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Pedepar:

1. Pay [I. B. AnropuTmiuHe Ta mporpaMHe 3a6e3nedeHHs TEXHOJIOTIT 1M(pPOBUX IBIIIHUKIB MyJIbCEMEIIITHIX
ob’exTiB. — KBasidikauiliHa HaykoBa IIpals Ha IIpaBax pyKonucy. Jlucepraliis Ha 31[00yTTs HAyKOBOI'O CTYIIE€HS
Iokropa (pinocoii B ranysi 3HaHb 12 InpopmaliiiHi TexHosorii 3a crienianpHicTio 121 InkeHepis nporpamHoro
3abe3nevyeHHs. — HallioHanbHU TeXHIYHUI yHiBepcUuTeT YKpainu «KuiBCcbKuil MOJliTeXHIYHUI iHCTUTYT iMeHi Irops
Cixopcskoro», Kuis, 2024. ITudpoBsi ABITHUKY € TEXHOJIOTI€I0, [0 HAAl0Th 3MOTy CTBOPUTH LUPPOBY KOIIiI0
disn4yHOro 06'€KTY /1J1s [IOJABIIOrO aHali3y Ta CUMYJIALI Hioro noseniHKy. TexHosoris 1MppoBUX ABIIHUKIB
IIPOIIOHY€E HOBUM MiAXif N0 NpeCcTaBleHHs Ta 00pOOKU JUHAMIYHOI [UPPpoBOi Mozei (isndyHOro 06'ekra abo
npolecy, 10ro MUHYJIOro, TENEPIIHbOTO i MailOyTHIX CTaHiB Ta MOBeAiHKU. LIndpoBuii ABiHUK sIBJIsIE COOOI0

CYKYIHICTb BipTyasyibHUX iHQOpMaLiiHUX CTPYKTYP, SIKi IOBHICTIO ONIMCYIOTh MalOyTHIN ab0 peasbHO iCHYI0YMI



(isu4HUI 00'eKT BiJl MiKPOPiBHS (OQHOEJIEMEHTHUH PiBEHb) IO MAKPOPIBHS (3arajabHUI BUTJIS, 3arajbHi
BJIACTMBOCTI 006'eKTa B Listomy). TexHosorisa 1u@poBUX IBIMHUKIB CIIOJIy4a€ KOHKPETHY Qi3UHYy CUCTEMY i3
KOMIT'IOTEPHOIO MOZEJIIIO, sIKA BiloOpaskae apXiTeKTypy, IMHAMIKY i PakTUUYHUI CTaH Ljjiei KOHKPETHOI CUCTEMU.
JaBadi, 110 JO3BOJISIIOTH 37iICHIOBATH 6€3MI€PEPBHMI MOHITOPUHT 00’€KTa, MOXKYTb OyT BUKOPUCTAHHI SIK IpDKepesa
iHdopmallii A1 CTBOPEHHS TaKUX iHAMBiIyani30BaHUX JUHAMIYHMX MOJeseld. AHAI3 iCHYI0YMX TPOTrPAMHUX
cucreM i po60TH 3 LNPPOBUMH ABIHUKAMU MTOKA3ye, 110 BOHU € By3bKOCIIPSIMOBAaHMMHU Ha CTBOPEHHS
M(pPOBUX JBIMHUKIB crienudiyHMX 00’eKTiB 17151 KOHKPETHOI ralysi Ta He 3[laTHi BAKOPUCTOBYBATH 6ijlblI
yHiBepCaJIbHUI MiAXi[ 10 CTBOPeHHS LM(PPOBOI Komii peasbHOro 06’ekTy. Tako>k 3HAYHOK MipOIO BUSIBJIEHA
npo6seMa BigcyTHOCTI yHi(ikanii Ta cranmaprtusanii popmari o6MiHy maHMMEU MK (iZUYHOIO Ta LUPPOBOIO
Kolieto o6’exTa. Po3B’s13aHHS LJUX 3aBlaHb MOXJIMBE LJISIXOM CTBOPEHHSI YHi(iKOBaHOI, THy4YKOi Ta
CTaH/IapTU30BaHOI IPOrpaMHoOi CUCTEMH, IO HaJlae 3MOTY CTBOPIOBAaTU L1(pPOBi Komii PisnYHUX 06'€KTIB 3 Pi3HUMU
napaMeTpamMi i HajamTyBaTH poOOTY 3 HUMU 3rifHO 3 BUuMoramu. TexHoJiorito nudpoBuX ABIMHUKIB 3BUYATHO
BUKOPHUCTOBYIOTH Y rajly3i BUPDOOHUIITBA Ta y iHxkeHepii. HaToMicTb, MpakTHYHO HEMae MPUKIIAIIB 3aCTOCYBaHHS 1ii€i
TEXHOJIOTi] y rasly3i OCBiTH Ta y MeIM4Hil ranysi. TUM He MEHIl, 3aCTOCYBaHHS TE€XHOJIOTiI LN(PPOBUX ABIHUKIB y
LMX TQJIy3s1X Ma€ BEJIMKW IOTEHIIiall, OCKIJIBKM 32 PaXyHOK il BUKOPMCTAHHS MOHA [OCSAITH HOBOI SIKOCTi OCBIiTH Ta
MeauYHUX rnociuyr. I[Ipore, s aganTanii TexHOJIOTil LHPPOBUX ABIMHUKIB 10 BUMOT LIUX rajaysel, 0CO6JIMBOCTIO
SKUX € 6e3110cepeHs Y4acTb JIIOIUHY Y IIpoliecax, Ipolefypax Ta cepBicax, JOLiIbHO BpaxOByBaTH HOBITHI
TeXHIYHi MOXXJIMBOCTI, 10 CIIPSIMOBaHi Ha HUPPOBY 06POOKY HaHMX IIPO (Pi3NYHI BJIACTUBOCTI 00’€KTiB
HaBKOJIMIIHBOTO CBITY, AKi 34aTHa CIIpUIMATH JII0JMHA. TOMY aKTyasIbHOIO 33a4€l0 € PO3MUPEHHS TEXHOJIOTI]

