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Pedepar:

1. lucepTaris npucBsyeHa NOCAiIKEHHIO MilTHOCTI Ta ePOPMiBHOCTiI CUCTEM OCTEOCUHTE3Y, 1110 3aCTOCOBYIOThHCS B
Cy4YacHill XipypriuHiil npaktuui n7s ¢ikcauii BoruenanbHUX Ta TPABMAaTUYHUX [1€PEJIOMIB KiCTOK JIIOJAUHU:
BU3HAYEHHIO MEXaHIYHUX XapaKTEPUCTHK KiCTOK 3a Pi3HNX YMOB HaBaHTAXEHHSI, XaPaKTEPUCTUK JedOPMYBaHHS Ta
PO3BUTKY 3MilllEeHb Y IIepeJioMax Iif, Ji€l0 KOpPOTKOYaCHUX HaBaHTaXXEHb 3 BpaXyBaHHAM Jerpajalii Ta pereHeparii
KiCTKOBOI TKaHUHU. PO3p06JIEHO METOIMKY Ta CTBOPEHO O6JIa[JHAHHS /1711 BUMIPIOBAaHHS CTYIE€Hs Aerpajarii
KiCTKOBOi1 TKAHWHM B 00JIACTi BOTHENAIbHOTO TIOPAaHEHHS, 33 JOTIOMOTOIO SIKOi BU3HAYEHO 3MiHM MEXaHiYHi
XapaKTEPUCTUKU KiCTKOBOI TKAHUHM Ha JIiHINHUX AingHKax gedopmMyBaHHs. ONMcaHo HOBi METOIVKU JOCIiIKEHb
MIIIHOCTI i e(POPMIBHOCTi CUCTEM OCTEOCHHTE3Y JIJ11 TPABMAaTUYHUX II€PEJIOMIB KiCTOK, SIKi BDaXOBYIOTb
0CO0JIMBOCTI KiCTKOBOI TKAHMHU, BKJIIOYAIOYH ii Aerpasallilo Ipy BOTHENAJIbHUX IEPEJIOMaX Ta PO3BUTOK
pereHepaTruBHOI KiCTKOBOI TKaHMHU B IIPOLIEC] 3POILyBaHHS N1€PEJIOMiB.3alIPOIIOHOBAHO HOBI CXEMMU 3aKPIIJIEHH
CTA30, siKi crIpsIMOBaHi Ha NOKpalleHHS e(peKTUBHOCTI ITepebiry npoliecy JliKyBaHHSI BOTHENAJIBHUX Ta
TPaBMaTUYHUX [IEPEJIOMIB. PO3paxoBaHO MeXaHiuHi BJIaCTUBOCTI KiCTKOBOI TKAHWHM i MiATBEPAKEHO aHI30TPOIIiI0
XapaKTEePUCTHUK KiCTKOBOI TKAHWHM Ha OCHOBi €KCIIEPUMEHTAJIBHUX JOCIiIKEHb. BiTHOMEHHS MOAYJIiB IPY>KHOCTI B
HaIIPSIMKY Opi€HTalil OCTEOHIB 10 MOZYJIiB B HAIIPSIMKY, IIEPIIEHIVKYJISIPHOMY IO OPi€HTallii OCTEOHIB, CKJIaJla€ Bif,
1,14 no 4,02. AnizoTpormnisl NOBEiHKM KiCTKOBOI TKAHWHY TAKOX CIIOCTEPIraeThCsl NMpU pejlakcallii Ta oB3y4oCTi.
