta
BUKOHaHHI iHTEpaKTUBHUX ClieHapiiB Ha 0ocHOBi 3D-Mopenelt s NiATOTOBKY CHELiaicTiB 3 BUKOHAHHS POOIT 3
PEMOHTY HacOCiB aTOMHUX CTaHIill. MeTa moCaiKeHHs: po3pobseHHs iHpopMaLifiHOi TEXHOJIOTI], 1110 OJJHOYaCHO
3abe3mnevye CTBOpeHHs, BepudikKaliio, Bidyasisalilo Ta CHHXPOHHE BiITBOPEHHS IJIs1 BCiX yYaCHUKIB iHTEPAKTUBHUX
ClLieHapiiB Ha OCHOBi 3D-Mopenen 111 HaBYaHHS CIIeLjasiCTiB 3 PEMOHTY HACOCiB aTOMHUX CTaHLi. MeTtonu
IOOCJIiIKEHHS: aHaJi3 NpeAMEeTHOI 06J1acTi (17151 OOCTiIpKEHHS iCHYI0YMX HiIXOLiB 10 MirTOTOBKX PEMOHTHOTO
nepcoHasny AEC Ta BUSIBJIEHHSI TEXHOJIOTIYHUX 6ap'epiB IPU CTBOPEHHI iHTEPAKTUBHUX HABYAJIbHUX CUCTEM),

MeTtogu Teopii rpadis Ta arnapat Mepesx IleTpi (11 gocigykeHHs JIOTiKU pOoJIbOBOi B3a€EMO/Iii KOPUCTYBaYiB,



MOJIE€JIIOBAaHHS TPOCTOPY LOCSDKHUX CTaHIB Ta aHAJi3y 6araTOKOPUCTYBALbKUX CLIEHAPiiB HA HASIBHICTb TYIMKOBUX
CHTYyaliil), MeTO1 06’ €KTHO-OPi€EHTOBAHOTO IIPOEKTYBAHHS (1151 JOCiIKeHHs iHdopMaLiliHOI CTPYKTypU
BipTyanbHUX 3D-Mogesneil Ta aHali3y ixHix iepapXiuHUX 3a71€XHOCTEl), METO Y aJTOPUTMIYHOI 06POOKU
IIPOCTOPOBUX JAHUX (OJ1s1 JOCIIiIKEHHS TOMOJIOTIYHOI CTpyKTypH imkeHepHUX CAD-Mozeneil Ta aHanisy
IIPOCTOPOBUX 3B'SI3KiB), METOIM ITPOEKTYBAHHS JIIOIMHO-MaIIMHHOI B3a€MOii (171 JOCIiIKEHHS BIIJINBY OOCSTY
BizyasibHOI iHpopMallii Ha KOTHITMBHE HaBaHTaKEHHSI KOPUCTYBaya), METOJI MaTeMaTUYHOIO MOJIe/IIOBaHHS (17151
IOCJiIKEeHHS NIPOLeCiB pertikalii KiHeMaTUYHUX JAHUX Y PO3NOAIIEHUX CEPENOBUILAX i3 3aTPUMKaMK), METOIU
€MIIipUYHOrO TECTYBaHHS Ta MATEMATUYHOI CTATUCTUKY (IJ151 OLiHKY €(pEeKTUBHOCTI PO3POOJIEHNX aJITOPUTMIB Ta
IiATBEpAKEeHHS 3HAYYIOCT] pe3ysbTariB anpobariii). CrienianbHi iIHCTpyMEHTH Ta [IporpaMHe 3a6e3MeyeHHs:
MiKpocepBicHa KJlieHT-cepBepHa apxiTekTypa, No-Code BidyanbHUI pefakTop rpadis, KIieHTCbKUI web-pyLIiil Ha
6asi crangapty WebGL, mpoTokos 1BOCTOPOHHBOTO 3B's13Ky WebSocket, anroputmu reoMmeTpuyHoi feunmaii ta
reHepatlii 30BHilHix 06010HOK (Shrinkwrap), anroputmu kiienTcbkoro nepegbadenHss (Client-Side Prediction) ta
JiHifHO] inTepnossuii (Lerp). TeopeTuyHi i npakTU4Hi pe3ysbTaTy, HOBU3HA: JlicTasna ojaabiioro pO3BUTKY
TEXHOJIOTisl CTBOPEHHS iHTEPAaKTUBHUX HaBYAJIbHUX ClLieHapiiB. Briepiie 3ariporioHOBaHO MOZENb POJIbOBOI B3a€MO/Iii
(MPB) Ha 6a3i iepapxiunux mepex [lerpi, mo 3abe3nedye CTBOPEHHS CLiEHapilo 6€3 HalMCAHHS IPOrPAMHOTO KOZY,
a TakoX MOro aBToMaTuyHy Bepudikaliiio (BUsIBJIEHHS TYIINKOBUX CUTYallill Ta B3aEMHUX 06JI0KyBaHb). Po3po6yieHo
iHopmariitny Mofesnb BipTyasbHUX HaBuasibHUX 3D-Mopesnelt 3a napagurmolo «11la6noH-Ex3eMnsp» i3
MeXaHi3MOM (pikcalii 3a71e>XKHOCTe! 11711 YHUKHEHHS KaCKaJHUX AECTPYKTUBHUX 300iB. CTBOPEHO METO],
aBTOMATUYHOTO BU/IAJIEHHS BHYTPIlIHbOI TONOJIOTii HEpO36ipHUX BY3JIiB, L0 CYTTEBO 3HMXYE HABAHTAXKEHHS HA
cucteMy Bisyasizauii. Bepiue 3aniporioHOBaHO METO/, YIIpaBiliHHS 06carom iHpopmaliii Ha clieHi Ha OCHOBI Teopil
KOTHITUBHOT'O HaBaHTaXEHHS. Po3po6sieHO aHaliTHKO-TITapaMeTPUYHUI MeTO, perllikallii rapMOHIUYHUX CTaHIB [1J14
CTabisIbHOI MEPEXKeBOi CUHXPOHi3auii. [IpaKTMYHAM Pe3yJIbTaTOM € CTBOPEHHS (PYHKLIOHAJIbHOTO MTPOTOTHUITY
indopmaniitHoi cuctemu (BidyaabHUI pefakTop Ta KJIi€HTCbKUY Pyl BUKOHAHHS). EQeKTUBHICTb BIIPOBaI)KEHHSI:
3acrocysaHHs po3pobsieHoi No-Code TexHOJIOTii 03B0JIsle CKOPOTUTH Yac IIPOEKTYBaHHS JIOTIKY CLieHapiiB y 5—6
pasiB, a Yac BHECEHHSI iTepalliHUX 3MiH — y 12 pa3iB, 3HIXXYI04M COOIBapTICTh pO3pOOKU KOHTEHTY Ha 60-70%.
AHaniTuKO-napameTpuyHa CUHXPOHi3allisi 3MeHIInIa o6¢csar MmepexkeBoro Tpadiky Ha 94%. Peanisalisg apxiTekrypu
3TiIHO 3 MapaJUrMol0 eKOJIOTiYHMX 06uucieHs («Green Computing») 3HU3UIIa €HEProCIIOXKUBAHHS CUCTEMU Y
15-20 pasiB NOPIiBHSHO 3 TEXHOJIOTISIMY XMApHOT0 CTPiMiHTY. [JoBeZleHO NOKpalleHHS TOKAa3HUKIB (OPMYyBaHHS
[IPAaKTUYHMX HAaBUYOK Yy CIIyXayiB y cepefHbOMY Ha 30%. ['ajly3b BUKOPUCTAHHS: HABYAJIbHO-TPEHYBAJIbHI LIEHTPU
[iATPUEMCTB aTOMHOI €HepreTHKY Ta KPUTUYHOI iHPPacTPyKTYpH, 3aKIaAu BULIOI OCBITH TeXHIYHOTO NPodiio A

