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(}isu4HOro 06'€KTY [AJIs OJABIIOrO aHAJI3y Ta CUMYJIALII Oro noBeiHKU. TexHosoris u1MppPOBUX ABITHUKIB



IIPOIOHY€E HOBUI MifXi/ 4O MpeAcTaBIeHHs Ta 06pOOKU guHaMiuyHOi 11ppoBoi Mogesi GisnuHOro 06'eKra abo
IIpoLIeCy, 10ro MUHYJIOTO, TENepPillHbOro i MalibyTHIX cTaHiB Ta noBeiHKu. LindpoBuil ABIHUK sIBJIsSE COO0I0
CYKYIHICTb BipTyasibHUX iHpOpPMaLilHUX CTPYKTYP, SIKi IOBHICTIO ONIUCYIOTh MalOyTHIN ab0 peasbHO iCHYI0UMI
(isu4HUI 006'eKT BiJi MiKpOPiBHS (OQHOEJIEMEHTHUH PiBEHb) IO MAKPOPIBHS (3arajabHUI BUTJIS, 3arajlbHi
BJIACTUBOCTI 00'eKTa B LinomMy). TexHooris undpoBuX ABIMHUKIB CIIOTy4ae KOHKPETHY (Pi3sMuHy CUCTEMY i3
KOMIT'IOTEPHOIO MOJZEJIIIO, sIKa BiloOpaskae apXiTeKTypy, IUHAMIKY i GakTUUYHUIM CTaH Ljei KOHKPETHOI CUCTEMU.
JaBadi, 1110 J03BOJISIIOTH 37ilICHIOBAaTH 6€31I€pEPBHMI MOHITOPUHT 00’€KTa, MOXKYTb OyT BUKOPUCTAHHI SIK JpDKepesa
iHopmauii 119 CTBOPEHHS TaKUX iHAWBiNyasi30BaHNUX JUHAMIYHUX MOJeJel. AHajIi3 iCHYI0UMX IPOrPaMHUX
cHCTeM 111 po60TH 3 LNPPOBUMH IBITHUKaMU [10Ka3Ye, 1110 BOHU € By3bKOCIIPSIMOBAaHMMU Ha CTBOPEHHS
1M(pPpoBUX NBIMHUKIB crienudiyHMX 00’eKTiB 17151 KOHKPETHOI raysi Ta He 3[laTHi BUKOPUCTOBYBATH 6ijbll
yHiBepCaJIbHUH MiAXif 10 CTBOPeHHS 1M POBOi Korii peasbHOro 06’ekTy. Tako>k 3HAYHOIO MipOIO BUSIBJIEHA
npobJsieMa BiicyTHOCTI yHidikalii Ta crangapTusauii popmariB 06MiHy JaHUMU MK Qi3UYHOIO Ta UPPOBOIO
Korlieto o6’ekTa. Po3B’s13aHHS 1[UX 3aBlaHb MOXJIMBE LJISIXOM CTBOPEHHS YHi(iKOBaHOI, THy4YKOi Ta
CTaHJApPTU30BaHOI IPOrPaMHOi CUCTEMH, 10 HAZIa€ 3MOTY CTBOPIOBATU LUQPPOBI Komii Pi3nyHMX 00’eKTiB 3 pisBHUMU
rnapameTpamH i HajlallTyBaTh poO0TYy 3 HUMU 3TifHO 3 BUMOraMu. TexHOooTiio U@ PpOoBUX IBiHUKIB 3BUYAlTHO
BHUKOPHCTOBYIOTH Y rajly3i BUPOOHUIITBA Ta y iHxkeHepil. HaToMicTh, MpakTHYHO HEMAae MPUKIIALIB 3aCTOCYBaHHS IIi€l
TEXHOJIOTi] y rajly3i OCBiTH Ta y MeIM4Hil ranysi. TUM He MEHIl, 3aCTOCYBaHHS T€XHOJIOTiI LN(PPOBUX ABIMHUKIB y
LMX rajy3sax Mae BEJIMKUY MIOTEHLiall, OCKIJIbKY 3a PaXyHOK ii BUKOPUCTAaHHS MOXKHA JOCITTYA HOBOI SIKOCTi OCBITH Ta
MeauyHuX nnocnuyr. I[Ipore, nyis aganTanii TexHOJIOTil LNPPOBUX ABIMHUKIB 10 BUMOT LIUX rajay3el, 0COGIMBOCTIO
SIKUX € 6e3T10cepeHs y4acTb JIIOIUHY Y IIpoliecax, poliefypax Ta cepBicax, JOLiIbHO BpaxOByBaTU HOBITHI
TEXHIYHi MOXXJIMBOCTI, 10 CIIPSIMOBaHi Ha M(POBY 06POOKY HaHMX IIPO (Pi34HI BIACTUBOCTI 00’€KTIB
HAaBKOJIMIIHBOTO CBITY, SIKi 3JaTHA CIPUIMATH JIoguHa. TOMY aKTyasIbHOIO 337ja4€l0 € PO3MUPEHHS TEXHOJIOTIi

