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AHOTALIA
Mycienko O.C. MinHicTh Ta 1e()OpMIBHICTD CUCTEM OCTEOCHHTE3Y 3 YPaxXyBaHHIM
BJIACTUBOCTEH YIIKO/KEHOI KICTKOBOI TKAaHMHM Ta 1ii INTYYHUX 3aMIHHUKIB. —

KBamidikamiitHa HayKoBa mpalis Ha IpaBax pyKOIUCY.

Huceprartiist Ha 3700yTTS HAYKOBOTO CTyTeHs JOKTOopa ¢ijocodii B ramy3si 3HaHb 13
— MexaniuHa iHxeHepis 3a cnemianpHicTio 131 —Ipukinagna mexanika. — HarionansHuit
TEeXHIYHUHN yHiBepcuteT YKpainu «KWUiBCHKHMI MOMITEXHIYHUM IHCTUTYT iMeH1 Irops

Cikopcwkoro», Kuis, 2022.

Juceptaiiisi NpUCBSUCHA AOCTIPKEHHIO MIITHOCTI Ta Je(OPMIBHOCTI CHUCTEM
OCTEOCHHTE3Y, 110 3aCTOCOBYIOTHCS B CYYacHIW XIpypriuHid mpaktuul Juist Qikcari
BOTHEMAJIbHUX Ta TPABMAaTUYHUX MEPEOMIB KICTOK JIFOJIMHU: BU3HAYEHHIO MEXaHIYHUX
XapaKTePUCTHK KICTOK 3a PI3HMX YMOB HABAaHTAXKEHHS, XapaKTEPUCTUK AehOopMyBaHHS
Ta PO3BUTKY 3MIIIEHb Yy TMEpejIoMax MiJg Al KOPOTKOYACHUX HABaHTaXEHb 3
BpaxyBaHHSM Jerpajarllii Ta pereHeparlii KicTKoBOi TKAaHUHHU.

3MICT pPOOOTH CKIAHAEThCS 3 YOTUPHOX PO3AUIB, Yy SIKAX BHKIAICHO Ta
OOTPYHTOBAHO OCHOBHI pe3yJIbTaTH JAUCEPTAIlii.

¥ BeTyni 00TpyHTOBaHO aKTyalIbHICTh TEMH JUCEpTallii, CHOpMyJIbOBaHO METY Ta
3a/1a4l JOCIIJKEHHs, OMCAaHO METOIH JOCHIIKEHHs, HaJlaHa 1H(dopMallis Mpo HAyKOBY
HOBH3HY Ta NIPAKTHUYHE 3HAYECHHSI OICpKAHUX PE3YJIbTaTiB.

Y nepumioMy po3aijii MpoBeICHO aHaI3 JITepaTypHUX JKEpEN 3 JOCIIIKEHHS
ICHYIOUMX MpOOJIeM OCTEOCHMHTE3y TpaBMAaTUYHUX Ta BOTHEMAJIBHUX MEPEIOMIB.
HaBezneno knacuikaiii nepeioMiB Ta cydacHuX 3aco0iB (pikcarii. Po3risiHyTo icHyroui
METOJI EKCIIEPUMEHTAIFHUX BUIMPOOYBaHb Ta KOMIT IOTEPHOTO MOJICIIIOBaHHS 3aCc00iB
dikcarrii mepenomis.

OOrpyHTOBaHO OCHOBHI HalpsSMKUA JOCHIPKEHb JUCEpPTaliiHOI poOOTH, SKi
0a3yl0ThCsl Ha aHaJIi31 JITEpaTypPHUX JIKEPE.

Y apyromy po3aijii HaBeJEHO OMHUC PO3POOICHUX METOAHMK EKCIEPHUMEHTAITBHIX

I[OCJ'IiI[}KCHB, XapaKTCPUCTUKHN CKCIICPUMCHTAJIbHOT'O 06JIaI[HaHHSI, METOIU 1 3acobu
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peasizailii CHJIOBUX HaBaHTaXXEHb Ta BUMIpIOBaHHS Aedopmariiii. OnucaHo mpemnapaTu
KICTOK JIFO/ICH, SIKI BAKOPUCTOBYBAJIHCH ITiJ 4aC EKCIIEPUMEHTY.

[IpeacraBieno mporpamMud Ta  METOJUMKY [0 BHU3HAUYCHHIO MEXaHIYHHUX
XapaKTePUCTHK KICTKOBOT TKAHWHU MPHU PI3HUX BHUJIAX HABAHTAXEHHS, PIBHAX BOJIOTOCTI
Ta TEMIIEpPaTypH, a TAKOXK 3 BPaXyBaHHSM BIUIUBY aH130TPOIIi.

Po3po0sieHo METOMKY Ta CTBOPEHO OOJIaJHAHHSA I BUMIPIOBAHHS CTYMEHS
Jerpajaaiii KicTKOBO1 TKAaHUHH B 00J1aCT1 BOTHEMAIBHOTO IIOPAHEHHS, 32 IOTIOMOT OO SIKOT
BU3HAYECHO 3MIHU MEXaHIYH1 XapaKTePUCTUKH KICTKOBOI TKAHUHH HA JIHIMHUX JUISTHKAX
nedhopMyBaHHS.

OmnucaHo HOBI METOJMKH JIOCHI/PKEHb MIIHOCTI 1 Je(OPMIBHOCTI CHCTEM
OCTEOCHHTE3Y ISl TPaBMAaTUYHUX MEPEOMIB KICTOK, SIKi BPaXxOBYIOTh OCOOJIMBOCTI
KICTKOBOi TKaHWHM, BKJIIOYAIOUM i1 JIerpajallilo MpU BOTHEMAJIbHHUX IeperoMax Ta
PO3BUTOK pPEreHEPAaTUBHOI KICTKOBOI TKAHUHHU B IIPOLIEC] 3POLIYBAaHHS [IEPEIOMIB.

3anponoHOBaHO HOBI cxeMu 3akpimieHHs CTA3®, sKi cIpsSMOBaHI HAa MOKPAIEHHS
e(EeKTUBHOCTI Iepediry mnpoiiecy JiKyBaHHS BOTHENAJbHUX Ta TPABMAaTUYHUX M1EPEIOMIB

ExcrniepuMeHTanbH1 JOCTIKEHHS] BUKOHAHO Ha YHIBEPCAJIbHIN BUMPOOYBAIbHIM
mamuHi  TIRA-test 2151. Pexumu BumnpoOyBaHHA BHUOMPAIMCh MaKCHMAIBHO
HAOMMKEHUMH JI0 PEATbHUX PEKUMIB (h1310JI0TTYHUX HABAHTAXKECHB: TOCTIKYBAIUCS /i1
CTHCKAlO4YMX, 3TMHAJbHUX Ta KPYTWIbHUX HABaHTaXEHb, 110 [IIOTb Ha KICTKY.
Hedopmairii 1 mepeMilieHHsT TOYOK MOIIKOKEHOI KICTKH 3 CUCTEMaMU OCTEOCUHTE3Y
MOPIBHIOBAJIM 3 BIAMOBITHUMHU XapaKTEPUCTHUKAMU HETIONIKOKEHUX KICTOK, SKi
nonepeaHbo Oyiu MmiilaHl BUNPoOyBaHHSIM 3a aHAJIOTTYHUMHU nporpamami. [edopmarrii
CHCTEMH BU3HAUaAJM Yepe3 MOKA3HUKH JaTYNKa TIepEeMIIIeHh BUMPOOYBaIbHOI MAIIMHU.

Y TperbomMy po3aiii podOTH TPEACTABICHO PE3YIbTAaTH EKCIEPUMEHTAIbHUX
JOCHTIKeHb. PO3paxoBaHO MeXaHIYHI BJIACTUBOCTI KICTKOBOI TKAHWHHU 1 MIATBEPIKEHO
aHI30TPOIII0 XapaKTePUCTUK KICTKOBOI TKAHWHM HA OCHOBI EKCIEPUMEHTAIBHUX
JOCIIKEHb. BigHOIIEHHS MOAYJIB MPYKHOCTI B HANpsIMKY OpI€HTAIlll OCTEOHIB 0
MOJIYJIIB B HAIPSIMKY, IEPIIEHIUKYJIIPHOMY JI0 OpIEHTAIlil OCTEOHIB, CKianae Bia 1,14 mo
4,02. AmnizoTpomisi TOBEIIHKH KICTKOBOI TKAaHMHU TaKOX CIOCTEPIraeThCs MpH

penakcariii Ta moB3y4ocTi.
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ExcriepMeHTanbHO MiATBEPIKEHO, IO CTEM1Hb 3BOJIOKEHHS 3pa3ka JOCUThH CUIBHO
BIUTMBA€E HA HOTO MEXaHI4HI XapaKTePUCTUKH. ToMy JjIst OTpUMaHHS OLIBII JOCTOBIPHUX
JAHUX, 3pa3KKM KICTKOBOI TKAHWHHU TICJIS BUIYYEHHS 3 TiJa JIIOJUHHA MOTPiOHO 30epiratu
32 YMOB HaOJIMKEHUX THX, K1 HASBHI B TUTI JIFOJUHHU.

Ha ocHOBiI ekcriepuMeHTIB 1 PO3paxyHKIB JIOBEJICHO, IO KICTKOBAa TKaHWHA €
HEJIIHIMHO B’SI3KO0 MPY>KHUM MaTepiaaoM.

BusHaueHo 3ajieXHICTh MEXaHIYHMX BJIACTUBOCTEM KICTKOBOI TKAaHWMHHM BII iX
PEHTIeHOJIOTIYHOT MIIIBHOCTI, IO 1a€ MOKJIUBICTh CTBOPIOBATH KOMIT IOTEPHI MOJEII 3
MaKCUMaJIbHUM HAOJIM>KEHHSIM pe3yJIbTaTiB A0 peaibHuX. MoAeOBaHHS XIpypriyHOTO
BTPYUYaHHS Ta IMPOTHO3YBAaHHS MOTr0 pe3yJbTaTiB, 3 3aCTOCYBAHHSIM TaKUX MoJeei
JTIO3BOJISIE 3MEHIIUTH YacTOTy TIOMHUJIOK Ta YCKJIAJHEHb IPU PEKOHCTPYKTUBHO-
BIIHOBJIIOBAJIBHOMY  JIIKyBaHHI ~ TAlI€HTIB 3  HACliJKaMd  MOLIKOKEHb
TOMIJIKOBOCTOITHOTO CYyTJI00a.

BcranosneHo, 1110 06J1acTh pO3MOBCIOIMKEHHS MOIIKO/I)KEHb KICTKOBOT TKAHUHU TTPU
BOTHENAJIbHOMY Hepeniomi aocarae 40 MM BIJ MICUS MEPENIOMY, a 3MIHU KOPCTKOCTI
CTaHOBJISATH 10 20% B1J] AKOPCTKOCTI IHTAKTHOI KICTKH, 1110 HEOOX1JHO BpaxOBYBaTH MIPH
3aKpIIUIEHH] CTPMKHEBUX anapariB 30BHILIHBOI (hIKcallli MEpPeIoMIB.

Busznaueno, 1110 301bIIEHHS KyTa HAXWTY CTEP>KHIB IMTIJIBUIIY€E KOPCTKICTh CHCTEMHU
IIPU CTUCKY, 3THHI Ta KPy4YEHHI. 3aIIpOIIOHOBAHO pallloHAIbHE PO3TalTyBaHHS CTEPKHIB,
K€ BpaxOBY€ HasBHICTb oOJiacTel Aerpaallii KICTKOBOI TKAHUHU 1 KOMIIEHCY€E BTpaTy
YKOPCTKOCTI MPU BOTHETIAILHOMY TTEPEJIOMI.

JocmipkeHo negopMyBaHHS CHCTEM «KICTKa 3 TMepeaoMoM - 3acid dikcarii» Ha
eTarnax pereHepariii KICTKOBOi TKaHMHH IiJl €0 CTUCKY Ta 3TUHY. BcTaHOBIIEHO, 1110
YTBOPEHHI pEereHepaT CyTTEBO MIJBUIIYE KOPCTKICTh CUCTEMHU «KICTKA 3 TIEPEIIOMOM —
KICTKOBUM pereHepar — 3aci0 ¢ikcauii» Ta piBeHb AONYCTUMHUX HABAaHTaXEHb Ha
CUCTEMY. 3alpOTOHOBAHO 1 MIATBEP/KEHO MOXKJIWBICTH BUKOPUCTAHHS TMOJIMEPHUX
3aMIHHUKIB pereHepary mpH NpoBeJeHH1 EKCIIEPUMEHTAIbHUX TOCTII)KEHb KICTOK.

Po3po6ieno mareMaTu4aHy MOJEINb JJIs BpaxyBaHHs BHECKY pereHepaTy y B3aeMHi

3MIIIEHHS TOYOK TNEPEJOMIB Ta OIIHKA JOMyCTUMHUX HaBaHTaXEHb Ha KICTKY.
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Po3paxoBaHo piBHI JOMyCTUMHUX HaBaHTAXEHb, SKI MOXKHA MPUKIAATH A0 KIHIIBKH, 3
BpaxyBaHHAM BiJOMUX JIONYCTUMHX B3a€EMHUX MEPEMIIIEHb TOUYOK ITEPEIOMY.

YerBepTHii po3aiil TPUCBAYEHUN OCHIKEHHIO XapaKTEPUCTUK KOPCTKOCTI
armapaTiB 30BHINIHBOI (hiKcallil MpU pi3HUX BapiaHTax pO3TAllyBaHHS CTEPKHIB METOAOM
CKIHYEHHUX eJieMeHTiB. KoMm'toTepHi Mojieli CUCTEM «BETMKOTOMIIKOBA KiCTKa — arapar
30BHIIIHBOI (pikcarii» Oyso cTBopeHo B mporpamHomy komiuiekci SOLIDWORKS,
MICJIsl YOTO TeOMETPUUHI Mozieni cucteM iMnopryBanuch B CAE maker ANSYS.

Posrnsmanocs 4 BapiaHTH PO3MIMICHHS CTEPKHIB JIOCHIJKYBAHOT MOJIEN, IO
BIJIMOBIZIA€ CUCTEMAM, SIK1 pealli3yBaJIuCh B €KCIIEPUMEHTI.

Jns moOGyaoBu 3D wmopenet KicTok OyJl0 BHKOPHUCTAHO JlaHi 31 3HIMKIB
KOMIT t0TepHO1 Tomorpadii mux 3pa3kiB. Po3mipu amapatiB 30BHINIHBOI (ikcalii Ta ix
pPO3MILIEHHSI Ha KICTHI OyJ0 OTPUMAHO 3 HATYPHUX EKCHEPUMEHTAIBHHUX CHUCTEM.
MexaHi4H1 XapaKTEepUCTUKM KICTKOBOI TKaHUHM OTpPUMaHI 3a JaHUMH HATypHUX
€KCIIEPUMEHTIB.

JIsi BU3HAYCHHSI MOKJIUBOCTI CITPOIICHHS Ta MPUIIBHIMICHHS PO3PaxXyHKIB OyJI0
3alpPONOHOBAHO BUKOPUCTAHHS CIPOIIEHOI TeoMETpii s KOHCTPYKIII (Qikcaropa
BEJIMKOTOMIUJIKOBOI KICTKM MPH CTBOPEHHI HOr0 CKIHYEHHO-EJIEMEHTHOI Mojeii. Tomy
IpU YUCEIHHOMY MOJICTIOBAaHHI PO3paxyHKH IMPOBOJUIU B TPbOX IMOCTAHOBKAX:
00’ eMHIH, CTEp>KHEBIH 1 0aTOUHIN.

KpaitoBi ymMOoBH 0O0paHl TakMM UYHMHOM, I100 BIAMOBIJAIM YMOBaM TMpPU SIKUX
MIPOBOAATHCS PEAIbHI €KCIICPUMEHTANIbHI JOCIDKeHHs. Tak, HUKHS YacTHHA KICTKH
OyJia KOPCTKO 3aKpillJICHa 3a aHAJIOTIEI0 3aKpIIJIEHHS 3pa3ka Ha poOOYOMy CTOJI
BUNPOOYBAJIbHOT ~ YCTaHOBKHM. JIOCTIDKCHHS TMPOBOJMIUCH TPU TPHhOX BHAAX
HABAHTAXKEHb: CTUCK, 3TMH 37I0BK CTEP)KHIB, 3TUH TOTEPEK CTEPKHIB 1 KPYUCHHS.

3a pesynbTaTaMM JOCJIIKEHHS TOPIBHAHO >KOPCTKOCTI CHCTEM B 00 €MHIMH,
CTEp>KHEBIH 1 OanouHii moctaHoBKax. [lokazanuii 30ir pe3ysbTaTiB €KCIIEPUMEHTY 3
pe3yabpTaTaMu KOMIT IOTEPHOTO MOJIENIOBaHHS B mIporpamMHoMy Komiuiekci ANSY'S
Workbench. IliaTepmkeHo, 1m0 HaWMEHIIY JKOPCTKICTh Ma€ CHUCTeMa 3 BiIaJCHUMHU

CTEpPXKHIMH, a HAMOLJIBIIY - CXeMa 3 PO3TalllyBaHHIM CTEPKHIB Mg KyToM 60°. OTpuMaHo
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po0ovy MaTeMaTUYHY MOJIEIh, TSl TOCIIIIKEHHS 1HIINX BUTIAKIB HABAaHTAXKCHHSI, K1 HE
MO>KJIUBO JOCIITUTH €KCIIEPUMEHTATLHUMU METOIaMH.

Kiarwo4oBi cioBa: 6iomexaHika, OCTCOCHHTE3, MEPEIoM, KOPCTKICTh Ta MIIHICTh
¢ikcarii, MexaHI4HI XapaKTEePUCTUKHU KICTOK, MOIYJIb IPYKHOCTI, TOB3Y4iCTh, OJIMEPH,
MOJIIMEPHI 3aMiHHUKM pereHepaTry, MaTeMaTHYHa MOJEJb, YHCEIbHE MOJICITIOBAHHSI,
METOJI CKIHUEHHHX €JIEMEHTIB, BIIACTUBOCTI, MII[HICTb, HAIIPYKeHO-Ie(popMOBaHU CTaH,

IMITariHl MOJEN.



SUMMARY

Musiienko O.S. Strength and deformability of osteosynthesis systems taking into
account the properties of damaged bone tissue and its artificial substitutes. — Qualifying

scientific work on manuscript rights.

Thesis for the scientific degree of the doctor of philosophy, the field of study
13 — Mechanical engineering, program subject area 131 — Applied Mechanics.
National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute",
Kyiv, 2022.

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.

The content of the work is presented in four chapters, in which the main results of
the dissertation are presented and substantiated.

The introduction substantiates the relevance of the dissertation topic, formulates
the purpose and tasks of the research, describes the research methods, provides
information about scientific novelty and the practical significance of the obtained results.

In the first chapter, an analysis of literary sources on the study of existing problems
of osteosynthesis of traumatic and gunshot fractures is carried out. Fracture classifications
and modern means of fixation are given. The existing methods of experimental research
and computer modeling of means of fixation of fractures are considered.

The main research areas of the dissertation work, which are based on the analysis of
literary sources, are justified.

The second chapter provides a description of the developed methods of

experimental research, characteristics of experimental equipment, methods and means of
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implementing force loads and measuring deformations. Preparations of human bones
used during the experiment are described.

Programs and methods for determining the mechanical characteristics of bone tissue
under various types of loads, humidity and temperature levels, as well as taking into
account the influence of anisotropy, are presented.

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.

Experimental studies were performed on the universal testing machine TIRA-test
2151. The test modes were chosen as close as possible to the real modes of physiological
loads: the actions of compressive, bending and torsional loads acting on the bone were
studied. Deformations and displacements of points of damaged bones with osteosynthesis
systems were compared with the corresponding characteristics of undamaged bones,
which were previously tested under similar programs. Deformations of the system were
determined through the indicators of the displacement sensor of the testing machine.

The third chapter of the work presents the results of experimental research. 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,
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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.



10

The fourth chapter is devoted to the study of the stiffness characteristics of external
fixation devices with different options for the location of the rods using the finite element
method. Computer models of the "tibia - external fixation device" system were created in
the SOLIDWORKS software complex, after which the geometric models of the systems
were imported into the ANSYS CAE package.

We considered 4 options for placing the rods of the studied model, which
corresponds to the systems that were implemented in the experiment.

Data from computer tomography images of these samples were used to build 3D
bone models. The dimensions of the external fixation devices and their placement on the
bone were obtained from full-scale experimental systems. The mechanical characteristics
of bone tissue were obtained from the data of natural experiments.

To determine the possibility of simplifying and speeding up the calculations, it was
proposed to use a simplified geometry for the design of the tibial bone fixator when
creating its finite element model. Therefore, during numerical modeling, calculations
were carried out in three settings: volumetric, rod and beam.

The boundary conditions are chosen in such a way that they correspond to the
conditions under which real experimental studies are carried out. Thus, the lower part of
the bone was rigidly fixed by the analogy of fixing the sample on the work table of the
test rig. The research was carried out under three types of loads: compression, bending
along the rods, bending across the rods and torsion.

According to the results of the study, 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.

Keywords: biomechanics, osteosynthesis, fracture, stiffness and strength of

fixation, mechanical characteristics of bones, modulus of elasticity, creep, polymers,
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polymer substitutes for regenerate, mathematical model, numerical simulation, finite

element method, properties, strength, stress-strain state, simulation models.
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[Iuanoscwkuii, O.C. Mycienko // OpToneausi, TpaBMaTOJIOTHs U MPOTE3UPOBAHUE. —
2018. — Ne 3 (612). — C. 80-84. DOI: http://dx.doi.org/10.15674/0030-59872018380-84

(Asmoproro  nposedeno cepito eKCnepUMEHMAIbHUX OOCHIONCEeHb, NPOAHANIZ08AHO


https://doi.org/10.20535/2305-9001.2015.75.50312
https://doi.org/10.20535/2305-9001.2015.75.50312
https://doi.org/10.20535/2305-9001.2016.78.82634
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=Votip_2017_2_12
http://dx.doi.org/10.15674/0030-59872018380-84

13

Pe3VIbmamu eKCnepuUMeHmatbHux i peHmeeHON02IYHUX O0CTIOHCEHb 31 3ACMOCYBAHHAM
KOpensyiuHo-pecpecilinoco anauizy.)

5. Shidlovskiy M.S., Musiienko O.S, Zakhovaiko O.P., Lisachenko Yu. A.
Influence of bone tissue regenerate on rigidity of fractures fixation / M.S. Shidlovskiy,
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DOI: https://doi.org/10.1007/s11223-021-00307-w  (Ocobucmuii  énecok asmopxu
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Martepianu X BceykpaiHcbkoi HayKOBO-TIpakTU4YHOI KoH(pepenii «biotexnomnoria XXI
cromtrsy — K.: HTYVY «KIll», 2016. — C. 100. (Adémopka 3ibpana, y3acarpnuna ma
NPOaHAnizy8ana pe3yibmamu eKCnepuMermanibHo20 00CaI0NCEHHSL.)

14, Mycienko O.C., €pmak A.A., Ilakera b.I'., Iuanoscekuint M. C.
XapakTepuCTUKH TPYKHOCTI Ta peJakcailisi HampyXeHb KICTKOBOiI TKAaHWHHM HWIKHIX

KIHIIBOK JiroiuHM // 30ipka MatepiaiB BeceykpaiHChbKoi HAyKOBO-TEXHIYHOT KOH(epeHIIii



15

MOJIOIUX BYEHHX Ta CTyHAEHTIB «IHHOBawii MOJOAI — MaIIMHOOYIyBaHHIO», CEKIIis
"NMuaamika 1 mimaicth MamuH". — K: HTYY «KII» 2017. — C.71-73. (Aeémopxio
chopmynvosana idesi ma mema 00CI0ONHCEHHS, 3I0PAHO MA NPOAHATIZ08AHO pe3yIbmamu
EKCNEPUMEHMATILHUX OOCTIONCEND. )

15. [Iumnoscekuit M.C., Jlakma A.A., Mycienko O.C. Oco0auBocTi
OCTEOMOPO3HOIOAI0H0T TpaHchopMallii KICTKOBOT TKAaHWMHHM B JUISHII BOTHEMAJbHUX
nepenomiB // CydacHMil CTaH Ta NMEPCIEKTHBH OlOMETUYHOI 1HXeHepii. Marepianu
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KOH(epeHIIli MOJIOAUX BUYCHUX Ta CTYJICHTIB «[HHOBAIIIT MOJIOII B MAIIMHOOY IyBaHHI -
2020. — Ne2. — C. 19-28. (Ocobucmuii snecox asmopku noasiedac 8 anaizi pe3yibmamie
EKCNEePUMEHMAIbHUX OOCTIONCEHD.)

20. [upnoscekuit M.C., lumanp M.M., 3axoBaiiko O.I1, Mycienko O.C.
Oco0MMBOCTI MEXaHIYHUX BHUIPOOYBaHb cucteM octeocuuTedy // XXII mikHapoaHa
HAyKOBO-TeXHIUYHA KoH(pepeHiis «[IporpecuBHa TexHiKa, TEXHOJOTiS Ta IHXKEHEpPHA
ocBita» Marepianu koH(pepenii. — XepcoH, 2021.— C. 20-24. (4smopxoro po3pobaero
MemoouKy 8unpoOyeanb ma CmMeopeHo GUNpoOY8albHe 00NAOHAHHA Ol BUMIDIOBAHb

NOKA3HUKIG HCOPCMKOCMI Ma MIYHOCMI KICMOK.)


https://scholar.google.com.ua/citations?view_op=view_citation&hl=uk&user=wvVYvVkAAAAJ&sortby=pubdate&citation_for_view=wvVYvVkAAAAJ:2KloaMYe4IUC

SMICT

[TEPEJIIK CKOPOYEHD
BCTVII

PO3JIJT 1. CYYACHI MIAXOAU JO JOCHIDKEHL CUCTEM

OCTEOCHUHTE3Y
1.1. Knacudikarris TUIiB repeaoMiB KiCTOK

1.2. Knacudikariisi CcydacHUX CUCTEM OCTEOCHHTE3Y

1.3. Tunu KiCTKOBOi TKAaHWMHH Ta ii BIJIMB Ha TMepedir 1 eeKTUBHICTH

OCTEOCHUHTE3Y

1.4. Bigomi migxoau 00 QOCIIKEHHS BJIACTUBOCTEN KICTKOBOI TKAHUHU

Ta 3ac001B (ikcali nepesomin

1.4.1 Omiaka MeXaHIYHUX BJIACTHBOCTEN KICTKOBOI TKAHUHU
1.4.2. Ouinka reoMeTpii Ta MIKpOapXITEKTYPH KICTKH

1.4.3 Ouinka ckiaay KICTKOBOT TKAHUHU

1.4.4 EkciepyuMeHTalIbHI METOAM BUITPOOYBaHb 3ac001B (pikcarii

nepesoMiB

1.4.5 KoM 1oTepHi MeTOIM BUITPOOYBaHb 3ac001B (pikcaliii nepeiomin

BucHOBKM Ta mocTaHOBKA 337124l JOCIIHKEHD
PO31JI 2. METOJUKN MEXAHIUYHUX BUITPOBYBAHDb

AHATOMIUYHUX OB’€KTIB

2.1. AHatomiuHi 00’ €KTH Ta iX MATOTOBKA 10 BUIIPOOYBaHb

2.2. OGnagHaHHS Il HaBaHTa)XCHHS Ta BUMIpIOBaHHS nedopmarii

KICTOK

2.3. MeToauKu TOCHiIKEHHS 3pa3KiB KICTKOBOI TKAHUHH

2.4. MeTouKH TOCHIIKEHHA 3aco01B (pikcallii mepeaomiB

2.4.1. Meroguka JOOCHIKEHb  KOPCTKOCTI

BOT'HCIIAJIBHUX HGpGJ’IOMiB

3aco0iB  (pikcarii

2.4.2 Metoauka OLIHKM BIUIMBY pereHepanii KiCTKOBOI TKaHWHU Ha

KOPCTKICTh (hiIKCOBAHHX MEPEIOMIB
BucHOBKHU 710 APYTOTO pO3aiTy

PO3AUI 3. AHAJII3 TA OBPOBKA PE3VJIbTATIB

EKCIIEPUMEHTAJIbBHUX JOCJIIIKEHD

3.1. MexaHi4HI BJIACTUBOCTI KICTKOBOI TKAHUHH
KICTKOBOT TKaHWHU TIpHU

3.1.1 XapakTepucTUKu PI3HUX THIIB
KOPOTKOYACHUX HAaBAHTAXKCHHSX.

3.1.2 B’sa3Kko-TIpy>kH1 XapaKTEPUCTUKH KICTKOBOI TKAHUHU

3.1.3.  Kopensuis MDK  OPYXKHUMHU
XapaKTepUCTUKaMH KICTKOBOI TKAHUHU

Ta

PEHTICHOJIOTIYHUMU

19
20

26
31

34

36
36
38
39

41
43
44

46
46

50
54
59

59

66
69

70
70

70
77

98

17



3.2 BcraHoBiIeHHS JKOPCTKOCTI 3aco0iB (hikcalii BOTHEMAIbHUX
nepesioMiB

3.3 BrmuB perenepaiiii KICTKOBOT TKAHWHU Ha MIITHICTS 1
1e(OPMIBHICTH CUCTEM OCTEOCHHTEZY

BHCHOBKH 710 TPETHOTO PO3ILITY

PO3AUT 4. JNOCIHIJPKEHHA MIIHOCTI I AED®OPMIBHOCTI
CUCTEM OCTEOCHHTE3Y METOJIOM CKIHYEHUMX EJIEMEHTIB

4.1. ITobynoBa po3paxyHKOBUX CXEM 1 JUCKPETHUX MOJCIICH

4.2. Pe3ynbTaTi YHCIIOBUX JOCIIKCHD

BUCHOBKH 710 4ETBEPTOTO PO3ALTY

3AT'AJIbHI BUCHOBKHM

CITMCOK BUKOPUCTAHUX JIXKEPEJI

JOIATOK A

JOIATOK b

101

105

116
119

119
125
145
146
148
167
168

18



MHNEPEJIK CKOPOYEHb
AQ — Acoriartist 0CTEOCUHTE3Y
ASIF — Acoriarist 3 BUBYEHHS BHYTPIIIHBOI (ikcarii
OTA — Acoriatis opTorne/iB-TpaBMaToJIOT1B
FEM — MeToa CKIHUEHHUX E€JIEMEHTIB
A3® — amapaTu 30BHIIIHBOT (iKcallii
AIIIT — ananoro-mugpoBuii MepeTBOPIOBAY
BT'K — BenukoromijiikoBa KicTka
3®II — 3acobu (ikcailii nepeaomy
KT — xomn'torepHa Tomorpadis
MPT — marHiTHO pe3oHaHCHa ToMOTpadis
OC- ocreocuHres
PKT — perenepat kicTKOBOi TKAHUHU

CTtA3® — crep:kHEBI anapaTH 30BHIIIHBOT (iKcallli

19



20

BCTYII

AKTyaJIbHICTH podoTu. B yMOBax BIMCHKOBHX KOH(ITIKTIB
HaWPO3MOBCIOKEHITIIMMHU BUJIAMHU YIITKOKEHb € 0CKOJKOBI (85 %) Ta xympoBi (12%)
MOpaHeHHs KiHIIBOK. HalO1abpIy KIIBKICTh YIIKO/HKEHb Cepesl MEepesIOMIB KIHIIIBOK
3aiiMarOTh YIIKO/PKCHHS KICTOK TOMUIKH (B cepemabomy 42 %) 1 CTETHOBOI KICTKH (B
cepenaboMy 24%). [lopaneHHs 1TUX TITSTHOK MalOTh HAWO1IBINY KUTBKICTh YCKJIaTHCHD B
HOPIBHSHHI 3 IHITUMH BOTHENaIbHUMU TpaBMaMu [1]. Uepe3s OaratoynaMKoBi IepeIOMH
IIPU BOTHEMAJIBHUX MTOPAHEHHX KIHIIBOK, JIIKYBaHHS TPABM CTA€ 3HAYHO TSHKYUM 1 [IPU
bOMY 30UTBIIYETHCS TEpMiH JiKyBaHHs. [Ipu BOrHemadbHUX YIIKO/DKEHHSX KICTOK
BUKOPHCTOBYIOTh TI03aBOTHUINEBHIA ocTeocHHTEe3 [2,3].

HaiiGinpm xopcTka Qikcaimiss BIIJIAMKIB TpPU MepeaoMax JOCITraeTbCs IMpHU
MIHIMQJIbHIM BIJICTaHI MIDK CTEpXKHSMHU, IO (IKCYIOTh yiaMKd KicTku. [IpoBigHi
CHEIATICTH PEKOMEHIYIOTh BBOAUTH CTE€PKH1 HA BIJICTaHI 2-3 CM BiJ MICLSI IIEPEIOMY
[4-6]. Ane npu ymapHO-XBHUJIBOBIiH ocTeomnopo3onoaioHiii Tpancdopmarii (YXOT)
BiJIOYBAETHCS YIIKOKEHHSI KICTKOBOT TKAaHHMHHM HE JIMIIIE B MICI[I KOHTAKTy, a 1e U y
NEBHOMY OKOJI1. TOMYy BBOJUTH IMIUIAHTH B 111 30HU € HEOE3MEUHUM YEPE3 PO3XUTYBAHHS
CTEP>KHIB 1 IIHIb, 110 BAHUKAIOTh BHACIIJIOK HEKPO3Y, OCTE0JII3y KICTKOBOI TKAHWHU Ta
IHIIMX YCKIIAIHEeHb [7].

JlikyBaHHSl YIIKOIKEHb OTOPHO-PYXOBOTO amapary BHACHIIIOK BOTHEMAaJIbHOTO
MOPAHEHHsI 1 JIOC1 sIBJIsi€ COOOI0 CKIIA/IHY KIIHIYHY 3a7a4y, HE3BKAIOUH HA IOCSTHEHHS
B Cy4dacHii MeauiuHi. BigcyTHi MmeToau 1isi BUOOPY 30HHM BBEACHHS CTEPKHIB Ta IIMHUIIb,
10 BPaxoOBYIOTh JAETPaaIlito KICTKOBOI TKAHHHH 1 3MiHY JKOPCTKOCTI cucTteMu Gikcarlii
nepenomy [8].J1s1 BupilieHHs BKa3aHOI MpoOieMHu HEOOXITHO AOCTITUTH MEXaHi3MH
pyiiHYBaHHS 1 BIJHOBJIEHHSI KICTKOBOI TKAHWHHU MpH Aii (PaKTOPiB TpaBMAaTUYHOTO Ta
BOTHEMAJIBHOIO PYHHYBaHHS Ta PO3TJISIHYTH 3MiHY MIIIHOCTI Ta >KOPCTKOCTI amapariB
30BHIIIHBOI (DiKcalli, M0 BUKOPUCTOBYIOTHCA IMPU TPaBMATUUYHHX Ta BOTHEMAIBHUX
YIIKOKEHHSX.

JocnimkeHHss nux npoOjeM € akTyaJdbHUM 1 J03BOJHUTH 30UIBIIMTH KOPCTKICTh

¢ikcariii Ta 3MEHIIUTH Yyac peadiiTallii naieHTiB.
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3B’A30K po00TH 3 HAYKOBUMH NMPOrpaMaMu, IJIaHAMM, TEMaMHU.

Jucepraiiisi BUKOHYBajlacsi BIAMOBIZHO JO TUIAHY HAYKOBHUX JIOCIHIJIKECHb,
MPOBEJICHUX Ha Kadeapl TMHAMIKH 1 MIIIHOCT1 MaIllMH Ta onopy MatepianiB HaBuaabHO-
HAyKOBOTO MEXaHIKO-MalIMHOOYIBHOTO 1HCTUTYTY HalioHanbHOTO TEXHIYHOTO
yHiBepcutTeTy YkpaiHu «KuiBChbKUW MOMITEXHIYHUNA 1IHCTUTYT M. Iropst CikopChKOTroy.
3n00yBauka MpuiHsIa y4acTh K BUKOHABEIb Y IepKOrokeTHIM TeMi «Po3poOka HOBUX
3ac001B A1arHOCTHKHU MIIHOCTI Ta HaaiiHOCcTI BMC «kicTka — cyrino0 - iMmiaHTam 3
ypaxyBaHHSAM YIIKO/DKEHb O10JIOTTUHMX TKaHUH» (nepxkpeectpariss Ne0115U000643),
JIOTOBOpPAX MPO CHUIBHY HAYKOBO-IOCHIAHY [isbHIcTh Mk HTVYY “KIII”, HIJI
kageapu MM ta OM, MMI Tta IHcturyTOM OpTomenii Ta TpaBMaTojorii Axaaemii
MEIUYHUX HayK YKpaiHu (Jlaboparopiero OloMexaHiku), YKpaiHChKOi BIMCHKOBO -
MeJIM4YHOI akaaeMii (kadeapa BIMCBKOBOI XIpyprii).

Mera i 3agaui gocaixzkenns. Mera poOoTH — po3poOKa METOAMKU BU3HAUYEHHS
HECY4O0i CIPOMOKHOCTI CyYaCHUX CUCTEM ISl (pikcallii mepesioMiB KICTOK JIOAUHU MIPU
BOTHETIAIBHUX Ta IHIIWX TPAaBMATHYHUX YIIKO/KCHHSIX 3 BpaxyBaHHSIM pereHeparrii
KICTKOBOT TKaHWHU Ta 1 MITYYHUX 3aMIHHUKIB Ta 3a0e3neueHHs (PyHKIIIOHATIBHOCTI
3aco01B (ikcallii mepesoMiB IpH A1l 30BHIIIHIX HABAHTAXKECHb.

