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Pedepar:

1. Ha cyyacHOMy eTarli po3BUTKY IPUKJIAAHOI MeXaHiKM CIIOCTEPIraeThCsl aKTUBHE BIIPOBAKEHHS aJUTUBHUAX
TEXHOJIOTiH, 30kpeMa y cdepi 6iomexaHiky, e 3pOCTa€E MONUT Ha IIEPCOHAII30BaHi pillleHHs 1711 MOZeJII0BaHHS
KJIiHIYHUX cuTyanin. OMHUM i3 MepCNeKTUBHUX HANIPSMIB € BUTOTOBJIEHHS aHATOMIYHUX MOZEJIEH, 110
BUKOPUCTOBYIOTbCS 115 ITEPELONEePaLiiiHOTO IJIaHyBaHHs, HAaBYaHHS XipyPriB, NallieHTCbKOI KOMYHiKalii Ta
TE€CTYBaHHS MEAUYHUX T€XHOJIOTiN. OCO6JIMBOI aKTyaJIbHOCTI BUKOPUCTAaHHS TaKUX MOJieseil HabyBae B
OPTONENUYHIN Xipyprii, e TOYHe BifTBOPEHHS iHAMBINYyaNbHOI aHATOMIi NallieHTa € KPUTUYHUM YMHHUKOM
eeKTUBHOCTI Ta 6e31eKy XipypriuHoro BTpy4aHHs. BojHOYaC BaXJIMBUM € BpaxyBaHHs Au(epeHIilioBaHMX BUMOT
[0 aHATOMIYHMX MOJEJIEN 3aJIEXKHO Bill XapaKTepy KIIHIYHOrO CLieHapilo. 30KpeMa, y pasi IJIaHOBUX ONlepaTMBHUX
BTPY4aHb [IPIOPUTET HAZIA€ThCSI BUCOKIM TOYHOCTI Ta SKOCTi BUTOTOBJIEHHS MOZEJIi, [0 HEOOXiAHO AJ1s1 IJIaHyBaHHS

CKJIQJHUX MAHIMyJIALi, A€ BaXJIMBAMU € HaBiTh HE3HAYHI T€OMETPUYHI BinxusaeHHs. HaTOMiCTh B €KCTPEHUX