1 M(pPoBUX NIBIMHUKIB 32 paXHOK 3aCTOCYBaHHS KOHLEMLIii MyJibceMeZia, sika pOOUTh MOKJIMBUM CBOPEHHSI HOBUX
iHTep@ericiB M0AMHO-MAIMHHO]I B3aeMogii. OnyrcaHi 3aBIaHHs Ta TeHJEHLlii BUBHAYAIOTh aKTyabHy HAyKOBO-
TeXHIYHY 3371a4y BIOCKOHAJIEHHS Ta PO3BUTKY TEOPETUYHUX OCHOB CTBOPEHHSI AJITOPUTMIYHOI'O Ta IIPOrPAMHOTO
3a0e3ne4yeHHs TeXHOJIOTI 1 POBUX ABIMHUKIB, 1[0 BUPIIYETHCS Y L1ii1 JucepTauifiHiil po6oTi. MeToro
IyicepTalifiHOi poOOTH € MifBUIEHHS ePeKTUBHOCTI 06POOKYU AaHUX PO CTaH MYJIbCeMEeM T HUX 00’eKTiB y
[IPOrpaMHUX CUCTEMAX Ha OCHOBI KOHIeNLii 11(pPOBOro ABifiHMKA. Y NepLUIoMy PO3[ili AucepTaliiHOi poboTH
[IPOAHAIi30BaHO METOIY, MIiTXOAM Ta IIPorpamHe 3abe3rnedeHHs AJ1s1 00poOKY IaHuX UNPPOBUX ABIMHUKIB
MyJibCeMeiiHMX 00'€KTiB. JJoCIiIKeHO TeXHOJIOri0 1M POBUX IBITHUKIB Ta KOHLIEMNIII0 MyJibceMeiia. BuBueHO
IIOTOYHUI CTaH HasIBHUX [IPOTPaMHUX CUCTEM Ha OCHOBI TEXHOJIOTII [U(POBUX [BINIHUKIB. BUsIBJIEHO HEJOCTATHIO
VHIBEPCaJIbHICTb MiXOMiB 4O CTBOPEHHS LN(POBOro IBiIHMKA y BKa3aHUX IIPOTrPAMHUX CUCTeMaxX. Y pe3yJbTarTi
BU3HA4Y€HO (PYHKIIOHAJbHI Ta HEPYHKIIOHAIbHI BUMOTH 7151 LIbOTO KJIaCy IIPOrPaMHOro 3abe3nedeHHs. Y Ipyromy
PO31iai po3po6seHO aIropuTMiYHE Ta IPOrpaMHe 3a0e31eYeHHs [IPOLeCciB KOHCOMifaLlii MybCceMeNiMHUX NaHUX Ha
OCHOBIi KOHLeNLii MyJIbTHO6Pa3y. 3alpOIIOHOBAHO METO/ KOHCOJIiAalii MyIbCeMeAiHUX NaHUX, SIKUH nlepenbdadae
06pOOKY MyJIbCEMEIITHUX IAaHUX 3 BUKOPUCTAHHSAM anre6paiuHoi cucTeMu arperaris. 3aliporIOHOBaHO
posmupeHHs popmaty JSON 1151 CTBOpEHHSI CHHXPOHI30BaHOI y 4aci CTpyKTypu MyJsibceMenitHux naHux — TISON.
BukoprcTaHo AMCKPETHI BENBIET-NIEPETBOPEHHS Ta aJITOPUTMU cTeraHorpadii 1151 NoeIHaHHS JAHUX Pi3HUX
MOJQJIBHOCTEH B € UHUI LU(PPOBUIL 06'€KT. 3aIIPOIIOHOBAHO BUKOPUCTAHHS IapajieJIbHUX 00YUCIIeHb OJ1s
nigBuIeHHs e(eKTUBHOCTI peasnizalii 3aporoHOBAaHOTO METOy. Y TPEThOMY PO3LiJli pO3IJISIHYTO HasIBHI Migxoau
10 00pOOKU AHUX [TPO MyJIbCEMEIiMHI 06'€KTH, OAUH 3 SIKUX IPYHTYETbCS HA 3aCTOCYBaHHI MOBU IIPOIPaMyBaHHS
ASAMPL. 3anporoHOBaHO LIISXY BIOCKOHAJIEHHS MOBHU IporpamyBaHHsg ASAMPL, a came: OHOBJIEHO CUHTAKCUC,
1110 HaJlaJI0 MOXKJIMBICTD MOJIMNIINTYA METPUKU KOAY IIPU NporpaMyBaHHi MOBOI0 ASAMPL; yBeZleHO HOBI TporpamHi
KOHCTPYKLi, 1[0 PO3MNPUIO MOKIUBOCTi MOBH, 30KPEMA, 3pOOMIIO MOXKJIMBUM 3aCTOCYBaHHSI NapajebHAX