JIJIfl TOCSAATHEHHA MOCTABJIEHOI MeTH B POOOTI HeOOXiJHO BUPIIINTH HACTYIIHI
3agauvi:

- TIPOBECTH aHaJi3 Cy4aCHHX CHCTEM OCTEOCHHTE3Yy, II0 BUKOPUCTOBYIOTHCS IS
dikcariii TpaBMaTUYHUX YIIKO/KEHb;

- JIOCTIANTH BJIACTUBOCTI PI3HUX THUIIIB KICTKOBOI TKAHUHU MPH KOPOTKOYACHOMY
HaBaHTA)KCHHI;

- BCTAHOBUTH 3B 30K MDK MPYKHUMHU XapPaKTEPUCTHUKAMU Ta PEHTTEHOJIOTIYHOIO
HITHBHICTIO KICTKOBOI TKAaHWHMU;

- TpoaHai3yBaTH BIUIMB JErpajaiiii KiCTKOBOi TKAHWHU IIICIS BOTHEMAJILHOTO
MOPAaHEHHSI HA KOPCTKICTh (iKcallii mepeaomy;

- pO3pOOUTH METOJIMKY ISl BU3HAYEHHS PAlliOHAIIbHOTO PO3TALTyBAaHHS €JIEMEHTIB
CtA3® 3 BpaxyBaHHSM YIIKO/PKCHHS KICTKOBOI TKAaHMHU B 0OJIACTI BOTHEMAJILHOTO

nepesioMy;
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- TPOBECTH KOMIUJIEKC HATYpHUX CTEHIOBHX BHUIMPOOYyBaHb IO BU3HAYEHHIO
XapaKTePUCTHUK MIITHOCTI Ta JKOPCTKOCTI CHCTEM OCTEOCHUHTE3Y;

- po3poOUTH MaTeMaTUYHY MOJIENb JJI BpaxXyBaHHS BKJIaJy pereHepary y B3a€MHI
3MIIEHHS TOYOK MEPEIOMiB;

- BCTAHOBHUTH BIUIMB pereHepallii KICTKOBOI TKaHUHHM Ha Je(OPMIBHICTh CHUCTEM
OCTEOCHHTE3Y.

06’exm Oocnioxcenns: nedopMyBaHHs 3’ €qHAHb YJIAMKIB KICTOK, IO 3a3HAJIH
TPaBMAaTUYHOTO YIIKOJDKEHHS, Mij €0 (i310JIOTTYHUX HABAHTAXEHb 3 BPaxyBaHHIM
BHJTy Ta CTaHy KiCTKOBOI TKaHWUHH.

Ilpeomem OocnidxcenHs: BETUYMHU MEXAHIYHUX XapaKTEPUCTUK KICTKOBOI
TKaHWHU, BEJIMYHUHU TEPEMIIICHh B CHCTEMaX «YyIIKO/PKEHa KicTKa — 3aci0 (ikcarii
YJIaMKIB» TICJIS BOTHEMAJIBHUX Ta IHIIUX TPAaBMyBaHb 3 BpaxyBaHHSM BUIY Ta CTaHY
KICTKOBOT TKAaHWHU; BEJIIMYMHU JOMYCTUMHUX HABAaHTAXEHb Ha KIHIIBKA Yy MPOIEC]
pereHeparii KICTKOBOi TKAHUHH Y MICI1 [IEPETIOMY .

Metoau jfociixkeHb. MeETOOJIOTIYHOIO OCHOBOK pPOOOTH € TEOPETUKO-
CKCIIEpUMEHTAIbHUN TIAX1JA 10 BUBUYEHHA OCHOBHUX HAYKOBUX MpoOieM, ix
CUCTEeMaTH3alii ¥ y3aradbHeHHS. J[71 BW3HAUEGHHS MEXaHIYHMX XapaKTEPHUCTHUK
KICTKOBOI TKaHWHH Ta JOCIIJKCHHS >KOPCTKOCTI Ta MIITHOCTI cCHCTeM “3aci0 dikcarrii
nepesioMy - KICTKa® BUKOPUCTOBYIOTHCS METOAM EKCIIEPUMEHTAIbHOT MEXaHIKU.
KoHkperusanisi cucTeMH BH3HAYaJIbHUX pIBHSAHb 0a3yBaTUMETbCA HA OCHOBHUX
MOJIOKEHHSX MEXaHIKU 1Ie(OpMIBHOTO TBEPIOTO TiIa. YKMCIIOBE BUBHAYEHHS HAPYKEHO-
neopMoBaHOro cTaHy cuUcTeM ‘3aci0 (ikcallii mepesioMy - KicTKa” BHKOHAHO 13
BUKOPUCTAHHAM METOy CKIHUEHHUX €JIEMEHTIB.

HaykoBa HOBH3HA OTPMMaHUX pPe3yJIbTATIB.

Po3po61eH0 HOBI METOJWMKH 1 MareMaTU4YHI MOJEN JJIsl AOCIHIPKEHb MIIHOCTI 1
neOpMIBHOCTI CHCTEM OCTEOCHMHTE3Y MpPU TPaBMATHYHHUX IEepeIoMax KICTOK, SIKI
BPaxOBYIOTh OCOOJIMBOCTI KICTKOBOI TKaHWHHU, BKJIIOYAIOUM 11 Jerpajaiiio Mpu
BOTHCTIAIBHUX TIEPEIIOMax, pEreHepaiiro B TMPOIeCi 3pOIIyBaHHS IEPEIOMIB Ta
aHI30TPOMII0 BIACTHBOCTEH, 1 MPOBEIEHO iX 3aCTOCYBaHHS MPH JOCHIIHKEHHI PI3HUX

THUIIIB YIIKO/KeHb KicTOK. [Tpu 1ibomy Briepie:
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- PO3pOOJICHO METOAMKY Ta CTBOPEHO OOJAaJHAHHS I BUMIPIOBAHHS CTYIEHS
nerpanaiiii  (oCTeomopo3Honoai0HO1 TpaHcdopMmallii) KiCTKOBOI TKAaHWHHU B 00JacTi
BOTHEMAJIBHOIO IEPEIOMYy, 3a JOMNOMOIOI SKOI BH3HAUEHO BIANOBIIHI 3MIHU
MEXaHIYHUX XapaKTEPUCTHK KICTKOBOT TKAHMHH Ha JTIHIMHUX AUISHKAX Ae()OpMyBaHHS;

- 3alIpOIIOHOBAHO HOBUI METOJ] EKCIIEPUMEHTAIBHOTO JOCIII)KEHHSI BIUIUBY
pereHepaTry KiCTKOBOi TKAHUHHM Ha OPCTKICTh CUCTEMHU «KICTKa 3 MepesioMOM — 3aci0
¢ikcanii». Bubpani mnomimMepHi MaTepiaqu, MO0 MOXYTh CIYTyBaTH 3aMIHHHKOM
pereHepary npu MpoBEIEHHI T0CIIKEHb;

- pO3pO0JICHO MaTeMaTUYHY MOJIENb JJIs BpaxXyBaHHsI BKJIay pereHepaTy y B3a€EMHI
3MILIEHHS TOYOK INIEPEJIOMIB Ta OLIHKM JOMYCTUMHUX HaBaHTaXEHb Ha KICTKY.
Po3paxoBaHo piBHI JOIMYyCTUMUX HaBaHTaXEHb, K1 MOXKHA MPUKIANATH JO KIHIIBKH, 3
BpaxyBaHHSIM BIJJOMHX JIOITYCTUMHUX B3a€MHHUX MEPEMIIIEHb TOYOK IEPEIOMY;

- pO3pO0JIEHO  €KCIIEPUMEHTAIbHY METOAMKY 3 BHM3HAUEHHS MEXaHIYHUX
XapaKTEPUCTHK 3pa3KiB KICTKOBOI TKAHWUHHU 3 BpaxXyBaHHSIM aHI30TpPOIIii BJIACTUBOCTEN
IpU  KOPOTKOYACHOMY HaBaHTaXeHI. BCTaHOBIEHHS  3aJ€KHOCTI  MEXaHIYHUX
XapaKTEPUCTHK KICTKOBOI TKAHWHU BiJl PEHTTEHOJIOTTYHOI IIJTLHOCTI

- eKCIIEPUMEHTAIIbHO OTPUMAaHI 3HAYEHHS MEXaHIYHUX XAPAKTEPUCTUK KICTKOBOI
TKAaHUHU 3 BpaxyBaHHSIM aHI30TpoIii ii BIIACTUBOCTEW, BIUIUBY BOJIOTOCTI Ta
0CcOo0MBOCTEM OyI0BH KICTOK.

IIpakTHyHe 3HAYEHHSA OTPUMAHMX Pe3yJbTAaTiB.

3anponoHoBaHi cxemH (ikcali KICTKOBUX BIJJIAaMKIB arapaToM 30BHIIIHBOT
¢ikcallli npyu BOTHENAJIBHUX MepeoMax JAOBIUX KICTOK, 3@ JOMOMOIOKO SIKUX MOJIMBO
OTPUMATH Kpalll pe3yJIbTaTh JIKyBaHHS.

Po3po6ieno MareMaTH4Hy MOJEIb /171l BpaxyBaHHS BKJIAy pereHepaTy y B3a€MHI
3MIIIEHHS TOYOK TMEpEeJIOMIB Ta OI[IHKM JOMYyCTUMHUX HaBaHTaXEHb Ha KICTKY.
Po3paxoBaHo piBHI JOMYCTUMUX HABAaHTAXCHbB, 110 MOXKHA MPUKIAIATA O KIHIIBKH, 3
BpaxyBaHHSM BiJOMHX JOMYCTUMHUX B3a€EMHUX IEPEMIIICHb TOUOK mepenomy. JlaHi
BUNPOOYBAHb Ta PO3PAXYHKIB MOXKYTh OyAyTh BUKOPUCTAHI JJI YIOCKOHAJIEHHS METO/I1B
JIKyBaHHS YIIKO/KEHUX KIHI[IBOK Ha MPOMDKHHX Ta 3aKIIOYHHUX CTaifAX 3POIIyBaHHS

MepesIoMiB.
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PesynapTatn poOoTu BmpoBamKeHI Ha KIHIYHHUX Oa3ax kadenpu YKpaiHCHKOI
BiIICBKOBO-MeIMYHOI akajieMii (AKT Mpo BIPOBA/KEHHS TIONTYKOBOT HAYKOBOT pO3pOOKH
«Metonu OiOMeXaHIYHO OOTPYHTOBAHOIO BHOOPY ONTHUMAJIBLHOTO PpO3TAlllyBaHHS
CTEpHIB anapaTiB 30BHIIIHBOI (hiKcallil MpH BOTHEMATFHUX MEPeIoMax JOBTUX KiCTOK
KIHI[IBOK Ha OCHOB1 BUMIPIOBaHb XapaKTePUCTUK HAAIHHOCTI» Bij «26» rpyans 2018 p.,
3aTBepkeHuit HauvanpHukoM YKpaiHChKOi BIHCBKOBO-MEIWYHOI akajaemii. Miciie
BIIPOBA/KEHHS: KIIIHIYHI 6a3u kadenpu BiiicbkkoBoi xipyprii YBMA).

Ocobucrtuii BHecOk 3100yBaya. PoOOTy BUKOHAHO IiJ] HAYKOBUM KEPIBHUIITBOM
JIOKTOpa TeXHIYHUX Hayk, npodecopa IluckynoBa C.O. OcCHOBHI pe3yJibTaTd, WIO
CTaHOBJISITh CYTh JIUCEPTAIlifHOT pOOOTH, aBTOP OTPMMAB CaMOCTIMHO. Y myOJiKaIlisx,
MITOTOBJICHUX Y CIIBAaBTOPCTBI, 3/100yBaueBl HajlekaTb po3poOka METOJUKHU
NPOBEJICHHS HATYPHUX CTEHIOBUX BHUIIPOOYBaHb, IMPOBEICHHS EKCIEPHUMEHTAIbHUX
JIOCITIIKEHb, 00pOOKa OTPUMAHUX JJAHWX, BAKOHAHHS aHAJITUYHUX PO3PAXYHKIB.

Anpobaunisa pe3yabraTiB po60oTH. OCHOBHI pe3yibTaTH AUCEPTALliil JOMOBIIATUCS
Ta 00rOBOPIOBAJIMCS HA HAYKOBO-TEXHIYHUX KOH(pepeHuisx: X BeceykpaiHChKiii HAyKOBO-
npaktuyHoi KoH(epeHili «biorexnonoris XXI cromitrs» (m.KuiB, 2016 p.), XV
MDKHApOJHIA  HAYKOBO-TeXHIYHIM KoH(epeHuii «lIpumanoOynyBanHs: cTaH 1
nepciektuBr» (M.KuiB, 2016 p.), MixHaponHiii HayKOBO-TEXHIYHIM KOH(EpeHIIil
MOJIOJIUX BUCHHUX Ta CTYyACHTIB «|HHOBaIii MOJI0/1 B MammuHoOyAyBanH1» (M. Kuis, 2019
— 2020 pp), «IIporpecruBHa TexHika i TexHoyoris» (M. Kuie, M. Xepcon, 2018 — 2020 pp).
VY noBHOMY 00cs131 poboTa J0MOBiAaNachk Ha 3aciflaHHl Kadeapu AUHAMIKA 1 MIIIHOCTI
MamuH Ta onopy matepianiB KIII imeni Iropst Cikopcbkoro.

IMy6aikamii. 3a Temoro auceprariii ony6iikoBaHo 20 HaykoBiI mpaili, 3 HUX — 3
cTaTeil y HayKoBUX (DaxoBUX BUAAHHIX, 1 — y BHJAHHAX YKpaiHW, sIKI BKJIIOYEHI 10
MDKHApOJIHUX HAYKOMETPUYHUX 0a3, 2 CTaTTI B HAYKOBUX MEIMYHUX BUJAHHAX Y KpaiHU,
1 marent Ykpainu, 13 — y Marepianax HayKOBUX KOH(MEPEHIIIH Ta B IHITUX BUIAHHSIX.

Ctpykrypa Ta o6csr auceprauii. /[uceprarniitna pobota ckiiagaerbes 31 BCTyny, 4
PO3UTIB, 3arajlbHUX BHCHOBKIB, CIHUCKY BHKOPHUCTAHMX JITEPAaTypHHUX JKEpesl Ta 2

JOJATKIB. 3arajJibHUi 00csar aucepralii CTaHOBUTh 172 CTOpPIHKH, Y TOMY YHCHI
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OCHOBHOTO TeKCTy auceprariii 128 cropinku, 111 pucynkis, 14 tabmuie, 2 qomaTku i
CIHMCOK BUKOPUCTaHMX JKepe 13 184 6i0miorpadiunux HalilMeHyBaHb.

Ioasiku. 3100yBayka BBa)ka€ HEOOXITHUM BUCIIOBUTH TJIHMOOKY TOASKY K.T.H.,
norenty Cepriro MukonaiioBuay IlluamoBcbkoMy, SKuii € OZHUM 3 3aCHOBHHUKIB
HaIpsMKY €KCIIEPUMEHTAIbHUX JOCHIKeHb 3 OloMeXaHikM Ha Kadeapi JTUHaAMIKU 1
MIITHOCT1 MaIlIMH 1 OTIOpY MaTepiajiB, 3/IIMCHIOBAB O€3MocepeIHE KePIBHUIITBO HU3KOIO
CHUIBHUX AOCHTIIXKEHb, K1 OyJIM BUKOHAHI M1/1 Yac HaBYaHH: 3/00yBaYKH y MaricTpaTypi,
OyB CIIBaBTOPOM 17I€#l 1 peani3allli YaCTUHU 3 IIPEACTABICHHX B AaH1il pOOOTI pe3yJIbTaTiB
Ta HAJaB HHU3KY TNOpaJ 1 KOHCYJbTAIlld i 4Yac Oe3MoCepeHbOi MiATOTOBKU

JYcepTaliiHol poOOTH.
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PO3ILI 1
CYYACHI MIIXOAU JO0 JOCJIKEHL CHCTEM OCTEOCHUHTE3Y

AKTyanpHOIO 3a7lauelo0 TpaBMAToJIOTii Ta opTomeaii € po3poOka HOBUX Ta
YAOCKOHAJICHHSI BIJIOMHUX METOJIB JIIKYBaHHS MEPEJIOMIB Ta YIIKOIKEHb OMOPHO-
pyxoBoro amnapary JofauHu [9]. [lns BupimieHHsS IUX 3a7ad HEoOXiTHE MPOBEACHHS
eKCIICpUMEHTAIbHUX, TEOPETHUYHHX Ta YHCENbHHUX JOCHIDKeHb HaAIHHOCTI CHCTEM
ocreocunTesy [10-37]. OnTumiszaliisi MEXaHIYHUX 1 TEOMETPUYHHX TapaMeTpiB 3aco0iB
¢ikcallii mepesoMiB € aKTyallbHOIO MPOOJIEMOIO, Ky MO’KHA pO3B'sI3aTH, IUIIXOM

MNOo€JHAHHA CKCIICPUMCHTAJIBHOI'O Td YNCCIbHUX p03anYHKiB.

1.1 Knacudikanisa Tunis nepesioMiB KicTok

[lepenoMoM Ha3MBA€ThCS YACTKOBE a00 MOBHE MOPYIICHHS IUITICHOCTI KICTKH,
BHUKJIMKaHE MEXaHIYHUM a00 MaTOJIOTIYHUM IPOIIECOM.

Jns  xnacudikamii nepenomiB 'y 1987-1991 pokax mBeHIIapChbKUM BYEHUM
M. Mrosuiepom  Ta cmiBaBTOpamMu OyJIo  3alpONOHOBAaHO YHI(IKOBaHY KIIIHIUYHY
knacudikamiro AO/ASIF [38-44]. Lo knacudikaiito NpuiHsIA Maike Y BChOMY CBITI.

Aney 2018 poui komitetn OA Ta OTA ony0OmikyBaau HOBY Kiacu(dikalito, B sIKIi
neperisinyTo kiacudikamiro M. Mromnepa juist i CipoilieHHsl Ta BHECEHHS MOIPaBOK
[45].

IMpuHounu kiaacudikauii nepesiomis i BuBuxiB [46-82]. [Tpuninnu kiacudikarii
0a3yl0ThCsl Ha PO3YMIHHI Ta 3aCTOCYBaHH1 CTaHIApTU30BAHUX BU3HAUYCHb. L1 BUBHAUCHHS
€ YHIBEpCAJIbHUMH 1 3a0e3MeuyloTh Y3rO/UKEHICTh y Kiacudikaiii Ta KOMYHIKallii.
dyHIaMeHTaIbHI TPUHITAITH 0a3yI0ThCS Ha JIOKAITi3alli IepeioMy — KICTKU Ta CErMEHTA.

3riIHO 3 1i€r0 KiIacudikaiiero BCl KICTKH IUIATh Ha 30HHU, KOKHA 3 SIKUX OTPUMYE

udpoBy mo3Hauky (puc 1.1).
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Puc. 1.1. Tlo3naueHHs Miclisg po3TalryBaHHs KiCTOK

JIns moanblioro BU3HAYEHHS MICIS PO3TAlllyBaHHS TNEpeoMy KICTIIl MOTpiOHi
TOYHI BU3HAYCHHS YaCTUH KICTKHU. [IpokcumanbHUM 1 TUCTAIBHUN KIHIIEBI CErMEHTH
JIOBTHX KICTOK BU3HAYAIOTHCS KBAJAPATOM, CTOPOHH SIKOTO MAIOTh TY CaMy JOBXKHHY, 110

W Hallmmpina yacTuHa po3risiHyToro emidizy/metadizy (cucrtema kBaapatiB [eiima).
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KoxHa moBra KicTka Ma€e mTpOKCUMATbHUH Ta JUCTATBHUMA KIHIIEBI CETMEHTH, MK SIKUMHU

po3rammoBanuii miadiz abo Tpyduacrta wactuna (puc.l.2).

Puc. 1.2. BusHaure Miciie po3TallyBaHHs KIHIIEBOTO CETMEHTA

JInst nokanizanii CerMeHTy KICTKHM OyJI0 BUPIIIEHO HyMEPYBATH AUIIHKY HACTYITHUM
YUHOM:

- MPOKCUMAJIbHUM KIHIIEBUH CETMEHT — 1,

- miadizapHUil CETMEHT - 2;

- IUCTAJIBLHUM KIHIIEBUN CETMEHT — 3.

Mopddooris nmepesiomy: THIIH, TPYIIH, MIATPYIH, KBAJi(ikauis Ta yHiBepcaJabHi
momudikaropu [45]. ns knacudikarii nepemomy 3riqzHo OA/OTA Oyao BHpIIICHO
MOJUINTH 1X Ha TUIH, TPYIH, TIATPYNH, KBaTi(hiKaIli Ta yHiBepcalbHI MOAU(DIKATOPH.

Tum - Mo3HaYaETHCS BETUKOIO JITEPOIO 1 € 3arajJbHIM OMTUCOM MOJIEJIeH MepeoMiB,
Toal sk Tpyna (1udpu) € GBI KOHKPETHUM OMKMCOM Ha OCHOBI OKpEeMOi KICTKH abo
KOHKPETHOTO THITY IEPETIOMY.

Mopdosorito aiadizapHOro nepeaoMy BU3HAYAKOTh TaK:
[IpocTi mepenomMu BIAHOCATHCS 10 TUITY A 1 MalOTh OJIMH CIipaabHUN po3puB niadiza abo
KOCUH MepesioM, 0 YTBOPIOE KyT >30° 10 miHii, NepneHIuKyJIspHiN TOBrii OCl KICTKH

(puc. 1.3).
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A= =

a) 0) B)

Puc. 1.3. Buau npoctux nepenoMiB(TOUYKOIO MO3HAYEHO [IEHTP MEPEIOMY ):
a) CIipaJIbHUM, 0) KOCHH, B) TIOTIEPCUHUH.
KnunononiOHi nepenomu (tun B) xapakTepusyroThCs HasiBHICTIO KOHTAKTIB MIXK
OCHOBHHMMH yJIaMKaMH ITiCJIsl BIPABJICHHSI, 3a3BUYAl BITHOBIIOIOYNA HOPMAIbHY TIOBKUHY
KicTKM. PparMeHT KiIMHA Moxke Oyt minmum (puc. 1.4. a) abo y BHUIJISAI KUIBKOX

¢dparmeHTiB, TOOTO PparmMenTapHuii KimH (puc. 1.4. 6).

a) 0)
Puc. 1.4. KninHOnoniOHI mepesioMu: a) mepesioM 3 IUIMM KITMHOM,
0) MmynabTH(parMeHTaIbHI
MynbsTudparmentapsi nepeiaomu tuiy C cKagar0Thes 3 0aratbox JiHIN epeoMiB
1 ynamkiB (puc. 1.5). Ilpu Takomy mnepenomi B pmiadi3Hiid aAuigHUl a00 OAMH
HEYIIKO)KEHUH CerMeHT abo 0arato MajleHbKHX ()parMeHTIB 1 SKIIO Ied ¢parMeHT

BUJaJIUTHU, TO HE 6y,ZI€ KOHTAKTy MIK IMPOKCUMAJIbHUM 1 AUCTAJIbHUM YyJIaMKaMH.
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a) 0)

Puc. 1.5. MynsTudparMmeHTapHi IEPEIOMH, J¢ a) IESPEIOM 3 LIJTUM KIHHOM,
0) mynbTH(parMeHTaIbHI

Mopdosoris nepenomy KiHIIEBOTO CETMEHTa 0a3yeThCsl Ha TOMY, UM SIBJIIETHCS BIH
103acyrjI000BAHUM YU BHYTPIIIHBOCYTIIOOOBHM.

[To3zacyrnoboBuii (Tunm A) - JiHIA mepenoMy Moxke Oytu MeradizapHoro abo
emigizapHor0, aje 3aBxau 30epirae Cyriio0oBy nmoBepxHio (puc. 1.6. a).

UYacTkoBa pyiiHaiis cyrioOy (tun B) - mepenoM 0OXOIUToe 4acTHHY CyIrJIoO0BOi
MOBEPXHI, a pelnTa cyrioda 3aIMIIaEThCs HEYIKOHKEHOO 1 MIITHO 3'€/THaHa 3 OIOPHUM
metadizom i miadizom (puc. 1.6 6).

[ToBHa pyitHaris cyrnooy (tum C) - € po3puB Cyriio00BOi MOBEPXHI 1 Cyrio0oBa
TIOBEPXHsI TIOBHICTIO BiIoKpemiieHa Bij miadizy (puc. 1.6 B).

BinpuBHi nepenoMu 3aBxa1 KIaCU(PIKyIOThCS K M03aCyTI000B1 IPOCTI EPEIOMHU.

a) 6) B)

Puc. 1.6. Tpu Tunu nepenomiB KiHIIEBUX CETMEHTIB
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VYHiBepcasibHi MOIU(pIKATOPH — 1€ OMUCOBI TepMiHM Mopdoiorii mepenomy,
3MIIIEHHS, TIOB’A3aHOI TpaBMU abo0 JoKali3ailii, sIki MO>KHA y3arajJbHUTHU AJIs OUIBIIOCTI
nepesomiB. BoHn HafaroTh erai, K1 € He0OOB’ I3KOBUMH I KOPUCTYBAYiB.

KBamidikarris nmepenomy € onucoBUMHU TepMiHaMHu Mop¢oIiorii abo po3TairyBaHHS
nepesIioMy, ki € CeIUGIYHUMH TSI KOKHOTO TIePEIIoMY .

Taka kimacudikaliis sIBISETbCS KOJOBAHUM J1arHO30M JUISl ONTUMAJIBLHOTO BHOOPY
nikyBansns (pucl.7).

JiarHocTtyBaHH#A
Penren, KT ckanyBanusg, TPM ckanyBaHHs,0omepariis

Jlokasmisaris Modoitoris

(Kicrxa [POBTaHJyBaHH}Ij (Tun U"pyna] {Hiﬂrpynaj | Kpawidixaris | £YHiBCpCZUH>Hi Monudikaropu|

J

KBanidikamii mo3Ha4aroThCs 3ipOYKOI0 Y
BUIIIS/IL MAJIO] JIITEPH B KPYIIIMX JY’KKaX
nicnst koxy mnepenomy ().

VYHiBepcalbHI MOTU(IKATOPH TOJAIOTHCS
B KBaJPATHHUX JTyXKKAaX IMICIs KOIAY
nepenomy | .

VHiBepcanbHi Moaudikaii

Ta KBaJTi(iKaLii 3aCTOCOBYIOThCH,
KOJIX 11€ HeOOX1THO

Puc. 1.7. AndasitHo-1tudpoBa crpykrypa kinacudikamii AO/OTA

1.2. Kimacudikanis cyyacHux cucrem ocreocunresy [38-43, 83-86]

B cyuachiii optomenii Ta TpaBMaTOJIOTIi ICHYIOTH JBa 3arajbHl TNPUHIIUAN
JIKYBaHHS TIEPEJIOMIB: KOHCEpBaTHUBHE, 3aco0aMu 30BHIIIHBOI 1MMOOUII3ALil, Ta
orepaTHBHE, IS SKOTO BUKOPUCTOBYIOTH HAa3BY OCTECHHTE3. 3TiHO 3 BU3HAYCHHSIM,
OCTECHHTE3 — II€ XIpypridyHa Pero3ullisi KICTKOBUX YJIAMKIB 3a JOMOMOTOI0 (PIKCYIOUUX
KOHCTPYKIIH, 5IKI 0OMEXYIOTh PYXJIUBICTh IIUX YJIAMKIB.

OCHOBHMMH MOKAa3aHHSMU J0 3aCTOCYBaHHSI OCTEOCHUHTE3Y €:

- BIAKPUTHI MepeioMm;
- YCKJIQJHEHUU TEpesioMm;

- HEMOJXJIMBICTh PEno3ullii (31CTaBleHHs (PparMeHTiB);
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- 0araroyjamMKOBI EPEIOMU;
- JesiKi IEpPeIOMH, 10 HE 3POCTAIOTHCS O€3 OMEepPaTUBHOTO BTPYUYAHHS,
Po3pi3Hst0Th J1BA OCHOBHI BHJIM OCTEOCHHTE3Yy: BHYTPIIIHINA (3aHYpIOIOUMii) Ta
30BHINIHIN KOMIPECIiTHO-IUCTpaKkiianii. B CBOIO uepry BHYTpINIHIA OCTEOCHHTE3
NOJUIAETECS HA IHTpaAMENyJApHUN (BHYTPIIIHbOKICTKOBUN) Ta eKCTpamMemyJspHUN
(HaKICTKOBHIA).
[HTpaMenyIsIpHUA OCTEOCHHTE3 BUKOPUCTOBYIOTH TPH IEPEIOMax TPyOdacTHX
KicTok. [Ipu nboMy y MO3KOBUM KaHaj 3a0MBAaIOTh CTEP’KEHb BIJMIOBITHOTO J1IaMETPY

(puc. 1.8).

Puc. 1.8. Cxema oikcarii nepenomy iHTpaMeayJISpHUMH IMITITAHTaAMH

Excrpamenynsapuuii octeocuHTes — 11e (ikcallis mepesioMmy 3a JOMOMOTO0 PI3HHUX
BU/JIIB KOHCTPYKIIiH, 1110 HaKJIaJAar0ThCs O€3MocepeIHbO Ha caMy KICTKY.
o 1poro Tumy ¢ikcarlii BITHOCATHCS:
- CEPKJISDKHUU IIOB — 32 JONIOMOTOI0 METAJIEBOI IIPOBOJIOKH;
- MeTaJeBl IJIACTUHMU,
- 3’€JIHaHHA yJaMKiB TBHHTAMH Ta ITypyIaMHu.

[Ipuknan excTpameaysapHoi ¢ikcarii 300paxeHo Ha puc. 1.9.
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-

Puc. 1.9. Cxema ¢ikcarrii meperoMy HaKiCTKOBUMH TUTACTHHAMH

30BHINIHIN KOMITPECIHHO-TUCTPAKIIHUN OCTEOCHHTE3 — I1e (hiKcalis yJIaMKiB 3a
JIOTIOMOT'O0 arapaTtiB 30BHIIIHBOI ¢ikcamii (puc. 1.10). [Ipu nbomy Buai dikcarii Ha
yJIaMKH HaKJIaJaloTh 30BHIIIHIO KOHCTPYKIIIO, SIKa OMMPAETHCS HA HIMHIN Ta CTPUKHI.
Taxkum yHOM (hiKcallisi HAKJIaIa€THCS JIMIIE Ha YITKOIKEH1 30HH, HE 3a4iNaloun CyMIDKHI
cyrao0u.

[Tpu BorHemanpHUX MEpeoMax BUKOPUCTOBYIOTh aapaTH 30BHIMIHBOT (ikcailii.

a) 0)
Puc. 1.10. Cxema dikcarlii nepesomy anapaTaMy 30BHIIIHBOI (DiKcallii:

a) anapart [i3zapoBa; 0) amapar AO
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1.3. Tunu KiCTKOBOI TKAHMHM TA ii BIUIUB HA nepedir i epeKTUBHICTH
ocreocuHTesy [87].

OnopHO-pyXOBHIl amapar JIIOJAWHHU CKJIaJAa€ThCs 3 JBOX YAaCTHUH: MACHBHOI Ta
aKkTUBHOI. [1acCMBHOIO YAaCTUHOIO SBISIOTHCS KICTKH Ta iX CHOJYYEHHS, a aKTUBHOIO—
M’s13u. OCHOBHOIO CKJIa/I0BOIO KICTOK € KICTKOBA TKaHUHA.

MopdoJiorisi kicTok. Po3pi3HstoTh 5 BUIIB KICTOK, B 3aJICKHOCTI BiJ iX hopMH, sKa
BU3HAYAETHCS 1X (PYHKIIIOHATIbHUM NMPU3HAUCHHSIM:

- TpyO4acTi KICTKM — CKJIaIat0Thes 3 Tia (A1adi3y) Ta HOTOBIIEHUX KIHIIB (emidi3).
Jlo TpyOGYacTux KiCTOK BITHOCATH CTETHOBI, IUICUOBI, INICCHOBI, (haJJaHrOBI 1 T.]I;

- TyO4YacTi KICTKA yTBOPIOIOTHCS 3a JOMOMOTOI0 I'yO4YacToi peyOBUHU 1 MOKPUTI
KOMIIaKTHOIO peuoBHHOMO. [TpukiiagomM ry0uacTux KicTok € pedpa 1 rpyIrHa;

- IUIOCKI KICTKM — 3a JONOMOIOI0 HHMX YTBOPIOIOTHCA MOPOXHMHU. Jlo HuUX
BIHOCSTHCS JIOITaTKa, Ta30Ba KICTKA Ta 1HIIII;

- 10 3MIIIAHUX KICTOK BIJHOCSTh KICTKM OCHOBH yepena. L{i KICTKU MaloTh CKIaJHy
OyJI0BY Ta IOXOJ)KCHHS;

- IOBITPSIHUMU KICTKaMU HA3UBAIOTHCS Ti, M0 MAIOTh NOPOXKHUHY y Tii. Lle Taxki,
SK: BEpXHs 1mesena abo j1000Ba.

3aranom, KiCTKM MarOTh Pi3HOMaHITHY (popMy JUisi BUKOHAHHS MEBHUX (DYHKIII:
IIMPOKI TUIOCKI TUIACTMHYACTI, TaKl SK JIONATKA, CIYXaTh SIKOPSIMHU JUISl BEIMKUX
M’SI30BHX Mac, TOJl SIK MOPOXHHUCTI TOBCTOCTIHHI TpyOuacTi, MATPUMYIOTh Bary abo
ClIyXaTh SIK Iuiede Baxens. LIl pi3HI TUMM KICTOK BIAPI3HSAIOTHCS OUIbIIE CBOEIO
30BHINIHBOIO (POPMOIO, HI’K BHYTPIIIHBOIO CTPYKTYPOIO.

Po3ainsioTs 1Ba BUAM KICTKOBOI TKAHWHU: KOpTHKalbHA 1 ry04acra. Yci KiCTKU
MalOTh 30BHIIIHIN TIap, SIKWHA HA3UBAETHCA KOPOIO, MO CKIIAMAETHCA 3 KOPTUKAITBHOL
KICTKOBOT TKaHWHU, BIH € TJAJKUM, O€3MEpPEPBHUM 1 PI3HOI TOBIIUHU. Y BHYTPIIIHIN
YaCTHHI KICTKOBOI TKAHWHH PO3TAIlIOBaHA MEPEKA IITACTUHOK 1 CIIKYJI, K1 HA3UBAIOTHCS
TpabekyjiaMu. BOHM BipI3HAIOTHCS 3a KUIBKICTIO B PI3HHUX KICTKax 1 OXOIUTIOIOTH
IPOCTOPH, 3allOBHEHI KPOBOHOCHHUMH CYJWHAMH 1 KICTKOBUM MO3KOM. L{t0 coToBy

YaCTHUHY KICTKY Ha3MBaIOTh I'y04acTor0 a00 TpaOeKyJISIpHO. Y 3piIiil KICTI TpaOeKyIu
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pO3TallIOBaHl B YMOPSIAKOBAHOMY MOPSAAKY. TakuM UYMHOM, TpaOEKylId CTBOPIOIOTH
BHYTPIIIHI CTIMKK 13 MONEPEYHUMH 3B’S3KaMH, PO3TAIIOBAHUX TAaKUM YHMHOM, I1100
3a0€3MeYnTH MaKCUMAaJIbHYy KOPCTKICTh 3 MiHIMaJIbHUM MatepianoM. [lpukmnan

BHYTPILIHBOI CTPYKTYpPH KICTKH 300paskeHo Ha puc. 1.11.

Puc. 1.11. BHyTpimHSs CTpyKTypa CTETHOBOT KiCTKU

Taxi kicTkH, K XpeOIli, B OCHOBHOMY MPAIIOIOTh HAa CTHCK ab0 pO3TsAT, 3a3BUYAI
BOHU MalOTh TOHKY KOpY 1 3a0€3MedyroTh HEOOXITHY CTPYKTYPHY >KOPCTKICTh 4epe3
TpabeKyJId, TOJ1 SIK KICTKH, TaKl sIK CTETHOBA, 1110 MiAaI0ThCsl 3HAYHUM 3YCHIUISIM 3THHY,
3CyBy a00 Kpy4Y€HHs, 3a3BHuYaii MalOTh TOBCTY KOpy, TpyOuacTy KoHpirypariito, i
CYLUIbHY MOPOKHHUHY, 1110 POXOUTh Yepe3 iX LIEHTP.

JIoBri KICTKM MarTh psAJ 3arajlbHUX CTPYKTYpHUX ocoOnuBocTeil. LlenTpanbHa
obacTh KicTkH (n1adi3) Mae HalOUIbI npudmkeny Gopmy a0 Tpybuactoi. Ha kiHIpsx
niadi3 po3LIMPIOETHCS, HAO0yBae MepeBaXHO ry0yacToi BHYTPIIHBOI CTPYKTypu. Lls
obsiacth (MeTadi3) BUKOHYE (PYHKIIIIO Tepeadi HaBaHTaXEHb BiJ HECYUYHMX MOBEPXOHb
cyrno6a Ha miadi3. Ha kiHIll 10Broi KiCTKH € TUISHKA, sIKa HA3UBAETHCS emidi3, BOHA Ma€
ryouacty BHYTPILIHIO CTPYKTYpY. Jlo MOBHOI 3puIOCTI cKeneTa emidi3 BiIOKPEMITIOETHCS
BiJ MeTadi3a XpAILIOBOIO MIACTUHKOIO, SIKa HA3UBAETHCA MIIACTUHKOIO POCTY.

