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Pedepar:

1. Ha cy4acHOMYy eTarli pO3BUTKY IIPUKJIANAHOI MEXAHIKY CIIOCTEPIraeTbCsi aKTUBHE BIIPOBAIKEHHS AIUTUBHUX
TEXHOJIOTIH, 30KkpeMa y cdepi 6iomexaHiky, e 3pOoCTae MONUT Ha [IEPCOHAI30BaHi pillleHHs 1711 MOJeJII0BAaHHS
KJIIHIYHUX cuTyanin. OOHUM i3 IepCIIeKTUBHUX HAIPSMIB € BUTOTOBJIEHHS aHATOMIYHUX MOZEJIEN, 110
BUKOPUCTOBYIOTbCA 15 II€PeNONepaLiiiHOro IJIaHyBaHHs, HaBYaHH XipypriB, NalieHTCbKOI KOMYHIKallii Ta
TECTYBaHHSI MeIMYHUX Te€XHOJOTii. OCO6IMBOI aKTyaslbHOCTI BUKOPUCTAHHS TaKuX Mozesell HabyBae B

OPTOINENWYHIN Xipyprii, e TOYHE BiTBOPEHHS iHAMBIAYaNbHOI aHATOMIi NIAllieHTa € KPUTUYHUM YMHHUKOM

e EeKTUBHOCTI Ta 6€3MeKH XipypridyHOro BTpy4aHHS. BoIHOYAC BOKJIMBUM € BpaxyBaHHs AU epeHLiIOBaHMX BUMOT