00YlCJIEHD.

2. Rvach D. Algorithms and Software for Digital Twin Technology of Mulsemedia Objects. - Qualifying scientific
work, manuscript. PhD thesis in the field of knowledge 12 Information technologies in speciality 121 Software
Engineering. - National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, 2024.
Digital twins are a technology that is purposed for creation a digital copy of a physical object for further analysis
and simulation of its behavior. The technology of digital twins offers a new approach to the presentation and
processing of a dynamic digital model of a physical object or process, its past, present and future states and



behavior. A digital twin is a collection of virtual information structures that fully describe a future or actually
existing physical object from the micro level (single-element level) to the macro level (general appearance, general
properties of the object as a whole). Digital twin technology connects a specific physical system with a computer
model that reflects the architecture, dynamics, and actual state of that specific system. Sensors that enable
continuous monitoring of the object can be used as sources of information to create such individualized dynamic
models. Analysis of existing software systems for working with digital twins shows that they are narrowly focused
on creating digital twins of specific objects for a specific industry and are not able to follow a more universal
approach to creating a digital copy of a real object. The problem of lack of unification and standardization of data
exchange formats between the physical and digital copy of the object was also identified to a large extent. Solving
these tasks is possible by creating a unified, flexible and standardized software system that allows creating digital
copies of physical objects with different parameters and adjusting work with them according to the necessary
requirements. Digital twin technology is commonly used in manufacturing and engineering. On the other hand,
there are practically no examples of the application of this technology in both education and healthcare.
Nevertheless, the application of the technology of digital twins in these industries has great potential, as it is
possible to achieve a new quality of education and healthcare services due to its use. However, to adapt the
technology of digital twins to the requirements of these industries, the feature of which is the direct participation
of a human in processes, procedures and services, it is reasonable to take into account the latest technical
capabilities aimed at digital processing of data on the physical properties of real-world objects that a human is able
to perceive. Therefore, an urgent task is to expand the technology of digital twins by applying the concept of
mulsemedia, which makes it possible to create new interfaces for human-machine interaction. The purpose of the
dissertation is to increase the efficiency of mulsemedia objects state data processing in software systems based on
the concept of a digital twin. In the first section of the dissertation, methods, approaches, and software for
processing data of digital twins of mulsemedia objects were analyzed. The technology of digital twins and the
concept of mulsemedia were studied. The current state of existing software systems based on the technology of
digital twins was studied. Insufficient universality of approaches to creating a digital twin in the specified software
systems was revealed. As a result, functional and non-functional requirements for this class of software were
formed. In the second section, algorithmic and software solutions for the consolidation of mulsemedia data based
on the concept of multi-image have been developed. A method of mulsemedia data consolidation is proposed,
which involves processing mulsemedia data using an algebraic system of aggregates. An extension of the JSON
format to create a time-synchronized mulsemedia data structure named TJSON is proposed. Discrete wavelet
transforms and steganography algorithms were used to combine data from different modalities into a single digital
object. It is proposed to use parallel calculations to increase the effectiveness of the implementation of the
proposed method. In the third section, available approaches to data processing of mulsemedia objects are
considered, one of which is based on the application of the ASAMPL programming language. Ways to improve the
ASAMPL programming language are proposed, namely: the syntax has been updated, which made it possible to
improve code metrics when programming in the ASAMPL language; new software designs were introduced, which
expanded the capabilities of the language, in particular, made it possible to use parallel calculations. The specified
changes are included in the new version of the programming language named ASAMPL 2.0.
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