[Tpu ocTeocuHTE31 BaXKIMBUM (PAKTOPOM € AKICTh KICTKOBOI TKaHWHU. [loBeninka
KICTKOBOI TKAaHUHH IT1]1 4aC ONEPATUBHOTO BTPYyYaHHS Ta MPOIIEC i1 pereHepartii 3aaexuTh
BiJl O10XIMIYHHUX, MOP(OJIOTIYHUX, (DI3UKO-MEXAaHIYHUX Ta O10JOTIYHUX BIACTUBOCTEH.
B3aemMo03B’ 30K 1TUX BIACTUBOCTEH BIUIMBAE HA AKICTh KICTKOBOI TKAHUHHU, 11 HE3POILICHHS

a00 301IbIIEHHS TEPMiHY 3pOIILYyBaHHSI.
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OHOBNIEHHSI KICTKOBOi TKAaHMHU BiIOYBAa€TbCA HE HA PIBHI MOJIEKYJ, a Ha PiBHI
TkaHuH. KicTkOBa TKaHWHA TMiCHs TEPEIOMY BIAHOBIIOETHCS MUISIXOM CTBOPEHHS
KICTKOBOT'O MO30JI0. Y TBOPEHHSI MO30I1t0 BKJIto4ae 4 ¢aszu. [lepmia — miarorosya: y 30Hi
nepenoMy BUHHKAE 3ananeHHs. Lle 103BoJisie 0O4ncTUTH 30HY Bl MEPTBUX TKaHUH. [[pyra
¢aza — yTBOpeHHsI M’SIKOTO M030J10. TpeTs daza - CKOCTeHIHHA M Koro Mo3odto. [Tpu

yeTBepTiH (a3i BiIOyBaeThCs nmepedya0Ba KICTKOBOTO MO30JTIO.

1.4. BigoMi migxoam 10 JAOCTiIKEHHS BJIACTHBOCTEH KiCTKOBOI TKAHMHH Ta

3ac00iB (ikcanii mepesomin [88-97]

1.4.1 Oninka MexXaHIiYHHMX BJIACTHBOCTEH KiCTKOBOI TKAHNHHA

MexaHi4Hi BUIIpoOyBaHHA J1al0Th 3MOT'Y HaNpsMY OI[IHUTH MEXaHI4H1 BJACTUBOCTI
KICTKOBOi TKaHWHU, W0 JIO3BOJISIE OXapaKTepU3yBaTH CTPYKTYpHI BJIACTUBOCTI Ta
BJIACTUBOCTI camoro matepiany. Ha MakpockomiyHOMY piBHI T€CTyBaHHS BCi€i KICTKU
JIO3BOJISIE OIIIHUTH CTPYKTYPHI BJIACTHBOCTI KICTKH, TaKl K CTPYKTYypHA >KOPCTKICTh 1
MilHICTh. Ha MeHImMX Maciirrabax TIOBXKUHU METOIU TECTYBaHHS MaTepialy 103BOJISIIOTh
BUMIPIOBATH BHYTPIIIHI BIACTUBOCTI TKAHWHU, TaKl K MOJYJIb MPYKHOCTI Ta TPAHUIIO
MIITHOCTI.

Mexaniuyne BuUNpoOyBaHHs uiiol kictku. Ha wmakpomacmitabHoMy piBHI
CTPYKTYPHY IOBEIIIHKY KICTOK OIIHIOIOTH IUISXOM MEXaHIYHOTO BHIPOOYBaHHS BCI€i
KICTKU. Y IMX BUIPOOYBaHHAX I[JIa KICTKA 3a3BUYall HABAHTAXYEThCS 10 pPyHHYBaHHS
P CTUCKY, 3THHI a00 kpydeHHi [98-99]. Pesynbraramu Takux JOCHIKEHB € KOPCTKICTh
KOHCTPYKIIi, HAaBaHTa)KEHHS NpU pyHHYBaHHI Ta €HEpris, HeoOXiAHA i1 pPyHHYBaHHS.
JKopcTKiCTh KICTKM B TAKOMY BUIIAAKY € 3/ITaTHICTIO MPOTUJIISTH MIPY>KH1 a00 TOBTOPHIN
nedopwmariii. HaBanTaxeHHsI Ipu pO3PHBI XapaKTepU3y€e MIIHICTh KicTKU. EHepris, 1o
MOTJIMHAETHCS 10 pyHHYBaHHS, € MIPOIO MIITHOCTI KOHCTPYKIi 1 MpeAcTaBisie coO0r0
SHeprilo, AKy KiCTKa MOKe MOTJIMHYTH JI0 TOTO, SIK BOHA 371aMaeThcs. EkcriepuMeHTanbpHa
OITIHKAa MIIHOCTI KICTOK BHWIMara€ JIeCTPYKTUBHOTO BWMPOOYBaHHS BCi€i KICTKH, a

HEeB1’€MHUM OOMEKEHHSM BUIIPOOYBAHHS € PyWHYBaHHsI 3pa3Ka 1]l 4ac BUMPOOYBaHHSI.
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BunpoOyBannsi 3pa3kiB KicTKOBOI TKaHMH. /[l OIIHKKM MEXaHIYHUX
BJIACTMBOCTEH KOPTHKAJIBHOI Ta Iy04acToi KICTKOBOI TKaHMHU TMPOBOJSATH MEXaHIuHI
BUNPOOYBaHHS 00’ €MHUX 3pa3KiB, BUPI3aHUX 13 KX KicTOK. Lleit Tun BUNpoOyBaHHS
BUKOPHCTOBYBABCS JJISl OLIHKY BIUIMBY HIMPOKOTO Jiama3oHy 3MIHHUX XapaKTEePHUCTUK,
Takux sK: aHatoMmiude poamimieHHs aiasHku [100-101], mopucricts [102], miiapHICT
[103] Ta BmicT minepaniB y TkanuHi [104-105] Ha MexaHiuHI BJIaCTHBOCTI KiCTKOBOI
TkaHuHU. [1i1 yac nux BUMpoOyBaHb 3pa3ku MPaBUIbHOI (OPMU (SIK TIPABUIIO, IUTIHIPH
abo kyOu 3 miameTpoMm abo JOBXHHOIO 5—10 MM), BUTOTOBJIEHI 3 KOPTHKaIbHOI a0o
ry04acToi TKaHWHH, BUIPOOYIOTH HAa PO3TAT, CTUCK, 3TMH abo kpydenHs [106-107].
PesynbrataMu Takux JOCIHIKEHD € BETMYMHU MOIYJIS IPYKHOCTI Ta TPAHUI[l MIITHOCTI.
BnactuBocTi Marepiany, oTpuMaHi B pe3ysbTaTi IUX BUMPOOYBaHb, HE 3aJIekKaTh BiJ
MaKpOCKOIIIYHOI TeoMeTpii KICTKHM, ajieé 3ajieXaThb BIJ BIUIMBY IOPUCTOCTI Ta
re€OMETPUYHOI aHI130TPOII1, 1110 BUHUKAE BHACIIOK OpiEHTAIIIT OCTEOHIB a00 TpaOeKyI.

BunpoOyBannsi mikpo3pa3kiB. Taki BunpoOyBaHHs OyJO 3alpONOHOBAHO IS
BU3HAUEHHS BIIACTUBOCTEW MaTtepiany KicTkoBoi TkanmHu [107-108]. Ilpu mpomy
3TUHAJBHI 00 PO3TATYIOUl HABAHTAXKEHHS MPUKIAAAIOTHCA O MIKPO3pa3KiB po3Mipamu,
npu6am3Ho, 200 x 200 x 2000 MKM, BUTOTOBJIEHUX 3 TPAaOEKYJISPHOI Ta KOPTUKAIBHOI
kicTkoBO1 TkaHuHM [ 109-111]. PesynpTaTamu Takux AOCTIIHKEHD € MOJTYJIb IPYKHOCTI Ta
IpaHUIls MIITHOCTI Ta TEKy4oCTi. BIacTUBOCTI Marepiainy, OTpUMaHi B pe3yjbTaTi IUX
BUNPOOYBaHb, HE 3aJI€KATh BiJI MAKPOCKOIIYHOI T€OMETpii KICTKA Ta TpaOeKyJIIpHOI
MIKpOApXITeKTypH, aje BCe Ie 3alie)KaTh BiJ BIUIMBY HEOJHOPIMHOCTEH, TAaKUX SIK
JSIMEPSIPHI MEXi Ta MiKpOPO3MipHA MOPHUCTICTh Yepe3 JaKyHHU Ta Micis pe3opomii [111].

BunpoOyBaHHs 32 10MIOMOTI0I0 MiKpPOiHIeHTOpAa. B SIKOCTI anbTepHAaTHBU MOKHA
BUKOPHCTOBYBATH KJIACHYHE BUITPOOYBAHHS Ha BAABIICHHS JIJIs IEPEBIPKHU BIaCTUBOCTEH
MaTtepianay KICTKOBOI TKAaHMHM Ha Me30- Ta MikpopiBHsX. [lig yac BumpoOyBaHHS Ha
BJIABJIIOBAHHS, JKOPCTKUHM 1HACHTOP 3 BIJOMHM 3yCHUISIM BIABIIOETbCS B IUIOCKHUIN
3pa30K, a IUIolia OTPUMAHOIo BIJOMTKA OIiHIOEThCS onTuyHo [112]. TBepaicTh
BU3HAYAEThCS SK CHJIA, TMOJAUICHAa HAa IUIONIY BiAOWMTKA, 1 XapaKTepU3y€e CTIUKICTh
MaTepiay 10 miacTuyHoi aedopmariii. BunpoOyBaHHs 3a 10MOMOro0 MIKpOiHAEHTOpa

JIO3BOJIIE OXapaKTepU3yBaTH MEXaHIYHI BJIACTMBOCTI OKpeMHX TpaOeKyJs ado OCTEOHIB
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[113-114]. ITepeBaroro 11,0r0 METOTy € BiTHOCHA POCTOTA IPOBEICHHS BUITPOOYBaHb Ta
MO>KJIMBICTh BUMIPIOBATH XapaKTEPUCTHKHU B PI3HUX Micisx. HemomikoM 1iei MeToauku
€ T€, 0 €JUHUM PE3YyJIbTATOM € TBEP/IICTh TKAHUHHU.

Bunpo0yBaHHs 32 1010OMOro10 HaHoiHAeHTopa. Ha MikpopiBHI BUnpoOyBaHHs 3a
JIOTIOMOT'0I0 HAHOIHJIEHTOPA 3/1aTHE JOCII)KYBaTH MEXaHIUHI BIACTUBOCTI TAKUX MaJIUX
00’eMiB KICTKOBOI TKaHUHH, SIK OKpemi Jlameni. [Ipu TakoMy BUNpOOYBaHHI BJIaBJICHHS
BUKOHY€THCS HAKOHCUHUKOM 1HACHTOPA, KM 9acTO MPOBOMATH Pa30oM 31 CKAaHYIOUYHM
30HJIOBUM MIKPOCKONOM. JlaHi 3aJIe)KHOCT1 «CHJIa-TIEPEMIIICHHSD aHATI3YIOThCS IS
OTpUMaHHsI MOAyJsi mpyxHOCTI Ta TBepaocTi [115]. IlepeBaramu 1i€i METOIUKHU €
MO>KJIMBICTh BUMIPIOBaHHSI BJIACTUBOCTEH MIKPOCTPYKTYPHHX €JEMEHTIB, TaKHX SIK
nameni [116-117], Ta BUSIBICHHS JTOKAJIBHUX 3MiH BIIACTUBOCTEN KICTKOBOTO Martepiaiy,
CIPUYMHCHHUX 3aXBOPIOBAHHSIMH a00 JIiKyBaJIbHUMH nipenapaTtamu [118]. Jlo HemomikiB
MOXHa BIJHECTH MOTpPeOy y BIJHOCHO CHEIIai30BaHMX MpWIaax 1 JyXKe TIaIKUX

3paskax [119].

1.4.2. Ouinka reomeTrpii Ta MiKpOapXiTEKTyPH KiCTKH

Pi3HOMaHITHI MeTOAM Bi3zyaui3allli J03BOJISIOTh OXapaKTepU3yBaTH T'€OMETPIIO Ta
MIKPOApXITEKTypy KICTKH BijJ] MaKpoMmacirady 10 HaHOPO3MIpy.

Komn’rotepna Tomorpagisa. MakpockomniuHa o1iHka TpuBuMipHOi (3D) reomerpii
KiCTKHM MO’Ke OyTH BHKOHAHa in Vivo 3a JOIMOMOTOI KOMIT FoTepHOI0 Tomorpadii [120].
PesynbraTamMu KOMI'tOTEpHOI TOMorpadii € TpHUBUMIpHAa MaKpOCKOIIYHA MOJEIb
reoMeTpli KICTKM, B SIKIil KOpPTHKajdbHa 1 TpaOeKyJsipHa KICTKA BIAPI3HAIOTHCS
MiHEpaJIbHOIO MIUIBHICTIO.

Ilepudgepiiina komn’rwTepHa TOMOrpadisi 3 BUCOKOI PO3ALIbLHOK 31ATHICTIO.
[TosiBa mepudepiiHIX CKaHEPiB 3 BUCOKOIO PO3AILHOIO 3IaTHICTIO, MPUOIU3HO 80 MKM,
JTI03BOJIMIIA 1N VIVO OTpUMATH 300pakKeHHs! TPUBUMIPHOI TpaOeKyIsipHOi MOpQoJIorii Ha

nepuepuIHUX IUISTHKAX, TAKKX K JUCTAILHUN CErMEHT MPOMEHEBOI KicTku. [121-122].
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[{i BuMmiproBaHHS OOMEXYIOTbCA TNEepUDEPUUHUMU AUISTHKAMH, alleé MPU TaKOMY
CKaHyBaHHI Malll€eHT OTPUMY€E MEHIIY 03y OMPOMIHEHHSI MOPIBHIHO 3 KOMIT IOTEPHOIO
TOMOTpadi€ro BChOTO TiJA.

MarniTtHo pe3oHancHa ToMmorpadis (MPT) BHCOKOI po3AiJbHOI 3JaTHOCTI.
MPT Bucokoi po3aiibHOI 3/IaTHOCTI JIO3BOJIIE OTPUMATHU HEiOHI3yrouy 3D-mopeinb
TpaOeKyJsIpHOT Mepeki Ha mnepudepudHux AuITHKaxX. TpaOekynspHi MOKa3HUKH Ha
ocHoBI MPT MOXyTh BUSIBUTH BIKOBI Ta XBOPOOJIMBI 3MIHU B TpaOEKyJISIpHIA MOPQOIIOTii
[123-124]. Tlepemaroro 11i€i METOOUKH € ii 3JaTHICTh TeHEpyBaTH TPHUBHMIPHI
300payKE€HHSI TEOMETPIi Ta MIKPOAPXITEKTYPH KICTOK 0€3 10HI3yI0UOTO BUITPOMIHIOBAHHS;
HEJONIKM BKJIOYAIOTh TPUBAJIMM 4Yac CKaHyBaHHS, HEOOXITHUH 11 OTPUMAaHHS
300pake€Hb 3 BUCOKOIO PO3ALIBHOIO 3aTHICTIO TPAOEKYJISIPHOT KICTKH.

Mikpokomn'totepaa Tomorpadgis. Ha  MIKpoOpiBHI ~ MIKpOKOMII'FOTEpHA
Tomorpadis 3a0e3neuye XapaKTepUCTUKY TPaOeKyJSIpHOI MIKpOapXITEKTYpH €X ViIVo 3
130TPOIHOI0 PO3AUIBHOIO 3AAaTHICTIO B 1 10 6 MKM. Pe3ynpTaTu BKIIIOYaOTh 00’€M
KICTKH, TOBILMHY TpaOeKyJsipa, KUIbKICTh TPaOEKyJIApIB, iX BIIOKPEMIIEHHS 1 CIPABKHIO
MIHEpaJIbHY MIIIBHICTh TKAHUHU. OOMEXEHHSIMU ISl MIKPOKOMII'FOTepHOI ToMorpadii €
po3Mmipu 3paszkiB [103]. Mikpokomm'toTepHa ToMorpadiss € KiTbKICHOI OIIHKOIO

TpabexysspHoi MopdoJorii ex vivo.

1.4.3 Oninka ckiaay KiCTKOBOI TKAHMHHU

OpraHiuHi Ta HEOpPraHiyHi KOMIOHEHTH KICTKOBOT TKAHUHU CIPUSIOTh CTPYKTYPHIM
LUTICHOCTI KicTOK [125-128]. Jlns oLiHKK XapaKTEpUCTUK MIHEPAIbHHUX 1 KOJIAreHOBUX
KOMITOHEHTIB KICTKOBO1 TKAHWMHH JTOCTYITHI MIKPOCKOIIIYH1, CIIEKTPOCKOIMIYH1, (h1314HI Ta
XIMIYH1 METOIH.

SinepHo-MarHiTHO-pe3oHaHcHa ToMorpadis [129-132]. SaepHo-MarHiTHO-
pe3oHaHcHa ToMorpadis aae iHdopmalio ITpo BMICT BOAU Ta CTPYKTYpYy MIHEpaly B
TKaHUHI. MeTonu siiepHO-MarHiTHO-pe30HaHCHA ToMorpadii J03BOJISIIOTh HEIHBA3UBHO,

HE1OHI3yI0UUM METOJIOM in Vivo OXapaKTepU3yBaTH 3MIHH CKJIaay KICTKOBOI TKAHHHH.
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BiOpauniiina cnekTpockomiyHa BidyaJisaunisi: iHppadepBoHa Ta KOMOiHALITHA
Bidyajizaunis 3 meperBopennsam ®yp’e [133-137]. BiOpamiliHa CHEKTpOCKOITis, sSKa
BKJIIOUae 1HQpadyepBoHe mepeTBOpeHHs Dyp'e 1  Merogu  KOMOIHAIIHHOTO
PO3MOBCIOKEHHS, XapaKTepHu3y€e XIMIYHUN CKIJIAJ 1 YMOBH 3’€IHAHHS KOMIIOHCHTIB
TkanuHU. llell ™MeTon 3anuimaeTbesi MEPCHEKTUBHUM KPOKOM JI0 HEIHBAa3WBHOI
JI1arHOCTUYHOT OITIHKM CKJIQy KICTKOBOI TKAaHUHHU.

CkanyBajibHa ejleKTpoHHAa Mikpockomin[138-143]. CkaHyBaibHA €IEKTPOHHA
MIKPOCKOITISI JI03BOJISIE OXapaKTepu3yBaTH MOP(QOJIOTiI0 Ta CKJIAJ MOBEPXOHBb KICTOK.
OOMeXEeHHSIMU KIJTbKICHUX METOJIIB Ha OCHOBI CKaHYBAJIbHO1 €JIEKTPOHHOI MIKPOCKOITI1
€ HEOOX1HICTh 3HEBOJJHEHHS Ta MOKPUTTS 3pa3Ka MPOBIIHUM OKPUTTSIM.

I'paBiMeTrpuuHi anaxizu. ['paBiMeTpuyHUil aHaii3 3abe3medye MpPOCTUH METO
BU3HAYECHHS MIHEPAJILHOIO BMICTY KICTKOBOi TKaHWMHH. 3a3BU4Yail KICTKU CYyIIaTh MPHU
110°C, 3BaxxyI0Th /Il BU3HAYEHHS CyXO01 Macu TKaHWUHH, a IOTIM HarpiBaroTh 10 600°C
JUIsl BUJAieHHsl opraniyHoi matpuii [144]. Bary miHepanbHOi (a3u, 110 3aauiiniacs,
HOpMAaJII3yBaTH J0 CYXOl MacH TKaHUHH, 00 oTpuMatu ¢pakiiito nomneny. Axio o0’ eM
KICTKH B1JIOMHM a00 BUMIPSHHUM MIJITXOM BUTICHEHHS BOJIH, TO IIiIJILHICTH OISy MOXHA
BU3HAUWTH, TMOJUIMBIIM Bary 3074 Ha 00’eéM KicTkM. OCHOBHOIO TMEpeBaror Ii€i
METOJMKH € 1i BITHOCHA ITPOCTOTA, aJic BOHA BUMArae TOMOreH13a1lli TKAaHWHH 1 He MOXKe
OXapaKTepU3yBaTU MPOCTOPOBUI PO3MOILIT MiHEPATy B KICTIII.

XimMiuHMii aHAJTI3 KoJIareHoBUX 3MMBOK. KonareH y 3pa3kax KiCTKOBOI TKAHUHU
MOKHA TpOaHaNI3yBaTH KUIbKICHO, 1100 BHU3HAUWUTH 3arajbHy KUIBKICTh KOJAreHy Ta
TUNKA HAasIBHUX TMOMNEPEYHUX 3B’SI3KIB. 3arajibHy KUIbKICTh KOJIar€Hy Ta CTYHiHb
He(DepMEHTATUBHOTO TJIIKYBaHHS MOXHa MPOAHAII3YyBaTH BIJIHOCHO MPOCTO 3a
JIOTIOMOTOX0 BUMIpIoBaHb ¢ryopectieHIlii [145-146]. binbm aeTanbHuil XIMIYHUAN aHATI3
3MIMBAHHS KOJIAreHY BUMAarae METOIB PiTUHHOT Xpomarorpadii BUCokoro Tucky [147].
[li xiMiyHI METONM 3/aTHI BUSBUTH HE3HAYHI BIAMIHHOCTI B XIMIYHOMY CKJaji
KOMITOHEHTIB OpraHiyHOI MaTpHili, aje BOHM BUMAaraloTh IOMOIEHI3allll TKaHWHHU, a

TaKOX CMEIaJbHOIO0 JOCBIYy Ta 00JIaTHAHHS.
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1.4.4 ExcniepuMeHTAIbHI MeTOAU BUIIPOOYyBaHb 3ac00iB dikcanii nepenomis

MexaHiuHi BUIIPOOYBaHHs amapatTiB (Qikcarlii nmepesoMiB Aal0Th 3MOTY HaIpsMy
OLIIHATH MIIHICTh Ta JKOPCTKICTb cucteM. IIpoBeneHHs BumnpoOyBaHb CHCTEM
OCTEOCHHTE3Y Ha peaIbHUX 00’ €KTaX MPHU PI3HUX 30BHINIHIX HABAHTAXKCHHSX SIBISETHCS
HaWHAIWHIIINUM CIIOCOOOM OIIIHKH CUCTEMHU.

Jl5is ipoBeieHHST AOCHIIKEHHSI HeOOX1JHO BUKOHATHA HACTYIHI KPOKH: MiITOTOBKA
3pa3KiB, 3aKPIIJICHHS 3pa3KiB, HABAHTAXKEHHSI 3pa3KiB, peecTpallisi pe3yJibTaTiB.

IlinroroBka 3paskiB. Ilpu HOCHIIKEHHI CUCTEM OCTEOCHHTE3y HPOBOASTH
BUNPOOYBAHHS €X VIVO Ha TPYITHUX HEYIIKOKEHUX KicTkax [148]. B pa3i HeMOXIUBOCTI
IPOBEJCHHS BUIPOOYBaHb Ha pEalbHUX KICTKaX — BUKOPUCTOBYIOTh INITYYHI, SKi
NOBTOPIOIOTh TEOMETPII0 1 MarTh MEXaHIYHI XapaKTepUCTUKH, HAOIMKEH1 110
XapaKTEepUCTUK KICTKHU. Ha KICTII MOJIENIOIOTh MEPENIoM, a MOTIM 3’ €JHYIOTh YJIaMKHU 3a
JIOTIOMOTOFO JTOCJTIIXKYBaHUX CHCTEM OCTEOCHHTE3Y.

3akpinienns 3paskiB [149-150]. ns 3akpituieHHS 3pa3ka BHKOPHCTOBYIOTH
3aTHCKYIOYl CTaKaHH, TJIACTMACOBI 1HAMBIyallbHI OMOPH, METAJIEB1 KapKacH, 3alIOBHEH1

CMOJIOIO, 1HUBITyalIbHI METAJIEB] KapKacH, CTpyOurHuU Ta 1He (puc. 1.12).

B)

Puc. 1.12. Cnoco6u 3akpimieHHs 3pa3KiB KICTKOBOI TKAHMHU Ha poO0YOMY CTOJII

BUTIPOOYBAIbHOT YCTAHOBKU METAJIEBOTO KapKac, 3alI0BHEHOTO CMOJIOH (),

IHAMBIAyaIbHOTO KapKacy (0), cTpyOumHu (B), 3aTHCKYIOYOro crakaHa (T)
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HaBanTaxkenHss 3paskiB [151]. HaBaHTakeHHs 3pa3KiB BUKOHYETHCS 32
JIOTIOMOTOI0  BUIIPOOYBAJIbHUX YCTAHOBOK ab0 3a JOMOMOIOI0 TSDKIB, JI0 SIKUX
NPUKIAA€ThCSI HABAHTAXEHHSA. 3pa3KH MiAJAIOThCS MOYEPrOBOMY OJHOOCHOBOMY
HaBaHTaxeHHIO (puc.1.13).

[Tpu BUTIpOOYBaHHI Ha CTUCK 3Pa3K{ PO3TAIIOBYBAIH BEPTHKAIBHO, OMMMPAIOYHN Ha
HIDKHIO YacTUHY. HaBaHTa)keHHS IPUKIIA AN IO BEPXHbOI YaCTHHHU.

[Tpu BumpoOyBaHHI Ha 3TUH 3pa30K PO3MIIIYBajIl TOPU3OHTAIBHO 1 MPUKIATATU
HaBaHTAXCHHS MEPIISHAUKYIISIPHO 10 JOBXHUHU 3pa3Ka.

[Tpu BumpoOyBaHHI HAa Kpy4eHHs KPYTHHH MOMEHT CTBOPIOBAJIU 3a JOMOMOTOIO

BaXKEJIsl, SIKUM PO3MIITYBaBCS B KICTII.

L] —

— y A
B) r)
Puc. 1.13. Cxema HaBaHTa)KEHHS:
a — OChOBE HaBAaHTAXEHHS, O-Kpy4YeHHS, B — 3THH,

I — KOMO1HAIlIsl OCbOBOTO HABAHTAXXEHHS 1 3TUHY

Peectpanisi pesyabrartiB [152]. [lns peectparfii pe3yiabTaTiB BUKOHYBAIH 3a
JIOTIOMOTO10 BOYIOBaHUX B YCTAaHOBKY JIaTYMKiB, POTO a00 BiFCO3MOMKY Ta 1HIUKATOPU

4acOBOI'O THILY.
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1.4.5 Komn’roTepHi MeToau BUNIPOoOyBaHb 3ac00iB dikcaiii nepesomis

Komm’torepHi meTonu BUINPOOYyBaHb IPYHTYEThCS HA BHUKOPUCTAHHI METONIY
ckinyeHHHX enemeHTiB (FEM-anani3), sxuii € cydacHUM HIMPOKO BHUKOPHUCTOBYBAHUM
3aco000M aHalli3y Hampy>XKeHO-/1e(pOpPMOBAaHOTO CTaHY pPI3HOMAHITHUX MEXaHIYHHUX
00’€KTIB 1 nepeadavae BUKOPUCTAHHS CIIEI[IaIbHOTO MPOTrpaMHOro 3ade3neueHns [153-
165].

B nporpamax FEM-aHanizy BUKOPUCTOBYIOTBCS PI3HI MIAXOIU O MOJEIIOBAHHS
BJIACTUBOCTEH KICTKOBOI TKAaHWHU: BIJ THUX, $AKI BUKOPUCTOBYIOTh JHUIIE JBI
XapaKTEPUCTUKU JUIsl BCI€ET CUCTEMHU, 1 BBAXKAIOTh, 1110 KICTKA € 130TPOITHOIO, JI0 TUX, 1110
JO3BOJISIIOTH  PO3MJISIIATH  CUCTEMY, SIK aHI30TPOIHY. [3 30UIbIIEHHSM KITBKOCTI
XapaKTePUCTHK CKJIAIHICTh OTPUMYBAHOI MOJIEN1 3POCTAE.

FEM-anani3 xopucHuii juisi BU3HaYeHHs AedopMalliil y KicTkax CKJIagHol ¢hopMH,

TaKHX SIK 4yepen Ta ryouacra KicTka. BUKOHaHHS TOCHIIKEHHS nepegoaJae:

CTBOPEHHS TPUBUMIPHOT MOJAEINI 00’ €KTY JOCIII>KCHHS;

- o pOBKY 00’ EKTY;

- noOyJ0BY CKIHUEHHOEJIEMEHTHOT MOJENI 00’ €KTY;

- 3aJIaHHS NPYXKHUX (PI3UKO-MEXaHIYHUX XapaKTEPUCTUK MaTepiany 00’ €KTy;

- HaBaHTAXXEHHS MOJIEJ 30BHINIHIMU 3YCHJUISIMH Ta BCTAHOBJICHHS OOMEXKEHHS

MepEMIIIICHb;

- pO3B’s3aHHS 33724l PO BUSHAUYCHHS HAMPYKEHO-Ie(HOPMOBAHOTO CTaHY.
Buxopucranns FEM-ananizy norpeOye 1HOII BUKOPUCTAaHHS 3HAYHOI KIJIBKOCTI

MPUIYIIEHB, IIT0 MOKE BIUTMHYTH HAa TOYHICTh pe3yJIbTaTiB. B Toit ke yac MOKIMBOCTI

MPOBENICHHS JOCIIHPKEHb 1 TOBHOTa OTPUMAHUX PE3YIbTATIB 13 BUKOPUCTAHHSIM

PI3HOMaHITHUX TOCTAaHOBOK 3a]1a41, 30KpeMa /it 00’ €KTiB CKIaaHo1 (popMu, HabaraTo

IepeBaka€ MOKIIMBOCTI €KCIIEPUMEHTAIBHUX IT1IX0/TIB.
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BucHoBKH Ta mocTaHOBKA 337124l J0CJILKeHb

3a pesyibTaTamMu MPOBEACHOrO aHANI3y JITEpaTypHUX JKEpesl, 10 MPUCBSIUYCHI
JOCITIIKEHHIO MIITHOCTI Ta Ae(OPMIBHOCTI CHCTEM OCTEOCHHTE3Yy, MOKHAa BCTAHOBHTH,
10 Ha CbOTOJHIIIHIHN IEHb, HE3BAXKAIOUX Ha JOCSTHEHHS Ta IIMPOKUH TIOCBIJ B OpTONEAl1
Ta TpaBMaToJIOTIi, 1HPOpMAaIlis MPO JIKYyBaHHS TpaBMAaTHYHUX YIIKOJKEHb, MEXaHIUYHY
MOBENIHKY 3aco0iB (ikcallii mepesoMiB Ta MeXaHI3MHM pPyHHYBaHHS Ta pereHeparii
KICTKOBO1 TKaHMHHU € HEAO0CTaTHbOI0. e 3ymMoBIIOE HEOOXIHICTh OUIBII JAOKJIATHOTO
JOCIIIJIKEHHSI CUCTEM OCTEOCHHTE3Y, 110 BUKOPUCTOBYIOThCS IJis (ikcalii MepesomiB
KICTOK JIFOJMHYU MPU BOTHEMAJIBHUX Ta 1HIIUX TPABMATUYHUX YIIKOJKEHHSX, @ TAKOXK
BUSBJICHHIO BIUIMBY Jerpajaiii 1 pereHeparnii KICTKOBOI TKaHMHHM Ha MIITHICTD 1
ne(OopMaTUBHICTh IIUX CUCTEM.

Buxopasuu 3 pe3yibTaTiB aHami3y JitepaTypu Oyia chopMmyiaboBaHa MeTa 1 3a/1adl
JTOCJIIIKEHD.

MeTta po60TH — po3po0OKa METOJUKH BU3HAYEHHS HECYUOI CITPOMOMXHOCTI Cy4aCHHUX
cucteM s ikcarmii TEperoMiB KICTOK JIOJUHU TPU BOTHEMAJBHUX Ta 1HIIUX
TpaBMAaTUYHUX YIIKO/JKEHHSX 3 BpaxyBaHHSIM pereHeparii KICTKOBOI TKaHMHHM Ta il
MITYYHUX 3aMIHHUKIB Ta 3a0e3MedeHHs (PYHKIIIOHAIBHOCTI 3ac001B Gikcarllii mepeaomin
IIPH i1 30BHIINTHIX HABAHTAXKCHb.

LI TOCSAATHEHHA MOCTABJICHOI MeTH B PO0OTI HEOOXiAHO BUPIIIMTH HACTYIIHI
3agauvi:

- TIPOBECTH aHaJI3 Cy4aCHHX CHCTEM OCTEOCHHTE3Yy, III0 BUKOPHCTOBYIOTHCS IS
¢ikcalii TpaBMaTUYHUX YIIKOJKEHb;

- TOCTIANTH BJIACTHUBOCTI PI3HUX THUIIIB KICTKOBOI TKAHWHU MPU KOPOTKOYACHOMY
HaBaHTA)KCHHI;

- BCTAHOBUTH 3B 30K MDK MPYKHUMHU XapaKTEPUCTHKAMU Ta PEHTTEHOJIOTTYHOIO
HIUTBHICTIO KICTKOBOI TKAaHWHHU;

- IpoaHaji3yBaTU BIUIMB Jerpajamii KICTKOBOi TKaHWHU IICJIS BOTHEMAJIbHOTO

MOpPaHEHHS Ha KOPCTKICTH (iKcalii nepenomys;
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- pO3pOOUTH METOIMKY JJisi BU3HAUEHHS PaIllOHaJIbHOTO PO3TAIllyBaHHS €JIE€MEHTIB
CTtA3® 3 BpaxyBaHHSM YIIKOJKEHHS KICTKOBOi TKAHMHM B 00JAacTi BOTHEMAIHHOTO
nIepeioMy;

- TPOBECTH KOMIUIEKC HATYpPHMX CTEHJOBHUX BHUIIPOOYBaHb IO BHU3HAYCHHIO
XapaKTePUCTHK MIITHOCTI Ta JKOPCTKOCTI CHCTEM OCTEOCHHTE3Y;

- pO3pOOUTH MaTeMaTUIHy MOJEIb /IS BpaxXyBaHHS BKJIQy pereHepaTy y B3a€MHI
3MIIIEHHS TOYOK MEPEIOMiB;

- BCTAHOBUTH BIUIMB pereHeparlii KiCTKOBOI TKaHWMHM Ha J1e(OPMIBHICTh CHCTEM

OCTCOCHHTC3Y.
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PO3/ILI 2
METOMKN MEXAHIYHUX BUTTPOBYBAHBb AHATOMIYHUX OB’€KTIB

Busnadennss MimHOCTI 1 J1e(OPMIBHOCTI CHCTEM OCTCOCHHTE3y TMOTpeOye
NPOBEICHHS  €KCIIEPUMEHTAJIbHUX  JIOCHIPKEHb 3  BU3HAUEHHS  MEXaHIYHUX
XapaKTEePUCTUK KICTKOBOI TKAaHMHU. Y PaxOBYIOUM OCOOJIMBOCTI LILOIO MaTepiaiy, a
TaK0X HEOOX1AHICTh MOJICTIOBAHHS MPOILIECY pereHepallii KiICTOK B MPOLIECi 3pOIyBaHHS
nepesoMiB HEoOXIHOI OyJia po3poOKa creIiaJbHUX METOJIUK, B TOMY YHCII — JUIS
MOJICTIOBaHHSI MEXaHIYHOI TOBEIIHKU KiCTKOBOTO PEreHEpary.

ExcniepuMeHTanbH1 JOCHIKEHHS! MEXaHIYHUX XapaKTEPUCTUK KICTKOBOI TKAHWHU
Ta HECydoi 3JaTHOCTI amapaTiB (ikcamii mepesoMiB MpPoBOAWIM Ha 0a3l kadenpu
JMHAMIKH 1 MinHOCTI MamuH Ta onopy matepiams KIII im. Irops Cikopcekoro. Onucu
BUNPOOYBAJILHUX YCTAHOBOK, METOJIMKH MIATOTOBKU 3pa3KiB Ta pO3pOOJIEHI METOAUKU

IIPOBE/ICHHS BUIPOOYBaHb HABEJEHI Y TAHOMY PO3ILIi.

2.1. AHaTOMIi4Hi 00’€KTH Ta iX MiATOTOBKA /10 BUNPOOYBAHb

JIns mocIiKeHHST )KOPCTKOCTI CUCTEM OCTEOCHHTE3Y «YIIKOJKEHa KicTKa — 3aci0
dikcaii ynamMKiB» Ta BU3HAYEHHS MEXAHIYHMX XapaKTEPUCTUK KICTKOBOI TKaHMHU
BUKOPHCTOBYBAIM TIpemapaTd 3  aMIIyTOBAaHUX KICTOK JIIO/ICH, B AKUX He Oymo
naToJyioriuHux 3MiH. [licnsa npoBeaeHHs BUTIPOOYBaHb 3pa3Ku OYJI0 YTHUIII30BaHO.

[TinGip aHatomMiyHMX O0O0’€KTIB 1 3aco0iB (ikcalli BUKOHYBaJIM XIpypru-
TpPaBMaTOJIOTH.

30epiranns kictox BinOysanoch npu Temmeparypi -18°C. Besnocepennno mepen
TI0YaTKOM JOCIIKEHb 3pa30K PO3MOPOKYBAIH IIPOTATOM 00K rpy Temmeparypi +37°C
y 0,9% po34nHi HATPIIO XJOPHUTY.