ExcriepuMeHTasIbHO MiATBEPIKEHO, IO CTEIiHb 3BOJIOKEHHS 3Pa3Ka OCUTh CUJIBHO BIUIMBAE HA IOTO MEXaHIuHi
XapakTepucTuKy. ToMy 111 OTpUMaHHS 6iblll IOCTOBIPHUX IaHUX, 3pa3Ky KiCTKOBOI TKAHWHU I1iCJIsl BUTTYYEHHS 3
Tijla JIIOJWHY NOTPiOHO 30€epiraTu 3a yMOB HAbGIVDKEHUX THX, Ki HasgBHI B Tiji toguHYU. Ha OCHOBI €KCIIEPUMEHTIB i
PO3paxyHKiB IOBEIEHO, 10 KiCTKOBA TKAaHMHA € HEJIiHIITHO-B I3KOIPY>)KHUM MaTepiasoM. BusHayeHo 3aJ1esKHICTh
MEXaHIYHUX BJIACTMBOCTEU KiCTKOBOI TKAHMHMU Bif, iX pEHTT€HOJIOTIYHOI 1iIbHOCTI, O A€ MOKJIUBICTh CTBOPIOBATHU
KOMITIOTE€PHI MOJIeJli 3 MAKCMMaJIbHMM Ha0JIMKEHHSIM Pe3yJIbTaTiB 10 peanbHuX. MozesoBaHHS XipypridHoro
BTPY4YaHH Ta IPOTHO3YBaHHS MOT0 PE3YJIbTaTiB, 3 3ACTOCYBAHHAM TaKUX MOZEJIEN NO3BOJISI€ 3MEHIIUTHA YaCTOTY
IIOMUJIOK Ta YCKJIA[HEHb [IPY PEKOHCTPYKTUBHO-BiJJHOBJIIOBAJIbHOMY JIIKyBaHHI MALli€HTIB 3 HACJIIKaMu1
NIOUIKOJPKEHb TOMIJIKOBOCTOITHOTO CyIy106a. BCTaHOBIIEHO, 1[0 0671aCTh PO3MOBCIOIPKEHHS MOMKOKEHb KiCTKOBOI
TKaHVHU [IPYU BOTHEIAJIbHOMY IepesioMi gocsrae 40 MM Bill MiCList IIEPEJIOMY, a 3MiHM SKOPCTKOCTi CTAHOBJIATD 10
20% Bin >KOPCTKOCTI iHTAKTHOI KiCTKY, 110 HEOOXiIHO BPaxOBYBATU IIPY 3aKpillJIeHHi CTPM)KHEBUX alapaTiB
30BHIIIHBOI ¢ikcanii nepesomis. BusHaueHo, 110 36i/1blIeHHS KyTa HaXWJly CTEeP>KHIB MiZBUILY€E KOPCTKICTh CUCTEMU
IIpPY CTUCKY, 3TMHI Ta KPY4E€HHI. 3alIPOIIOHOBAHO palliOHaIbHE PO3TAallyBaHHS CTEPKHIB, IKE€ BPaxOBye HasgBHICTb
obsacreil gerpajatii KiCTKOBOi TKAHMHY i KOMIIEHCY€ BTPATy KOPCTKOCTI IPY BOTHENAJILBHOMY ITEPEJIOMI.
JocminxeHno nedopMyBaHHS CUCTEM «KiCTKa 3 IEpeJIoMOM - 3aci6 dikcarii» Ha eTanax pereHepatii KicTKOBOi
TKaHVHU IIiJ] Ji€10 CTUCKY Ta 3TUHY. BCTAaHOBJIEHO, 1110 YTBOPEHUI PEreHepaT CyTTEBO MigBuUIILye >XOPCTKICTh
CHACTEMHU «KiCTKa 3 IepeIOMOM — KiCTKOBUI pereHepar - 3acib ¢ikcauii» Ta piBeHb JONyCTUMUX HAaBAaHTAKEHb Ha
crCcTeMy. 3arpoOIOHOBAHO i MiATBEPIKEHO MOKJIIMBICTL BUKOPHCTaHHS MTOJIIMEPHYX 3aMIHHUKIB pPereHepary Ipu
IIPOBEJIEHHI €KCIIEPMMEHTAIbHUX JOCIiIKEHD KiCTOK. PO3p06JIeHO MaTeMaTUYHY MOJEb 1151 BDaXyBaHHS BHECKY
pereHepary y B3a€MHi 3MillleHHS TOYOK [1€PEJIOMIB Ta OLiHKU IOIyCTUMUX HaBAaHTAXKEHb Ha KiCTKy. PO3paxoBaHO
PiBHi IONYCTUMUX HABAaHTAXKEHD, SIKi MOJKHA MPUKJIATATHU A0 KiHLiBKY, 3 BDAaXyBaHHSM BiJOMUX JOIIyCTUMUX
B3a€MHUX [lepeMillleHb TOYOK Nepessomy. [TopiBHSIHO >KOPCTKOCTi CUCTEM B 06'€MHiil, CTepKHEBIH i 6a104Hil
NOoCTaHOBKax. [ToKka3aHmii 36ir pe3ysIbTaTiB €KCIIEPUMEHTY 3 PE3yJIbTaTaMU KOMITIOTEPHOTO MOJIE/IIOBAHHS B
nporpamHomy kommiekci ANSYS Workbench. TligTBepaskeHo, 1o HallMEeHIIy >KOPCTKICTh Mae CUCTeMa 3
BilaJIeHUMU CTeP>KHSIMU, 2 HailbibIIy - cXeMa 3 pO3TallyBaHHSAM CTEPsKHIB mif KyToMm 60°. OTpuMaHO po6ody
MaTEMaTU4HY MOZEJIb, 1714 NOCiIPKEHHS IHIIVMX BUNIAJKiB HAaBaHTAXEHHS, IKi HE MOXJIMBO NOCIIUTU
€KCIIEPMMEHTAJIbHUMU MeToiaMu. Pe3ybTaT poO0OTH — METOAMKY Ta aHi MEXaHiYHUX BUIIPOOYBaHb, pEe3yJIbTaTh
KOMITIOTEPHOTO MOJZIEJIIOBAHHS -~ MOXYTb OYTH BUKOPHUCTaHI AJ11 yIOCKOHAJIEHHS METO/IB JIiKyBaHHS MOUKOPKEHUX

KiHIIiBOK Ha IPOMDKHMX Ta 3aKJII0YHUX CTaligX 3pOILLyBaHHS I1I€PEJIOMIB.