BUIIAJIKaX BU3HAYaJIbHUM (PAKTOPOM CTA€ MiHiMi3allisl YaCcy BUTOTOBJIEHHS IJIs1 OIIEPATUBHOTO OTPUMAHHS 3arajbHoi
aHaTOMIYHOI opieHTallil. 3a3HaYeHi 0COGIMBOCTI KIIIHIYHOTO 3aCTOCYBaHHS 3yMOBJIIOIOTh IOTPEOY B PO3pOOILi
aJaNTHBHUX TEXHOJIOTIYHUX CTpaTeriii BUbopy napameTpis npoliecy noumaposoro HansnassaeHHs (FDM) ta
IOCTAPYKAPCbKOI 0OPOOKU 3 ypaxyBaHHSM KOHKPETHOI KJIiHiYHOI 3aaui. B pe3ysibTaTi BUKOHaHHS AUCEPTALiliHO]
po60TH 6YJI0 BUPIIEHO aKTyaJIbHy HAYKOBO-TIPUKJIAAHY 33724y ONTUMI3aLii IpoLiecy BUTOTOBJIEHHSI aHATOMIYHUX
MOJIeJIEN J1s1 OPTOIEAMYHOI Xipyprii METOLOM MOLIAPOBOTO HAIJIABJIEHHS 3 YPaXyBaHHAM KJIiHIYHMX BUMOT J10
TOYHOCTI, SIKOCTi [IOBEPXHi Ta 4acy BUTOTOBJIEHHS. MeTOI0 po6OTH € po3pobKa HAyKOBO OOI'PYHTOBAaHUX
TEXHOJIOTIYHMX PEKOMEHIALIiN 3 BUTOTOBJIEHHS aHATOMIYHUX MOZEJIEN JIs1 OPTOIEAUYHOI Xipyprii METOIOM
[IOIIAPOBOTO HAIJIABJIEHHS, 110 3a0e3Ie4Yy0Th HeOOXiIHUI piBeHb TOYHOCTI, IKOCTi IOBEPXHi, IBUIKOCTI
BUTOTOBJIEHHS Ta MEXaHIYHMX BJIACTUBOCTEN BiANIOBIIHO O KIIiHIYHUX BUMOT, IIJISIXOM €KCIIEPUMEHTAJIBHOTO
JOCJIiZIPKEHHS Ta ONTUMi3allii Kilo4oBUX apameTpis npouecy FDM it TepmiuHOi 06po6ku. O6'€KTOM HOCIIiIKEHHS €
IIPOLIEC BUTOTOBJIEHHSI aHATOMIYHUX MOZeJIell METOZIOM IOMIAPOBOro HaIIaBlIeHHs. [IpegmMeToM NOCIiIKEeHHS €
3aKOHOMIPHOCTI BIJIMBY IIapaMeTpiB IIpoliecy [10111apOBOT0 HaIlJIaBJIeHHS Ta TepMidYHOI 06po6KY Ha (QYHKIIOHAJIbHI
XapaKTEePUCTUKMA aHAaTOMIYHUX MoJesiell. HaykoBa HOBU3HA POOOTH IOJISITA€ Y BCTAHOBJIEHHI KOMIIJIEKCHUX
3aKOHOMIPHOCTE BIIMBY I1apaMeTPiB MIPOIeCy MOMAapOBOro HaMJaBJIeHHs i TEpMiuHOI 06p0o6KY Ha (PyHKLIOHATbHI
XapaKTEePUCTUKHN aHATOMIYHUX MOJIeJIEN IJ1s1 OPTONENUYHOI Xipyprii. Bepine BCTaHOBIEHO KOMILJIEKCHI
3aKOHOMIPHOCTI BIUIMBY OCHOBHUX IIapaMeTpiB npouecy FDM Ha po3mipHY TOYHICTb, INOPCTKICTh IIOBEPXHI,
IIOPUCTICTb Ta YaC BUTOTOBJIEHHS MOJeJIell 3 aKpUJIOHITpuiIbyTagieHcTupoay (ABS+), Mogugikosanoro
nosietunentepedranary (CoPET) Ta noniaminy-6 (PA6, Heinony). Lle 103BOINIIO IPOBECTH ONTHMI3aLLiI0
napamertpis npouecy FDM BifiOBiTHO 40 BUMOT, SIKi BUCYBAIOThCS O aHATOMIYHUX MOZEJeH, Ki
BHMKOPHCTOBYIOTBCS B OPTONENUYHIN Xipyprii. YI0CKOHaIEHO ySIBIEHHS PO B3a€MO3aJIeXXHUI BIJIUB [1apaMETPiB
npouecy FDM Ta TepmiuHOI 06pOOKU Ha SIKiCTb aHATOMIUYHUX Mogesieil. OGIPYHTOBAaHO HEOOXiIHICTb YypaxyBaHHS
KOMIIJIEKCHOI [1ii TEXHOJIOTIYHUX ITapaMeTPiB MpY POEKTYBaHHI IPOLIECY BUTOTOBJIEHHS, IO CIIPUSIE MiJBULIEHHIO
e(eKTUBHOCTI BUKOPUCTAHHS aHaTOMIYHUX MOjieJIel y KIIiHiUHil TpaKTULi OpTOoNeau4Hoi Xipyprii. OTpuMaHo
NOAA/IBIINK PO3BUTOK YSBJIEHHS [TPO ONITUMAJIbHI MapaMmeTpu npouecy FDM, 3anexxHo Bif BUOpaHOro
TEPMOIIJIACTUYHOIO MaTepiany Ta BUMOT 0 MOZETIi B KOHKPETHOMY KJIiIHIYHOMY clLieHapii. Lle mo3Bonunio
copmyBaTH OOI'PYHTOBAHI TEXHOJIOTIYHI peKOMeHaallii 1o10 Nifndopy Martepiasny, napameTpis npouecy FDM Tta
TEepMiYHOi 06POOKY aHATOMIUHUX MOJesIeil [J1s1 Pi3HUX €TalliB XipyprivHOro MjaHyBaHHS Ta HaByaHHs. [IpakTuyHe
3HAYEHHS1 OJIeP>KAHUX Pe3yJIbTaTiB MOJISIrae B pO3p06IE€HNX HAYKOBO OOI'PYHTOBAHUX TEXHOJIOTTYHUX
pEeKOMEeHallill, CHPSIMOBAaHUX Ha 3a0e3MneYeHHs] TOKAa3HUKIB SKOCTi aHATOMIYHUX MOJIes e JJ1s1 OPTOTeqUIHO1
Xipyprii BiZilIOBiIHO [0 KJIiHIYHUX BUMOT IIOJ0 TOYHOCTI, IIOPCTKOCTI, [IOPUCTOCTI T 4aCy BUTOTOBJIEHHSI.
[To6GymoBaHi MaTeMaTU4YHi MOJIeJli AAl0Th 3MOTY IPOrHO3YBAaTH SIKiCHI XapaKTEPUCTUKU MOJieslel (IOPUCTICTB,
IIOPCTKICTb, PO3MipHA TOYHICTb, TPUBAJIICTD APYKY) 3aJI€KHO Bif mapameTpis npouecy FDM, 1o 3a6esneuye
0OrpyHTOBaHUI BUGip NapaMeTpiB Ha eTalli NIJlaHyBaHHS BUTOTOBJIEHHSI aHATOMIYHUX BUPOOIB y MeAMYHIN
[IPaKTUL.