1 poBUX [BIMHMKIB 32 paXHOK 3aCTOCYBaHHS KOHLEILii MyJibceMeZia, sika pOOUTh MOKIIMBUM CBOPEHHSI HOBUX
iHTep@ericiB M0ANMHO-MAIMHHO]I B3aeMogii. OnyvcaHi 3aBiaHHs Ta TeHJEHIlii BUBHAYal0Th aKTyaJlbHy HAyKOBO-
TeXHIYHY 33]1a4y BIOCKOHAJIEHHS Ta PO3BUTKY TEOPETUYHUX OCHOB CTBOPEHHSI QJIFTOPUTMIYHOTI'O Ta IIPOrPAMHOTO
3abe3nedeHHs TeXHOJIOTI 1 POBUX ABIMHUKIB, [0 BUPILIYETHCS Y Liil JucepTauiliHiil po6oTi. MeToio
IycepTauifiHoi poOOTH € MifBUleHHS ePeKTUBHOCTI 06POOKY AaHUX PO CTaH MYJIbCeMeiliHUX 00’eKTiB y
[IPOrpaMHUX CUCTEMAX Ha OCHOBI KOHIeNLii 11(pPOBOro ABifiHUKA. Y NepLUIoMy PO3[iji AucepTaliiiHOi po6oTH
[IPOaHaJIi30BaHO METOJIHY, TIiAX0AM Ta IPOrpaMHe 3a0e3NeYeHHs 1151 OOPOOKM INaHUX IU(PPOBUX NIBIHUKIB
MyJIbCeMeIiMHNX 00'€KTIB. JJOCTiIKEeHO TeXHOIIOri0 u(POBUX [BIMHMKIB Ta KOHIEII{I0 MyIbceMeia. BuBueHo
MMOTOYHUI CTaH HasiBHUX MIPOTPAMHMX CUCTEM Ha OCHOBI T€XHOJIOTI Hn(pPOBUX NBiIMIHUKIB. BUsBI€HO HEIOCTAaTHIO
VHIBEPCaJbHICTb MiXOMiB 4O CTBOPEHHS LN(POBOro IBilIHMKA y BKa3aHMUX IIPOrPAMHUX CUCTeMaxX. Y pe3yJbTarTi
BU3HA4Y€HO (PYHKIIOHAJbHI Ta He(PYHKIIOHAIbHI BUMOTH 151 LIbOTO KJIaCy IPOrPaMHOro 3abe3nedeHHs. Y Ipyromy
PO31ini po3po6seHO aIropuTMiYHe Ta IIpOrpaMHe 3a0e3eYeHHs [IPOLeciB KOHCOoifaLlii MybceMeIiMHUX TaHMUX Ha
OCHOBI KOHLIeN1lii MyJIbTHO6pa3y. 3alpOIIOHOBAHO METO/ KOHCOJIialii MyIbceMeIiiHUX NaHUX, SIKUH niepenbdadae
00pOOKY MyJIbCEMEINHUX TaHUX 3 BUKOPUCTAHHSM alreopaiyHoi CUCTEMU arperaris. 3alporOHOBaHO
posmupeHHs popmarty JSON 17151 CTBOPEHHSI CHHXPOHI30BaHOI y 4aci CTpyKTypu MysibceMeniiHux naHux — TISON.
BukopucTaHo OUCKpeTHi BelBJeT-TIepeTBOPEHHS Ta aJrOpUTMU cTeraHorpadii 171st MoegHaHHS TaHUX Pi3HUX
MOJAJIbHOCTEN B €AIUHUI IM(PPOBUIA 00'€KT. 3alIPONIOHOBAHO BUKOPYCTAHHS NTapaJleJIbHUX O0YMCIIEHDb IJIs1
nigBuieHHs e(eKTUBHOCTI peasnidalii 3apornoHOBaHOTO METOy. Y TPEThOMY PO31iJli pO3IJISIHYTO HasIBHI Mifgxoau
10 00pOOKU AaHUX [TPO MyJIbCEMEiMHI 06'€KTH, OAUH 3 SIKUX I'PYHTYETbCS HA 3aCTOCYBaHHI MOBYU IIPOIPaMyBaHHS
ASAMPL. 3anporoHoBaHo UISXY BIOCKOHAJIEHHS MOBHU IporpamyBaHHsg ASAMPL, a came: OHOBJIEHO CMHTAKCUC,
1110 HAJaJI0 MOXKJIUBICTD MOJIMNIINTYA METPUKU KOAY NIPU NporpaMyBaHHi MOBOI0O ASAMPL; yBeZleHO HOBI ITpOrpamHi
KOHCTPYKIi, [0 PO3MKPUIIO MOKJIMBOCTI MOBH, 30KpEMa, 3pDOOHMIIO0 MOXJIVBUM 3aCTOCYBaHHS IIapayIeIbHUX

00YMCIIEHD.

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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TOJIOBH pajgu



BaacHe IlpizBume Im's I10-6aTbKOBI Kopwara fIpocyias Iroposuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Ppay JImutpo BsruecnaBoBuy

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