2. The dissertation is devoted to the study of the deformability and strength of osteosynthesis systems used in
modern surgical practice for fixing gunshot and traumatic fractures of human bones: determination of the
mechanical properties of bones under various conditions of loading, deformation and development of
displacements in fractures under the action of short-time loads, taking into account the degradation and
regeneration of bone fabrics. A technique was developed and equipment was created for measuring the degree of
bone tissue degradation in the area of a gunshot wound, which is used to determine changes in the mechanical
characteristics of bone tissue in linear areas of deformation. New methods of research on the strength and
deformability of osteosynthesis systems for traumatic bone fractures are described, which take into account the
characteristics of bone tissue, including its degradation in gunshot fractures and the development of regenerative
bone tissue in the process of fracture fusion. New schemes for fixation of StAZF are proposed, which are aimed at
improving the effectiveness of the course of treatment of gunshot and traumatic fractures. The mechanical
properties of bone tissue were calculated and the anisotropy of bone tissue characteristics was confirmed on the
basis of experimental studies. The ratio of the modulus of elasticity in the direction of osteon orientation to the
modulus in the direction perpendicular to the osteon orientation ranges from 1.14 to 4.02. Anisotropy of bone
tissue behavior is also observed during relaxation and creep. It has been experimentally confirmed that the degree
of wetting of the sample strongly affects its mechanical characteristics. Therefore, to obtain more reliable data,
samples of bone tissue after extraction from the human body should be stored under conditions similar to those
present in the human body. On the basis of experiments and calculations, it has been proven that bone tissue is a
non-linear viscoelastic material. The dependence of the mechanical properties of bone tissue on their X-ray
density has been determined, which makes it possible to create computer models with maximum approximation of
the results to real ones. Modeling surgical intervention and predicting its results, using such models, allows to
reduce the frequency of errors and complications in the reconstructive and restorative treatment of patients with
the consequences of ankle joint damage. It was established that the area of bone tissue damage during a gunshot
fracture reaches 40 mm from the fracture site, and changes in stiffness are up to 20% of the stiffness of an intact
bone, which must be taken into account when securing rod devices for external fixation of fractures. It was
determined that increasing the angle of inclination of the rods increases the stiffness of the system during
compression, bending and torsion. A rational location of the rods is proposed, which takes into account the
presence of areas of bone tissue degradation and compensates for the loss of stiffness in the case of a gunshot
fracture. The deformation of the "bone with a fracture - a means of fixation" system at the stages of bone tissue
regeneration under the action of compression and bending was studied. It was established that the formed
regenerate significantly increases the stiffness of the system "bone with a fracture - bone regenerate - means of
fixation" and the level of permissible loads on the system. The possibility of using polymer substitutes for
regenerated bone during experimental bone research has been proposed and confirmed. A mathematical model
was developed to take into account the contribution of the regenerate to the mutual displacements of the fracture
points and to estimate the permissible loads on the bone. The levels of permissible loads that can be applied to the
limb are calculated, taking into account the known permissible mutual displacements of the fracture points. The
rigidity of systems in volumetric, rod and beam structures was compared. The coincidence of the experimental
results with the results of computer modeling in the ANSYS Workbench software complex is shown. It has been
confirmed that the system with distant rods has the lowest stiffness, and the scheme with the rods arranged at an
angle of 60° has the highest. A working mathematical model was obtained for the study of other load cases that
cannot be investigated by experimental methods. The results of the work - the methods and data of mechanical
tests, the results of computer simulation - can be used to improve the methods of treatment of damaged limbs at
the intermediate and final stages of fracture fusion.
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