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2. BigomocTi npo ycTaHoBY, opraHisayito, y BUeHiil pafi AKoi BifbyBcsa 3axXucT
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3. BigomocTi npo opraHisauito, Ae BMKOHYBasacs (rotyBanacs) guceprauid
HasBa opraHisau,ii: HauioHanbHWiA TeXHIYHWI yHiBepcUTET YKpaiHW "KUIBCbKUIA NOMITEXHIYHUIA IHCTUTYT iMeHi Irops
Cikopcbkoro"

MignopsgKoBaHicTb: MiHICTEPCTBO OCBITH | HAYKM YKpaiHM

Kog €0PrOY: 02070921

Agpeca: npocnekT Mepemoru, 6ya. 37, m. Kuig, 03056, YkpaiHa
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IHwe: kpi.ua

HasBa opraHisauii: HauioHanbHW TEXHIYHWUIA YHiBepcuTeT YKpaiHy "KWUIBCbKWIA NONITEXHIYHMIA iHCTUTYT iMeHi Irops
CikopcbKkoro"

MignopsigkoBaHicTb: MiHICTEPCTBO OCBITU | HAYKN YKpaiHu
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HayKkoBi KepiBHUKMN

MuckyHos Cepriin Onerosuy (A.T.H., Nnpodecop, 05.23.17)

6. O@iLiiHi ONOHEHTW Ta PeLEH3eHTH
OdililiHi ONOHEHTN
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Kyuep Mukona Kupunosuu (g.7.H., npotecop, 01.02.04)
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lFoHgnax Onekcangp Bonogumuposuy (4. T. H., npodecop, 01.02.04)
Kpuwwyk Mukona Meopriesuy (g,.7.H., npogecop, 05.02.09)

7. THigCYMKW AOCNIAXEHHS Ta KiJIbKICHI MOKa3HUKM

Migcymkun gocnimkeHHs: 40 - HoBe BUpiLLEHHS aKTya/lbHOro

Kinbkictb nybnikauiii: 20
HayKOBOr0 3aBAaHHs

KinbKicTb cTopiHOK: 172 KinbkicTb nareHTis: 1

KinbKicTb gogartkis: 2 BnpoBagkeHHA pe3ynbTaTiB poboTu:
InocTpauii: 11 MoBa foKyMeHTa: YKpaiHCbKa

Tabnuui: 14 3B'A30K 3 HaykKoBMMU Temamu: Ne01151HO00643
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8. IHpekc YK TemaTtnyHux pyopuk HTI

Iaekc YiK: 539.4:620.2,531/534:57, 617.3; 616-089.23; 616-001; 615.477.2; 616-089.28/.29, 620.17, 620.17:616.71-001.5-
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TemaTunuHi py6pukun: 30.19.57, 30.51.43, 76.29.41, 81.09.81.11

9. Tema Ta peepat gucepTayii

Tema (YKp.)

MiuHicTb Ta 4ethOPMIBHICTb CUCTEM OCTEOCMHTE3Y 3 YpaxyBaHHAM BNaCTWBOCTEN YLIKOLKEHOI KICTKOBOT TKaHWHU Ta Tl LUTYYHNX
3aMiHHUKiB

Tema (aHrn.)

Strength and deformability of osteosynthesis systems taking into account the properties of damaged bone tissue and its artificial
substitutes

PedepaT (ykp.)

OvucepTauis npucBsyeHa AOCNIMKEHHIO MiLHOCTI Ta AeOpPMIBHOCTI CMCTEM OCTEOCMHTE3Y, LU0 3aCTOCOBYHOTbCS B CyYacCHil
XipypriyHiii npakTuui ana gikcauii BOrHenasbHUX Ta TPaBMaTUYHUX MEPenoMiB KiCTOK JIOAWHW: BU3HAUEHHIO MeXaHiYHUX
XapaKTepUCTUK KICTOK 3a PI3HUX YMOB HaBaHTAXEHHS, XapaKTepucTUK AeopMyBaHHS Ta PO3BUTKY 3MilleHb Yy nepesomax nig
JI€t0 KOPOTKOYACHUX HaBaHTaXeHb 3 BpaxyBaHHAM ferpafauii Ta pereHepauii KiCTKOBOI TKaHWHW. P03p06/ieHO MEeTOAMKY Ta