3pa3Kkud KICTKOBOI TKaHWUHHU JI0 BUIPOOYBaHb 30epiraiu J1abopaTOpHUX YMOBAX.
OckiJIbKH B JJaH1i poOOTI BpaXxOBYBaBCs BIUIUB (D1310JIOTTYHHUX BIACTHUBOCTEM KICTKOBOI
TKaHWHHU, TO TEpe] MPOBEACHHAM JIOCHIHKEHHs 3pa3ku 30epirajiu MmpH pi3Hiil CTeneHi

BoJsiorocti. [1i1 yac excriepuMeHTy 3pa3ki HarpiBajid 10 TEMIIEpaTypH Tijla JIOIMHU.
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ETtanu BUroToB/IeHHSI 3pa3KiB KiCTKOBOI TKAHUHU /J MeXaHIiYHUX
BUNPOOYyBaHb. Crierudika CTpPYKTYpH O10JIOTTYHHX MaTepiajiiB Ta, 30KpeMa, KiCTKOBUX
TKaHUH MOTpeOy€e 0COOIMBO 00EPEKHO BITHOCUTUCH J10 BUOOPY METOJIMK BUTOTOBJICHHS
3pa3KiB 1 BUIPoOyBaHb [166]. HaBiTh 11 TaKUX BITHOCHO MOHOJIITHHX Ta OJTHOPITHUX
MaTepiaiiB, K MJacTMacu Ta T'yMH PO3pOOJIEHO JEeKiJIbKa CTaHAapTU30BAaHUX METO/IIB
BUT'OTOBJICHHS 3pa3KiB. Y IIUX CTaHAApTaX BCTAHOBIIOIOTHCS IOCUTH KOPCTKI BUMOTH SIK
1m0 ¢opmu 3paskiB, TaK 1 JO CHOCOOIB 1X BHUTOTOBJICHHS, BKJIIOYAIOUW BUMOTH JI0
oOJnaiHaHHS, 1110 3aCTOCOBYIOThH IIPU BHUPI3II 3pa3KiB.

Heo0xiaHO BiA3HAUUTH, IO HE JUBIISIYMCH HA CYTTEBI CKJIAIHONI MPOBEACHHS
CKCIIEPUMEHTAJIbHUX  JOCHIDKeHb KICTOK, OOYMOBJEHI 3HAUYHUM PO3KHUIOM  iX
MEXaHIYHUX BJIACTUBOCTEH Ta TEXHIYHUMH CKJIQJHOIIAMU BUTOTOBJICHHS 3pa3KiB Ha
CHOTOAHIIIHI BIATOBIAHUI CTaHAAPT AOCTIIKEHb BIACYTHIM.

BpaxoByroun ckazaHe, BUTOTOBJICHHS 3pa3KiB 3 KICTKOBOTO MaTepialy BUKOHYBaJIU
TaK, 106 00poOKa MOBEPXOHB MPOBOJAUIACH 3 MIHIMAIBHO MOMJIMBUMHU YITKOKEHHIMHU.

Po3mipu OiompenapaTiB HE J1al0Th MOKJIMBOCTI BUTOTOBJISITU BIJJTHOCHO BEJIMKI
3pa3ku, SK, HaNpUKIaa 3pa3kd s BUnpoOyBaHb TyM abo 1mactmac. Tomy
0OMeKyBaJIMCh pO3MIpaMH B JIeKUIbKa MUTIMeTpiB. Hagani npu onucyBaHH1 pe3yJibTaTiB
PO3MIpH 3pa3KiB OyIyTh MPUBOJUTUCH OKPEMO JIJIsi KOKHOTO BUTIPOOYBAHHS.

OTxe, BAKOHYBAJIM TaKi €Tary BUTOTOBJICHHS 3pa3KiB.

Ha mnepmomy erami KIiCTKaM HaJaBaJlid MPaBWIbHOI (QOpPMHU, MONEPEAHBO
0OpoOIOI0YM Ha TOYMJIBHOMY CTaHKy Juis. J{ami oOpoOKy BUKOHYBaiM 3a JIOIOMOTOIO
nutigyBagibHOrO MnpucTtporo (puc.2.1). VimamMku KICTKM MOMIIAJIM B 3aTUCKYBad,
peryJIIoI0UH JIOBKUHY BUXOJY 3pa3ka 3a J0MOMOTOI0 Habopy 0OMEKyBaJIbHUX BCTABOK 1
IIPUTUCKYIOYOI IIJIACTUHM.

Jlo MexaHi3My BEPTHUKAJIBHOTO TEPEMIIICHHs, SIKHH MOXXE€ TOYHO DETyJIoBaTH
NepPEeMIIIICHHST 3pa3ka, NMPHUKPITUTIOBAaIU 3aThckyBad. [loxmOka HemapajenbHOCTI MPHU
TakoMy nutidysanHi He nepepuiyBana 0.01 mm Ha 10 MM TOBXKHHU 3pa3Ka.

[Ticns 3-4 omnepamiii uutigyBaHHs, $KI MPOBOAMIM TMOCTIJOBHO, BUKOHYBAIU
¢inimHy 00po6Ky nLTidyBansHuM nanepom P 600.

CraH noBepxH1 3pa3KiB NEPEBIPSUIH 32 JOTMOMOT0I0 ONTUYHOI CUCTEMH KaTETOMETpa
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B-630, mo 103BONISNIO MEPEKOHATHCh y OTPUMAHHI JOCTATHBO THAAKUX Ta PIBHUX
MOBEPXOHB (puc.2.2).

AHaJIOT14H1 onieparltii MpoBOAWIM 3 2-Ma IHITUMH pedpaMu 3pa3ka.

Puc. 2.1. 3aranpHuii BUTIILA HUTi(DYBAIBHOTO IPUCTPOIO.

Puc. 2.2. 3pa3ok micis nutidyBaHHS.

Opienranis 3pa3kiB KicTkoBOI TKaHMHH. KicTKOBa TKaHWHA JIOAUMHU Ma€ 3 oci
Npy>KHOT CHMETpii, TOMy SsBIIsi€e c0000 opToTpomHui MaTepian [167]. T'omoBHi oci
CUMETpIi MPYXHUX BJIACTUBOCTEH KOPTHKAJIBHOIO IIapy BU3HAYAETHCA OPIEHTALIEIO
ocreoHiB [168].

bynoBa KiCTKOBOI TKaHWHU JOJWHU (OPMYETHCS B MPOIIECl 1HIWBIMYyaTbHOTO
PO3BUTKY OpraHi3My sK 1HTErpajibHa peakilis KICTKH Ha HampyXeHHs 1 aedopmariii, sxi

BUHUKAIOTh IpU (PyHKIIOHATBHUX HaBaHTakeHHAX[168].. Ha okpemux aiissHKaX KiCTOK
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OCTEOHH 1 TpaOEKyJIM MalOTh TOUHUHN MOPSAOK PO3MIIICHHS, a HA 1HIIUX - XaOTUYHUH.

[Tpu BUTOTOBJIEHHI 3pa3KiB MU HaMmarajiuch MaKCUMajbHO HAaOJU3UTH HOTO OC1 JI0
TOJIOBHUX OCEH KOPCTKOCTI, a HAmpsAMKH NpPUKIAJaHHS HAaBaHTAKEHHs MO3HAYallnd
HACTYITHUM UYWHOM: TOJIOBHHM HAmpsIMOK (B3[0BXX OCTEOHIB) — HANpPSIMOK Opl€HTAIlil
OCTEHIB Ta TpaOeKyJ KICTKOBOI TKAaHMHU; TIOTIEPEUYHHI HAMPAMOK (ITOMEePEK OCTEOHIB) —
HaNpsSMOK MEPIEeHINKYIISIPHUAN 10 HaPSIMKY 1.

BuzHaueHHs TOJIOBHOTO 1 MOMIEPEYHOT0 HAMPSMKY 300pakeHe Ha puc. 2.3.

Concentric lamellae

Spongy bone

&

Osteon|

/8 >
Central canal 4 g.‘
. =
Periosteum { [+~
\ =
=
‘ =
=
=)
Osteocyte ———» g
=)
-
“ -.\\ V1 Canalicula
/ Blood vessel
Lacuna o
IMonepeuynui
HANPSAM

Puc2.3. OpienTartisi oceil BUTOTOBJICHHS 3pa3KiB

3akpinjieHHs1 IpenapariB CymijibHUX KicToK. [Ipu anami3i mitepaTypHUX JxKepen
Ta MOMEPEHIX eKCIIEPUMEHTaX OyJI0 BCTAaHOBJICHO, 0 YHIBEPCAIBHHX OTIOP JIJIS KICTOK,
ki OyAyTb CTBOPIOBAaTH HAAIMHUN KOHTAKT MK 00’€KTOM BHUIIPOOYBaHHS Ta
oONaJHAHHAM JJI1 HABAHTAKEHHS, BUTOTOBUTH HEMOXJIMBO Yepe3 I1HAMBIAYaTbHY
OyZI0BY KOKHO1 KICTKH.

JIJist BUTOTOBJICHHS 1HAMBIAYaTbHUX OMOP OYyJI0 BUKOPUCTAHO CIIOCIO 3aJTMBKU
kicTok pigkoro mmiactMacor «I[IPOTAKPUJI-M» 3 mopanpmmm  ii oTBEpAIHHSAM
(puc. 2.4).

JlJ1s BUTOTOBJIEHHS ONOPU HA CTAJIEBOMY CTOJII PO3MILTYBaJd METaJeBl IJIACTHHH,

K1 YTBOPIOBAJIM MNPSIMOKYTHUK. BHYyTpimHi CTiHKM (OpPMHU TMOKPHUBAIU PO3ILIOBUM
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nakoM «I30KOJI-69» nmna 3amobiraHHs 3’€IHAHHS IUIACTUH 3  IJIACTMACOO0
«[TPOTAKPUJI-M». ITotim y dopmy momiranu 3pa3ok i HepyxoMo dikcyBamu. Ilicns
11boro y opmy, B SIKiil 3HAXOJUBCS JIOCTITHUN 3pa30K, 3allOBHIOBAIN HE3aTBEPILIIO0
miactMacoro. [Tomimepusaris miactmacu BigOyBamacs 3a 30-40 xBwmH. [licust 1100

npemnapaTt OyB TOTOBHI J10 BUIPOOYBaHb.

Puc.2.4. BurorosiieHHs omnop

2.2 O01a1HAHHS 1J151 HABAHTAKEHHs1 Ta BUMipIOBaHHs JAedopMaltiii KicTok

ExcniepuMenTanbH1 BUIPOOYBaHHS N7l BUSHAYCHHS Je(opMalliii MPOBOIUIUCH 13
BUKOPUCTAaHHAM yHiBepcaiabHOi BunpoOyBanbHoi MamuHu TIRATEST-2151 (puc. 2.5),
sKa JI03BOJISIE BU3HAYATH MEXaHIYH1 XapaKTePUCTUKU 3 MOXUOKOI0, 110 HE MEepeOuIbIITye
1%. 3a 1OMOMOT010 YCTaHOBKH MOKJIMBO peaji3yBaTH HACTYIIHI peKUMH HaBaHTaKEHHS:

1. Ctuck, po3Tsr abo 3ruH 13 33/1aHOK0 OCTIHHOIO MBUAKICTIO Ae)OpMYyBaHHS,

2. BunpoOyBaHHS Ha MOB3y4iCTh MPU MOCTIHHOMY 200 LIMKJIITYHOMY HaBaHTaXCHHI,

3. BumiproBanHs penakcamii HampyXeHb NpHU TMOCTIHHIA abo0 UMKIIYHIN

nedopmartii.

Miama3zon HaBaHTakeHHs crtaHoBuTh Big 0.01 mo 5.0 kH. MaxkcumanabHe
nepeMiiieHHs TpaBepcu aopiBHIOe 800 MM 3 TOUHICTIO BUMIprOBaHHs nepeminieHs 0,01

MmM. [lIBunkicTh TpaBepcu BapitoeThes Bia 0,5 1o 1000 mm/xB.
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Puc. 2.5. 3aranpauii Burisa BunpoOysanbHoi mamnau TIRATEST—2151.

VYrhpapiiHHS YCTAaHOBKOKO BiOyBaeThCs uepe3 MmyJbT KepyBaHHs. llepen
IPOBEJCHHSIM BUIIPOOYBaHb 3/11ICHIOETHCSI BBEJICHHS TOYATKOBUX JIaHUX Ta BUOUPAETHCS
peXnM HaBaHTaKeHHS. HaBaHTa)kKeHHS 3M1MCHIOETHCS €IEKTPOMEXaHIYHUM PEAYKTOPOM,
SAKUH uepe3 4epB’TUHy TMepeady mepeMillye pyxoMy TpaBepcy 1 HaBaHTaXKy€e 3pa3ok.

Cuny BUMIPIOIOTh TUHAMOMETPOM, SIKHI PO3MIIIEHUH HAa HEPYXOMiil TpaBepcl.
brok nns BumiptoBaHHs JedopMaliiii  po3MIIIEHO Ha EJIEeKTPOJIBUTYHI 1 (ikcye
NEepeMIILEHHS pyXOMOi TpaBepcH, 0 SIKOT KPIMUTHCS 3Pa3okK.

3HaueHHs CHIM Ta JedopMalii HaIXOIATh 10 MIKpOIIpoLecopa, sIKui nepeaae i
naHl Ha Ta0JIo 1HAWIIKAIIl Ta Ha aHaimoro-nudpoBoMy mneperBoproBaui (AL[IT) uepes
aHaJIOrOBl KaHaJM, 10 PO3MillleH1 Ha OJIOLI yIpaBIiHHS.

Cxema 0s10ky ALIIT npencrasneno Ha puc. 2.6 [169].
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ALIM7016E
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winid #
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wvim1 &
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Puc. 2.6. Cxema 610y ALIII.

Hani 3 6soky ALII nepenaroThecs B mepeTBOPIOBaY, 10 SKOro 3a gonomororw USB
iHTepdeicy migkiaoyaoTh Komm'torep. OOpoOka maHUX 3IIHCHIOETHCS MAKETOM
Microsoft Excel, B skuii iHTerpyBasii mporpaMHuii Moayiab Dynamic, mo J03BOJISIE
po3mmputd  (yHKIOIOHAN makeTy. Jug Toro mo0 OoTpuUMaTH  JOCHIJIKYBaHI

XapaKTePUCTHKK Ta KEPyBaTH KaHAJIaMHd BHBOAY BHUKOPHUCTOBYETHCSA IMiIMOIYJIb
“Kanansl” (puc. 2.7) [169].

W1 D14 [L17 100  3agepwxamc 500

V| 2 5 8 ey 3HAKW NOCNE KOMBI |3 -
_ — Noxasate

[J3 s 9 gawmme o lNokaseieats spema

KaHanel Hacrpoakn

Puc. 2.7. Ilanens nigmoayns “Kanabr”.

[Tinmonyne “uarpammer” (puc. 2.8) Ta iHcTpymMeHTH Microsoft Excel, mo3Bossie
noOyyBaTH Jiarpamu 3aJIEKHOCTEN MIDXK PI3HUMU JOCITITKYBaHUMU

eKCIIEpUMEHTAJIbHUMU (DaKTOpaMHU.

A -
i
m
=]
-
=1
]

Cozgare
Avarpammy

Ownarpammol

Puc. 2.8. [linmonyns “/unarpamms”.
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[TigkaroueHHs TOAaTKOBUX AATYMKIB peaidyerbes y Biiaanaul “‘Hacrpoiiku mopra”

(puc. 2.9).

Beibpate: COM1 v

Hacrpowkun nopTta

Puc. 2.9. Tlanens kepyBaHHs OPTiB (DI3UYHUX Ta BIPTyaJbHUX MOPTIB.

KepyBanHs 300poM JaHUX BHKOHYETbCS Yy miAMOAym  “YmpaBieHue”
uc. 2.10), knonkamu “Ctapt” — AJisi MOYATKy peecTparii, 1t 3ynuHky - “Tlayza” ta
p > P A y peecTpaiil, i 3y y

g oynIneHHqa - “Ougmcrtka’ ta “Crormr’.

X Pl =

Ounctka Crapt Maysa Cron

¥npasneHue

Puc. 2.10. [Tanenb kepyBaHHS.

JIy1st iABUINIEHHS] TOYHOCTI MPOBEACHHS BUIIPOOYBaHb 3pa3KiB KICTKOBOT TKAaHWHU
OyJl0 BUPIIIEHO BUTOTOBHTH JIONOMDKHY cucrtemy (puc. 2.11), ne 1 — iHaukaropu
roguHHIKOBOro TUiy MUI'-1; 2 — BepxHi 3axBatu (Hepyxomi); 3 — HWXKHI pyXomi

3axBaTH; 4 — MTOMOMIXKHI 3HIMHI IJIACTUHKHU JUTs ikcyBanHs 3pa3ka KT; 5 — 3pa3ok.

Puc. 2.11. Cxema 1onOMIKHUX BY3J11B BUIIPOOYBAIBHOT YCTAHOBKH.
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2.3. MeToauku J0C/IiIKeHHs 3pa3KiB KICTKOBOI TKAHMHH

Metoauka mnpoBedeHHs BUNpoOyBaHb. J[1s  BU3HAUEHHS  MeEXaHIYHUX
XapaKTepPUCTUK KICTKOBOI TKAaHMHHM TMPOBOJIWIM BHUMPOOYBaHHS 3pa3KiB Ha CTHCK
(puc. 2.12). 3pa3ok BCTAHOBJIIOBAJIM HAa PyXOMOMY HMXKHbOMY 3aXBaTl, HABaHTa)KCHHS
3MIIACHIOBAITY MIEPEMIIIIEHHIM [[LOTO 3aXBaTy 1 MPUTUCKAHHAM 3pa3Ka J0 BEPTUKAIHHOTO

3axBary.

Puc 2.12. 3pa3ok KiCTKOBOi TKAHWMHH MPU BUMIPOOYBAHHSX HA CTHUCK.

[IBuakicte mepemimieHHss TpaBepcu craHoBwiaa 0,5 wmwm/xB. [lonepenne
HABAaHTAXCHHSI, SIKE MPUKIAIA 10 3paska, gopiBHioBasio 50 H. Jledgopmariro 3paskis
BUMIPIOBAJIM 3a JIOTIOMOTOI0 TOAWHHHKOBUX 1HAMKartopiB MUI-1. 3ycwmns crucky

BUMIPIOBAJIM TMHAMOMETPOM (puc. 2.13).

Puc 2.13. Cucrema BuMiproBaHsb jaehopmalliid 3paska 3

rOJIMHHUKOBUMHU 1HuKaTopamu MUT-1,
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[Toxa3HuKM 1HAMKATOPIB 1 3HAUEHHS HABaHTAXXEHH:, IO BiJoOpa)kaauch Ha TabIo
BUIMPOOYBAJIbHOI YCTaHOBKH, (IKCyBalu 3a JOMOMOroro Bigeokamepu. I[licis doro
00po0IIsiIM 3anuc 1 Oy ayBanu aiarpamy aehopMyBaHHS.

MeToauka BHU3HAYEHHSI MeXaHIYHMX XapakTepucTuk 3paskiB. Ilig dac
EKCIIEPUMEHTY Pa3oM 3i 3pa3koM JIePOpMYEThCS CHCTEMa 3aXBaTiB 3pa3Ka, A€ YCaAKy
JTUHAMOMETP Ta YIIUIBHIOIOTHCSA JIOGTH B MICISIX KOHTakTy. OTpuMmaHa iarpama
BUpaxkae nedopMalliio BCi€el CUCTEeMH. 3 METOIO OJIep’KaHHS JOCTOBIPHOI JiarpaMu
nedhopMyBaHHS 3pa3Ky HEOOXIIHO BUXIIHY JlarpaMy IepepaxyBaTH.

[lepen moyaTkoM BUMNPOOYBaHb MPOBOAWIIM KajdiOpyBaHHS Ha METAJEBUX 3pa3Kax
JUIsl TOTO 100 3HaWTU abcomoTHY Aedopmariiio 3pasky (puc. 2.14). Pi3HuIs Mix
nedopmMarlliero cuctTeMu 1 edopMmaliiero aeTaneil BUMIpoOyBaIbHOI YCTAaHOBKH SIBJISIIACH

a0CoIIIOTHOIO ehopMalli€ro 3pa3ka.

Puc 2.14. )KopcTkuii MeTaneBuii 3pa3ok (a) po3MILIEHUH Mk 3aXxBaTaMu

BUNPOOYBaIbHOT MarHu (0) 11 Yac KaniOpyBaJIbHUX BUMIPOOYBaHb

BBeneni Taki mo3HayeHHS:

1. 3aranpHa npedopmariis (AL;) — me cyma nedopmariiii 3pa3ka i CHCTEMH
HAaBaHTAKCHHS,

2. edopmaris cuctemu HaBaHTaxeHHs (AL.) — medopmariist By3IiB MalldHA Ta
JTMHAMOMETpa (BU3HAYAETHCS KadiOpyBaJIbHUMU BUIIPOOYBAHHSAMHM METaJIEBUX 3Pa3KiB,

YKOPCTKICTh SIKMX Ha 2-3 MOPSAJIKH OUIBIIIE 32 dKOPCTKICTh KICTKOBOT TKAHUHHU );



56

3. [iiicna pedopmariss (AL;) — pi3HHIS MK 3arajbHOIO JedopMmaliero Ta
nedopmarliero CUCTEMH HaBaHTAKEHHS.
XopceTkicTh cucTeMu 3HaX0auMO 3a Ghopmyioro (2.1):

P
C.= A_lc (2.1)

3 orpuMaHUX (PIKCOBAaHUX 3HAYEHb MEPEMIIIECHb JIETAJCl YCTAaHOBKU OyIyeThCs
niarpama aedopmyBaHHs BUMIPOOYBasibHOT MaliuHu (puc 2.15).

P, H

900

800

700

600

500

400

300

200

100

0
0 0,005 0,01 0,015 0,02 0,025 0,03 0,035
Al, MKM

Puc. 2.15. Ilpuknan giarpamu nedopMyBaHHs BUITPOOYBaIbHOI MAIlIMHH (3

YKOPCTKUM METAJIEBUM 3Pa3KoM).

BupaxoByroun 3HadeHHs jAedopmarlii BUNPOOYBAIBHOI CHUCTEMH, OTPHUMYEMO
nificHy miarpamy nedopmyBaHHS 3pa3ka KiCTKOBOi TKaHWHU. Jliarpamy nedopmyBaHHS
3pa3Ky OyayeMO B KOOpJMHATAaX HaBaHTaXeHHs-aedopmailis (puc 2.16).

AL =Al — Al 2.2)
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PH
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Al, MKM

Puc. 2.16. [Ipuxnaa pificHoi aiarpamu 1edpopMyBaHHS BUITPOOYBAJIBHOTO 3pa3Ka

KICTKOBOT TKAaHWHH.

Bu3HayeHHs1 BIVIMBY BOJIOTOCTI Ta TEMIIEPATYPH HA MEXaHIYHI XapaKTEPUCTUKHU
KicTkOBOI TKaHMHM. OCKUIBKH B TUT JIFOJUHU KICTKOBA TKAHWHA 3HAXOAUTHCS B YMOBaX,
IO BIAPI3HSIOTHCS BiJ JIAOOPATOPHUX, BILUTUB LUX (PAaKTOPIB MOTPIOHO BPaxOBYBaTH JJIS
OTPUMAaHHS HAOMIKEHHX JI0 pEAIbHUX YMOB XapaKTEPUCTUK KICTKOBOI TKAHUHH.

JInst nociKeHHS BIUIMBY BOJIOTOCTI HAa BJIACTHBOCTI KICTKOBOI TKAHWHU ITPOBO UM
BUTIPOOYBaHHS MPH HACTYITHUX YMOBaX:

1. JlaGoparopui ymoBu (JIY) - 3pa3zok micist oOpoOku 30epiraerbcs 3a KIMHATHOL

TeMIepaTypH Ta BOJIOTOCTI;

2. Cyxwii 3pazok (C3) — nepen BUpoOyBaHHSIMU 3pa30K IMOMIIIAETHCS HAa 24 TOIUHA
y chemuiajgbHy TOCYAWHY (€KCHKAaTOp) 3 a0CopOyIOYMM BOJIOTY MaTepiaioM —
cuikareis (puc 2.17);

3. 3BOJIOKEHUI 3pa30K — Nepe] BUMTPOOYBAHHSM 3pa30K MOMIMIABCS Y (i310JI0TIHHAN

PO34MH Ha niepio Bia 24 10 72 roauH.
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Ockulbky Tepesl pO3MIIIEHHAM 3pa3Ky B IMOCYAMHY CHIIIKareidb 30epiraeTbcsi B
Ja00OpaTOPHUX Yy MOBax 1 Ma€ MEBHUU PIBEHb MOTJIMHYTOI BOJIOTH, WOTO MOIEPEIHBO

BIJINAJTIOIOTH Y TEPMOCTATI 3a TemnepaTypu mpudiamuzHo 110° c.

Puc. 2.17. Excukarop 3 cuiikarenem Ajist abcopOI1ii BOJIOTH 31 3pa3Ky KiCTKOBOT

TKaHWMHHU

BrmnuB temmiepatypu Bu3Hauanud 3a TphoxX piBHIB Temmeparypu: 23 °C, 33 °C,
43 °C. HarpiBanHsi 3pa3ka IpOBOJMIJIOCH 32 JIOMOMOTOIO EJIEKTPUYHOTO 00IrpiBarOuoro
NPUCTPOIO, CTYMIHb HarpiBaHHs BapilOBajach 3a JONOMOIOK BIACTAaHI PO3MIIIECHHS
HarpiBaua BiJl 3pa3ka. 3HAUEHHS TEMIepaTypu 3pa3KiB BHUMIPSUIM TEPMOIIAPOIO,

IIKITIOYEHOO JI0 €JICKTPOHHOro MysibTumetpa (puc 2.18).

Puc. 2.18. JlocnikeHHs BIUIMBY TEMIIEpaTypH Ha MEXaHIUH1 XapaKTePUCTUKH

KICTKOBOI TKaHUHU. 1 — MyIbTUMETp; 2 — HarpiBay; 3 —3pa3ok; 4 — TepMoIiapa
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2.4. Metoauku aoc/iaKeHHs 3aco0iB ¢ikcanii nepesomis

2.4.1 Metoauka J0CJiKeHb JKOPCTKOCTI 3ac00iB ¢ikcanii BOrHenajabHUX

nepeJjioMin

JocaizkeHHsl aerpaaaiii KicTkoBoi TKAHUHM Y 30HI pyiiHyBaHHsA. /(151 omiHKK
BIUIMBY yJapHOI A1l Ha KICTKOBI TKAHWHU HEOOX1THO AOCTIANTH CTaH TKAaHWHU JI0 1 TICIIS
B3a€EMOJIII CHApsATY 3 KICTKOIO. BioMi MeToau BUMIPY MEXaHIYHUX XApPAKTEPUCTUK HE
HIIXOJATh JUIsl OLIIHKY 3MI1HU BJIACTUBOCTEM, OCKUIBKU I'PYHTYIOThCS Ha BUMIPOOYBAaHHSX
3pa3KiB BHUPI3aHUX 3 KICTKHM, fKI MaroTh MNpaBwibHy ¢opmy. [lpu Takomy wmetoni
3MIHIOETBCS CTaH KICTKH 1 [TOJIajIbllle BUKOPHUCTAHHS NperapaTry CTae€ HEMOMJIMBHUM.

JIns BU3HAUeHHs Aerpajanii KICTKOBOI TKAHWHHU Y 30H1 PYWHYBaHHS BlJl yJapHOI
B3a€MO/IIi 3aIpPOINIOHOBAHO HACTYIMHHUI MeToj BunpoOyBaHb. Kictky 1 (puc. 2.19)
KOPCTKO 3aKpIIUIIOIOTh Y BUIPOOYBaNIbHIM ycCTaHOBKU. Ha auHamMoMeTp MalivmHu
BCTAHOBJIIOBAJIA BEPTUKAJIBHUM CTEPKEHB |, A0 SIKOTO 3aKPIILITIOBANIA CTAJIEBUI 1HAEHTOP
3 Kpyrjoro IONEPEYHOro Iepepidy, aiaMeTp SKOro Mae OyTH MEHIIE TOBIIMHU
KOPTUKAJIBHOTO MIapy. Y HEYIIKOIKEHIH KICTII MPOCBEPITIOBAIA OTBOPH 3 IIaMETPAMH,
pPIBHUMH diamMeTpy iHAeHToparo OTBOpPH pOOWIM MEPIEHIUKYJISPHO JI0 30BHIMIHBOI
MOBEPXHI KICTKU Ha PIBHUX BIJICTaHSAX BiJl Mepea0adyBaHOrO MICIs MPOHUKHEHHS KYJIi.

3a3HaueHHI 1HACHTOP IO Yep3i BBOJUTHCS B 0TBOPH B KicTi [170].

‘-——L— lMpenapam — eenuKko20MifnKoea Kicmka

| Adpyautli cmaneeuil cmepkeHb, Uj0
3akpinnenul Ha nepuiomy cmepXKHi
neprieHOuKynapHo oeo no38068XxHbol oci

cmepiKeHb
0ns nepedadyi 3yc
8i0 iHOeHmopa:
00 OuHamMmoM

Puc. 2.19. Cxema HaBaHTa)XeHHS Ipenapary 3a AOMOMOTOI0 1HJIEHTOpA:

1 - kicTKa; 2 — BepTUKAJIbHUI CTEP)KEHb; 3 — IHACHTOP; P — HaBaHTaxeHHs
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PoGounii CTiT yCTaHOBKHM pa3oM 3 KICTKOIO TMEpEeMINIaeTbCs MapaielbHO OcCl
JUHAMOMETpa. 3a pPaxyHOK I[bOTO TEPEMIIICHHS CTBOPIOETbCS HABAHTAXEHHS, IO
NEPEAEThCS Yepe3 KICTKY Ha IHAEHTOp, CTEpXHI Ta fuHaMoMeTp. [naeHTop aegopmye
KICTKY B 00JIacTi OTBOPY 1 OJJHOYACHO PEECTPYETHCS 3aIEKHICTh MK HaBaHTAKCHHSM,
Ha I1HJACHTOp 1 Jedopmaliiero KICTKA. ToX, HaBaHTaXXE€HHS P, 110 BUMIPHOETHCS
JUHAMOMETPOM € 3yCHUJUISIM B3a€EMO/I1T 1HACHTOPA Ta KICTKH.

[TapameTpamu, 110 KOHTPOJIIOIOTHCS B €KCIIEPUMEHTI € Aedopmartii KICTOK M1 II€0
HaBaHTaXeHHsA P, 110 mepenaeTscsi uepes3 1HJIEHTOP, BBEICHUN B KOPTHKAJIbHUM IIap.
Jlani mpoBOIMTHCA TOPIBHSAHHA Jedopmaniid 1 3a iX 3MIHOK BU3HAYalOTHCS CTYMIHb
YIIKO/DKEHb Ta PO3MIPH YIIKOJKEHUX 00J1acTeil.

JI71st moCHiIKeHHsS] BAKOPUCTOBYBAJIM TPYITHI HEPIKCOBaHI BEJIMKOTOMIJIKOBI KICTKU
(BI'K) mromeit, mio momepiid BiJl YIIKOJKEHb Ta 3aXBOPIOBaHb, HE 3B’A3aHUX 3
[ATOJIOTIEI0 OTIOPHO-PYXOBOI CUCTEMHU.

Y BI'K nepneHaukydasipHO A0 TMO3J0BXKHBOI OCl y TOBEpxHI planum
MIPOCBEP/TIOBAIIM IO TPU OTBOPH B AUCTAIBHOMY HanpsmMKy (Toukw 1, 2, 3 Ha puc. 2.20)
1 MO TpU OTBOPH B MPOKCHUMAJIHLHOMY HANpPSIMKY BiJ HEHTPY KicTku (Touku 4, 5, 6
Ha puc. 2.20). [liameTp 0TBOpiB JOPiBHIOBAB 2 MM, BiJICTAHb M)XK CYCIIHIMU OTBOpPaMH Ta

BiJI LIGHTPY KICTKH /10 HAHOIMKIMX OTBOPIB gAopiBHIOBasia 30 mM. [170].

| .MiCl(e 602HENATbHO20 NOPAHEHNA |

1234567 8 sm

Puc. 2.20. Po3mireHHst To4ok (OTBOPIB JIJIst BBEICHHI 1HICHTOPY) Ha

BEJIMKOIOMUIKOBIN KICTIII

JI1st KOXKHOTO TIpenapary 1HAUBITyaIbHO OYyJIM BUTOTOBJICHI OTIOPH 3 CIEIIaIbHOT

IJIaCTMAcCH, SIK1 MOBTOPIOBAJIM (POpMY CYTII000BUX MOBEPXOHb.
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OTpuMaHHSl 3pa3KiB KICTOK YIIKOJKEHHMX BOTHEMAJbHUMHU IEpeoMaMu OyIio
3I1ACHEHO B YMOBaX 3aKpHUTOro Tupy Ha npemnaparax BI'K, siki BUTbHO 3aKpiIuTIOBaIHCA .
Boruenanbsi nepenoMu Oynu 3MOAEIBOBaHI HUISXOM MOCTpiny 3 Biactani 100 M 3
kapabiny Remington 700 SPS Varmint 3 xapakrepucTUKaMu KyJii: ITOYaTKOBA
mBuaKicTh Ky 1300 m/c, Mmaca 3.5 1, KiHeTHYHA eHeprisd Kym 2.96 kJIx, kaniop 22-250
Rem.

BusnaueHHs ~ XapakTEepUCTUK  YIIKO/DKEHHX  KICTOK  3MIHCHIOBAJIOCH 32
BUIIEOMMCAHOI0 METOAUKOIO.

BusHaueHHsI ONTHMAJIBHOrO PO3TAIYBAHHSI CTEP:KHIB B amaparax i
¢ikcanii BorHenajabHuX nepeomiB [171]. [y qociaipKeHHS MIIIHOCTI Ta )KOPCTKOCTI
¢ikcarii mepeIoMiB BHUKOPUCTOBYBAJIM CTajieBi CTepkHi (puc.2.21a) Ta HaTypHUI

npenapar BeJIMKOrOMUIKOBOI KICTKH (puc.2.21 0).

Puc. 2.21. O6’extn BUNpoOyBaHb: a) IBa CTAJIEBUX CTEPKHI 3 IBOMa (pikcaTopamu

Ha KO’)KHOMY, 0) HATypHHI npenapaT BEIMKOTOMIJIKOBOI KICTKH.

B nepimomy HaOmMKeHH1 SIK 3aMIHHUKH YaCTUH KICTKU, HA IKUX 3aKPITIIOBaBCS
CtA3®, Oynu BUKOPUCTaHI JBa CTAJIEB1 CTEPIKHS C IBOMA (hiKCaTOpaMH Ha KOYKHOMY.

B Mexax mgaHOro AOCHIIKEHHS CTajeBl CTEPKHI BBaKalu aOCONIOTHO >KOPCTKI,
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TOOTO, Maike HEe AePOPMYIOTHCS ITiJT YaC HaBaHTAXKEHHsI CUCTEMH, TOMY BIUIUB Ha
KOPCTKICTh CUCTEMH 31 CTOPOHH IIUX CTEPKHIB MPAKTUYHO BiICYTHIM.

®ikcarop ansa crepxHiB A3D 2 Ta 3 1a€ MOXKIMBICTh PO3TAIIOBYBATH CTEPKHI
mig  kyramua  90°, 75°, 60° BiZHOCHO TO370BXHBOI oOci cucremu. Ha
puc. 2.22 mpuBEACHO KpECICHHS 3 BCIMa HEOOXITHHMM IapaMeTpaMH, a Ha

puc. 2.23 - cxemy po3srtairyBanHs CTA3D.
A-A
%}’ AH =

3 omb

1]

b-b
Wz ®

Puc. 2.22. Texuiune kpecieHHs pikcaTopiB

Puc. 2.23. Cxema po3zramnryBanusi CTA3®D

B pemTi nmochimkeHb 00’ekTamMu  BUMPOOyBaHb OyJiM HATypHI Mpenaparu
BEITMKOTOMUIKOBOI KICTKHU JIFOAWHH 3 MOJEIboBaHUM niepesioMoM Ta CT3AD 3 pizHuMU
croco0aMu 3aKpirIeHHs CTEPXKHIB.

[Ipy BOrHEemanbHUX YIIKO/DKEHHSX KICTOK OCTEOCHHTE3 € OCHOBHMM METOIOM
JikyBaHHs. Ha chOroaHilHii B KIHIYHIA MPAKTUIl BUKOPUCTOBYETHCA JIBA OCHOBHUX
ciocobu po3ramryBaHHsl cTepkHiB. [lepmmii crnocid IpyHTY€eThCS Ha MPHUITYLICHHI IO,
HaANOUTBII HaflHA (iKcallid BIIJIAMKIB MPH MEPEIoMax JOCATAEThCS MPU MiHIMANbHIN

BIJICTaHI MIXK cTepkHsAMHU [172] , 110 3HaXOIATHCSA B PI3HUX KICTKOBHX (PparMeHTax.
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CrepxHl BBOAATHCS y KICTKY Ha BiacTaHi npuOmm3Ho 20 MM BiAg MicUs HEpeIoMy
HEPIIEHIUKYISIPHO 10 MO3J0BKHBOT OC1 JOBrOi KICTKH.

Hpyruii cnoci® ypaxoBye nerpajaiilo KiCTKOBOI TKAaHUHU TPH BOTHEMAIHLHOMY
MOPAHEHHI: KOPCTKICHI XapaKTEPUCTHKU KICTKOBOI TKAaHWHM B JUISHIII BOTHEMAIHLHOTO
nepejaoMy 3MIHIOIOThCS Ha Bijctani g0 40 MM Big mepenomy. Ilpu TakoMmy Bul
pyHHYBaHHS KICTKOBOI TKaHMHHM, CTaHJapTHE PO3MIIICHHS amapaty ¢ikcarii
HEMOKJIMBE, OCKIJIBKU CTEPXKH1 MOTPAIUISAIOTH B YIIKOKEHY 30HY KICTKH.