2. At the present stage of development in applied mechanics, there is a marked trend toward the integration of
additive manufacturing technologies, particularly within the domain of biomechanics, where the demand for
personalized solutions to simulate clinical scenarios continues to grow. One of the most promising directions in
this context is the fabrication of anatomical models, which are employed for preoperative planning, surgical
training, patient communication, and the evaluation of medical technologies. The application of such models is
especially pertinent in orthopedic surgery, where the accurate replication of patient-specific anatomical
structures constitutes a critical factor in ensuring the effectiveness and safety of surgical interventions. It is
essential to account for the differentiated requirements placed on anatomical models depending on the specific
clinical context. In elective surgical procedures, high model accuracy and fabrication quality are prioritized, as
these are indispensable for planning complex manipulations where even minor geometric deviations may be of
significance. Conversely, in emergency scenarios, the predominant requirement is the minimization of production
time in order to promptly obtain a general anatomical reference. These clinical considerations necessitate the
development of adaptive technological strategies for selecting process parameters in fused deposition modeling



(FDM), as well as post-processing treatments, with regard to the specific clinical objectives. This dissertation
addresses a pertinent scientific and applied challenge o namely, the optimization of the fabrication process for
anatomical models intended for orthopedic surgery using FDM technology, with consideration of clinical
requirements pertaining to dimensional accuracy, surface quality, and production time. The aim of the study is to
develop scientifically substantiated technological recommendations for the production of anatomical models for
orthopedic surgery by means of FDM, ensuring the required levels of dimensional accuracy, surface finish,
production efficiency, and mechanical performance, in accordance with clinical demands. This is achieved through
experimental investigation and optimization of key FDM process parameters and subsequent thermal treatment.
The object of the research is the process of anatomical model fabrication via fused deposition modeling. The
subject of the research concerns the regularities governing the influence of FDM and thermal treatment
parameters on the functional characteristics of the resulting anatomical models. The scientific novelty of the work
lies in the identification of complex interdependencies between FDM process parameters, thermal treatment
conditions, and the functional properties of anatomical models intended for orthopedic surgical applications. For
the first time, comprehensive patterns of influence exerted by key FDM parameters on dimensional accuracy,
surface roughness, porosity, and fabrication time have been established for models manufactured from
acrylonitrile butadiene styrene (ABS+), modified polyethylene terephthalate (CoPET), and polyamide-6 (PA6, nylon).
These findings enabled the optimization of process parameters in accordance with the performance requirements
for anatomical models used in orthopedic surgery. The study has further advanced current understanding of the
synergistic effects between FDM parameters and thermal treatment on model quality. It substantiates the
necessity of accounting for the combined effects of process parameters in the design of fabrication workflows,
thereby contributing to increased effectiveness in the clinical application of anatomical models in orthopedic
practice. Moreover, the research provides further insights into the optimal selection of FDM process parameters in
accordance with the properties of the thermoplastic material used and the clinical context in which the model is to
be applied. This formed the basis for the development of evidence-based technological recommendations for the
selection of materials, FDM process conditions, and thermal treatment strategies appropriate for various stages of
surgical planning and education. The practical significance of the results lies in the elaboration of scientifically
grounded technological guidelines aimed at ensuring that anatomical models for orthopedic surgery meet clinical
requirements with respect to accuracy, surface finish, porosity, and fabrication time. The mathematical models
developed in the course of the study enable the prediction of key quality indicators (including porosity, surface
roughness, dimensional accuracy, and printing duration) as functions of FDM process parameters. This provides a
foundation for informed decision-making at the planning stage of anatomical model fabrication in medical
practice.
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