CTBOPeHO 06M1afHaHHA A/ BUMIptOBaHHA CTyneHs fderpafauii KiCTKOBOI TKaHWHW B 061acTi BOrHenasbHOro MopaHeHHs, 3a
[JOMOMOrOK KOT BM3HAYEHO 3MIiHM MeXaHiYHi XapaKTePUCTUMKM KIiCTKOBOT TKaHUHW Ha NiHIAHUX AinsgHKax AeopMyBaHHS.
OnucaHo HOBI METOAMKM LOCMIAKEHb MILHOCTI i 4e(hOPMiBHOCTI CUCTEM OCTEOCUHTE3Y ANA TPaBMaTUUYHUX NepesioMiB KiCTOK, fKi
BPaxoBYIOTb 0COG/MBOCTI KICTKOBOI TKaHWHMW, BKO4alouu i fgerpagauito nNpu BOrHenmasbHUX MNepenomMax Ta PO3BUTOK
pereHepaTMBHOI KiCTKOBOI TKaHWHW B MPOLECi 3pOLLyBaHHA Nepesiomis.3anpornoHOBaHO HOBI CxeMu 3akpinneHHs CTA3®, ki
CNpsMOBaHi Ha MOKpaLleHHA egeKTUBHOCTI Mepebiry npouecy NiKyBaHHA BOrHeMmafbHUX Ta TpaBMaTUYHWX MEPEsIoMiB.
Po3paxoBaHO MexaHi4Hi BfaCTMBOCTI KIiCTKOBOT TKaHWHW | MiATBEP>KEHO aHI30TPOMit0 XapaKTepPUCTUK KICTKOBOI TKAHUHW Ha
OCHOBi eKCnepuMeHTanbHUX LOCAifKeHb. BigHOLWeEHHA MOoAyniB NPYXHOCTI B HanpsMKYy OpieHTaLii OCTeOHiB [0 MOAy/NiB B
HanpsAMKy, NeprneHAMKYNSpHOMY [0 OpieHTaLil OCcTeoHiB, cknagae Big 114 go 4,02. AHi3oTponis noBefiHKM KiCTKOBOI TKaHWUHU
TakoX CrnocTepiraeTbCA NpW penakcauii Ta noB3yyocTi. EkCnepuMeHTanbHO MiATBEPIXKEHO, LU0 CTeniHb 3BOJIOXKEHHSA 3pas3ka
[OCUTbL CUNBHO BMN/IMBAE Ha Or0 MeXaHiuHi XapakTepucTuku. ToMy Ans OTPUMAaHHS Binbly JOCTOBIPHUX AaHMX, 3pa3KM KiCTKOBOT
TKAHWUHWU NIiCNA BUNYYEHHS 3 Tina AAUHM NOTPIGHO 36epiraT 3a yMOB HabMMMXKEHUX TUX, AKi HasBHI B Tini ntogMHU. Ha OCHOBI
eKCMepUMEHTIB i po3paxyHKiB JOBEAEHO, WO KiCTKOBA TKaHWHa € HENiHINHO-BR3KONPYXXHUM MaTepianom. BM3HauyeHo 3aneXHICTb
MeXaHIYHMX BNaCTMBOCTEW KIiCTKOBOT TKaHWHM Bif X PEHTreHOMONYHOT WisIbHOCTI, L0 Aa€ MOX/IMBICTb CTBOPHOBATW KOMMHOTEPHI
MOZeni 3 MaKCUMasbHUM HabAMKeHHAM pesy/bTaTiB 40 peanbHUX. MogentoBaHHsA XipypriyHOro BTPy4YaHHS Ta MPOrHO3yBaHHS
ioro pesynbTaTiB, 3 3aCTOCYBaHHAM TakWX Mofeneii [03BOMAE 3MEHLWMWTW YacTOTy MNOMWMIOK Ta YCKNafHeHb Mpu
PEKOHCTPYKTUBHO-BIfHOB/MOBANbHOMY  fliKyBaHHI  MauieHTiB 3 Hachnigkamy MOLIKOLKEHb FOMINIKOBOCTOMHOrO  Cyrnoba.
BcTaHOBNEHO, L0 061aCTb PO3NOBCHOIKEHHS MOLLKOIKEHb KICTKOBOI TKAHWHUW MPW BOTHENaslbHOMY nepesioMi gocsrae 40 Mm Big
Micus Mepenomy, a 3MiHW XOPCTKOCTI CTaHOBAATb A0 20% Bif XXOPCTKOCTI iHTaKTHOI KIiCTKM, WO HEobXigHO BpaxoByBaTu Mpu
3aKpinneHHi CTPUXKHEBMX anapartiB 30BHILLHLOT (hikcauii nepenomMiB. BusHaueHo, WO 36inbLUEHHSA KyTa HaXuIy CTEPXKHIB NiABULLYE