[Tpu BOrHEMaNbHUX MOpPAHEHHSAX eileMeHTH (ikcamii (ctepxHi 2 1 3 Ha puc.2.24)
HeOe3MeYHO PO3TalIOBYBATH B YIIKOIKEHINA KICTKOBIM TKaHWHI, paI[iOHATBHO 3MICTUTH
iX B HeymKo/KeHy oOnacth. [Ipu 1mpoMy 30UIBIIYETHCS BIACTAHb MK CTPHOXKHSIMU
(puc.2.24,0) 1 BTpavyaeThCs 3arajibHa >KOPCTKICTb CUCTEMHU «YIIKOJIKEHA KICTKa - 3aci0
¢ikcamii nepeiaomy». K HacIIAOK UBOTO, MIJ JI€0 HABAHTA)KEHb BUHUKAIOTh CYTTEBI
nedopMallii ITaHT Y 1 CTPUXKHIB, 110 MOYKE PUBECTU JO BUHUKHEHHS BETUKUX B3a€EMHUX
3CYBIB YaCTUH MEPEIOMYy TiJ JI€I0 30BHINIHIX HaBaHTaXeHb. OYHKI[IOHAIBHICTh Ta
e(eKTUBHICTh POOOTH cHCTEMM (pikcallli MmepeaoMy MpH LbOMY CYTTEBO 3HHMIKYETHCS.
3Bakalouu Ha 1€ B JlaHiid poOOTI OyJi0 3ampoNOHOBAHO HOBI CXEMH PO3TAIlyBaHHS
CTEpP’KHIB, OJTHA 3 SIKUX Mependavyae po3TraulyBaHHS CTEpKHIB 2 Ta 3 mia KyToM 75°, a

Jpyra — MiJl KyToM CTepxHiB 2 Ta 3 mig KyToM 60°.

Puc. 2.24. Cxema po3srairyBaHHs CTEP)KHIB IEPICHAUKYIIAPHO (a, 0) Ta i pi3HUMU

KyTaMu (B) A0 MO3J0BXHBOI OC1 KICTKU: 1, 2, 3, 4 - crepxHi CTA3D

Takum 4uHOM, JJIs1 TPOBEACHHS JIOCTIDKEHb peaai3oBaHO 4 CXEeMH 3aKpiIyIeHHS

CTtA3D:
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- cTaHjAapTHa cxema po3rairyBaHHs cTepxkHIB A3D (puc.2.25 a);

- CTaHJapTHa cxema 3 BUIJAJICHUMH CTEpXKHSAMH 2 Ta 3 OAMH BiJ OJHOTO
(puc.2.25 0);

- cXeMa 3 po3TallyBaHHSIM CTEpkHIB 2 Ta 3 mix kytom 75° (puc.2.25 B);

- CcXeMa 3 po3TallyBaHHsIM CTepKHIB 2 Ta 3 mij kyToM 60° (puc.2.25 ).

r)

Puc. 2.25. Cxema po3rairyBaHHs CTEP>KHIB

B excnieprMeHTax 3aCTOCOBYBAIM CTaHIAPTHUI CTep)KHEBUH amapat. B tadmui 2.1
MPUBEJCHI TEOMETPUYHI XapPaKTEPUCTHUKU PI3ZHUX KOMIIOHOBOK CHCTEMH «CTaJeBUUA
CTPWXKEHb (IMITAaTOp KICTKH) — CTEP)KHEBUI amapaT 30BHIIIHBOIT (iKcallii» 1 CUCTEeMH
«BEJIMKOTOMIJIKOBA KICTKA - CTEPYKHEBHM anapaTt 30BHINIHBOI (iKcaIlii», 1o MiIaBaIiCh

HABAHTAXKEHHAM. ['€OMETpUYHI XapaKTEpUCTUKU TMO3HaueHi Ha puc. 2.26. Ilpu
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MOTAJTBIIIOMY aHaITi31 MPUHHATI TaKi MO3HAYCHHSI KOMITOHOBOK cTepkHIB CTA3D: A1, A2
- craugaptHa kommoHoBka; B1, B2, C1, C2, D1, D2 - po3Beneni crepxkHi 2 Ta 3,

3aKpiIieHi mijg pizHumu Kytamu[173].

O
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Puc. 2.26. 'eomeTpuyH1 XapaKTEPUCTUKHU PI3HUX KOMIIOHOBOK CUCTEMH

Tabmnug 2.1
['eomeTpuy4HI XapaKTEPUCTUKHU PI3HUX KOMIIOHOBOK CHUCTEM, 1110 MiJAaH1
BUNPOOYBAHHIM
CraneBuii cTpuXeHb (iMiTaTOP BenukorominkoBa KicTka -
Feomerpirrl KicTkn) - CTA3D CtA30
TAPRETEPHETHE Al B1 C1 D1 A2 B2 C2 D2
H, mm 94 94 94 94 94 94 94 94
L3 1-4, mm 237 237 237 237 255 255 255 255
L32-3, mm 91 150 37 149 79 131 35 127
L* 1-4, Mm 237 237 237 237 255 255 255 255
Lk 2-3, Mm 91 150 91 91 82 134 105 69
al 90 90 90 90 90 90 90 90
o2 90 90 75 60 90 90 75 60
o3 90 90 75 60 90 90 75 60
o4 90 90 90 90 90 90 90 90
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3a nmomoMororo yHiBepcanbHOi BUIpoOyBambHOI MammHM [IRATEST-2151
BU3HAYAIOTHCSA XApaKTEPUCTHKHU MIIHOCTI 1 Aedopmarlii marepiaiiB 3 MaKCUMaJIbHUM
3ycuIutaM 10 S kH.
3ycuiuis Ha 3pa30K MPUKIIAAAIN Yepe3 CTAIEBUN CTEPKEHB A1aMETPOM 5 MM.
Cucrtemy BCTaHOBIIOBAJIM Ha pPoOOYOMY CTOJI BHUIPOOYBaJbHOI MAIIMHU
TIRATEST-2151. 3pa3ku BUIIpoOyBaIk y HOTUPHOX PEKUMAX:
® CTHCK,
® KpYy4YCHHS,
® 3IUH Yy IUIONIMHI PO3MIIIEHHS CTEPKHIB,
® 3TUH MEPIEHAUKYISPHO 0 TUIOIIMHUA CTEPXKHIB.

VY mporneci HaBaHTaKEHHSI OyiM 3amucaHi TaOJuWIll, B SKUX 3aHECEH1 JaHl, 110
peecTpyBalia BUIpOOyBaibHa yCTaHOBKA. Ta0IuIll MICTSITh 3HAYSHHS EPEMIIIIEHHS (MM)
1 cum (H), mo npuxmananacs. [[o6 BUKIIOYMTH BIUIMB Ha PO3PAXYHOK >KOPCTKOCTI
HEJIMCHUX pe3yJIbTaTIB (CHUCTEMa peecTpyBaja pe3yJbTaTd 1 MiJ 4Yac TOro, KOJU
HABAaHTAXKEHHA OYJI0 3HAITO), HE0OXiTHO OyI0 MO0y TyBaTH rpadiku 3anexHocTi cunu (H)
BIJl IepeMilIeHHs 3pa3ka (MM). Jlani BUAUIUTH JIIHIMHUEI BIAPI30K Tpadiky 3a1eKHOCTI

«cuia — MepeMIIICHHS», 0 SKOMY pO3paxoByBasiacs >KOpCTKicTh cuctemu (H / mm).

2.4.2 MeToauKa OLIHKM BILIMBY pereHepaiii KicTKOBOI TKAHUHHU HA KOPCTKICTH

(pikcoBaHUX MepeIOMiB

Jlis TpOBEACHHS EKCIEPUMEHTAIBHUX JOCTIKEHbh BHKOPUCTOBYBAJIM 3pa3Ku
KICTOK 3 MOJICJIbOBAHMMH TE€peIoMaMH, CcucTeMaMu (ikcallii meperoMiB  Ta
MOJIeJThOBAaHUM PETEHEPATOM KiCTKOBOT TKAaHHHH.

BenukorominakoBy KICTKy 3 MOJEIbOBAHUM IEPEIOMOM Ta 3acobom  (ikcarrii
po3MmilyBaiu Ha poO0YOMY CTOJI BUIPOOYBaJIbHOI MAIIMHU Ta BUIIPOOYBAJIM HA CTHUCK,
3TUH Ta KPy4eHHSI.

[lepen mnpoBeAeHHSIM MOCIIDKEHb B MPOMDKOK MDK yJIaMKaMHU MEperoMy

BCTAHOBJIIOBJIMCS €JIACTUYHI TOJIMEPHI Marepialid, sKi IMITyBaJld pereHepaTHBHY
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KICTKOBY TKaHHUHY. BU3HaueHHS MOAYIIB IPYKHOCTI JUISL [IUX MaTepiaiiB MPOBOIUIIOCS
Ha LUAJTIHAPUYHHUX 3pa3Kax JiaMeTpoM 12 MM IIIIXOM BUIIPOOYBAHHS HA CTHCK.

[luraHHd BU3HAYEHHS MEXaHIYHUX XAPAKTEPUCTUK TMOJIMEPHUX MaTepialliB Ta
MOJICTIIOBaHHSI 1X MEXaHIYHOI TMOBEIIHKM pO3IJSIHYTO, 30Kpema, y pobotax O.B.
lNonmsxa [174-176].

BukopucroByroun gaHi Ipo peHTT€HIBChKY IIUIBHICTh Ta MOYJIb IPY>KHOCT1 P13HUX
TUIIB pereHepaTy KICTKOBOI TKaHMHHU, OyJIO BiliOpaHO psij MOJIMEPHHX MaTepiaiiB 3
CKBIBaJICHTHUMHU XapaKTePUCTUKAMU JIA IMITallli pereHepaTy Ha paHHIX CTaaisx ii
3poctanHs. J[yig 3aMillleHHS pereHepary Ha IMONepPeIHbOMY €Tami JIOCTIIKEHb
BukopuctoByBaiu: rymy PII-101 (momynb mpyxHocTi ipu ctucHeHHl E = 7,74...8,71
MIIa); minomact Bucokoi niiasHocTi (E =0,6...0,8 MIla); miHOMmIacT HU3bKO1 NIIJTILHOCTI
(E=0,2...0,4 MIIa); noposion (E = 0,05 (0,08 MIIa).

Jliist imiTarii perenepaTy KiCTKOBOI TKAHWHU OyJIM TaK0X BUKOPUCTaHI MOJIIypeTaH
«UniCast 9» 1 cuikon «SILVER 20». Lli nosiMepu 31aTHI 3MIHIOBAaTH J€SKI MEXaHI14HI
XapaKTEePUCTHKH, 30KpeMa MOAYJIb NPYKHOCTI, MpU PIZHOMY CHIBBIIHOUIEHH]
KOMITOHEHTIB «A» (cMomna) 1 «By» (3arBepmkyBad). BunipoOyBaHHs 3pa3KiB Ha CTUCK 1A
HacTynHi pesyhbratu: mnojiypetaHn «UniCast 9» - cymim 1 (CHiBBiIHOIIEHHS
KOMITOHEHTIB «A» 1 «B» 100:50) Mmoayns mpyskuocTi npu ctucky E = 710...790 Mlla;
cymimr 2 (100: 25) E=14,8. .. 15,6 MIla; cymim 3 (75:50) E = 670. .. 730 MIla; cunikon
«SILVER 20» - cymim 4 (100: 12,5) E = 0,46. .. 0,54 MIla.

3 cunikony «SILVER 20y BUTOTOBIISETHCA JIUIIIE OJTHA CYMIII, OCKUTHEKH KOMITOHEHT
«B» mie nuime sk KaTtamizaTop ISl IPUCKOPEHHS MPOIeCy 3aTBEPAIHHS MOJIIMEPHOTO
Matepiany 1 HOro KiIbKICTh IPAKTUYHO HE BIJIMBAE HA )KOPCTKICTh MaTepiany.

Cymimi Ne 1 ta Ne 3 BHKOpHUCTOBYBANUCH JIJISl IMITAIlll Mi3HIX CTaiii YTBOPEHHS
KICTKOBOT'O pereHepary, a cymimr Ne 2 ta Ne 4 — mist panHix cramiid. Ak mokazaim
MOTIepeIHI  €KCIIEPUMEHTH, TIPU  BHUKOPUCTAHHI  MOJIYPETAaHOBUX  CyMIIIeH
«UniCast 9» Ne 1 1 Ne 3 qyist imitanii pereHepaTy KiCTKOBOi TKAHUHU HEJIOIUIBHO uepes
BEJIUKY TBEPAICTh Ta MaJll B3a€EMHI TIEPEMIIIIEHHS.

Cywmimt 4 cunikony «SILVER 20» Takox HenoIibHa Y BUKOPHCTAaHHI, OCKUIBKU

JIOCUTh CKJIAJJHO PEryjJloBaTH MOJAYJb MPYKHOCTI 1bOro Martepiany. Tomy mnpu
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MIPOBENICHHI JTOCTIKEHb y CHCTEMI «KICTKa 3 TMEpPeIOMOM — IMITOBAaHWUN KiCTKOBUU
perenepar — Qgikcatop» Oyna Bukopuctana cymimr Ne 2 moniyperany «UniCast 9.
OcobauBocTi BUNPOOYBaHb KicTOK 3 (iKCOBAHMMH IepejiOMaMu. 3pa3KH,
3aKpiIyieHl Ha poO0YOMY CTOJII BUIIPOOYBaIbHOI MAIIMHU, HABAHTAXKYBAJIX 32 PaXyHOK
nigioMy poOo4oro cTojia. 3yCUilisa EepeiaBalid Yepe3 CTANIEBY KYJIbKY JIIaMETPOM 6 MM.
[Ipu BunmpoOyBaHHSX Ha IO3aIlEHTPOBUN CTUCK HaBaHTaxeHHs P = 150 H
NPUKIAJAIA 0 TOPIS CTEPIKHS 3 €KCIICHTPUCHUTETOM BiJHOCHO MOBEPXHI (P1KCYIOUOi

IUTACTUHU e =17.5mm. Ilpm  BunpoOyBaHHSAX Ha 3IMH  HAaBAaHTa)XKEHH:
P = 30 H npuxnaganu no O0KOBOi NMOBEpXHI KICTKM Ha BIACTaHI e, =32mm Bij

nepenomy.

CxeMu HaBaHTa)KE€HHs 300pakeHo Ha puc. 2.27.

WAL

a 0 B r
Puc. 2.27. BunipoOyBaHHS BEJIMKOTOMUJIKOBO1T KICTKH 3 MOJICJIbOBAaHUM IE€PEIIOM, 110
(hiKCOBaHMI MeiaTbHOI BEIUKOTOMIJIKOBOIO OJIOKOBAHOO IIJIACTHHOIO, HA CTUCK (a),
3ruH (0) Ta KpydeHHs (B); EPEIOM 3alIOBHEHUH MOJIMEPHUM MaTepiaioM, 1110

MOJICIIIOE PereHepaT KICTKOBOT TKAaHUHU

OnHoyacHO 3 TPUKIAIEHHSIM CHJ TMPOBOJWIM 3alKC 3arajbHUX Jiarpam
nedhopmyBaHHs cucTemu. [lepeMilieHHsS TOYOK TepesioMy A Mijg HaBaHTaAKEHHSIM P
BU3HAYaJIM METOI0M LIu(ppoBoro pororpadysanns. Takxi >k BUPOOYBaHHS MOBTOPIOBAIIN

0e3 IMITOBaHOTO pereHepary.
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BucHOBKH 10 APYroro po3ainy

BianosizHo 10 mocTaBieHuX 3aa4 0yJi0 po3po0IeHO METOAUKHA €KCIIEPUMEHTAJIbHI

I[OCJ'IiI[)KeHHH 10 BH3HAYEHHIO MEXaHIYHHUX XapaKTCPUCTUK KICTKOBOI TKaHHMHU Ta

BU3HAYEHHI MIITHOCTI 1Ie(DOPMIBHOCTI CUCTEM OCTEOCHUHTE3Y. 30KpeMa:

1.

Po3po6ieHo HOBI METOAWMKH JOCHIDKEHb MIIHOCTI 1 Je(POpPMIBHOCTI CHCTEM
OCTEOCHHTE3Y IS TPaBMATHYHUX TIEpesoMiB KicTok. [li mMeTomm 3acTocoBaHi st
PI3HUX THITIB YIIKOJKEHb KICTOK Ta BPaXOBYIOTh OCOOJIMBOCTI KICTKOBOi TKAHWHH,
BKJTFOYAIOYM JIETPAJaIlif0 KICTKOBOI TKAaHWHH TPU BOTHETIAIBHHX IEepeIoMax Ta
PO3BUTOK pEreHepaTUBHOI KICTKOBOI TKAHUHH B MPOIIEC] 3POIIyBaHHS MEPEIOMIB.
Po3pobneHo MeTonuKy Ta CTBOPEHO OOJIaJHAHHS [JIi BHUMIPIOBAHHS CTYIIEHSA
Jerpajanli KICTKOBOi TKAHMHU B 00JIaCTI BOTHEMAJIBLHOTO MOPAHEHHS, 33 JOIIOMOT OO
SKO1 BU3HAYEHO 3MIHM MEXaHIYHI XapaKTEePUCTUKU KICTKOBOI TKAHWHU Ha JIHIMHUX
JUISTHKAX 1e(OpMYyBaHHS.

[IpencraBieHo nmporpaMu Ta METOAUKY O BU3HAYCHHIO MEXaHIYHUX XapaKTEPUCTHUK
KICTKOBOT TKaHMHHM TIPU PI3HUX BUJAX HABAHTAXXEHHS, BIUIMBY BOJIOTOCTI Ta
TEMITepaTypH, a TAaKOX 3 BpaXyBaHHIM BIUTMBY aHI30TPOITIi.

3anpornoHoBaHo HOBI cxemu 3akpirieHHss CTA3D, sKi cripsMOBaH1 Ha MOKpAIEHHS
e(eKTUBHOCTI Tepediry MpoIecy JIKyBaHHS BOTHEMAJIbHHX Ta TPaBMaTUYHUX
nepesIoMiB.

Onucano MeTOAMKY BHOOPY MOJIMEPHUN MaTepian JJisi MOJEIIOBAaHHS pereHepaTy

KICTKOBOI TKAHWHM HA PaHHIX CT1sX 3POILCHHS.
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PO3/1L1 3
AHAJII3 TA OBPOBKA PE3YJILTATIB EKCIIEPUMEHTAJBHUX
JTOCJITKEHD

VY nonepennbomMy po3aiiai Oyiau po3poOiieHl 1 omucaHi METOJIMKH BU3HAYEHHS
MEXAaHIYHUX XapaKTEpUCTHUK KICTKOBOI TKAaHWHHU 3 BpPaxyBaHHSM BIUIMBY BOJIOIOCTI,
TEeMIeEepaTypu, 11 aHI30Tpomii Ta JAerpajamii Ta 3alpollOHOBAHO HOBI CIIOCOOU
po3TairyBaHHs cTepHIB y anaparax Ct3A®, BUKOPUCTAaHHS SAKUX YSBISETHCS OUIbII
e(eKTUBHUM 32 ICHYI0Yl. J{J1s1 mepeBIpKU bOTO NPUITYIIEHHS! Ta BU3HAYEHHS MIITHOCTI 1
KOPCTKOCTI CHUCTEM OCTEOCHHTE3Y 3 YpaxyBaHHSIM pEaJbHUX BJIACTUBOCTEH
NOIIKO/)KEHOT KICTKOBOI TKaHMHU OyJila MpOBEACHA HHU3KA EKCIIEPUMEHTAIbHUX

JOCITIKeHB, pe3yJIbTaTH SIKUX HaBEJEHI B TAHOMY PO3ILI.

3.1 BiaacTuBOCTI KiCTKOBOI TKAHUHU

3.1.1 XapakTepucTHKH Pi3HUX TUIIB KiCTKOBOI TKAHUHH MPH

KOPOTKOYACHUX HABAHTAKCHHAX

JlocniKeHHsT MEXaHIYHUX XapaKTePUCTUK PI3HUX THITIB KICTKOBOI TKAaHWHU TMPHU
KOPOTKOYACHUX HABAaHTAKEHHSX IMPOBOJMWIUCH, HAa YOTHPHOX 3pa3kaX KOPTHUKAIBHOI

KICTKOBOI TKAHWHH, OTPUMAHMX 31 CTETHOBOT KICTKH Ta IIeJIenu JTroauau (puc. 3.1).

b’ @
I8
e\
I e\
_‘L
a) 0)

Puc. 3.1. Po3ramryBanHst BUTOTOBIIEHUX 3pa3kiB Nel,2 Ha CTETHOBIH KicTI (a), Ta

3pa3kiB Ne3,4 Ha HIKHIN 1ienerni (0)
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Yepes Oya0BY KiCTKH Ta (PYHKIIIOHATBHOI MOKJIMBOCTI BUTOTOBJICHHS 3 HEl 3pa3KiB,
iXHI po3MipH BiJPI3HAIOTHCA OJMH BiJ OJHOTO. 3HAUEHHS PO3MIPIB 3pa3KiB HABEJCHO B
Tabi. 3.1.
Tabmuus 3.1

BuroToBieHni 3pa3ku, iX po3mipu Ta po3TallyBaHHs B CKEJIETI JIIOAUHU

e Po3mipu
3pa:;1<a Po3TamyBanHst BHCOTA | IIHPUHA | JOBKHHA
h, Mmm b, Mm a, MM
1 MenmiaipHa 4acTHHA CTETHOBOT KICTKHA 9,5 5,9 3,1
9 JlaTtepanbHa HacTHHa CTErHOBOI1 11.3 6.7 29
KICTKH
3 Huxad menena 8,9 7,1 2,5
4 Hwxad menena 8,2 7,5 2,8

3anucani giarpamMu JaedopMyBaHHS AaHUX 3pa3KiB y JIBOX PI3HUX HaNpsIMKax:
TOJIOBHUH (B3/10BXK OpI€HTAllll OCTEOHIB) Ta MOINEpEeYHUi (BIOMEPEK Opi€EHTAIllT OCTEHIB)

IPHY Pi3HHUX PIBHAX 3BOJIOXKEHOCTI (puc. 3.2 - 3.7).

P,H
1000
900
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700
600
500
400
300
200
100

0
0 10 20 30 40 50 60

Al, MKkM

—4— HopmaJjibHa BoJIOTiCTH 3B0J10KeHHI 3pa30K Bucymenuii 3pazoxk

Puc. 3.2. Jliarpamu nepopmyBanHs 3pa3ky Nel 3 CTETHOBO1 KICTKH 32 TPhOX PI3HHUX

PiBHIB 3BOJIO’KEHOCTI, B TOJIOBHOMY HampsIKy.
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PH
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—a— HopMmaJibHa BoJIOTiCTh —#—3B0JI0KeHN i 3pa30K Al, Mmxm

—o—Bucymenunii 3pa3ok

Puc. 3.3. liarpamu nedopmyBanHs 3pa3ky Nel 3 CTETrHOBOT KICTKH 3a TPHOX PI3HUX

PIBHIB 3BOJIOKEHOCTI B TONIEPEYHOMY HATIPSIKY.
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—+—HopmMmaJibHa BoJioricTe —#—3BoJs10keHHH 3pa3ok —®—Bucymennii 3pazok

Puc. 3.4. liarpamu nedopmyBanHs 3pa3ky Ne2 3 cTErHOBOT KICTKH 32 TPhOX PI3HUX

P1BHIB 3BOJIO’KEHOCTI, B TOJIOBHOMY HAIIPSIKY .
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—4— HopMaJibHa B0JIOTiCTH —#—3B0JI0OKeHH I 3Pa30K Al, MKM

—o—Bucymennii 3pazoxk

Puc. 3.5. Jliarpamu nedopmyBanHs 3pa3ky Ne2 3 CTETHOBOI KiCTKH 3a TPHOX PI3HUX

PIBHIB 3BOJIO’KEHOCT] B MTONIEPEUHOMY HATPSAKY.
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—+—HopmaJjibHa BoJIOTiCTH —#—3B0JI0KEHUIi 3Pa30K

Puc. 3.6. liarpamu nedopmyBanas 3pa3ky Ne3 3 HIKHBOT MIEIETH 32 TPHOX

PI3HUX PIBHIB 3BOJIOKEHOCTI B MTOMEPEYHOMY HAIPSIKY.
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—— HopmaJjibHa BOJIOTiCTH 3B0o/10:KeHU 3pa36}<]’ MEM
Bucymenuii 3pa3oxk

Puc. 3.7. liarpamu nedopmyBanHs 3pa3ky Ned 3 HIDKHBOT 1IEIETH 32 TPhOX

PI3HMX PIBHIB 3BOJIOKEHOCTI B TOJIOBHOMY HaIpsIKY.

3a oTpuMaHMMH JiarpamMamMu AedOpMYBaHHS ISl KOXKHOTO 3pa3ka BHU3HAYMIIN

MOIyJi TpyxkHocTi. B Tabn. 3.2 mpeacraBiieHi 3HAYEHHS MOMAYJIB MPYKHOCTI
BUIPOOYBAaHUX 3pa3KiB B PI3HUX HampsMKax: E - BiAmoBimae BHUIPOOYBaHHSM, IO
MPOBENICHI MPU NPUKIAIAHHI HABAHTAXKEHHS Y HAMPSAMKY, HAaOUIbII HAOIMKEHOMY 10
opieHTalii OIIBIIOCTI OCTEOHIB Ta TpabEKy KiCTKOBOI TKaHUHH(TOJIOBHUHN Hampsm); E,

— 3HAYEHHS MOJAYJIB MPY>KHOCTI, OTPUMAHUX y HAMPSIMKY MOMEPEYHOMY /10 Opl€HTAIli

OCTEOHIB (TTOTIEPEUHUIN HAIIPSIM).
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Tabmums 3.2
Monyi npy)XHOCTI 3pa3KiB KICTKOBOI TKAHUHU B 3aJIC’KHOCTI BiJl HANPsSMY HaBaHTaKEHHS

Ta CTEIEH] 3BOJIOKEHOCTI

Ne JlabopartopHi . 3Bos10xe M
Hanpsimok Cyxwuii 3pa3ok

3pa3ka YMOBH 3pa3oK
1 El, MIla 12112 15123 13320
E2, MIla 3330 3756 3401

5 El, MIla 7754 12923 11184
E2, MIla 6806 7074 6776

3 El, MIla 11938 15260 14102
E2, MIla 5983 4786 4841

4 El, MIla 10275 13333 11388
E2, MIla 7651 7621 7586

3 OTpUMaHHUX pe3yJIbTaTiB BUIHO, 110 B KICTKOBOMY MaTepiaii MiATBEPIKYEThCSI
aHI30TPOIIsI MEXaHIYHUX BJIACTUBOCTEH. Moaynl MNpYyKHOCTI, IO BIJANOBIIAIOTH
HaMpsSMKY HalO1IbI1 HAOJIMKEHOMY J0 Opil€HTAIlli O1JIBIIIOCTI OCTEOHIB, € OLIBIIUMHU HIXK
MOJyIi MPYKHOCTI B IONEpeYHoMy Hanpsamky. Bimmomenns EJE, B 3amexnocti Big

00J1aCT1 KICTKH, 1i CTPYKTYPHO-(DYHKIIIOHAJIbHOTO PU3HAYEHHS Ta YMOB 30€piraHHs Ta
cknanaroTh Big 1,14 mo 4,02.

3MiHa BOJIOTOCTI 3pa3KiB KICTKOBOT TKAHMHM TaKOXX BIUTMBAE HA 3HAUYCHHS MOTYJIIB
Npy>KHOCTI. B HanpsAMKy opi€eHTallil OCTEOHIB B 3pa3Kax, U0 MIJJISATajId TPOCYIIYBaHHIO,
Moaynb FOura 30inmbinyerbes Ha 24,8 - 44%. B HanpsMKy, onepedyHoMy 0 OpieHTarlil
OCTEHIB TICJIsl MPOCYITYBaHHS MOAYJIb 3MIHIOEThCS HE TaK CyTTEBO, B Mexax 5%, 110
MOKHa BIIHECTH 1O MOXHMOKM ekcnepumeHTy. [Ipu moganbiioMy 3BOJIOKEHHI 3pa3KiB
KICTKOBO1 TKaHMHHU MOyJib KOHra B roIOBHOMY HaIlpsIMKY 3MEHIyeThes Ha 7,6 - 14,6%,
ase 3/1e01IbIIOr0 HE MOBEPTAETHCS 10 MOYATKOBOIO CTaHy MpH JabOpaTOPHUX YMOBAX.
Ha 3HaueHHs MOAYJIB MPYXKHOCTI B IMOMNEPEYHOMY HANPSIMKY SIK 3BOJOXKEHHS Tak i
IPOCYIIyBaHHS 3pa3KiB 3HAYHOI'O BIUIUBY HE Ja€. 3 OTPUMAHUX Pe3yJbTaTiB MOXHA

3pOOUTH BHCHOBOK, IO MPHU MPOBEACHHI BUIPOOYBaHb, IJi OTPUMAHHS JOCTOBIPHUX
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JaHUX TOTPIOHO 30epirat 3pa3Ku B YMOBAaX, SIKi BIJMOBIIAI0Th 3HAUYCHHSM TIPH SKHUX
KICTKa 3HAXOJUTHCS B TUTI JIFOIUHHU.

JlocnipKkeHHs BIUTMBY TEMIIEpAaTypH Ha MEXaHI4H1 BJIACTUBOCTI KICTKOBOT TKAaHUHU
mpOBOIMIN Ha 3pa3ky Ned, BHUTOTOBJICHOTO 3 HWKHBOI IIENICNH JIIOJUHU. 3amucaHi
niarpamu neOpMyBaHHS 3pa3Ka KiCTKOBOI TKaHWHU B TOJOBHOMY Ta IMOMEPEYHOMY

HaIpsMKax 3a TPbOX PI3HUX PIBHIB TEMIIEpaTypH 300pakeHi Ha puc. 3.8.
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Puc 3.8 [liarpama nedopmyBaHHS 3pa3KiB KICTKOBOi TKAHWHU B TOJIOBHOMY HAIPSIMKY
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Puc 3.9 Jliarpama negopmyBaHHs 3pa3KiB KICTKOBOI TKAHUHH B TIONIEPEYHOMY

HaAMpPSIMKY NP PI3HUX TeMIepaTypax
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3 giarpaM BUIHO, IO TEMIIEPATypa SKa BapitO€ThCS BiJl KIMHATHOI 10 MAaKCHMAJTbHOT

TEMIEPaTypH Tija JTIOAUHHA HE BIUITMBAE HA PYKHI XapaKTEPUCTUKU KICTKOBOT TKAHUHH.

3.1.2 B’s3ko0-npy:KHi XapaKTePUCTHKH KiCTKOBOI TKAHUHH

Pesakcanis Hanpy:keHb KiCTKOBOI TKAHUHH NPHU CTUCKAHHI. [[ocaimkeHHs
pernakcailii Harpy»XeHb KICTKOBOT TKAHHHM MTPOBOMIIMCH HA BUMPOOYBaIbHIN MaluHi
TIRATEST 2151. Penakcaitist Hanpy>keHb BUBYAJIACH ITPU CTaJIil BEIMYMHI BIJHOCHOT
nedopmaliii Ta 3MIHHOMY 3HAYEHHIO 3yCHILIS, 1[0 BUMIPIOBAIUCS JUHAMOMETPOM
BUIIPOOYBaIbHOT MallTMHU. BUnpoOyBaHHs MpOBOAWINCH Ha 3pa3ky Ne 2 B pi3HUX
HaIpsIMKax Ta MPU PI3HUX CTYMEHSIX BOJOTOCTI.

3a pe3yibTaTaMu €KCHEpUMEHTY Oyiau mnoOyJoBaHI KpHBI peliakcallii 3paska

KicTkoBOi TkanuHM (puc. 3.10-3.11).

o, Mlla
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t,C
——HY Bucymennii 3pazok 3BoJ105KeHUI 3pa3oK

Puc 3.10. Kpusi penakcartiii Hanpy»XeHb 3pa3ka KiCTKOBOT TKaHUHHU Noe2 B rOJIOBHOMY

HaIpPSMKY TPH Pi3HIA CTYIICHS 3BOJIOKEHOCTI 3pa3Ka.
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o, Mlla
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Puc 3.11. Kpusi penakcanii Hanpy>kKeHb 3pa3Ka KICTKOBO1 TKaHUHU Ne2 B

MONEPEYHOMY HANPSMKY MPH Pi3HINA CTYyHEHS 3BOJIOKEHOCTI 3pa3Ka.

B tabsn. 3.3 mpuBeneHi 3HauCHHs MIBUIKOCTEHW penakcallli HanmpyXeHb JJIs 3pa3ka
KICTKOBOI TKaHMHHU No 2 3 CTETHOBOI KICTKH, B HampsiIMKax | - rOJIOBHUHN HampsM, 110
BIJIMOBIIa€ Opi€EHTAIllT OCTEOHIB Ta 2 - MONEPSYHUHN HaMpsiM. 3HAYCHHS ITPEACTaBIICHI IIPH

PI3HOMY CTYTEHI 3BOJIOKEHOCTI 3pa3Ka.
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Taomumg 3.3

[IBuaKICTH MpOLIECy penakcailii Harpy>KeHb Y pi3HI MOMEHTHU Yacy B Mlla/ cex

Yac Hopwmainbhi yMoBHU Bucymenuit 3pazok 3BOJIOKEHUH 3pa30K
C 1 2 1 2 1 2
3 0,1287 0,0274 0,1098 0,07375 0,09436 0,07375
3) 0,0437 0,0237 0,04632 0,01896 0,0386 0,04583
10 0,0206 0,0105 0,03088 0,00737 0,01866 0,01833
15 0,0165 0,0082 0,02059 0,00695 0,00618 0,01201
30 0,0067 0,0047 0,00978 0,00316 0,00326 0,00548
60 0,0026 0,0016 0,00412 0,00126 0,00137 0,00253
90 0,0026 0,0008 0,00206 0,00158 0,0012 0,00169
120 0,0015 0,0011 0,00283 0,00095 0,0012 0,00126
150 0,0015 0,0008 0,00206 0,00063 0,00103 0,00105
180 0,0012 0,0008 0,00223 0,00053 0,00086 0,00095
210 0,0007 0,0007 0,00154 0,00053 0,00034 0,00074
240 0,0015 0,0011 0,00137 0,00042 0,00094 0,00074
300 0,0006 0,0006 0,00086 0,00026 0,00026 0,00068

B T1abn. 3.4 mpuBeneHi gaH1 3MEHILEHHS HANpPYKEHHS Y BIJICOTKaxX JJIs 3pa3ka
KICTKOBO1 TKaHUHH N2 2 IPOTSroM 5 XBUJIMH B FOJIOBHOMY (HAMpsMOK 1) Ta monepeyHomy
(HampsIMOK 2) HanmpsIMKax. 3HAUYEHHS MPEACTaBICH] IPU PI3HUX CTYMEHSIX 3BOJIOKEHOCTI
3pa3ka.

Tabmuusg 3.4

3MEHILIEHHS HapyXeHb y % 3a 4yac 5 XB

HopmanbHa BoJioricTh Bucymenunu 3pa3ok 3B0J105KeHMH 3Pa30K
Hanpsamok | Hanpsamok | Hanpsmoxk | Hanpsamok | Hanpsamox | Hanpsamoxk
1 2 1 2 1 2
5,66 4,36 6,92 4,60 4,35 6,72

OTpumaHni JaH1 CBIYaTh, IO PEJIAKcallis HAMPYyKeHb B 3pa3Kax, 10 30epiratoTbes
B pI3HUX YMOBAaX, B1IOYBA€ThCSA 3 PI3HOIO MIBUAKICTIO. 3@ MEPIOJ CHOCTEPEKEHHS 5

XBUJIMH HaNpy KeHHs 3MEHIITyBajauch Ha 4-7%.
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JlochimKeHHsIM MIBUAKOCTI peflakCallliHUuX MPOLIECiB 3pa3KiB B PI3HUX HAMPSIMKaX
OyJ10 BUSBICHO aHI30TPOMHICTh MOBEIIHKY KICTKOBOT TKAHUHH.

3 puc. 3.10 BugHO, 110 MIBUAKICTH pelaKcallii Halpy>KeHb B TOJIOBHOMY HampsIMKY,
IO BIATOBIJa€ Opi€HTAIlli OCTEHIB, MICIs MPOCYUIYBaHHS 3MEHIIYETHCA Ha TMEPIINX
CEeKYHJIaX, Jajl MepeXOoauTh y TOW caMHUMl pEXHUM, IO 1 3BUYaHMM 3pa3zok. Ilicis
3BOJIOKEHHS LIBUJAKICTh B I[bOMY HAIPSIMKY 3MEHIIY€ETHCS, MOPIBHSIHO 3 CyXuUM abo
HOPMaJIbHUM 3pa3KOM, IIOCTYNOBO BHPIBHIOIOUMCh 3 HUMH TICJIS XBUJIMHHU
CIIOCTEPEKEHD.

B nonepedHomy HampsiMKy BiOyBaeTbcsl Maiixke oOepHeHuid nporec. [IBunkicts
penakcaiii Halpy»KeHb 3pa3ka IICJIs MPOCyIIyBaHHS 30UIBLIYEThCS Ha MEPIIUX
CEKyHJIax, aje BXKE€ 3 I’ATOl CEeKYHJU IIBUIKICTb CTAa€ MEHIIOK, HIK y 3pa3Ka Micis
30epiranHs B JiabopaTopHMX ymoBax. llicisi 3BOJIOKEHHS, MIBUAKICTH peJlaKcailii B
HOTIEPEYHOMY HAIPSMKY 301IbIIYETHCS, IOPIBHIHO 3 CyXUM a00 HOPMaJIbHUM 3Pa3KoM,
MOCTYIIOBO BUPIBHIOIOYKCh 3 HUMH MICIIA XBUJIMHU CIIOCTEPEKEHb. Taka IOBEIIHKa
TaKOX CBITYMTH PO aHI30TPOIII0 BIACTUBOCTEHN OO MaTepiany.

IMoB3yuicTh nedopMmaiii KicTKOBOI TKAHUHU MPH CTHCKY. [[0B3y4icTh KICTKOBOT
TKaHWHU JOCTIKyBan Ha BUnpoOyBanbpHii mammai TIRATEST 2151 npu nocrifiHomy
HABAHTAXKEHHI Ha 3pa3kax KiCTKOBOi TKaHUHM No 2 Ta Ne3.