IiAATOTOBKU Ta MifBULIEeHHS KBasidikalii inkeHepHOro nepcoHaiy.

2. Object of research: processes of information representation, processing, storage, and transmission during the
creation and execution of interactive scenarios based on 3D models for training specialists in the repair of nuclear
power plant (NPP) pumps. Purpose of research: development of an information technology that simultaneously
ensures the creation, verification, visualization, and synchronous execution for all participants of interactive
scenarios based on 3D models for training specialists in the repair of NPP pumps. Research methods: domain
analysis (to study existing approaches to training NPP maintenance personnel and identify technological barriers
in creating interactive training systems); graph theory methods and Petri net apparatus (to study the logic of role-
based user interaction, model the reachable state space, and analyze multi-user scenarios for deadlocks); object-
oriented design methods (to investigate the information structure of virtual 3D models and analyze their
hierarchical dependencies); spatial data algorithmic processing methods (to study the topological structure of
engineering CAD models and analyze spatial relationships); human-computer interaction (HCI) design methods (to
investigate the impact of visual information volume on user cognitive load); mathematical modeling methods (to
study the processes of kinematic data replication in distributed environments with latencies); empirical testing and
mathematical statistics methods (to evaluate the efficiency of the developed algorithms and confirm the statistical
significance of the testing results). Special tools and software: microservice client-server architecture, No-Code
visual graph editor, client-side web engine based on the WebGL standard, WebSocket bidirectional
communication protocol, geometric decimation and external shell generation (Shrinkwrap) algorithms, Client-Side



Prediction, and linear interpolation (Lerp) algorithms. Theoretical and practical results, novelty: The technology for
creating interactive training scenarios has been further developed. For the first time, a Role-Based Interaction
Model (RBIM) based on hierarchical Petri nets is proposed, which ensures scenario creation without writing
program code, as well as its automatic verification (detection of deadlocks). An information model of virtual
educational 3D models has been developed using the "Template-Instance" paradigm with a dependency pinning
mechanism to avoid cascading destructive failures. A method for the automatic removal of the internal topology of
non-disassembled nodes has been created, which significantly reduces the load on the visualization system. For
the first time, a method for managing the volume of information in the scene based on Cognitive Load Theory is
proposed. An analytical-parametric method of harmonic state replication for stable network synchronization has
been developed. The practical result is the creation of a functional prototype of the information system (a visual
editor and a client-side execution engine). Efficiency of implementation: The application of the developed No-
Code technology reduces the time of scenario logic design by 5-6 times, and the time of making iterative changes
by 12 times, decreasing the cost of content development by 60-70%. Analytical-parametric synchronization
reduced the volume of network traffic by 94%. The implementation of the architecture in accordance with the
Green Computing paradigm reduced the system's energy consumption by 15-20 times compared to cloud video
streaming technologies. An improvement in the formation of trainees' practical skills by an average of 30% has
been proven. Field of application: educational and training centers of nuclear power and critical infrastructure
enterprises, technical higher education institutions for the training and professional development of engineering
personnel.
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