[0 aHATOMIYHMX MOJEJIEN 3aJIEXKHO Bill XapaKTepy KIIHIYHOrO CLieHapiln. 30KpeMa, y pasi IJIaHOBUX OllepaTMBHUX
BTPY4aHb [IPIOPUTET HAZlA€ThCSI BUCOKIM TOYHOCTI Ta SIKOCTi BUTOTOBJIEHHS MOZEJIi, 1[0 HEOOXiAHO J1s1 IJIaHyBaHHS
CKJIQJHUX MaHIMyJIALii, 1€ BaXKJIMBAMU € HaBiTh HE3HAYHi FT€OMETPUYHI BinxuseHHs. HaTOMICTbh B €EKCTPEHUX
BUIAJIKaX BU3HAYaJIbHUM (PAKTOPOM CTA€ MiHiMi3allisl YyaCcy BUTOTOBJIEHHS JJIs1 OIIEPATUBHOTO OTPUMAHHS 3arajbHoi
aHaTOMIYHOI opieHTaljii. 3a3HaYeHi 0COGIMBOCTI KIIIHIYHOTO 3aCTOCYBaHHS 3yMOBJIIOIOTh TIOTPEOY B PO3pOOIi
aJaNTHBHUX TEXHOJIOTIYHUX CTpaTeriii BUbopy rnapameTpis mpoliecy noumaposoro HansasaeHHs (FDM) ta
IIOCTAPYKAPCbKOI 06pOOKU 3 ypaxyBaHHSM KOHKPETHOI KJIiHiuHO]I 3aaui. B pe3ysbraTi BUKOHaHHS AUCEPTALiiHO]
po60TU 6yJ10 BUPilIEHO aKTyaJbHY HAyKOBO-TIPUKJIAAHY 3a/1ady ONTHUMi3allii IpoIeCcy BUTOTOBJIEHHSI aHAaTOMIYHUX
MoJiesIeN 1151 OPTONENUYHOI Xipypril METOZOM NOIAPOBOTO HAILJIABJIEHHS 3 YPaxyBaHHAIM KJIiHIYHUX BUMOT 10
TOYHOCTI, SIKOCTi [IOBEPXHi Ta 4acy BUTOTOBJIEHHS. MeTO10 po6OTH € po3poOKa HAyKOBO OOI'PYHTOBaHUX
TEXHOJIOTIYHMX PEKOMEHALIN 3 BUTOTOBJIEHHS aHATOMIYHUX MOZEJIEN JIs1 OPTOIEAUYHOIL Xipyprii METOIOM
[IOIIAapPOBOTO HAIJIABJIEHHS, 10 320e3I1e4YyI0Th HeOOXiZHUI pPiBeHb TOYHOCTI, IKOCTi IOBEPXHi, IBUKOCTI
BUTOTOBJIEHHS Ta MEXAHIYHUX BIACTUBOCTEN BiANIOBILHO 0O KJIiHIYHUX BUMOT, IIJISIXOM €KCIIEPUMEHTAJIbHOTO
IOCJiIKeHHS Ta ONTUMi3alii KJII040oBUX NapameTpis nponecy FDM i1 TepMiuHOi 06po6Ku. O6'€KTOM [OCIIIPKEHHS €
IIPOLIEC BUTOTOBJIEHHS] aHATOMIUHUX MOJeJIell METOZOM IOUIAPOBOro HaIIaBlIeHHs. [IpegmMeToM NOCIiIKEHHS €
3aKOHOMIPHOCTI BIUIMBY IIapamMeTpiB [IpoLiecy [10IapOBOro HaIlJIaBJIeHHs Ta TepMidHOi 06pO6KY Ha (YHKIIIOHAbHI
XapaKTePUCTUKM aHAaTOMIYHUX MoJiesiell. HaykoBa HOBU3HA POOOTH IOJISITA€ Y BCTAHOBJIEHHI KOMIIJIEKCHUX
3aKOHOMIPHOCTEH BIIMBY [1IAPAMETPIB MPOLECY OIAPOBOrO HAIJIABJIEHHS i TEPMIYHOI 0OpPOOKM Ha (PYHKLIIOHATbHI
XapaKTEePUCTMKU aHATOMIYHUX MOJEeJIeN [J1s OPTONEeAMYHO]I Xipyprii. Briepie BCTaHOBIEHO KOMILJIEKCHI
3aKOHOMIPHOCTI BIUIUBY OCHOBHMX NIapaMeTpiB nnpouecy FDM Ha po3mipHY TOYHICTb, INOPCTKICTh IIOBEPXHI,
IIOPUCTICTb Ta YaC BUTOTOBJIEHHS MOJeJiell 3 aKpUIOHITpuiIbyTagieHcTupoay (ABS+), MogudikoBanoro
nonierunentepedranary (CoPET) ta noniaminy-6 (PA6, Helnony). Lle 103B0OINIO IPOBECTH ONTUMI3ALLiI0
napameTtpis nponecy FDM BifioBiTHO 40 BUMOT, SIKi BUCYBAIOThCS 4O aHATOMIYHUX MOZ e, Ki
BUKOPUCTOBYIOTBCS B OPTOIENWUYHIN Xipyprii. YIOCKOHAJIEHO YABJIEHHS IIPO B3a€MO3aJIEXKHUI BIUIUB [1apaMETPiB
npouecy FDM Ta TepmiuHOI 06p0OOKU Ha SIKiCTb aHATOMIUHUX Mogeseil. OGIPyHTOBAaHO HEOOXiIHICTb YpaxyBaHHS
KOMILJIEKCHOI [Iii TEXHOJIOTTYHUX ITapaMeTPiB MPU MPOEKTYBaHHI NIPOLIECY BUTOTOBJIEHHS, IO CIIPUSE MTiJBULIEHHIO
eeKTUBHOCTI BUKOPUCTAHHS aHaTOMIYHUX MOjiesIel y KIIiHiuHil TpaKTULi OpToneauyHoi Xipyprii. OTpumMaHo
[OQ/IBIINI PO3BUTOK YSIBJIEHHS [TPO ONITMMAaJIbHI NapameTpu npouecy FDM, 3anexxHo Bif BUGpaHoro
TE€PMOIIJIACTUYHOTO MaTepialy Ta BUMOT 10 MOJeJli B KOHKPETHOMY KJIHIYHOMY cueHapii. lle 1o3sonmiio
copmyBaTi OOI'PYHTOBAHI TEXHOJIOTIYHI peKOMeHaaLii 010 Mifndopy Martepiasny, napamerpis npouecy FDM Tta
TepMidYHOi 06POOKY aHATOMIUHUX MOJesieil 1151 Pi3HUX eTalliB XipypriyHoro MjaHyBaHHs Ta HaByaHHs. [IpakTuyHe
3HQUEHHS OJIEp’KaHUX Pe3yJbTaTiB MOJISITA€ B PO3PO0JIEHNX HAYKOBO OOI'PYHTOBAHUX TEXHOJIOTIYHUX
PEeKOMeHAIIil, CIIPSIMOBaHUX Ha 3a6e31e4eHHs [T0Ka3HHUKIB SIKOCTi aHATOMIYHMX MOJIeJIel /1711 OPTOIIeANYHOI
Xipyprii BiilIOBiHO [0 KJIiHIYHUX BUMOT IIOJI0 TOYHOCTI, IIOPCTKOCTI, IOPUCTOCTI T 4aCy BUTOTOBJIEHHSI.
[TobGymoBaHi MaTeMaTUYHi MOJIeJli al0Th 3MOTY IIPOTHO3YBAaTH SIKICHI XapaKTEPUCTUKU MojieJiel (IIOPUCTICTB,
IIOPCTKICTh, PO3MipHa TOYHICTb, TPUBAJIICTh APYKY) 3aJIEKHO Bif mapameTpis npouecy FDM, mo 3abe3neuye
0OrpyHTOBaHM BUbip mapaMeTpiB Ha eTarli NJIaHyBaHHS BUTOTOBJIEHHSI aHATOMIYHMX BUPOOIB y MeAM4HIN
MPaKTHUL.

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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