[TocTiitHe HaBaHTa)KeHHS 3a0€3MeYyBaIOCh BUIIPOOYBATILHOIO MAIIIMHOIO Y PEKUMI
LIUKIIIYHOTO HaBaHTAXKEHHsS. B 1bOMy pexXuMmi 3aiaBaBCcid OJWH LMKJI 3 MOTPIOHUM
HABAHTAKEHHSAM Ta WOTO TPUBATICTIO. TakKuM YWMHOM, TICIS JOCSITHEHHS HEOOX1THOTO
HAaBaHTa)XCHHS MalllMHA 3YMUHAJIACh 1 MiATPUMYyBaja JaHe HABAaHTAKEHHS MPOTITOM
neBHoro vacy. /ledopmaiiii 3paska 3HIMalIM 3a TOKa3aMHU 1HIUKATOPIB.

3pazok No2 BUIIPOOOBYBAIM MPHU CTAIOMY HaBaHTaXEHHI 4OTUPHOX piBHIB - 400,
600, 800 Ta 1000 H nmpoTsirom 5 XBUJIMH y TOJJIOBHOMY Ta MOIEPEYHOMY HarpsiMkax. Hac
0 cexyHJ — BIAMOBIIa€ MOMEHTY JIOCSATHEHHS MOTPIOHOTO HABAHTAXKEHHS Ha 3pa30K. 3a
OTPMMaHUMHM pPe3yJIbTaTaMH MOOYJ0BaHI KPHUBI pelakcallii y KOOpAUHATaxX BIJHOCHA
nedopmariisi — yac. EkciepuMeHT MOBTOPIOBAIM MPHU PI3HUX CTEMEHSX 3BOJIOKEHOCTI

3pa3ka: HOpMajbHAa 3BOJIOKEHICTH (30epiraHHs 3pa3ka y JabOpaTOpHHX yMOBax) —
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puc.3.8 - puc.3.9, 3Bonoxenuit 3pasok — puc.3.10 - puc.3.11, Bucymennii 3pazox —

puc.3.12 - puc.3.13.
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Puc 3.17. KpuBi moB3y4ocTi BUCYIIEHOTO 3pa3ka Ne2 B MONEPEUHOMY HAMPIMKY

Ha puc. 3.18 - pumc. 3.19 mnpencraBneHi migpaxoBaHI 3HAYCHHS HAKOIMHYCHOT
nedopmariii y BIICOTKaX 3a 4ac CIOCTEPEKEHHS 5 XBUJIWH. 3HAYCHHS MPECTABICHI IS

PI3HUX HAMPSMKIB JIeopMyBaHHS Ta MPHU Pi3HIN 3BOJIOKEHOCTI 3pa3Ka.
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Puc 3.19. I'icrorpamu HakonuueHHs nedopmariii 3paska y % npu pizHiil cTeneHi

3BOJIOKEHOCTI B MOMEPEYHOMY HANPSIMKY .

3a 5 XBWIMH CIIOCTEPEKEHHS Y 3pa3Ky, 110 30epiraBcs B J1a0OpaTOPHUX yMOBAX y
TOJIOBHOMY HamnpsMKy jaedopMaliii HakomudyBaJvuch 10 piBHA 2,34 — 4,05 %, a B
nornepeyHomy a0 5,24 — 6,25%. [1icas npocyuryBaHHS 3pa3ka HAKOMUYEHHSA Aedopmarriii

B FOJIOBHOMY HampsAMKY 301U1bIi10Cch A0 3,07 — 4,55 %, a B monepeyHOMY 3MEHIIMIIOCh
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1o 3,13 — 5,56%. Ilicns 3BonoxeHHs Aedopmarliii 301IbIIUINCH K B OJHOMY, TaK 1 B
IHIIIOMY HampsiMKax, IpupicT aedopmariiiii ckinas 4,74 — 6,34% B rOTOBHOMY HAIPSIMKY
Ta 5,8 — 9,02% y nmonepeyHomy.

OTpuMaHi pe3yibTaTd II€ pa3 MIATBEPKYIOTh HEOAHOPIAHICTH BIACTUBOCTEH
KICTKOBO1 TKAHWHU Ta BIUIMB HA HUX YMOB 30€piraHHs.

Onuc B’S3KONPYXKHOI TNOBEJAIHKM KICTKOBOI TKAHHHHM 32 J0NOMOIOI0
BIOCKOHATeHOI Moaesai PabornoBa. JlocmipKeHHS MPOLIECIB TOB3YyYOCTI TaKOX
IPOBOJAMIIOCH Ha OCHOBI E€KCIIEPUMEHTAJIBHUX JaHUX, 110 Oynau OTpUMaHl Ipu
BUIMPOOYBAHHIX 3pa3ka KICTKOBOI TKaHMHM N3 Ta MUISIXOM MOJEIIOBAHHS MPOIECY
MOB3YYOCTI 13 BUKOPUCTAHHSIM BJIOCKOHAJTIEHOT Mojiesi PaGoTHOBA.

B nucepramiiiniii po6oti [177] Oyno BCTAaHOBJIEHO, IO HAMOUIBII JOKIAJIHO
IpolleCH IMOB3Y4YOCTI Ta pejlakcalli B'A3KONPYKHUX MarepialiB  3a yYMOB
HECTAI[IOHAPHOTO0 HaBaHTAXKEHHS JIOCIIPKEHO 13 3aCTOCYBAHHSIM JIHINHOI Teopil
B's3KOIpykHOCTI bonpumMana-Bonbereppa. Ilpote, myig OUIbIIOCTI  B'I3KONPYKHUX
MatepiaiiB 001acTh JIHIHHOCTI B'SI3KONPY>KHUX BIACTUBOCTEN OOMEXKYETHCS HU3bKUMU
PIBHSMH HaIlpy>K€Hb 1 € JOCUTh By3bkor. [Ipu BHCOKHX PIBHSAX HaNpyXeHb yMOBa
JHIAHOCTI, SIK IPaBUJIO, HE BUITOBHIOETHCS, a JUIsl 0aratboxX B'A3KOMPYKHUX MaTepiaiiB
o0nacTh JIHIAHOCTI B3araii BifCyTHsS. HeoOrpyHTOBaHe 3acTOCYBaHHS JIHIAHOT TeOpii
B'SI3KOIPY>KHOCTI MPU3BOJUTH JI0 CYTTEBUX MOXMOOK B pO3paxyHKax 1, K HACIIJOK, JI0
HEBUIIPAaB/IaHO 3aBUIIEHUX OI[IHOK Mpale3aaTHOCTI KOHCTPYKITIH.

Heniniiina Teopisi B'S3KONPYKHOCTI BCE 1€ 3HAXOJIUTHCS Ha CTadll PO3BUTKY.
[lepcrieKTHBHOIO BBaXKAETHCS HEMiHINHA MOJAENb B'S3KONMpY)KHOCTI PaboTHOBa, 10 €
YAaCTHHHHUM BUIIQJIKOM HEJIHIHHOTO 1IHTerpaibHoro noganHs Bonbrepa-dpemre. Moaens
anpoOOBaHO Ha 3a7ja4aX PO3PaxyHKy Aedopmariiii moB3ydOCTl NEIKUX HETHIHHO-B'S3KO0-
NPY>KHUX MaTepialliB MPU MOCTIHHUX HAMPYKEHHIX. AJie BUBHAYaJIbHI PIBHSAHHS MOJENI
MICTATh JIBI HEB1IOMI (YHKIIII, Yepe3 110 BU3HAUYCHHS CTPYKTYPH SJEpP CIAIKOBOCTI Ta
napameTpiB siiep yeKiIaauseTbed. e oOMexye MOKIMBOCTI MOJIEN] MPU PO3B'A3KY 3a/1a4

HECTaI[IOHAPHOI MOB3YYOCTI Ta peslaKcalili Halpy>KeHb.
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HaBenenwuit aHami3 AOCTKEHb MPOLIECIB HENIHIMHOT MOB3YYOCTI Ta perakcarii
B’SI3KO-TIPYKHUX MaTepiaiiB 3a YMOB HECTAI[IOHAPHOTO HABAHTAXKEHHS 3aCBIAYUB, IO
npobJieMa € aKTyaJbHOIO.

B po6ori [177] nmpu dhopmMynioBaHHI po3B'a3yBalbHUX PIBHSAHB B Mojieni PaGoTHoBa
BUKOPHCTAHO CKCIEPUMEHTAIbHO ampoOOBaHy TilOTE3y €IWHOI 130XPOHHOI JiarpaMu
nedopmyBanHs. ['irmoTe3a 703BOJIMIIa CKOPOTUTH YHCIIO HEBIIOMUX (PYHKIIIH 1 CIPOCTUTH
METOJMKY BHU3HAUEHHS MapaMeTpiB MOJENI, IO fABJIAE COOOI0 MOJANBIIUN PO3BUTOK
HeniHINHOT Moneni PaGoTHoBa 1 crhpsiMoBaHa Ha PO3B'SI30K 3a7ad HECTalllOHAPHOL
MOB3YYOCTI.

Po3rnsgaeTbcsi HecTallloHapHa MOB3Y4YIiCTh Ta peJlakcallis 3a YMOB 3MIHHHMX

pC)KI/IMiB OI[HOBiCHOFO HAaBaHTAKCHHA PO3TATIOM Ta CTUCKOM.

JIOBUIBHUI 3aKOH 3MIHU HAIlPy>K€Hb O, B MOMEHT 3aBaHTAXEHHS T 3aJa€ThCS Y

BUTJISIII CYMHU MHOHWH MOCTIMHUX HaNpy»eHb Oy :
o(z) = 2 (h(t—7) ~h(t-7ya))or (3.1)
k=1

ne N(t—7,) — omuumuna Gpyukuis Xepicaiiaa 3 po3pUBOM MEPIIOro poay Ta mpu t = 7 ;

t — MOMEHT 4acy, KOJH B1JOYBA€EThCS CIIOCTEPEKEHHS (t>7).

B pamkax piBHsHHS (3.1) peanizyloTbCsi PEKMMH OJHOPA30BOTO HABaHTAXCHHS
(puc. 3.16,a), oaHOpasoBoro jgoBaHTaxkeHHs (puc. 3.16,0), OGaraTtopa3oBoro
noBanTtaxeHHs (puc. 3.16,B), MOBHOTO po3BaHTaxkeHHsA (puc. 3.16,r), uepryBaHHS

JIOBAaHTAXEHb Ta PO3BaHTAXKEHb (puc 3.121), nukiTiyHe HaBaHTaXeHHs (puc 3.12e).

-
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Puc 3.16. PexxuMu HaBaHTa)KEHHSI, 1110 PEATI3yIOThCS B paMKax piBHSHHS 3.1

3agava noJArae y noOyJ0BI CUCTEMU BU3HAYAJIBLHUX PIBHSIHB, 10 BCTAHOBIIOIOTH
3aJIE)KHICTh MK HaNpy>KEeHHAMU O (), nedopmamisMu g(t) Ta 9acom  aus HEmHIMHO-

B'SI3KOIPYKHUX MarepiaiiB, BpaXOBYIOTh HABAHTAXEHHS Ta MAIOTh HA01p MaTepiaIbHUX

KOHCTaHT. PilieHHsIM Takoi 3a/1a4l Oy/1e KOHKpeTH3allisi HaCTYIMHOTo (DyHKITIOHAITY:

t
£(t) = Flo(t-1).00)], (3.2)
IO JI03BOJISIE MEPETBOPIOBATU KOXKHY ICTOPIIO 3MIHM HANpyXeHb O; y BIANOBIIHY

icTopiro 3MiHu fedopmariii € (t).

OyukiioHan (3.2) KOHKPETU3YETHCS y BUTIISA1 TAPHUX IHTETPAIbHUX PIBHSHD

-

@ (g(t)) =o(t)+ ﬂj K (t — Z')G(Z')d T

0
o (t) = o (e(t)) - A[ Rt - o) (e(2) )d 7, (3.3)
0

"

[{i piBHSHHSA € BH3HAYAIHHUMHU PIBHSHHSIMHU HENIHINHOI B'S3KOMPYKHOI MO

tuny PabotnoBa. Tyt € (t) - nosna nedopMartis, o MiCTUT IIPYKHY KOMIOHEHTy Ce

i KoMnoHenTy noB3ydocti €y ; @) — dyHKuis iarpaMu METTEBOTO neOPMYBAHHS
(BU3HAYAETHCS EKCIIEPUMEHTAIBHO); A — PEOJIOTIYHUHN MapaMeTp; K(t—rz), R(t — ) — sSapa
MOB3YyYOCTI 1 peJiakcarii.

OyHkis @ (8 (0)), [0 BHU3HAYa€ HEMiHIMHICT Mojaeni (3.3), 3agaerbes

3rIaKY0YUM KyOIUHUM CIUTaifHOM
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¢O(8e):a0,j+a1,j8e+ 2,] e a3j e’ j:]_’ ’ (34)
ne dg j,8j;ay ;83 j — KoeIMIEHTH CIIaliHY, AK1 3aJI€)KaTh BlJl IHTEPBaTy PO3HOILLY OCl

nedopMariiii 1 MarOTh pO3MIPHICTH HAMIPY>KEHHS.

Snpa cnagkosBocti K(t—7) ta R(t—7) 3amarorbes apoGOBO-€KCHOHEHIIHHUMU

byHKIiAMH, TaK 1m0 [177]:

K(t-7)= L Z( A (=)™

(t—7)* = T+ a)l+n)] (3.5)
(l+ﬂ) (t T) (+a)(+n)
R(t=n)= Z M+ Cra)en] (36)

1e o, p — eKCIepUMEHTaIbHO BH3HAUCHI mapaMeTpu saaep (—1<a <0; g>0).

BBakaeTbcs, o mMatepian nehopMy€eTbes HEMHINHO MPYKHO MPU HANPYKEHHSIX

O , 110 HE NIEPEBULLYIOTh JECSKE KPUTUYHE 3HAYEHHS &,. 3HAYEHHS &, - OpJINHATA TOUKH

Ha Jiarpami ,,0—¢&”, 1 sKoi fjotnuHuii Moxyns E(€) 3amoBonpHsA€ criBBimHOIIEHHIO

[177]:
(e)=——E 37)

ne E — Moaynb niHIHHOT NPYKHOCTI. Y pasi, koiau O > O, - maTepiall MOBOAUTH cebe sIK
NPY)KHO-TUTACTUYHUHN, TakK, IO TPAEKTOPil HABAHTAKCHHS Ta PO3BAHTAKEHHS HE
CIBIIAJIal0Th.

Busznavanpai piBasHHS (3.3) 0Oy 0BaHO BUXO/ISIUH 13 TIMTOTE3W €IMHOT 130XPOHHOT
niarpamMu  AepOopMyBaHHs, sIKa BIANOBIZA€ YMOBI MOAIOHOCTI 130XPOHHHUX Jlarpam
MOB3YYOCTI Ta JiarpamMu MUTTEBOTO aedopmyBanus [178]. I'imoTesa m03Bosise 3amaTH
dynkmio @o() B (3.3) Bix nosroi nedopmarii € (t) y dopwmi (3.4), Tak 110 HETTHIAHICTD
mozeni (3.3) BU3HAYAETHCS HENHIMHICTIO JiarpaMd MUTTEBOTO JnepopMyBaHHS 1 HE
3aJIeKUTH BIJl Yacy.

BuxopuctoByroun noaaii npoueAaypy ooepHeHHs: QyHKIIi, BU3HAYAIbHI PIBHSIHHS

(3.3) 3anmucyrotbes y hopmi
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e(t) =yl o(t) + A j K(t-7)o(r)dr

? 3.8
a(t) = po(s(t)) - 2[Rt - 7)o (6(7) )7 .
0

e wo() =@y () — obepuenns GyHkuii @g(*), siKe 3a1a€THCS CITIBBIIHOMCHHSM

2 3. :
¢0(0):b0,j+b1,j5+b2,jo- +b3,j0 ) J:].,n (39)
ne by ;.0 .0, ;1,05 ; — xoedinientu cruaiiny, mo anmpoxcuMyIOTh 0GEpHEHY (QYHKIIiO

@, (). Cxemarnuno dyHkmis @ () mokasana Ha puc. 3.16 MITPUX-IYHKTHPHOIO
JIHIEIO.
BusnavanbHe piBHSHHS HENHIHHOT HECTalllOHAPHOI MOB3y4OCTi, BUX0as4u 13 (3.8)
13 ypaxyBaHHSM 3aKOHY HaBaHTakeHHs (3.1), 3a7a€ThCs CITIBBITHOIIICHHIM
o

e(t) =y, {Z [h(t —7,)—h(t— Tk+1)]0k x {142,_[ K(t-7)d r}} . (3.10)
0

k=1
sIKe 13 ypaxXyBaHHSM spa MoB3ydocTi (3.5) Ta o6eprenns (3.9) dynkuii ¥y () 3BoauTscs
JI0 CIIBBIIHOIIEHHS

‘9(t) Zbl j{{z h(t_7'-k)_h(t_”[k+l))o-k}><

k=1

( ﬁ) (t )(1+a)n+a I (311)
{1+ﬂj2 [+ a)d+n)] df}},

on=0

sIKe JO3BOJISIE PO3PAXOBYBATH 3HAUEHHS JeopMaIlliii MoB3y4OCTi & (t) JUISL yCiX pEKUMIB

HaBaHTaXXE€HHS, 1110 HaBeJIeHO Ha puc 3.16.

[IBUAKICTH HETTHIMHOT NOB3Yy4OCTI, BUX01s4H 13 (3.8), 3a1a€THCS PIBHAHHAM

de(t) :i|:0'(t)+jK(t—T)U(T)dT}[M:I | (3.12)

dt dt de

K€ CBIIYUTh, LI0 UIBUAKICTH TIOB3YyYOCTI HEJIIHINHO-B'SI3KONPYKHUX MaTepiaiiB

BU3HAYAETHCS, B MPOTUJICKHICTh JIIHIMHO-B'SI3KONPYKHUM MaTepiajgaM, HE TUIbKU
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1CTOpI€I0 HABAaHTAXKEHHS Ta SAPOM IMOB3YUOCTI, ajie i JOTUYHUM MOJYJIEM, SIKUM, B CBOIO
4yepry, 3aJeKUTh BiJl MOTOYHOI AehopmMariii mTOB3y4OCTi.
BusnauanbHe piBHAHHS HeJiHIMHOI penakcarlii, Buxonsuu 13 (3.8), 3amaeThbes

CHIBBIIHOIICHHAM
t
a(t) =| 1- 2| R(z)d7 |py(5(0)), (3.13)
0

a MIBUJKICTH HEJTHIMHOT penakcarlii, Buxos4u 13 (3.13), 3a1a€ThCsl pIBHIHHAM

do(t) 2= (A+ priraen
i ﬂ(oo(g(o))nzzo F[1+(1+ o)1+ n)]’

(3.14)

K€ CBIAYWThH, IO IIBHJKICTh HEJIHIMHOI penlakcaiii, K 1 y JIHIHHOMY BHIIAJKY,
IponopliiiHa APy peslakcallii Ta 3HaYeHHIO TOYaTKOBOTO HAIIPYKEHHS.
BuzHayeHHsl HeJiHIHHOCTI B’AI3K0 NPYKHOI NMOBEAIHKHM KiCTKOBOI TKAHWHH,

BU3HAYEeHHS NapaMeTPiB siiep CHagKoBOCTi. /{iana3oH HanpyXeHb, A€ MaTepial MOXe
pO3IIIAIaTUCA SIK HEMHIMHO-TIPY>KHHM, OOMEXKYEThCS HANPYKEHHSAM Oy, NS SIKOTO
3aJI0BOJIBHAETHCS CHIBBiAHOIIEHHS (3.7). Benuuuna 0, BU3HAYa€ThCS 13 PIBHSAHHA IS
MMOTOYHOT'O 3HAYCHHSI JTOTUYHOT'O MOJIYJIS E(é‘) Hudepenmiroroun (3.4) mo &, mis

Beanuunu E(€) orpumyemo cniBBigHOIEHHS

E(e) = 24(8) ’132‘9)

AKe 13 ypaxyBaHHsM (3.7) IpUBOIUTHCS 0 KBAPATUYHOTO PIBHSIHHS

=a,+a,,6+a,,&, (3.15)

2
lJ 1J 1] 2In 2 y (3-16)
e KoedimieHTn .,a, .,a, . BU3HAYAIOTHCS 3a pe3yiabTaTaMy apoOKCHUMAIll] JlarpamMu
El i ay i pesy. p p

MUTTEBOTO AehOPMYBaHHS CHIBBIIHOIICHHIM (3.4).
Kopensimu piBHsnHg (3.16) € nBa 3HaueHHs ¢&,.. lliactaBistoun HaiOinble

3Ha4YeHHS &, B (3.4), OTpUMY€EMO PIBHSHHS JIJISl HANPYKEHHS O

2 3
o, =@(e,) = & & Ty &L T3 8x (3.17)
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sSIKe JT03BOJIIE€ BUSHAYUTH 00JIaCTh HENIHIKHO-TIPYKHOTO 1e()OpMyBaHHS.
OOnacTh HampykeHb, Jie¢ MaTepiad JIehOpMYEThCS HETIHINHO-B'SI3KOMPYKHO,
BU3HAYAETHCS, BHUXOIAYM 13 TMOPYLICHHS YMOBH OJHOPITHOCTI JeQOpMyBaHHS.

Skmno ¢yuxis moszyuocti J (t)

Ji(ty) = £(.01) #J,(t) = £4,07) #.#=Jd,t)= lt,om)

_elio) _ (o) £8,0m)
_Jl(tZ)__ o -i Jz.(tz) "o, FoF J (tz.) T o | (3.18)
Jl(tj)Zg(tj’o-l)thz(tj)— (j’ 2) 2] (t )_S(tj,O'm)
01 o) Om

He iHBAapiaHTHA IO BIZHONIGHHIO 10 piBHA Hampyxers On(M=L1K) 6 a

PO3PAaXyHKOBE 3HAUEHHS KBAHTHJISI CTATHUCTUKU ta,k MEHIIIE MOr0 KPUTHUYHOTO 3HAUYCHHS

* .
ta,k , SIKE BU3HAYAETHCS 13 TaOJIHIb.

Jn.s 18 . —
ta,k SJ (t Ekz t )<tak' (J =1,€) (3_19)

JI71st BU3HAUYEHHS TapaMeTpiB MOJIEN 3pa30K KICTKOBOI TKaHUHU Ne 3 nociiakyBaBcs
Ha TOB3Y4YICTh MPU OJHOBICHOMY CTHCKY 3a TpbOX piBHIB HaBaHTaxkeHHs 600, 800, ta
1000H. Ctuck 3pa3ka HpOBOAMBCA B HANpPSAMKY BiCl, 10 HalOUIbmI HaOMMXKEHa 10
opieHTallli ocreoHiB. KoxkeH ekciepuMenT TpuBaB | ronuny. HanpykeHHs, 110 BUHUKAIOTh

B 3pa3Ky npu HaBaHTaxkeHHi 10 400, 600, 1000 H, naBeneni B Tadm. 3.5.

Tabmums 3.5
Hanpyxenns B 3pa3ky npu HaBaHnTtaxxkeHHs1x 600,800 ta 1000H
IL1oma monepeyHoro
HaBanTakenns, H Hanpyxenns, MIla

nepepisy 3paska, Mm?

600 33,802

17,75 800 45,070

1000 56,338

3a OTpUMaHMMM JAaHUMHU MOOYJOBaHI KPHUBI MOB3YYOCTI 3pa3ka y KOOpAMHATAX

BiJHOCHA AiepopMaliisi — yac, rogus (puc 3.17).
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0,007
0,006
0,005 "./‘,/*—'
0,004 ——Psinl
0,003 geo——>— > > ° b2
Psan3
0,002
0,001
0
0 0,2 0,4 0,6 0,8 1 1,2 t, rox

Puc 3.17. ExcriepuMeHTa bH1 KPUBI MOB3YYOCTI 32 YMOB MOCTIHHUX HANPYKCHb

(psm 1 — 600 H, psig 2 — 800H, psin 3 — 1000 H)

3a eKCnepuMEHTAIbHUMHU JTaHHUMH pO3paxOBaHl 3HAYEHHS MOB3YYOCTI B KOXKEH

MOMEHT yacy (puc 3.18).

0,00012

o e e, .

0,00008

0,00006
0,00004
0,00002

0
0 0,2 0,4 0,6 0,8 1 1,2
t, roa,

Puc 3.18. ®yHkI1ii MOB3y40CTi 3pa3ka KicTKOBOI TKaHWHH No2 mopaxoBaHi Ha OCHOBI

CKCIICPUMCHTAJIbHUX NAHUX
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Jl5is mepeBipKy HEMIHIMHOCTI KPUBUX MOB3YYOCTI, PO3PaxOBYEMO 3HAUCHHS KBAHTUIIS

CTAaTUCTUKH ta K

Jn-s 1& - . —
t,, = = J, (1) ]=17¢ (3.20)
©S() e (1=L0)
Tyt j(tj) — BHUOIpKOBE  cepelHEe 3HauYeHHS  (QYHKIII  MOB3YYOCTI;

S;(tj) — cepenne kBanpaTHuHe BifXMICHHS BENTMYMHH J(t ;) N —o6’em BUGipKH; & —

MakcUMaIbHa ToxuOKa Mik 3HaueHmamu Jy (t;) i J(t;). Bemuuuna nmoxubkn & y

po3paxyHKax IOpiBHIOE +5%, a UMOBIPHICTD P MOMAJaHH €KCIIEPUMEHTATBHUX (QYHKITIN
nos3yuocti Ji(t;) B inTepBan mo BinHOWEHHIO N0 BeMuMHM J(t i), IOBUHHA OyTH HE
menie 90% [178].

PO3paxyHKOBI 3HAUeHHs CepeHiX KBaapatmunux Bigxwuinens S (t;), xBanTWiB

3k
CTATUCTHKH 1, |, Ta KpUTHUHE 3HAYCHHS L, npescTaBieHi B Ha puc 3.19.

0 t, roxa
0 0,2 0,4 0,6 0,8 1 1,2
Puc 3.19. Po3paxyHkoBe Ta KpUTHYHE 3HAYCHHS KBAaHTHIISI CTATUCTUKY (KPUTHYHE

3HAYCHHS — YOPHA JIiHisl, pO3PaXyHKOB1 — CHHS)
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Sk BUHO 3 MaJIFOHKY Ha OUIBIIN YacTuHI rpadika ta,k MEHIIIC BeJINYHHH T,

1110 3aJI0BOJIbHSIE YMOBI HeJiHIMHOCTI (3.19).

[TapameTpu simep CHaAKOBOCTI «,5,A Y BU3HAYAIBHUX PIBHSHHSAX HETIHIHHOI
MOB3y4YOCTI Ta peliakcaiii BHU3HAYAIOThCS 13 YMOBU ICHYBAHHSI €JMHOI 130XpOHHOI
JlarpaMd MHTTEBOTO JIe()OpPMYBaHHA IO ycepemHeHik (ymkmii momibmocti 1+G(t;).

3amada 3BOAMTHCS 10 MiHIMIZamii GyHKIIIOHATY

L\ R © ¢ pynsra)din
Fla )= 2 0+G(t))ap~|1+42. (-p)"t

1 i1 ST+ 1+n)1+ )] (3.21)

m
k=

13 BUKOPUCTAHHSIM €KCIIEPUMEHTAIBHUX JaHUX Ha MOB3YYiCTh MPHU MOCTIHHUX
HanpyxeHHsx [177].

POBp&XOBaHi 3a CKCIICPUMCHTAJIbHUMH KPUBHUMHU HOBSY‘IOCTi 3pa3Ka KICTKOBOI

TKaHUHHU Ne3 3HaueHHS mapaMmeTpiB siep CIaJKOBOCTI MpeAcTaBiieHl B Tad. 3.6.

Tabanis 3.6
3HaveHHs MapaMeTPiB sAJIep CHaAKOBOCTI
o B A
-0,510605 -0,065559 0,26878

Po3paxyHku nedopmailiii moB3ydocTi BUKOHYIOThCS 3a piBHsSHHSIM (3.11) 13
3aBaHHSM pEXUMY HaBaHTaxeHHs 3rimHo ymoBu (3.1). B pospaxynkax
BUKOPHUCTOBYIOTHCSI 3HAUCHHS NTapaMeTpiB si/Iep CMaAKOBOCTI.

IloB3yuicTh 3a yYMOB MNOCTIHHHX HaNpPY:KeHb. PexuM HaBaHTaXEHHS

MOCTIMHUMU HaBaHTaXXeHHAMHU Oy (puc.3.1a) 3a1a€ThCs 3T1IHO YMOBH:
ot)=ht)o,;  (k=1m), (3.22)

ne O — MOCTIHE HAIPYKEHHS.

Buxoasun 13 (3.11) 13 ypaxyBanHsMm (3.13) piBHSHHS TOB3y4OCTI HENiHIIHO-

B'SI3KONPY>KHUX MaTepiaiiB 32 YMOB IMOCTIHHUX HAIMPYKEHb 3aMUCY€EThCS y BUIIISIL:
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_ ni (H+a)(@+n) i
A j} | (3.23)

2 w0
(c"(t) = iz.;b”akh(t){{l-l- ﬂ; F[1+ Q+a)@+ n)]

ne KoeilieHTH bo, bi, j BU3HAYaAIOTh 3a Pe3yJIbTaTaMH arpokcumanii GyHkmii ¥o O]
3rJ1aKYIOUYMM KyOiuHuM crutaitnom (3.9) [177].
3nauenns koedimientis D; ; oOupaeThes B 3aM€kKHOCTI Bijf TOTO B sIKMii iHTEpBA

IIPU PO3PaXyHKY MOIaaae 3HAYEHHS sI/Ipa CIaiKoBOCTI (Tadmwuis 3.7)

Tabmuus 3.7
3HaueHHs Koe(illieHTiB ampoKcHMYoUoi (pyHKIi, mpu anpoxcumysanHi ¥ ()

3TJIaJKYI0UYMM KyOIYHUM CIIaiHOM

[HTEepBaN 3HAYCHHS
b0 bl b2 b3
sqpa
0-37,07391 -3,67E-13 | -4,73E-11 8,79E-05 0
37,07391 - 51,41036 1,87E-08 -2,08E-06 0,000165 -0,00096
51,41036 - 66 -1,41E-08 2,98E-06 -9,54E-05 0,003509

OCKIUJIBKM ~ €KCIIEpUMEHT Ha TMOB3Yy4iCTh MPOBOJIMBCS CaM€ 3a yMOB TOCTIMHHMX
HaIpY>KEHb, PE3yJIbTaTH PO3PAXYHKIB, 1110 BUKOHAHO 32 PIBHAHHAM (3.23) MOpIBHAHO Ha

puc 3.20 i3 ekcriepuMeHTaTLHUMU JaHUMHU.

0,0%7
0,006
0,005 &
0,004
0,003 pu= = = N = -
0,002

0,001

0

0 0,5 1 1,5
t, roa

Puc 3.20. ITopiBHSIHHS €KCTIEPUMEHTAJIBHUX Ta PO3PAXOBAHUX KPUBUX MOB3Y4OCTI
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Penakcanis Hanpy:keHb. SIK BKe 3raJyBajioch paHillie 3a JOMOMOTOK OTPUMaHHUX
napaMeTpiB HENMiHIHHOI B A3KOMPY>KHOT MOJIENi, MOKHA OMUCATH HE TUIBKH MOB3YYiCTh
3a YMOB IIOCTIHOTO HaBaHTA)XEHHS, a i OKPEeMi BHUIIQJKH MOB3YYOCTi Ta, B TOMY YHUCII,
nporiec penakcaiii. B pexumi penakcariii Hanpy»eHb HaBaHTAXEHHS 3a/1a€ThCS 3T1THO

yMoBH (3.22), a mo4aTKoBa MpyxHa aedopmaliisi yTpUMY€EThCS TTOCTIHHOIO.
£(0)=by +byoy +b,of +bsop (3.24)
3ayiekHICTh HampyXeHHs Oy Bim dacy t, Buxomsum i3 (3.22) i3 BpaxyBaHHSIM

KyOiuHoro cruiaiiHy (3.4) ta siapa penakcaiiii (3.6), 3alUCYy€TbCS Y BUTIIAI

oy (t) = (B + 2 - 5,(0) + 8, - £ (OF + a5 - &, (0F)x
oo _(/1+ﬂ)nt(1+a)(1+n) (3.25)

X 1—/12

o F[1+(1+a)(1+n)] ’

e TouaTkoBa  MpykHa  jaedopmaris &k (0) pO3paxoBYEThCS 32
dbopmyoro (3.24).

Pesynbrati po3paxyHKiB pejiakcarlii Hapy»eHb, 1110 BUKOHAHI 3a piBHAHHAM (3.25),
MOPiBHSHO HA pUC 3.21 13 eKCIepUMEHTAIBHIUMH TAHUMH JISI 3pa3Ky KICTKOBO1 TKAHUHU
No3. TlouaTkoBi Hanpy»KeHHs CKJIajaau 3HaueHHs Oy = 22,6 Ta 34,7 MI]a.

Sk BWAHO 3 PHCYHKa, pe3ylbTaTd pO3PAaXyHKiB 3a c(HopMyIbOBaHUMU
BU3HAYAJIbBHUMH PIBHSHHAMM HENIHIAHOI HECTallOHapHOI MOB3YyYOCTI Ta pelakcarlil

KICTKOBOT TKAHUHHU JIOCUTH 33/I0BUIBHO Y3TO/KYIOTHCS 13 €KCIIEPUMEHTATBHUME JaHUMHU.

o, MIla
35
30
25
0 T
0 0,02 0,04 0,06 0,08 0,1

t, roa

Puc 3.21. IlopiBHAHHS €KCTIEPUMEHTAIFHUX Ta PO3Pax0BaHUX KPUBUX pelaKcarlii
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Lle cBiAYUTH MPO aAEKBATHICTh 3aIIPONOHOBAHUX BU3HAYATIBHHUX PIBHSIHb PEAIbHUM
mporecam.
Huxiyna moB3ydicTh. Po3risagaeThest pexkuM HaBaHTAXEHHS 13 IIUKITIYHAM
YepryBaHHAM HAaBaHTAXXCHb Ta PO3BAHTAKEHB PIBHOI aMILTITYAH 32 MPSIMOKY THUMU
ukiamu (puc. 3.16 ). YMoBa HaBaHTaxkeHHsI (3.1) KOHKPETU3Y€EThCA Y BUTIISAII

(TpYBaJIICTh HAITIBIIMKJIIB HABAaHTAXKCHHS Ta PO3BAHTAXKCHHS CIIBIIAAI0Th)

o0

a(t) ZZ{h[t 2(v - 1)t0]0'0—h[ (ZV_l)to]O'o}, (3.26)
v=1
ne 00 - ammmityna HampyxeHHS y MK, to — TPHUBAIICTh HAMIBUUKIY

HAaBAHTAXXEHHS, V — KUIBKICTH IIMKJIIB HaBaHTAKECHHS.
BusnavanbHe piBHSHHS HUKJIIYHOI MTOB3YYOCT1 3amUCy€eThbes, Buxoasuu 3 (3.11) 13

ypaxyBaHHsM (3.26), A1l IEPIIOTO UKy HABAHTAXKCHHS y BUTJISIAL

: ,J(ZZ o [t—2(v 1)t0] O'Oh[t—(Zv—l)tO])x
0

=0, (=)t ' (3.27)
><(1”°§)r[1+(1+a)(1+ n)]D -

PesynbraTi po3paxyHkiB aedopmariiil MUKIIYHOT TOB3YYOCTI £(t) , IO PO3pPaxoOBaHi

3a piBHsHHAM (3.27), HaBeaeHo Ha puc. 3.22 nis 3pa3ka KICTKOBOi TKaHMHH Ne3 B

IMOB3JOBKHBOMY HAIIPAMKY.

€

0,0004 eeeee 00009 90009 0000

0,0003
0,0002
0,0001
0 (TYYY) (TYYY)
0 0,001 0,002 0,003 0,004 ,005

, TOJX

Puc 3.22. Po3paxyHKOBI KpUBI LIUKJITYHOT TOB3YYOCTI
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AMITTITY]a UMKIIYHOTO HampyskeHHs ckiangana 4,5 Mlla, TpuBanicTe HamiBUUKITY

HaBaHTaXeHHA [p= 2 ceKyHM, KiIbKICTh MKJIIB HABAHTAKECHHA V = 4,

3.1.3 Kopeasinisi Mizk Npy:KHUMHU Ta PEHTT€HOJOTiYHUMH XapaKTepPUCTUKAMH

KicTkoBOI TKaHuHM [179-181]

OmayuM 31 crocoOiB  OIIHKM CTaHy KICTKOBOI TKaHMHU € BHUMIPIOBAHHS 11
PEHTIEHOJIOTIYHOT IIUIBHOCTI, SIKa BU3HAYAETHCS SIK MOCIA0JICHHS PEHTT€HIBCHKOTO
BUIIPOMIHIOBaHHSl MpU MPOHUKAaHHI dYepe3 cepenoBuine. OIIHKAa TPOBOJUTHCA 13
BUKOpHUCTaHHAM Ikanu XayHceBuiaa (HU), 3riiHo 10 sSKOi MOpiBHAHHS TPOBOJIUTHCS 13
MPOXOJIP)KEHHSAM BUIIPOMIHIOBAHHS YEPE3 MOBITPSI 1 IUCTLILOBAHY BOJY.