XKOPCTKICTb CUCTEMU MPU CTUCKY, 3rUHI Ta Kpy4yeHHi. 3anpornoHOBAHO palioHanbHe po3TallyBaHHA CTEPXHIB, SKE BPaxoBye
HasBHiCTb 061acTeli gerpagauii KicTKOBOT TKaHWMHW | KOMMNEHCYE BTPaTYy XKOPCTKOCTI Mpy BOTHenanbHOMY nepenomi. JocnigkeHo
nedopmMyBaHHA CMCTEM «KICTKa 3 MEpPenoMoMm - 3acib dikcalii» Ha eTamax pereHepauii KiCTKOBOI TKaHWHW Nif Gi€0 CTUCKY Ta
3rvHy. BCTaHOBMEHO, L0 YTBOPEHWIA pereHepar CyTTEBO MiABMLLYE XKOPCTKICTb CUCTEMM «KiCTKa 3 MEpPesioMOM - KiCTKOBWIA
pereHepaT - 3aci6 ¢ikcayii» Ta piBeHb LOMYCTUMUX HaBaHTaXKEHb Ha CMCTEMY. 3anponoHOBaHO i NiATBEPIKEHO MOX/IMBICTb
BUKOPUCTAHHA MONIMEPHUX 3aMIiHHUKIB pereHepaTy Npu MNpPOBeAeHHI eKCnepuMeHTaNbHUX AOCAiAXeHb KIiCTOK. Po3po6neHo
mMaTemMaTU4yHy MOLeNb AN BpaxyBaHHA BHECKY pereHepaTy Yy B3aEMHi 3MilLeHHS TOYOK MepesiomMiB Ta OUIHKM JONYCTUMMX
HaBaHTaXeHb Ha KiCTKy. Po3paxoBaHO PiBHI LOMYCTUMUX HaBaHTaXeHb, AKi MOXHA MpUKNagatv LO KiHUiBKW, 3 BpaxXyBaHHAM
BIJOMMX AOMNYCTUMMX B3aEMHUX MEPEMILLEHb TOYOK nNepenomy. [lOpPIBHAHO >XOPCTKOCTI CMCTEM B OOEMHIl, CTEPXKHEBIN i
6anouHii noctaHoBKkax. [MOKasaHWiA 36ir pe3ynbTaTiB €KCMEPUMEHTY 3 pesynbTaTaMyu KOMMNIOTEPHOrO MOJAENOBaHHA B
nporpamHomy komnaekci ANSYS Workbench. TMigTBepakeHo, WO HaNMeHWY >XOPCTKICTb Mae cucTema 3 BigganeHUmu
CTEPXHSAMU, a Halbinblly - cXeMa 3 po3TallyBaHHAM CTEPXHIB Mif KyTom 60°. OTpuMaHo pobody mMaTeMaTUuHy MOfefNb, ANs
0OCNIAKEHHS IHLWMX BUNAaAKIB HaBaHTaXKEHHS, fKi He MOX/IMBO LOCNIANTY eKCNepUMeHTabHUMK MeTo4aMun. PesynbTati poboTtu
- MeTOAMKM Ta fJaHi MexaHiYyHuUX BMMpoOyBaHb, pe3y/bTaTM KOMMIOTEPHOIO MOZE/OBAHHA - MOXYTb 6YTW BMKOPWUCTaHi Ans
YAOCKOHANEHHS METOZiB NliKyBaHHS MOLKOMKEHNX KiHLIBOK Ha MPOMIDKHUX Ta 3aK/IHOYHUX CTafisfX 3pOLLyBaHHS NepesioMmis.

Pedpepat (aHrn.)

The dissertation is devoted to the study of the deformability and strength of osteosynthesis systems used in modem 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. Atechnique 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 114 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. Arational 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. Aworking 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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