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IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii
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V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 20.54.07

Tema guceprauii:
1. AITOPUTMIYHE TA ITPOIPAMHE 3ABE3ITEUYEHHS TEXHOJIOT'TI CTBOPEHHS LIOPOBUX JIBIMTHUKIB
MEJIMKO-BIOJIOTTYHUX OB’ EKTIB

2. Algorithmic and Software Support for the Digital Twin Technology of Medical and Biological Objects

Pedepar:

1. Indposi ABiliHNKY HaOGyBaIOTh Jeajli 6iIbIIoro NomupeHHs y cepi MeaunHu, OCKiJIbKY BOHU [103BOJISIOTH
CTBOPUTU IMHAMiYHYy IM(POBY MOZeJIb peasbHOI0 MeIUKO-0i0JI0TriYHOT0 06’eKTa, BimoOpakayu K aHaTOMIvHi,
TaK i PyHKILIOHAJIbHI acleKTU Horo poboTu. Ll TexHoJoris nependaydae iHTerpalio 1aHux i3 pisHUX IKepes
(MenunuHi 306pakeHHs, BileO€HIOCKOIIIs, ayAiofaHi, CEHCOPHI IOKa3HUKM) Y €IMHY iH(pOpMaliliHy CTPYKTYPY, IO
ONMCye CTaH i uHaMiky o6’ekra. LludpoBuii OBiliHKK MIPY IIbOMY 3L,ATEH OHOBJIIOBATHCS Y PEKUMI peasbHOro 4acy,
BioOpakatouu 3MiHuU (i3i0I0TiUHMX XapaKTEPUCTUK Ta HaJlalouu MOSKJIMBICTD IOCTIIKyBaTH, IPOrHO3YBaTH Ta
MOJEJII0BAaTH PO3BUTOK NATOJIOTIYHUX NIpoleciB. He3Bakaoun Ha 3HAaYHUI Iporpec y Uil cepi, iCHyI0Th IpobieMu
yHiQikanii ¢opMarTiB JaHUX, BiICYyTHICTb y3araJbHEHUX MiTX0iB 4O NPEACTaBIE€HHS MyJIbTUMOJATbHUX

TEMIIOpaJIbHUX CUTHAJIB Ta CKJIQAHOLI] 3 iHTerpauieto TeXHOJIOTiN uudppoBUX ABIMHUKIB y MeIu4Hi iHdpopMaLiiiiHi



crucremu. TakoX NOTPe6YIOTh yBaru MUTaHHS aHOHIMi3alii Ta 6e3neKy MeINYHUX JaHUX, CTaHAApTU3aLLi]
[IPOrpaMHOI apXiTeKTypH, a TAaKOX afamnTalii 6a3oBux 3D-moneseit mif, iHauBinyanabHi 0CO6IMBOCTI KOHKPETHOTO
nanjeHTa. MeTolo nucepTaniiiHoi po60TH € CIIPOLEHHS NIPOLeCiB IPOEKTYBAHHS MEAMYHUX iHPOpMalliliHUX CUCTEM
Ha OCHOBI TE€XHOJIOTII UM(POBUX [BIMHUKIB 32 paXyHOK PO3PO0OJIEHHS AITOPUTMIYHOTO Ta IIPOrPAMHOTO
3abe3nedeHHs 17151 O6pO6IEHHS MyJIbTUMOIATIBHUX TEMITOPAJIBHUX aHUX PO MEIUKO-0i0I0TiYHMI 06’eKT. s
IOCSITHEHHS 1ijei MeTH 6yJ10 po3po6JIeHO MeTO, CUHXPOHI3allil Ta CEMaHTUYHOTO aHaJli3y TEMIIOPAJIbHUX
MyJIbTUMOJAJIBHUX MEIMKO-010JIOTIUHMX JAaHUX, METOJ afanTauii 6azoBoi 3D-mopesi MmeguKko-6i010riyHOro
06’ekTa, po3pobJIeHO y3arajabHEHY apXiTEeKTypy IPOrpaMHOi CUCTEMU /1Sl CTBOPEHHS i BUKOPUCTaHHS LUPPOBUX
IBIIHMKiB MeINKO-0i0JIOT{YHNX OO'EKTIB a TAKOXK apXiTeKTYPHI MabJI0HU IPOEKTYBAHHSI [J1s1 PO3POOJIEHHS

MIPOrpaMHUX CUCTEM Ha OCHOBI IM(POBUX ABIHUKIB MeIUKO-6i0J0TIYHUX 00 EKTIB.

2. Digital twins are becoming increasingly widespread in the field of medicine as they make it possible to create a
dynamic digital model of a real medical-biological object, reflecting both the anatomical and functional aspects of
its operation. This technology involves integrating data from various sources (medical images, video endoscopy,
audio data, sensor readings) into a single information structure describing the state and dynamics of the object.
The digital twin can be updated in real time, reflecting changes in physiological characteristics and enabling the
study, prediction, and modeling of the development of pathological processes. Despite significant progress in this
area, there are issues related to the unification of data formats, the lack of generalized approaches to representing
multimodal temporal signals, and the complexities of integrating digital twin technologies into medical information
systems. Questions of anonymization and security of medical data, standardization of software architecture, and
adaptation of basic 3D models to individual patient characteristics also require attention. The purpose of this
dissertation is to simplify the design processes of medical information systems based on digital twin technology by
developing algorithmic and software tools for processing multimodal temporal data about a medical-biological
object. To achieve this goal, a method for synchronizing and performing semantic analysis of temporal multimodal
medical-biological data was developed, along with a method for adapting a basic 3D model of a medical-biological
object, a generalized architecture of a software system for creating and using digital twins of medical-biological
objects, and architectural design patterns for developing software systems based on digital twins of medical-
biological objects.
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o [Tecuancekuii B.IO., Cynema €.C. BinTBOpeHHSs TPUBUMIiPHOI MOieJli 06’€eKTy Ha OCHOBi HA60py 306pasKeHb.
TpunanusTa HayKoBa KOHQeEpeHLlis MaricTpaHTiB Ta acnipanTis «[IpukiafgHa MaTeMaTHKa Ta KOMITIOTUHT
(ITMK’2020)». Kuis. 18 - 20 smucronaza 2020 p. 36ipHuUK Te3 nonosineit Hau,. TexH. yH-T Ykpainu «Kuis.
nositexH. iH-T iM. Iropsa Cikopcbkoro». Kuis: IIpocsita. — 2020. - C. 233-236.

e Tlecuancekuii B.1O., Cynema €.C. AJITOpUTM 3UNTYBaHHS Ta aHali3y JaHUX MEJMUKO-06i0JIOTiYHMX 00'E€KTIB y
¢dopmari pdf Ha OCHOBI onTHYHOrO po3Mi3HaBaHHS CUMBOJIIB. [T'STHaALSITA HAYyKOBA KOHQEpeHLis
MaricTpaHTiB Ta acnipaHTis «[IpukianHa MatemaTuka Ta Kom'otuHr (IIMK'2022)», Kuis, 16 - 18 iucronana
2022 p. 36ipHuK Te3 ponosifgei Hai. TexH. yH-T Ykpainu «KuiB. nositexH. iH-T im. Iropst Cikopcbkoro», Kuis:
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