Jlns mociimpKeHHs 3aJieKHOCTI MOJYJS MPYXKHOCTI KICTKOBOI TKaHMHHM Bija i
PEHTreHOJIOTIYHOT  IIUTBHOCTI ~ BUKOPUCTOBYBaJiM 14 3pa3kiB  TpaOeKyJsIpHOI
(CIOHT103HO1) KICTKOBO1 TKAHUHH, OTPUMAHI B1Jl MALIIEHTIB MPU XIPYPriYHOMY JIIKYBaHHI,
a TakoX 28 3pa3KiB TPYIHOI KICTKOBOI CMOHTI03HOT TKaHWHMU Ta 10 3pa3kiB TpymHOL
KOPTUKAJbHOT KICTKOBOi TKaHMHH. @PparMeHTH CIOHTI03HOI KICTKOBOI TKaHWUHU
MAIIEHTIB 13 TIepeIoMaMy BEJIMKOTOMIUJIKOBOT Ta MaJIOTOMIIKOBO1 KICTOK BHJTYYaJIACS ITi]T
yac BUKOHAHHA XipypriuHoi omepartii. KpiM Toro, excriepumeHTalbHE IOCIIKEHHS
MPOBENECHO Ha 28 3pa3Kax CIHOHT103HOI KICTKOBOI TKaHUHU Ta 10 3pa3kax KOPTHKaIbHOI
KICTKOBOT TKaHHHH, SIKi OYJI0 B3SITO 3 HEYIIKOPKEHUX HIDKHIX KIHIIIBOK CBIKUX TPYIIIB.
Kictkn He Oynau TpaBMaTM4HO YIUKO/pKeHI. llepen mnpoBeneHHSIM MeXaHIYHUX
BUTNIpOOYBaHb Oysio 3podsieHe KT-oOcrexxenns 3paskiB (puc. 3.23). Jlns BuU3HAUCHHS

MOJIyJIs PY>KHOCTI KICTKOBOI TKAHWHH MTPOBOJIAIN BUIIPOOYBAHHSI 3pa3KiB HAa CTUCK.
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Puc. 3.23. KT-o0cTexxenHs 3pa3KiB KiICTKOBOT TKAHUHH

3a pesynbTaTaMu JTOCHTIKEHHS BUSBUIIH, 10 PEHTTEHOJIOTIYHA MIUTHHICTH 3pa3KiB
KOPTUKAJIBHOT KICTKOBOI TKAHUHU BETMKOTOMUIKOBOI KICTKM 3HAXOJIUJIACh B MEXaX BiJ]
1700 HU no 2112 HU (puc.3.24). Moayns npy>KHOCTI ITUX ke 3pa3kiB Big 8597,2 MIla
1o 11123,8 MIla. Ha mizcraBi perpeciitHoro anasizy OTpUMaIH KOPEISIHY 3aIeKHICTD
PEHTTE€HOJIOTTYHOT IIUIBHOCTI BiJ MOAYJIS MPY>KHOCTI:
E =6,3- HU —1905 (3.28)
ne HU — penTreHosioriyHa niiibHICTh KICTKOBOT TKAHUHU

E, MIla
12000

1150
11000 o« o

1 5 ] et ...................' ......
5
9 L e

1650 1750 1850 1950 2050 2150
Pentrenosioriuna mijabHicTh, HU

.
.
.

Puc. 3.24. Jliarpama 3a1eXKHOCTI MOAYJIS IPY>KHOCTI KOPTUKAIBHOI KICTKOBOT TKAHWHU

BEJIMKOTOMUIKOBOI KICTKH BiJl ii pEHTT€HOJIOTIYHOI HIIIBHOCTI.
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[IpoanamizyBaBIM  pe3yiabTaTH EKCIEPUMEHTAIBHUX JOCTIIKEHb 3pa3KiB
CTIOHTI03HOI KICTKOBOi TKaHWHHU, BUSBWJIM, 10 PEHTICHOJIOTIYHA MIUIbHICTH 3pa3KiB
JTCTAIbHOTO MeTaeridiza BeIMKOTOMUIKOBOT KICTKH 3HAaX0auiIach B Mexax Bij 244 HU
10 381 HU mpu 11boMy MOJTyJTb MIPY>KHOCTI JOCIIPKYBaHUX 3pa3KiB CTaHOBUB Bix 297,4
MIla no 8349 Mlla. Jlng JAWCTAIBHOTO BIAJAUTY MaJOTOMIJKOBOI  KICTKH
PEHTreHoNoryHo1 muIbHOCTI cTtaHoBmwia 232 HU - 298 HU, a moaynb nmpy>KHOCTI B
Mmexax Bim 258,3 Mlla no 534,2MIla. Pertrenosoriyaa muIbHICTh 3pa3KiB CIIOHTI03HOT
KICTKOBOi TKaAHWHM HAaJIl SITKOBOi KicTkM ctaHoBmia 212 HU - 300 HU, a momyinb
npyxkuocTti 337,7 MlIla na 678,2 MIla.

Tosx OyJ10 BUSIBIICHO, 110 PEHTIE€HOJIOT1UHI Ta MIPY>KHI BIACTUBOCTI KICTKOBOiI TKAHUHU
MaroTh BIIMIHHOCTI, B 3aJIEKHOCTI BiJl 30HU po3TalryBaHHs. [liarpama 3ae:kHOCTI

MOJYJISl IPYXHOCTI Bl pEHTI€HOJIOTIYHO]T IIILHOCTI HaBeJeHa Ha puc. 3.25.
E, MIla
900
800 o o
700 o -
600 e
500 '
400 T
300 Ty o®
200
200 250 300 350 400

PenTtrenosiorivna mijabHicth, HU

Puc. 3.25. 3aranpHa aiarpama 3ajexHOCTI MOJyJI IPYKHOCTI CHIOHT103HOT KICTKOBO{
TKaHWHU B1J] pEHTT€HOJIOTIYHOI IIIJILHOCTI KICTOK B 30H1 HAJII ATKOBO-TOMIJIKOBOTO

cyriooba.

3anexxHICTh MOJYJISI IPYKHOCTI BiJl PEHTT€HOJIOTIYHOI HIIJILHOCTI OMTUCYETHCS
dbopmyroro:
E=3-HU —-407 (3.29)
3acTocyBaHHS OTpUMaHUX (POpPMYII Ja€ 3MOTY BU3HAUYATH MOAYJIb IIPYKHOCTI

KICTKOBOI TKAaHUHU Ha MiJCTaBl BUMIPIOBaHHS PEHTIC€HOJIOTTYHOI MIUTBHOCTI 1] 9ac
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cragaaptaoro KT-nocnimxenns. TouHiCTh TaAKOTO BU3HAYEHHS € IOCTATHBOIO,
30KpeMa, JIJIsl CTBOPEHHS IMITalllHHUX MOJIeNIeH Hampy>KeHO-1e()OPMOBAHOTO CTaHy

CHUCTEM «ITOIIKO/[KEHa KICTKa — arapar (ikcarii».

3.2 BcTaHOBJIEHHS KOPCTKOCTI 3ac00iB (pikcallii BorHenajbHUX nepesioMiB

AHaJi3 3MiHM BJIACTMBOCTEN KicTKOBOI TKaHMHM. [Ipy BU3HAUYEHHI PIBHS 3MiH
CTPYKTYpH KICTKOBOI TKAHWHHM IiJi BIUIMBOM BOTHENAJIHHOTO MOPAHEHHS OYyJU B3STI
nepeMilIeHHs, BUMIPSHI B MEXKax JIHINHOI AUISHKY JiarpaMu 1eopMyBaHHs, 110 Oyiu
noOyZJ0BaH1 B KOOpAMHATaX «HaBaHTaxeHHs P ~ mepemimenHs inaeHTopa A». Jlanuit
cnoci®d 0OpoOKU XapakTepU3ye 3MIHUA B KICTKOBIM TKaHUHI, SIKI IPOSBIAIOTHCSA MPH i1
HEBEJIMKUX CTUCKalOuuX HaBaHTaxeHb (10 piBHA 500 H), xonm mie He BiaOysocs
VIIUIBHEHHS] TKAHUHU 1 A€(PEKTH KICTKOBOI TKAHWHU BUSBJISIOTHCS B OUTBIITNA MIpI.

Ha puc. 3.21 300paxeHi 3aex)HOCT1 BITHOCHOI 3MIHHM MEPEMIIEHb TOUYOK KICTKU
Ha Pi3HUX BIJCTaHSIX BiJ MICIIS TOpaHEHHS

A=[(A, —A,) A, ]-100%; (3.30)
1€ A, - IEpPEMIIICHHS 1HACHTOpA MPY BUMIPOOYBAHHIX KICTKHU MICJs BOTHENABHOTO

NOpPaHEHHs; Ay - IEpeMILIEHHS 1HICHTOPA IPHU BUMIPOOYBAHHIX HEMOILIKOKEHOT KICTKH.
100,00
60,00

40,00

BigHocHa 3miHa nepemileHrs, %
N

20,00

|

0,00 1
0,00 1000 2000 3000 4000 5000 60,00 70,00 80,00 90,00 100,00

BiacTaHb Big, MicUA NopaHEeHHA, MM

Puc. 3.26. 3miau nedgopmalliiiHux BIaCTUBOCTEHN KICTKHU MiCJIsi BOTHENAIBHOTO
MOpaHeHHs: | - 0THOPA30B1 HABAHTAKEHHS, JIHINHI UTHKY JiarpaM aedhopMyBaHHS; 2,
3 - HIMKJIIYH1 HABAaHTAXEHHS;, 2 - MAKCUMAJIbHI TEPEeMIIIEHHS;

3 - HE3BOPOTHI MEPEMIIICHHS
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3 puc. 3.26 (xpuBa 1) BUgHO, 110 IPH OJHOPA30BOMY HaBaHTaxeHi aedopMmallis B
Toukax | Ta 4 KicTku (HaAHOJMKYl 0 BOTHEMAIBHOTO MEPEIOMY TOYKH, BIACTaHb Bij
nopanenHs 10 30 MM) 3HayHO OuIbIa (Ha 43 - 55 %), y HOPIBHSIHHI 3 HEMOIIKOXKEHOIO.
VY BipajaeHuX TOYKax piBEHb MOLIKOIKEHb CYTTEBO MEHIIIHIL: He Oinbiie 14 % y Toukax
2 ta 5 (Bimctanb 60 Mm) Ta Bix 1 10 7 % y Toukax 3 ta 6 (Bigacrans 90 mm) [170].

{1711 Ta TOMIKOMKEH1 KICTKH BUIPOOYBAJIM MPHU i1 UKIIYHO 3MIHHUX HaBaHTaKEHb.
[Tpenapatu miggasanu 10 mukinam HaBanTaxeHHs. [Ipu nbomy peectpyBanu nedopmarii
npu HaBaHTaxeHH1 100, 200, 300, 400 ta 500 H y Toukax kictku Ha 1, 2, 3 Ta 10 mukiiax
HABAHTAKECHHS Ta 3amKcaHi aiarpaMmu Ae(popMyBaHHS.

JI71si mojanbIioro aHaii3y BUKOPUCTOBYBAJIM: MaKCHUMAaJIbHI MEpEeMIIIEHHS Amax,
10 criocTepiranucs HanpukiHii 10-ro MUKy Ta He3BOPOTHI (3aJTUIIKOBI) MTEPEMIIIICHHS
A3, HakomuueHi npoTsroM 10 [MKIIB HaBaHTAXEHHS 1 SIKI HE 3HUKIL TICJHs
PO3BaHTAKEHHS Ipenapary.

Ha puc. 3.26 (kpuBa 2) moka3aHo 3MiHy aOCONIOTHUX IepeMimieHb Amax TOUOK
[IJIMX Ta MOIIKOPKEHHUX TMpenaparib, [0 BUHUKAIOTh MICHS AECATUPA30BOTO [IUKIIYHOTO
HaBaHTaxeHHs cwiioro 500 H. Tlepemimerdss Apax pO3paxoBYBaIH SIK CyMy TIPY>KHOTO
(3BOPOTHOrO0) TMEpeMIllleHHs, 10 BUMIpsHe Ha 10-My UOMKII, Ta HE3BOPOTHUX
HepeMIIIIeHb, 10 HAKOMUYYIOThCA 3 1-ro mo  10-i mukium [170].

[lepemitieHHst 1HAEHTOpPA, IO BUHUKAIOTH TMICIS JCCATUPA30BOTO ITUKIIYHOTO
HaBaHTa)XCHHS B Toukax 1 Ta 4, Ha 60-80 % OLIBII B MOIIKOMKEHIN KICTIl, HDK B
HETONIKOKeH1H. 3MiHa nedopmariiii KiCTKOBOI TKAHUHU y Toukax 2, 3, 5 ta 6 (60 MM 1
OibIIIE BIJ TOpaHEHHs) HE nepeBuIlye 16%.

CrniBBigHomeHHs: Aedopmaliii As, 10 HAKOMUUYIOThCA 3 2-To mo 10-¥ mukiu
HaBaHTaxeHHA cuioro 500 H y momkomkeHuX Ta 1HTAaKTHUX KICTKax, Ha puc. 3.26
npeacTaBieHo KpuBow 3. He3BOpoTHI mMepeMillleHHs TOYOK IpenapariB, IO
HAKOIMUYYIOThCS 3 APYroro Mo IeCATUH MUK HaBaHTaeHHs, Ha 120-160 % Oinpin B
MOIIKO/KEH1N KICTII, HIXK B HenomkopkeH1d. Ha Bignanenni Big 60 MM Bij mopaHeHHs
3miHa gedopmariii He nepesuiye 20%.

3MEHIIeHHS )KOPCTKOCTI KICTKOBOI TKAHWHM B NIUISHKAX KiCTKH, HAOMMKEHUX [0

BOTHEMAJIBHOIO TepeaoMy, 0OyMOBJIEHI MPOSBaAMU yAAPHO-XBUJIHLOBOI'O OCTEONOPO3Y:
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JIE31HTErpali€ro MIACTHHYACTUX CTPYKTYP, MOSIBOIO MIKPOTPILIUH KICTKOBOT'O MaTpUKCY,
CXUJIBHUX JI0 3ITUTTSL.

AHaJI3 KOPCTKOCTI 3aco0iB ¢dikcanii BorHenmajgbHuX mnepesomiB. Opepkany
iH(popMario (ikCyBanu y BUTIAAL aiarpaM jaedopmyBaHHS B KoopauHatax P—A | nme
P - HaBaHTaXeHHS, SKE MPUKIANAIN A0 CUCTeMH; A - MEepeMillleHHS TOYKH, J0 KOl
NPUKJIaJaId HAaBaHTAKECHHS.

Cucremy po3MillyBaju Ha CTOJII YCTAHOBKH, HABAHTAXKCHHS MPUKIIATATHA TUISTXOM
BEPTUKAJIBHOIO NEpeMillieHHs 1[boro croyia. [lpu BunmpoOyBaHHI peanizoBaHO YOTHUPH
BUJIM HABAaHTAXEHHS: CTUCK, 3TMH Yy IUIOIIMHI PO3MILIEHHS CTPUXHIB, 3TUH
NEPIEHIUKYIISAPHO J0 LI€T IUIOIUHN, KPYyUEHHS.

P
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—o—CraHaapTHe Binnanaene 75 60

Puc. 3.27 Jliarpamu nedopMyBaHHSI PU CTUCKY IS CTaJIEBOI CUCTEMU
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Ili nmiarpamMu Tpu 3aJaHOMYy HAaBaHTAXEHHI MPAKTUYHO JHIAHI, TOMY MJis
MOPIBHSHHSA CIIOCOOIB pO3TallyBaHHS CTPHKHIB 3pYYHO BHKOPHUCTOBYBATH KOPCTKOCTI
cucreM. [laHi mpo KOPCTKICTh CUCTEMU MPEACTABUIIN Yy BUTJIA A1 Ta0bmuil (Tadm. 3.7).

Taomung 3.7
[TopiBHsHHS )XopcTKOcTel crucTteM CTA3®D npu pi3HOMY MPOCTOPOBOMY PO3MIIIIEHHI

CTPYDKHIB 3a Ji1 pi3HUX BUIIB HaBaHTaKeHb (H/MMm)

3run
p ) C y TUTOIIHHI K
O3TaIllyBaHHS CTPHKHIB THCK POSMIIIICHHA nepneHuKyispao| Kpydenns
; IO IUIOINHHA
CTPHKHIB
CraneBuii cTprxeHsb (iMiTaTop KicTkn) - CTA3®D
CramnaprHe 37.0 3.48 1.64 16.2
posrtairyBaHHs (Al)
Po3BeneHHs cTpuxHIB 2, 3 Yy 056 107 155
(BD)
Crpuxni 213
i xyTom 75° (C1) 46.0 4.17 2.02 16.7
CTpHoiHi 213 45.1 4.31 2.6 25.2

i kytom 60° (D1)

Benukorominkona kictka - CTA3D

CrannaptHe 22 88 3,44 1,01 3,87
po3ranryBaHHs (A2)
Po3BeieHHS CTPUKHIB 2, 3 19,44 2 85 0,90 3,45
(B2)
Crpuxni 213
it KyTom 75° (C2) 23,07 3,45 1,03 3,92
Crpuxni 213 28,62 3,53 1,15 3,93

i kytom 60° (D2)

BunpoOyBaHHs okazaiu, 0 KyT HaXWIy CTEP>KHIB CYTTEBO BIUIMBAE HA 3araJibHy
KOPCTKICTh CHCTEMU «KICTKa 3 MOJEIbOBAHUM IIEPEIOMOM - CTEp>KHEBUM amapaT

30BHIITHBOI (DIKCAIIT».
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301IbIIEHHS KyTa HaXWITy CTEPKHIB MIABHUILYE KOPCTKICTh CHCTEMHU TPH CTUCKY Ta
IIPU 3THHI Y IJIOLIMHI 3aKPIMJICHHS CTEPKHIB Ta B MEHIIIIH Mipi BIUIMBA€E HA KOPCTKICTh

IPU KPYUYEHHI Ta 3rUH1 B IUIOLIMHI, IO MEPIECHANKYJISIPHA CTEPIKHSIM.

3.3 BiuiuB perenepanii KicTKoOBoi TKAHMHM HA JAedopMiBHICTH cUcTeM

ocreocuHTe3y [182-184].

JI71st TOCIiIKEeHHS BIUIMBY pereHepallii KICTKOBO1 TKaHUHU Ha J1e(hOPMiBHICTh

CUCTEM OCTEOCUHTE3Y HEOOX1THO MPOBECTU JOCIIKEHHS 1 IPOaHaIi3yBaTH )KOPCTKOCTI
CHCTEM 3 BpaxyBaHHSM pereHepary ta 6es.
BunpoOyBaHHsl 3 BUKOPUCTAHHSIM TyMH, HiHOILIACTY Ta mopoJiony. B tabn. 3.8
HaBEJICHI pe3yJibTaTH BUMIpOBaHHS mnepemimieHb BI'K 3 mepenomom, ¢ikcoBaHUM
MEI1aJIbHOK BEJIMKOIOMIJIKOBOIO OJIOKOBAHOIO IUIACTMHOIO, HAa CTHUCK Ta 3THH.
PesynbraTtu onepkani Ha TpboXx 3pazkax BKI' mo m’datu BUMIprOBaHHSM Ha KOKHOMY
3pa3Ky 3 NOJAJIBUINM YCEPEAHEHHIM JaHUX.

Pesynbratn BumpoOyBanb BI'K 3 mneperomom, ¢ikcoBaHUM MenialbHOIO
BEJIMKOTOMIUJIIKOBOIO OJIOKOBAHOIO IJIACTUHOIO, HA CTUCK MTpHU HaBaHTakeHH1 P = 150 H ta

3ruH npu HaBaHTaxkeHH1 P = 30 H naBeneni B Ta6. 3.8.

Tabmuns 3.8
B3aeMHi nepemilieHHs TOUOK Mepeomy
MarepiaJ, 10 MOJ€JII0E ITo3aneHTPOBUI CTHUCK, 3ruH, MM
pereHepar MM
0e3 pereHepary 0.69...0.72 0.11...0.13
OPOJIOH 0.68. ..0,73 0.12...0.13
MIHOIUIACT MaJIOl TYCTUHU 0.58. .. 0.65 0.10...0.13
IMHOILIACT M1JABHUILEHOT 0.37...0.40 0.10...0.12
T'YCTUHU

ryma PIT 101 0.30...0.34 0.07...0.09
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Bcranosneno, mo HasBHicTh PKT npu3BoauTh 10 CyTTEBOTO 3MEHIIIEHHS B3a€EMHUX
3MIIIEHb YaCTUH MepesioMy Mif aieto HaBaHTakeHb. Moaens PKT 3 Mogynem npyskHOCTI
8 - 9 MIla 3MmeHIIy€e MepeMileHHs TPy CTUCKY B 2 - 2.4 pasu, 1ipu 3ruHi - B 1.2 - 1.9
pasiB.

Sk BCTaHOBIJIEHO B IMpolleci BUIPOOYBaHb, 3aCTOCYBaHHS IMIHOIUIACTY, TYMH Ta
MOPOJIOHY JIJIi MOJICTIOBAHHS HE € €(QEKTUBHUM Ta 3pPYyYHUM JUIsl TMOAAJIBIINX
nociimkenb. Lle moB’sa3aHO 3 HEMOXIIMBICTIO BapitOBATH MOJTYJIb MPY>KHOCTI 3a3HAYEHUX
MatepianiB aiia moaemoBanus PKT.

BunpoOyBaHHs 3 BUKOPUCTAHHAM NOJiypeTaHny. B nojgansiomMy npu npoBeieHHI
EKCIIEPUMEHTY Ha CUCTEMI «KICTKa 3 TIEPEIOMOM — MOJIETIbOBAaHUM KICTKOBHI perenepar
— 3aci6 ¢ikcaiii» BukopuctoByBaiu cymimi Ne 2 moaiyperany «UniCast 9» 3 moyinem
npyxkHocTl E = 14.8. .. 15.6 MIIa. ITpu BunpoOyBaHHSX Ha TO3aLEHTPOBUI CTUCK KICTKH
npuknaganu cuiu P = 100, 150 Tta 200 H, npu BunpoOyBaHHSIX HA 3THH Y (PpOHTANIBHIM
IUIOLIMHI O OOKOBOT MOBEPXH1 CTEPKHS npukiagam cuim P =30, 50 ta 70 H.

Busnauanu aObCoIIOTHI EPEMIIIIEHHS A MEI1aIbHUX (3HAXOAATHCS 017151 MIACTUHU)
Ta JaTepaibHUX (HAaWOLIBIN BiAAICH] BiJl IUIACTUHHN ) TOYOK. [IpuBeneH1 nmepeMiteHHs 1
BU3HAUYaIU SK BIJHOIICHHS aOCOJMIOTHUX B3aEMHUX IMEPEMIlIEHbh CYMDKHHX TOUYOK
NepesIOMiB JI0 HaBaHTaXXEeHHsS P . Pe3ynbratu BUNIpoOyBaHb Ta pO3paxyHKIB HABEJCHO B

Tabn. 3.9, ne A, - mpuBeleHE MEpPEMIILEHHS B3JOBXK IO30BXKHBOI OCl KICTKH, 4, -

MOTIEpeYH1 IePEeMIIICHHS.
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Tabmuns 3.9
I[Ipuseneni nepemimenns (A; - 10%, mm/H) Touok nepenomy BI'K mix gicro ocb0BOro ta

3THMHAJIbHOI'O HAaBAHTAXXCHb

ObaacrTp BeprukanbHe I'opusonranbHe IloBHe
nepeJjiomMmy nepeMilleHHs Ax | NMepeMillleHHsI Ay | mepeMillleHHsI A X
x 10° x 103 103
Jlist 0cbOBOT0 HABAHTAKEHHSs 0€3 MO/IeJIIOBAHHSI pereHepary
MenianeHl TOYKHA 2,63 1,63 3,09
JlaTepanbHi TOYKH 8,66 1,47 8,79
Jlist 0cbOBOT0 HABAHTAKEHHSI 3 MO/IEJIIOBAHHSIM pereHepary
MeniainbH1 TOYKH 0,37 0,26 0,45
JlaTepaiabHi TOUKH 1,00 0,26 1,03
Jist 3rMHAJILHOT0 HABAHTAKEHHS 0€e3 MOo/IeJIIOBaAHHS pereHepary
MeniainbH1 TOYKH 0,40 1,79 1,83
JlaTepanabHi TOYKH 0,99 10,33 10,37
Jist 3ruHAJIBHOr0 HABAHTAKEHHS 3 MO/IEJIIOBAHHSIM pereHepary
MemiaabHl TOYKH 0,40 0,60 0,72
JlaTepanbHi TOYKH 0,79 1,39 1,60

3a OTpUMaHUMU B Pe3yJIbTaTi BUMIPOOYBAaHb 3HAYEHHSIMHU MPUBEJICHUX MEPEMIIIICHB
pO3paxoBaHO J0MyCTUMI HaBaHTaxeHHs [P] Ha KicTKy 3 (hiKCOBaHUM TIEPEIOMOM, IO HE
BUKJIMKAIOTh TIepeMillleHb B obisacti niepeiaomy [A] = 1 mm. TlopiBHSIBHI TiCTOTpaMu

pe3yabTaTiB pOo3paxyHKiB 300paxeHo Ha puc. 3.28.

[P] [P]

1200,0 7000

1000,0 600,0

800,0 500,0
400,0

600,0
300,0

400,0
200,0

200,0 100,0

00 | 00 []
bes pereHepaty 3 pereHepatom Be3 pereHepary 3 pereHepatom
a) 0)

Puc. 3.28. IlopiBHsAHHS AOMyCTUMUX HaBaHTakeHb [P], H Ha BEMTUKOroMiJIKOBY KICTKY 3
nepeaoMoM, (piKCOBaHUM MeIiaIbHO0 OJIOKOBAHOIO IMUIACTUHOO MIPU CTUCKY (a) Ta

3ruHi (0)
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3 mpencTtaBleHUX pe3yJbTaTiB BUIHO, IO YTBOPEHHS pEereHepatry KiCTKOBOT
TKaHUHU CYTT€BO TOKpAIIy€ XapaKTEPUCTUKU CHUCTEMH «KICTKa 3 TMEpPeloMOM —
KICTKOBHI pereHepar — 3acio ¢ikcarii» (3MEHIITye mepeMilieHHs] B 001acTi epeoMy Ta
30UTBIITY€ JOIMYCTUMI HABaHTAKCHHSI HA KIHITIBKH).

BunpoOyBaHHsI 3 BHKOPHUCTAHHSAIM CHJIIKOHOBOro kommayHay. IlpoBexneHi
BUNPOOYBaHHS 3 BUKOPHUCTaHHAM sk 3aMiHHMKa PKT kommaynay «Cuiidaexce 20» 13
CHiBBIAHOMIEHHSAM cKianoBux dactuH 100:5 (Momynab TIPYXKHOCTI TIPH  CTHUCKY
E =0.82 ... 0.87 MIla).

3amnoBHEHHS JlacTady KOMIIAyHAOM MPOBOAMIIA TakuM crocoboMm. Micue
MojieaboBaHoro nepesnomy Ha BI'K o6mMoTanu xapuoBoro miliBKo0, 11100 OCTaHHS IIJIBHO
npuIsraiga 0 KICTKH. 3a JIOMOMOTOI0 HITIPUIla Habpaiu KOMITAyH/] Ta Yepe3 HEBEIUKUI
OTBip 3aJIMBaNM HOro y Micile mepeiaoMy. YacTHHY KOMITayHy, 0 3aJIMIIHIACh Y Tapi,
B SIKIM 3MIIIyBajdu CYMIlll, JHUIIWIA B SKOCTI KOHTPOJIBHOTO 3pa3Kka JyIsl MEepeBIpPKU
TOTOBHOCTI Ta 3aTBEPAiHHS KOMITayHAy. BUTpuManu 110 KOHCTPYKIIito 72 TOIAWHA TIPU
KIMHATHIA TeMIiepaTypi. 3a JOMOMOIOI KOHTPOJBHOIO 3pa3Ka BIEBHWIHCS, IO
KOMITayH/ 3aTBEp/IiB. 3HIMAJIM XapyoBY IUTIBKY 13 3pa3Ka Ta 3a BUAAISIIN 3aiiBl YaCTUHU
3aTBEPAIIOr0 KOMITAyH/TY.

[Ticns moBHOI mosiMepu3allii KOMIayHly MPOBOJIWIN BUIPOOYBaHHS 3pa3KiB Ha
CTHUCK, 3TMH Ta KPYUYEHHS 32 HaBEJACHOIO BHIIE METOJIMKOIO 3 BUMIPIOBAHHIM B3a€MHUX
nepeMilieHb B IepesioMi MeTo1oM udpoBoi poTo3iioMku. Pe3yabTaTi BUlipoOyBaHb Ta
pO3paxyHKiB HaBeJieHO B Tabi. 3.10.

Taomurg 3.10

[puseneni nepemimenns (i - 10, mm/H) To90K epeoMy Imij Qi€ 0ChOBOTO,

3TMHAJIBHOTO POTALINHOTO HAaBaHTAXEHb

Buna BepTukanbHe nepeMilieHHs JIaTEPAJIbHOI TOYKH
HABAHTAMKEHHSI nepejaomy ix x 10°
0e3 MoIeIIOBAHHSA 3 MOJ1€JILOBAHUM
perenepary pereHepaTromM
Ctuck 11.13 8.80
3ruH 10.6 8.36
Kpyuenns 32.4 18.7
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BunHo, 1110 HasiBHICTH MOJIEIHOBAHOTO PEreHepaTy HaBITh 3 TAKUM MaJIUM MOJTyJIEM
NPYKHOCTI 3HUKY€ TIEpEeMILIICHHS B niepesniomi mpubin3Ho Ha 20% mpu CTUCKY Ta 3THHI 1

npu6sm3HO Ha 70% Mpu KpydeHHI.

Po3paxyHok [0mMycTHMHX HABaHTa:KeHb B CHCTeMi OCTeOCHHTe3y 3
YPaxyBaHHSIM HASIBHOCTI pereHepary KicTKOBOI TKAHMHHM. MaTeMaTuyHa MOJIENb, 110
BpaxoBy€ HAasBHICTh KICTKOBOTO pererepary. CxeMaTW4HO 300pa3vMO PO3pPaxyHKOBY
CUCTEMY «KICTKa 3 IMepeIOMOM - 3aci0 (pikcarii - KicTkoBuit perenepat (puc. 3.29). [1pu
MPUKIIaJJaHHl OCbOBOrO HaBaHTakeHHs P BinOyBaeThcs aedopMyBaHHS KICTKH Ta
KpIIJICHHSI (30HM HABKOJIO TBUHTIB, 3CyB Y MICII 3aKpIIUICHHS Ta 1HIIE), TJIACTHHU

(mepeBaskHO 3TMH) Ta pereHepary (MepeBakHO CTHUCK).

P

KpinnenHs
8 ____f,_J_
e d |~ ///

C o~
Kicmka Y Pezerepam

o

|~

[nacmuHa

_ __?J(plﬂnEHHFI
7
| Y

Puc. 3.29. Cucrtema «kicTKa 3 IeperoMoM — MOJIeNIbOBaHUN perenepar — 3acio ¢ikcarrii

PosrnsiHyTy cucreMy MOKHAa ONHUCAaTH 3a JOMOMOTOK TMPYXHUX €JIEMEHTIB
(puc. 3.30), ae K - cymapHa nedopmairiito KiCTKH Ta KpirieHb, enemeHT I1 — gedopmarris

IJIACTUHH, €JIEMEHT P — AedopMallisi pereHepary.
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P, P

Puc. 3.30. Po3paxyHkoBa cxema CHCTEMH OCTEOCHHTE3Y 3 PETeHEPATOM 32

JIOTIOMOTOI0 MPOCTUX €JIEMEHTIB

BBoanMo Taki mo3HayeHHS:

A — 3arajbHe HGpCMiIHCHHH TOYKH IICPCIIOMY HiII ,ZIiGI-O HaBaHTa>XCHHA P;

P, — HaBaHTa)KE€HHS Ha eleMeHT P;

P. = P, = P,— HaBanTaxxenHs B enementax K ra I1 (puc. 3.31);
A = A/P — nipuBenieHe NEPEMILICHHS CHCTEMH B IIIJIOMY;

A, =A, /P, — npuBejieHe nepeMillieHHsI pereHepary;

Ae =Dy /P, A;=A,/P,— NpuBeneHi nepeMillieHHs KiCTKH i3 KpilICHHAMH Ta

P=P=P-
po

il

IIJTaCTHUHH.

AY

J

5,
AY

N

J

My ” [ ]
N A f\\
o VA4 \I" v

Pe

Puc. 3.31. Cucrema «kictka 3 niepeiaomom (K) ta mnactuna (IT)»
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JliTeporo  «e» TO3HAYMMO TPUBENEHI TMEpPEMIIICHHs, sKi Oynd BU3HA4YEeHI B
EKCIIEPUMEHTI 1 Oy/IeMO BBaXKATH iX «0a30BUMY.

3a JI0MOMOT0I0 €KCIIEPUMEHTAIBHHX AOCIIKEHb BU3HAYEHI:
A® — npuBenena nedopmaiiis «6a3oBOro» 3pasKa 3 MOAEILOBAHUM PErEHEPATOM;
Ae = Ap + A, — cyMa npuBesieHuX Jedopmartiii 3pa3ka 6e3 perenepary.

JIJ1st maHoTO BapiaHTy 3’ €THAHHS:

P-A=(P.+P,)-A=A; (3.31)
P, A, =A; (3.32)

Po A +P, A, =A; (3.33)
P.=P,=P.; (3.34)

P.- (A +4,) = A; (3.35)

[TopiBHroemo (3.35) Ta (3.31) BpaxoByroun A, + 4, =4, :
P+ (A + Ag) = Pes A = P Ay (3.36)
Py =Pe (Ae = A/ 4; (3:37)
ITpupiBasiemo (3.32) ta (3.35):
P Ap = Fo - (A + A1) = Pe- Ac; (3.38)
Ta (3.36), (3.37) miacrasnsiemo B (3.38).
[IpuBeneHe nepemilieHHs pereHepaTy MaTUME BUTJISI:
Ap =LA [(Ao — A) (3.39)

[TpudyomMy TiTbKM MPUBEICHI IEPEMIIIIEHHS CUCTEMH «KICTKA - IJIACTHHAY 3aJIeXKaTh
B1Jl PO3MIPIB Ta MOJIYJIIB IPYXHOCT1 pereHepary.
[Ipunyctrmo, 1m0 TpHUBEACHI MEPEMINIECHHS pereHepary MpsiMO MPOIMOPIiiTHI

BIJICTaH1 MDXK yJlaMKaMH Ta 00€pHEHO MPOMOPIIiiTHI MOYJIIO TIPY>KHOCTI:

A, =2;-(W/h*)-(E;/E,) =47 -R; (3.40)
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ne R=(h/h%)-(E:/E,)— xoedimienT, M0 3aNeKUTH Bifl pO3MIpiB JiacTasy Ta MPyKHHX
BJIACTUBOCTEMN PETEHEPATY

h — po3mip miactasy;

h® — posmip miacTasy «6a30BOro» 3pasky;

E ,— Moaynb Ipy>KHOCTI pereHepary;
E,— MOyJIb IIpY»KHOCTI pereHepaTy «06a30Boro» 3paska;

Aj— IpHUBeIcHe MepeMilleHHS «0a30BOro» 3pa3ka:
A5=2°2.](A.— 1) (3.41),

ne A°— mpuBeneHe mepeMilieHHS «0a30BOrO» 3pa3ka 3 PO3MIPOM JAiacTasy h°Ta

MOJYJIEM IPYXHOCTI E, .
CymapHe npuBeseHe NepeMillleHHs 3pa3ka 0e3 pereHepary BHU3HAUaTUMETbCS 32

dhopmyIioro:
A + A, = (3.42)
[TepemimieHHs y IepeioMi 3HaX0MMO 3a JOTIOMOTOI0 HACTYITHOTO BUPa3y:

A=P/C.; (3.43)

3ae?

ne C  =C,+C_.— 3aranbHa XOpCTKICTb cuctemMu, C, — JKOPCTKICTb pErecHepary;

C. — )KOPCTKICTb CHUCTEMU O€3 pereHepary.
Bpaxosytoun (3.40):
C,=Y 4, =Y (%4 R); (3.44)
Ce =1 A =Y (A + Ay) (3.45

I3 BpaxyBanusm (3.43) - (3.45), kiH1eBHiA BUpa3 AJIg 3aTAILHOTO MEPEMIIIIEHHS Ma€e

BUTJISI:

A=P-(A:-A.-R)/(A:-R+A.)=P- A (3.46)
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B (3.46) 3aminsiemo ;: 3a dopmymnoro (3.41) 1 ogepKyeMO KiHIIEBHA BUpPA3 IJIS
BHU3HAUCHHS IPUBEJCHOIO TEPEMIMIEHHS TOYOK IIEpejoMy 3 3aJaHHMH PO3MIpOM

JiacTa3y Ta 3HauYCHHSIM MOYJIS MPYKHOCTI pereHepary KiCTKOBOI TKAHUHM:
A=A R/(A-/A° +R-1). (3.47)

Po3paxyHoKk npuBegeHHX IMepeMillleHb TOYOK mepeaomy. Jlnga Ttoro, o6
OTPUMATH IePEMIIlIeHHsT HaBaHTa)KCHOTO 3pa3ka 3 3a/IaHMMU JiacTa3oM h Ta MoxysssMu

IPYKHOCTI pereHepatry E., He00XiIHO BUKOHATHU HACTYIIHI KPOKHU:

1. HaBanTaxutu 3pa3ok 3 aiacrasom h° Ta 3acobom ¢ikcarii cunoro P.. Tlpudomy,
cucTeMa poO3IisaeTbecsl 0€3 BIUIMBY pereHepary. BumipsaTu nepeMinmieHHa A, Ta
po3paxyBaTu npuBeieHy aedopmaiio 4. =A./P.;

2. HaBanTaxkutu cuioro P Toil caMuii 3pa3ok, ajie BXKE 3 BpaXyBaHHSIM pereHepary,
KU Mae MOIyJb MPYXHOCTI E; Ta BUMIpATH mepeMillleHHs 4YacTHH mepeiomy A.
Moayns mpykaocTi E; BHMIpIOETBHCS Ha CTaHIAPTHOMY 3pasKy, BHTOTOBJICHOMY 3
Marepiaiy, 10 BUKOPUCTOBYBABCS Jisi iMiTallii perenepaty. Po3paxyBaTu npuBeneHe
HiepeMiLliEHHs] TOYOK TEPEIOMY 1ILOT0 3paska 3a popmysow A°=A/P;

3. Jlnst xicTkH, B sIKO1 miacta3 mepenomy - h Ta momymem mpyxkHocTi E,, sikuii

3HaXOJIUTHCS 32 PEHTIEHOTPAMOI0, PO3paxyBaTH KOE(DIIIEHT BILIUBY 3a (hOPMYJIOIO:
R=(h/h%)-(E3/E,) (3.47)

Moaynb py»KHOCTI pereHepary Ta koediiieHT BIuuBy R mist miactazy 10 mm

BKasaui B Ta0i. 3.11.
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Tabmus 3.11
3HaueHHs MOYJIs IPYKHOCTI pereHepaty Ep Ta koedimienTy BiuBy R nis peanbHIX

KICTOK, B 3aJIC)KHOCTI B1J] THXKHS peadiiTaltii.

TuxneHn Ep, MIla R
peadiriTamii
3 0,83 0,7000
6 7,5 0,0787
12 11,4 0,0518
16 15,7 0,0376
18 50 0,0118
20 70 0,0084

4. IlpuBeneHe nepemMilieHHs TaKOTo NepeioMy BU3HAYA€ThCs 3a popmydioro (3.47).
3HauveHHsI MPUBEICHUX NIEPEeMIIIeHb BUTPOOYBaHUX 3pa3KiB HajaHi B Taou. 3.9. Ha

puc. 3.32 300pakeHo rpadiyHe MpencTaBICHHs Pe3yIbTaTiB PO3PAXYHKIB.

Pnon, H

[HEY
o

O L NN WS Ol OO N O ©

0 5 10 15 20 25

=—Pnon, H

Puc. 3.32. [IpuBeacHe nepeMillieHHS BETUKOTOMIJIKOBOI KICTKH 3 IIEPEIIOMOM,

(1KCOBaHMM MeA1aIbHOI OJOKOBAHOIO TUIACTHUHOIO, MPHU PI3HUX TEpMiHaX peadiiTarii
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HaBez[eHa BHUIIIC MCTOAHWKA A03BOJISI€E BH3HAYUTU I[OHYCTI/IMi HAaBAaHTA)XXCHHA Ha

KICTKY Ha PI3HHMX CTaJliIX YTBOPEHHS pereHepary KiCTKOBOI TKAaHHHHU.

BuzHaueHHsI AONMYCTMMHMX HABAHTA’KeHb HAa KIHIIBKY 3 BpaxyBaHHSIM
0oco0JMBOCTell mepenomMy. BenwmuunHa AONMYyCTHMHX HABaHTAXCHb BU3HAYAETHCS
BUXOJTYM 3 BEIUYHMH JIONMYCTUMHUX TIEPEMIlleHb, SKi B CBOIO Yepry OOHparoThCs
BUXOJISIYHU 13 HEOOX1THUX yMOB (iKcarlii mepenomy.

Posrisaemo pomycTumi nepemimenti [A] B 001acTi nepenomy He Oinbure Hixk 1
MM IIpH po3Mmipi giacrazy h, =10mm..

31 30UTBLIECHHSIM JlacTa3y JOIMyCTUME IMepeMilieHHs: Oyjae 301IbIIyBaTHCS Ta

HaBnaku. IIpuiryckaemo, 110 301IBIIEHHS [4] IPONOPILIIMHO po3MIpy aiactasy h . Tomy:

[A]=[4%]-(t/h,,) (3.48)

YMoBa KOPCTKOCTI 3 BpaxyBaHHSIM perenepary 3Haxoaumo 3 hopmyiu (3.47):
P-((A-R) /(A /A +R-1))<[A] (3.49)
dopMyna 71 BU3HAYCHHS TOITYCTUMOTO HaBaHTAXKCHHS MaTUME BUTIISL
[P]=[A]-((4-R) /(A /2° + R-D)" (3.50)
JI71st KICTOK 3 MepesioMOM Ha PI3HUX TIDKHIX peadimiTaiii, 3 BIMOBIIHUM MOIYJIEM

NPY>KHOCTI pereHepary, po3paxoBaHi JOIMyCTUMI niepeminieHHs 3a popmyioro (3.50) Ta

JIOMyCTUMI HaBaHTaKEHHs JJIs CTUCKY (puc. 3.33).



116

[P], H
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Puc. 3.33 JlonycTtumi cTHCKarO4Ui HaBaHTaKEHHS [P] Ha BETUKOTOMIJIKOBY KICTKY 3
epesioMoM, (P1IKCOBAaHUM MEAIAIBHOIO0 OJIOKOBAHOKO TUIACTHHOIO, MIPU PI3HUX TEPMIHAX
peabimiTarii

Cnig BIAMITUTH, 110 HABEICHI 3HAYEHHS JONMYCTUMHUX HABAHTAXKEHBb OJIEpXKaH1
nUIIXoM (OPMAJIbHOTO TIAXOAY N0 PO3PaXxyHKY MPYKHHUX CHUCTEM, MPUUHSTOTO B
TexHIYHIN MexaHimi. [li pe3ynbpTaT, a TakoXK 3ampONOHOBAHI METOJU OI[IHKH BILTUBY
pereHepary KiCTKOBOI TKaHWHU Ha (yHKLIOHAJIbHI XapakTepuctuku cucreM OC, Hagasi
MOXYTb OyTH BHUKOPHCTaHI JIKapsIMU-TPABMATOJOTaMH TUIBKK TIICIsA BCEOIYHMX
O10MEXaHIYHUX JOCIIKEHD 3a3HAUYEHUX CUCTEM.

CknagHicTh TUTaHHS 30UTbIIEHHS ()1310JIOTIYHUX HABAHTAXXEHb HA KICTKU 3
nepesoMaMy y CTaHi 3pOIlyBaHHs OOYMOBIJIEHA, Y TOMY YHCII, BIACYTHICTIO HaIHHUX
Ta OJHO3HAYHUX BIJOMOCTEH Mpo nomyctumi Aedopmariii (nepeminieHHs) y o0JacTi

TepesioMy TiJI JII€F0 30BHINIHIX HABAHTAXKEHb HA KIHITIBKH.
BucHOBKM /10 TPETHOI0 PO3aiLy
1. Ha ocHOBI MpOBEACHUX E€KCIIEPUMEHTAIBHUX JTOCTIHKEHb OYJIO MiATBEPIHKEHO

aHI30TPOMII0 XapPaKTEPUCTUK KICTKOBOI TKAaHMHH. BilHOIIEHHS MOIYIIB MPYXHOCTI B

HAnpsSIMKy OpI€HTAIlli OCTEHIB 1O MOJIYJIB B HAMNPSMKY MEPHEHAUKYIIPHOMY IO
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opieHTauii octeHiB cknanae Bia 1,14 10 4,02. AHi30Tpomis MOBEAIHKH KICTKOBOT TKAHUHU
TaKOXX CIIOCTEPITaeThCs MPH pPelakcallii Ta OB3y4OCTi.

2. ExcnepyMeHTaNbHO MiATBEPKEHO, 110 CTEMIHb 3BOJIOKEHHS 3pa3ka JIOCUTh
CIJIbHO BIUIMBA€ Ha HOro MeXaHIYHI XapaKTEepUCTUKH. ToMmy A OTpUMaHHS OUIbII
JIOCTOBIPHUX JIaHUX, 3pa3Kd KICTKOBOI TKAHWHM IICJs BUJIYYEHHS 3 TUIa JIOJUHU
MOTPiOHO 30epiraTv 3a yMOB HAOJIMKEHUX JO YMOB B SIKMX 3pa30K 3HAXOJUTHCS B TLII
JFOAVHH.

3. Ha ocHOBi eKcCIiepUMEHTIB 1 PO3paxyHKIB JIOBEJIEHO, 110 KICTKOBAa TKaHWHA €
HEJIIHINHO B’SI3KO MPYKHUM MaTep1ajioM.

4. BcTaHoBIEHO, 1110 00JaCTh PO3NOBCIOKEHHS MOIIKO/PKEHb KICTKOBOI TKAaHUHU
nocsirae 40 MM, a 3MiHI KOPCTKOCTI CTaHOBIATH 10 20% BIiJ dKOPCTKOCTI 1HTAKTHOI
KICTKH, 1110 HEOOX1/IHO BPaXOBYBAaTH MPU 3aKPIILIEHHI CTPH>KHEBUX allapaTiB 30BHILIHBOT
dbikcarrii nepenomis.

5. Ilpm nocmigxeHH! BIUIMBY cnocoOy posmilieHHs crepxHiB B CTA3®D, Oyio
BUSIBIICHO, 110 KyT HAXMITy CTEPXKHIB CYTTEBO BIUIMBAE HA 3aTalIbHY )KOPCTKICTh CUCTEMH.
301UbIIIEHHS KyTa HAXUITy CTEP>KHIB MIBHUIILYE )KOPCTKICTh CUCTEMH TIPU CTHCKY, 3THHI
Ta KpPy4Y€HHI. 3ampolOHOBAaHO palllOHAJIbHE PO3TALIYBAaHHS CTEP>KHIB, SIKE BPAaXOBYE
HASIBHICTH 00J1acTel Aerpaaalii KICTKOBOi TKAHWHU 1 KOMIIEHCY€ BTPATy KOPCTKOCTI MPU
BOTHEMAIBHOMY TIEPEIOMI.

6. JlocmimkeHo nedopMyBaHHS CHCTEM «KICTKa 3 MEpPeIOMOM - 3aci0 ¢ikcarlii» Ha
eTamax pereHeparlii KICTKOBOi TKaHWHU il JIIEI0 CTUCKY Ta 3ruHY. BcTaHoBieHO, 110
YTBOPEHUI pereHepar CyTTEBO MiABHIIYE KOPCTKICTh CUCTEMH «KICTKA 3 TIEPETIOMOM —
KICTKOBHI pereHepar — 3acid ¢ikcaiii». HasBHICTH pereHepary CyTTEBO ITiJABHUIILYE
pPIBEHb HABAaHTAXKEHbD, 110 JOMYCKAIOThCS MPHU XOAK01 Ta BUKOHAHH1 (hi13MYHUX BIIPAB MpU
JIKYBaHHI.

7. Po3po0iieHO MaTeMaTHUHy MOJICITb JIJIs1 BpaxXyBaHHS BKJIAAy pEereHepaTy y B3a€MHi
3MIIIEHHS TOYOK TMEpEeJOMIB Ta OI[HKM JOMyCTUMUX HaBaHTaXEHb Ha KICTKY.
Po3paxoBaHo piBHI IOMyCTUMHUX HAaBaHTAXEHb, III0 MOKHA MPUKIAAATH 10 KIHIIIBKH, 3
BpaxyBaHHSM BIJOMHUX JONMYCTHUMUX B3a€EMHHUX IEPEMIIICHb TOUYOK mepenomy. JlaHi

BUNPOOYBAHb Ta PO3PAXYHKIB MOXKYTh OyAyTh BUKOPHUCTAHI JJI YIOCKOHAJIEHHS METO/I1B



118

JIKYBaHHSI TIOMIKO/KEHUX KIHIIIBOK HA MPOMIXHUX Ta 3aKITIOYHUX CTAJIISIX 3POITYyBaHHS
NEPETOMIiB.

8. BusHaueHo 3aJIE)KHICTh MEXAHIYHMX BJIACTUBOCTEH KICTKOBOI TKAaHWHHU Bl IX
PEHTICHOJIOTIYHOI MIUTHPHOCTI 10, /1€ MOXJIMBICTh CTBOPIOBATH KOMIT FOTEPHI MOJIET 3
MaKCHUMaJIbHUM HaOJMKCHHSAM pPEe3yJIbTaTiB 10 pealbHUX. MOJCITIOBaHHS XipyprigHOTO
BTPYYaHHS Ta IMPOTHO3YBAHHS HMOTO pe3yJbTaTiB, 3 3aCTOCYBAHHSAM TaKHUX MOJCIICH
JI03BOJISIE  3MEHIITUTH YacTOTy IOMHJIOK Ta YCKJIAIHEHb TMPU PEKOHCTPYKTHUBHO-
BIJIHOBHOMY JIIKYBaHHI TMAIli€HTIB 3 HACIIJKaM{ TIOIIKO/KEHb T'OMIJIKOBOCTOITHOT'O

cyriooa.
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PO3JILI 4
TOCJKEHHS MILTHOCTI I JE®OPMIBHOCTI CUCTEM
OCTEOCHHTE3Y METOJOM CKIHYEHUX EJTEMEHTIB

B ganmoMy po3mini  mpeAcTaBIEHO METOMWKY Ta pe3yibTaTH YHCEIHHOTO
MOJICTIOBaHHS ISl BU3HAYCHHS YKOPCTKOCTI arapaTiB 30BHIMIHBOI (ikcallii mpu pizHUX
BapiaHTax pO3TallyBaHHS CTEepKHIB. JIJIS BH3HAYEHHS MOJKIIUBOCTI CHPOIICHHS
pO3paxyHKiB OyJIO MPOBEICHO MOJICIIIOBAHHS 3 MOCTAHOBKAX: 00’ €MHIN, CTEP)KHEBIH 1

oanouniii. [IpoBeneHo 0OpoOKy, aHaIII3 Ta MOPIBHAHHS OTPUMAHUX PE3YJIbTaTIB.

4.1. Ilo0ynoBa po3paxyHKOBHX CXeM i IMCKPETHUX MoOJeJIei

YncesbHe MOAENIOBaHHS Tpolecy Ae(opMyBaHHS CHCTEMH OCTEOCHHTE3Y.
[IpoBeneHHS HATYPHUX EKCIIEPUMEHTATLHUX JOCTIIHKEHb TI0 BU3HAYEHHIO KOPCTKOCTI
CHUCTEM OCTEOCHHTE3y HE 3aBXIU € MOXIWUBHM, B CHJIY CBO€El CKJIQJHOCTI Ta
TPYJIOMICTKOCTI. TakuM YMHOM JijIsl BUPIIICHHS TTOCTABJICHHUX 3a/1ay, SIK aIbTEPHATUBY
EKCIIEPUMEHTAJIbHUM  JIOCTIDKEHHSIM, OyJI0 MPOBEAECHO MOJCIIOBAHHSA MPOLECIB
neopMyBaHHSI CHCTEM «BEIMKOTOMIJIKOBAa KICTKAa — arapar 30BHIIIHBOI (ikcarii» 3
pPI3HMMH BapiaHTaMU PO3TAIIyBaHHSIMH CTEP)KHIB CYYaCHUMH KOMIT IOTEPHUMHU
3aco0amu 3 BukopuctanusiM CAD/CAE meToiB AJisl OLIIHKU MIIHOCTI, YKXOPCTKOCTI Ta
HaIpy>KeHO-1e(POPMOBAHOTO CTaHYy IIUX OI0OMEXaHIYHUX CHCTEM.

Komn'toTrepHi Mofeni CHUCTEM «BEJIMKOTOMUIKOBA KICTKa — amapaT 30BHIIIHBOI
¢ikcanii» Oyno crBopeHo B nporpamHomy komiuiekci SOLIDWORKS. Ilicns yoro
reoMeTpudHi Mojieni cucteM immnopryBanuck B CAE maker ANSYS.

O0’ekT MopgeaOBaHHAA. Y SKOCTI OO €KTIB JAOCHIIKEHHS Oyio BHOpaHO

BEJIMKOTOMUIKOBY KICTKY 3 araparoM 30BHIIIHbBOI (ikcallii, 1o 300paxeHo Ha puc. 4.1.
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Puc. 4.1. O0’eKT IOCHIIKEHHS

Posrmsinanock 4 BapiaHTH pO3MiIlIEHHS CTEPkHIB (puc 4.2) T0CIiIKyBaHOT MOJIEN,
110 BIJIOBi/Ia€ CUCTEMaM, SIK1 peati3yBaJluCh B €KCIIEPUMEHTI (po3/ii 2).

Jns mobynoBu 3D wMopenel KIiCTOK Oyl0 BUKOPHCTaHO JlaHi 31 3HIMKIB
KoMII FoTepHOT ToMorpadii mmux 3paskiB. Po3amipu amapatiB 30BHIIIHBOI (ikcarii Ta iX
pO3MIIllEHHA Ha KICTIlI OyJI0 OTPUMAHO 3 HATYPHUX CHUCTEM, SKi II1/I/1aBaJIuCh

CKCIICPUMCHTAJIbHUM I[OCJ'IiI[)KGHHfIM.
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i

B) r)

Puc. 4.2. Cxemu po3TalilyBaHHs CTEP)KHIB, JI€ a) - CTaHAApTHA CXeMa pO3TalllyBaHHS

ctepxkHIiB A3D, 0) - cxema 3 BiJTaICHUMH CTePKHIMH 2 Ta 3 OJMH BiJ OJHOTO, B) -
cXema 3 PO3TalllyBaHHSM CTEpPXKHIB 2 Ta 3 miJ KyToMm 75° TaT) - cxema 3

po3TanryBaHHSIM CTEpKHIB 2 Ta 3 mig kyTom 60°.

Jlyis BU3HAYEHHS MOXKJIMBOCTI CHPOIICHHS Ta MPHUIIBUIIICHHS PO3PaxyHKIB OyJ0
3aMporOHOBAaHO BUKOPHUCTAHHS CHPOILEHOI TreoMeTpii Il KOHCTpYKii (ikcaTopa
BEJIMKOTOMUIKOBOI KICTKHM TIPH CTBOPEHHI MOTO CKIHYEHHO-EJIeMEeHTHOI Mozeni. Tomy
OpU 4YHUCEIbHOMY MOJEIIOBAHHI pPO3paxyHKH TMPOBOJMIM B 3  IOCTaHOBKAx:

00’ emuili(puc. 4.3a), crepsxkuesiti(puc. 4.30) 1 6anouHiii (puc. 4.38).

Jdl

a) 0) B)

Puc. 4.3. 3D moneni nnst 06’ €MHOT, CTEpKHEBOT 1 OAIOYHOT TOCTAHOBOK 3a7adi
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Mexaniuni  xapakrepuctukum  Mmopgeai. Ilpm  jgochmipkeHHI  cHCTEM
«BEIIMKOTOMIJIKOBA KICTKAa — amapaT 30BHINIHBOI (pikcamii», KICTKOBY TKaHUHY
PO3TIIsIAIH, K 130TPOITHUN MPYKHUNM MaTepiaji, BJACTUBOCTI SKOTO OYyJIM TOCTIHKEH] B
po3aim 3. Jletam amapaTy 30BHINTHBOI (hiKcallii, BUTOTOBJIEHI 3 010J0TIYHO-THEPTHOTO
Mmatepiany — ctanb 95X18 (MemuuHa cTanb), KW IMIMPOKO BUKOPHCTOBYETHCS TPU

XIpyprigyHux ornepairisax. XapakTepUCTUKY HaBeeH1 B Ta0muIl 4.1.

Tabmug 4.1
Mojeni marepiaiiB 010MeXaHIYHOI CUCTEMH
Haspa E, MIIa \%
KopTukanpHa KicTKa 15000 0,25
['ybuara KicTKa 800 0,27
Craib 2-10° 0,3
KoMno3u1iiinuii crepKeHsb 1,4-10* 0,18

KpaiioBi ymoBu. KpaiioBi yM0oBM 00paHi TaKUM YMHOM, 1100 BIAMOBIAAIA YMOBaM
IpU SIKUX NPOBOJATHCS peasibHI €KCIIEPUMEHTAIbHI JOCHIKEHH. TaK HUXKHS YacTHHA
KICTKH OyJ1a )KOPCTKO 3aKpirieHa, 3a aHAJIOT1€0 3aKPIMICHHS 3pa3ka Ha poO0UYOMY CTOJII
BUIIPOOYBaAJIbHOT yCTaHOBKH. JlOCHIJKEHHS MPOBOJWINCH MPU UYOTHPHOX BHUAAX
HaBaHTa)XECHb: CTUCK, 3TUH 37J0BXK CTEPKHIB, 3TUH MOMEPEK CTEPKHIB 1 KpyueHHs. CxeMu

3aKpITJICHHS Ta HABAHTAXKEHHS 300paxeH1 Ha puc. 4.4.

[ Fixed Support
Bl Force: 100N
[ Force: 100, N

B Ficed Support
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[ Force: 100N

[l Fixed Support
[BJ Fixed Support

Force: 100, N
Remote Displacement

B) r)

Puc.4.4. — Cxemu 3aKpilJIeHHs Ta HABAHTAXKEHHS MOJICJICH MPU CTUCKY (@), 3TUHI Y
TUTOIIMHI PO3MIIIEHHS CTPIKHIB (0), 3TUHI MEPIEHANKYIISPHO A0 TUIOIIMHA

PO3MIIICHHS CTPIKHIB (B) Ta Kpy4eHHi (T)

[Ipy MoOmenmOBaHHI CHUCTEM «BEJIMKOTOMUIKOBA KICTKAa — amapar 30BHIIIHBOI

dikcarii» Oyiar BUKOPUCTAaHI CKIHYEHH] €JIEeMEHTH, 110 300paxkeHo Ha puc 4.5.

SOLID187 (HEX DOMINANT) BEAM188
a) 0) B)
Puc. 4.5. Tunu ckiHueHUX €JIEMEHTIB JJisi 00’ €MHOI (a), CTprkHEBOi (0), Ta

OaniouHoi (B) Mojeei

OTprMaHi CKIHUE€HO-eJIeMEHTH1 Mozieni ckiagatoThes 3 1715399 ByzmniB ta 765806
€JIEMEHTIB 1711 00’ eMHOiI, 3 5772563 By3niB Ta 4108329 eneMeHTIB sl CTEPXKHEBOI 1

4507 By3miB Ta 2254 enemeHTiB 115 0am04HO1 TOCTaHOBKY (puc. 4.6).
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B)

Puc.4.6. CE monens cuctemu, jie a) — 006’eMHa, 0)- CTpUkKHEBa, B) - Oajo4Ha
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4.2. Pe3yibTaTH YHCI0BUX JOCTIIKEHD

Jis  mpencTraBIeHUX CHUCTeM OyJio TPOBEACHO YHCEIbHE MOJCIIOBAHHS Ta
OTPUMAHO 3aJIEKHOCTI MEPEMIIIECHD KICTKHU B1Jl MPUKIIAJACHOT CHUIIH, TAKOXK OTPUMAaHI MOJIs
pPO3MOIITY TMEepeMillleHb JJI1 PI3HUX ITOCTAaHOBOK PO3PaXyHKOBOI MOJENI Ta PI3HUX
po3TallyBaHb CTEP)KHIB, K IIpeAcTaBieHo Ha puc. 4.7.- puc.4.20.

Ha puc. 4.7. 300pakeHO pe3yabTaTH YHCEIHHOTO MOJICTIOBAHHS CHCTEMHU TMPHU

CTUCKY 31 CTAaHJJAPTHUM PO3TaIllyBaHHS CTEPKHIB.

P: 91 ram Crmck
Total Deformation
Type: Total Deformation
Unit: rmm

Tirne: 1
18.10.2022 01:29

ot
22002022 17:18

0,093873 Max
0,083243
0,073013
0062582
0052152
0041721
0031291
0,020861
001043

0 Min

0,084946 Max
0,075508
0,066069
0,056631
0047102
0037754
0028315
0012877
0,0004385
0 Min

0,0005921
0 Min

a) 0) B)
Puc. 4.7. Pe3ynpTaTi 4rceIbHOTO MOCIIOBAHHS JIsl 00’ €MHO1 (), CTPU>KHEBOI

(6), Ta 6anouHoi (B) Mojeneit

Ha puc. 4.8. 300paxeHO pe3yJbTaTH YUCEIHLHOTO MOJICJIFOBAHHS CHUCTEMH IpHU

CTHUCKY 3 BIITAJICHUM PO3TaIlyBaHHS CTEPKHIB.
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10: 150 rara Crick
Total Deformation
Type: Total Deformation
Unit: ram
Time: 1
18.10.2022 01:32

0,11553 Max
010269
0,060855
007709
0,064152
0,051346
0,038500
0,025673
0012836
0Min

a) 6) B)
Puc. 4.8. Pe3ynpTaTi 4ncebHOTO MOICIIIOBAHHS JUIsl 00’ €MHOI (), CTPUKHEBOT

(6), Ta 6anouHoi (B) Mojeneit

Ha puc. 4.9. 300pakeHO pe3yiabTaTH YHCEIHHOTO MOJICITIOBAHHS CHCTEMHU TPH

CTHCKY 3 pO3TaIllyBaHHS CTEPXHIB i KyToMm 75.

M: 75 rpajg Crvck
Total Deformation
Type: Total Deformation
Unit: ram
Tirne: 1
18.10.2022 01:34

0,066051 Max
0058712
0051373
0,044034
0036695
0029356
00227
0014673
0007339
0 Min

a) 0) B)
Puc. 4.9. Pe3ynpTaTi 4nceIbHOTO MOICIIOBAHHS TSl 00’ €MHOI (), CTPUKHEBOT

(6), Ta 6anouHoi (B) Mozeneit

Ha puc. 4.10. 300paxkeH0 pe3yibTaTH YUCEIHHOTO MOJCIIOBAHHS CUCTEMHU MU

CTHCKY 3 B PO3TalllyBaHHS CTEP>KHIB M1l KyToM 60.
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M: 60 rpag Crmck

Total Deformation
Type: Total Deformation
Unit: mim

Tirre: 1

18.10.2022 01:37

0,045826 Max
0,040734
0,035642
0,030551
0,025459
0,020267
0,015275
0010184
0,0050818

0 Min

a) 6) B)
Puc. 4.10. Pe3ynbpTaTil UnceabHOTO MOJIETIOBAHHS /111 00’ €MHO1 (@), CTPHKHEBOT

(6), Ta 6amouHoi (B) MoeeH

Ha puc. 4.11. 300paxkeH0 pe3yJbTaTH YUCEIBHOIO0 MOJEIIOBAHHS CUCTEMH MpHU

3TUHI Y TUTOIIMHI PO3MIIIEHHS CTPHKHIB 31 CTAHJAPTHUM PO3TaIlyBaHHS CTEPXKHIB.

L: 91 rama 3rum o308 0%

Total Defarmation

Type: Total Deformation

Unit: mm

Time: 1

18.10.2022 01:46
0,28254 Max
025115
021975
018836
015697
012557
000418
0,062787
0,031393
0Min

Puc. 4.11. Pe3yapTaTi 4uCeabHOTO MOJICTIOBAHHS 1711 00’ €MHOT (@), CTPHUIKHEBOT

(6), Ta 6aouHoi (B) Mozeneit
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Ha puc. 4.12. 300pakeHO pe3yibTaTH YUCEIHLHOTO MOJIEITIOBAHHS CHUCTEMHU TIPH

3TUHI Y TUTOIIMHI PO3MIIIEHHS CTPWKHIB 3 BIIJITAJICHUM PO3TAILIyBaHHS CTEPKHIB.

K: 150 rara 3ruam 837085
Total Deformation

Type: Total Deformation
Unit: mrm

Time: 1
18.10.2022 01:49
0,36708 Max
032629
] 020551
L] 02072
L] 020303
] e
012236
L oomsma
0,040787
0Min

B)
Puc. 4.12. Pe3ynpTati 4nceapHOT0 MOACTIOBAHHSA U 00’ €MHO1 (), CTPHKHEBOT

(0), Ta 6anmouHoi (B) Moeeit

Ha puc. 4.13. 300pakeH0 pe3yiabTaTH YUCEIHLHOTO MOJICITIOBAHHS CHUCTEMHU MPU

3THHI Y TUIOIIUHI PO3MIIICHHS CTPUIKHIB 3 B PO3TAIllyBaHHS CTEPKHIB M1 KyTOM 75.

J: 75 rpag 3run 308K
Total Defarmatian

Type: Total Defarmation
Unit: mm

Time: 1

18.10.2022 01:51

0.24611 Max
021676
010142
0,18407
013673
010038
0,082035
0,05463
0,007345

0 Min
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Puc. 4.13. Pesynprati 4nceasHOT0 MOJICTIOBAHHS Ut 00’ €MHO1 (), CTPHKHEBOT

(0), Ta GanmouHoi (B) MoJieeit

Ha puc. 4.14. 300pakeHO pe3yibTaTH YHUCEIHLHOTO MOJEITIOBAHHS CHCTEMHU TIPH

3THHI Y TUIOIIMHI PO3MIIIIEHHS CTPUIKHIB 3 B PO3TAIllyBaHHS CTEPKHIB M1 KyToM 60.

1: 60 rpag 3run B3 goBxK
Total Defarmation
Type: Tatal Defarmation
Unit: rrm

Tirne: 1

1810.2022 01:33

0,22476 Max
019078
01748
014084
012487
0,099802
0,074913
0,049%96
0,024073

0 Min

B)

Puc. 4.14. PesynpTaTl UnCEeIHLHOTO MOJICTIOBAHHS U1 00’ €MHOI (@), CTPHKHEBOT

(6), Ta 6anouHoi (B) Mojeneit
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Ha puc. 4.15. 300paxeH0 pe3yibTaTH YUCEIHLHOTO MOJCITIOBAHHS CHUCTEMHU MPHU
3TUHI TEPIEeHIUKYIAPHO [0  IUIOMIMHU PO3MIIMIEHHS CTPWXKHIB 31 CTaHAApTHUM

po3TallyBaHHs CTEPKHIB.

H: 91 ram 3run Bnonepex
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

18.10.2022 01:55

0,78751 Max
0,70001
L 0,61251
L 0,52501
] 043751

0,087501
0 Min

Puc. 4.15. Pesynbratu unceaprHOr0 MOJACTIOBAHHS Ui 00’ €MHOI (), CTPHKHEBOT

(6), Ta 6amouHoi1 (B) MoecH

Ha puc. 4.16. 300paxkeHO pe3yJbTaTH YUCEIbHOIO0 MOJEIIOBAaHHS CUCTEMH MpHU
3TUHI TEPHeHAUKYJISIPHO J0  IUIONIMHUA PO3MIIICHHS CTPYKHIB 3  BiAJaICHUM

po3TantyBaHHsS CTEPKHIB.

G: 150 ram 3run Bnonepek
Total Defarmation

Type: Total Deformation
Unit: mm

Time: 1

18.10.2022 01:58

1,3156 Max
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B)

Puc. 4.16. Pezynbratit 4nceabHOT0 MOJICTIOBAHHS 1JIs1 00’ €MHOT (@), CTPHXKHEBOL

(6), Ta 6amouHoi (B) MoeeH

Ha puc. 4.17. 300paxkeH0 pe3yJbTaTH YUCEIBHOIO0 MOJEIIOBAHHS CUCTEMH MpHU
3TUHI TIEPIICHIUKYJSIPHO A0 TUIONIMHU PO3MIMIEHHS CTPHIKHIB 3 B PO3TallyBaHHS

CTEPKHIB MiJ KyToM 75.

F: 75 rpaj 3run Bnonepex
Total Deformation

Type: Total Deformation
Unit: rmm

Tirre: 1

18.10.2022 02:00

0,72476 Max
064423
05637
048117
040264
032
024159
016106
0080529
0 Min

Puc. 4.17. Pe3yapTaTi 4uCeIbHOTO MOJICTIOBAHHS 1711 00’ €MHOT (@), CTPHUIKHEBOT

(6), Ta 6anouHoi (B) Mozaeneit
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Ha puc. 4.18. 300paxeH0 pe3yibTaTH YUCEIHHOTO MOJCITIOBAHHS CUCTEMHU TPHU
3TUHI IEPIICHIUKYISAPHO 10 TUIOIIMHU PO3MIIICHHS CTPUKHIB 3 pO3TaIllyBaHHS CTEP>KHIB

i1 KyToM 60.

E: 60 rpag 3run Bnonepex
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

18.10.2022 02:01

0,79176 Max
0,70378
L ogsen
L gsoea
Ll oa3oes
—| 035180
| 02630
L 017505
0,087073
0 Min

B)
Puc. 4.18. Pesynpratu unceasHOT0 MOAETIOBAHHS U 00’ €MHOT (), CTPHKHEBOT

(0), Ta 6anmouHoi (B) Moeneit

Ha puc. 4.19. 300paxkeH0 pe3yJbTaTH YUCEIBHOIO0 MOJEIIOBAaHHS CUCTEMH MpHU

pr‘—IeHHi 31 CTaHAAPTHUM PO3TAllyBaAHHA CTep)KHiB.

D: 91 ram Kpyuenns
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

18.10.2022 02:03

0,60866 Max
054103
& 04734
H 040577
| 033814
0,27052
L 0,20289
L 013526
0,067629
0 Min
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B)

Puc. 4.19. Pe3synbrati unceabHOr0 MOAETIOBAHHS Ui 00’ €MHOI (), CTPHKHEBOT

(6), Ta 6amouHoi (B) MoeeH

Ha puc. 4.20. 300paxkeH0 pe3yJbTaTH YUCEIBHOIO0 MOJEIIOBAaHHS CUCTEMH MpHU

KPY4Y€HHI 3 BIJJJAJICHUM PO3TalllyBaHHS CTEPKHIB.

C: 150 rar Kpyuenna
Total Deformation
Type: Total Deformation
Unit: mrm

Titme: 1

18102022 02:05

0,64778 Max
0,5758
0,50383
043185
0,35980
0,2879
0,21503
0,14305
0,071975
0 Min

Puc. 4.20. PesynpTaTl uncearHOTO MOJICTIOBAHHS I 00’ €MHOT (@), CTPHKHEBOT

(6), Ta 6anouHoi (B) Moaenei
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Ha puc. 4.21. 300pakeH0 pe3yibTaTH YUCEIHHOTO MOJCITIOBAHHS CUCTEMHU TPHU

KpPYUY€HHI1 3 PO3TallyBaHHIM CTEPKHIB ITiJ] KyTOM 75.

B: 75 rpag Kpyuenns
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

18.10.2022 02:07

0,71032 Max
0,63139
0,55247
047354
0,30462
03157
0,23677
0,15785
0,078024
0Min

B)
Puc. 4.21. PesynbTaTil UnceabHOTO MOJICTIOBAHHS 111 00’ €MHOT (@), CTPHKHEBOT

(6), Ta 6amouHoi1 (B) MoeeH

Ha puc. 4.22. 300paxkeHO pe3yJbTaTH YUCEIbHOIO0 MOJEIIOBAaHHS CUCTEMH MpHU

KPYYEHHI 3 pO3TalllyBaHHSAM CTEPKHIB 17 KyToM 60.

A: 60 rpag Kpyuenna
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

18.10.2022 02:08

0,60155 Max
0,53471
046787
040103
0,3342
0,26736
0,20052
0,13368
0,066839
0 Min
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Puc. 4.22. Pe3ynbTaTi 4nceabHOT0 MOJICTIOBAHHS AJi1 00’ €MHOI (@), CTPHKHEBOT

(0), Ta 6anmouHoi (B) MoJeeit

BinnoBizmHO [0 TpeACTaBIICHMX BapiaHTIB PO3MIIICHHS CTEPKHIB Ta 3T1AHO 3
pe3yJibTaTaMu YHCEIBHOTO MOJCITIOBAHHS, OYyJM OTpHMaHI 3aJISKHOCTI MPUKIAACHOI
CHJIH JTO TICPEMIIIICHHS.

JliarpamMu 3aJIe)KHOCTI CHUIM BiJ] TIEPEMIIIIEHHS JIJIs1 00’ €MHOT CCTeMHU 300pakeHi Ha
puc. 4.23 — puc. puc. 4.26.

P, H
12

10
8

0 0,1 0,2 0,3 0,4 0,5

—e— CTaHJapTHe —*—BigaajeHe 75

50 A',OI’VIGM

Puc. 4.23. Jliarpamu 3a71€KHOCTI CHJIH BiJ] ICPEMIIICHHS IPY CTUCKY TIPH PI3HUX BHJIAX

pO3TallyBaHHsS CTUCKY



136

Vi

10

o N B~ OO 0

0 1 2 3 4

. Al, Mm
—— cTaHAapTHe —&— BiajaJieHe 75 60 7

Puc. 4.24. Jliarpamu 3a7€XHOCTI CHJIM BiJ] IEPEMIIIICHHS MIPH 3THHI Y TUIOIIHHI

PO3MIIICHHS CTPIIKHIB MPH PI3HUX KOMOIHAIISAX PO3TAlTyBaHHS CTEPKHIB

P, H
12

10

0 9) 10 15

—— CTaHJapTHe —*— BijaaJieHe 75 60 Al M
9

Puc. 4.25. Jliarpamu 3a71€>XHOCTI CHJIM BiJ] IEPEMIIIICHHS TP 3TUHI NEPIEHINKYIISIPHO

710 TUTOUTMHU CTPHIKHIB TIPU P13HUX KOMOIHAI[ISIX PO3TAITyBaHHS CTEPKHIB
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P, H
12

10

0 2 4 6 8

—— CcTaHAapTHe —4*—BignajeHe 75 60 Al Mmm
Puc. 4.26. Jliarpamu 3a1€>XKHOCTI CUJTU BiJ] IEPEMIIICHHS MPU KPYUYESHHI MPU PI3HUX

KOMOIHALISIX PO3TAllyBaHHS CTEPKHIB

JliarpaMu 3aJ1€5KHOCTI CHJIM BiJ IEPEMILIEHHS 1JIsl CTPUKHEBOI CUCTEMU

300pakeHi Ha puc. puc. 4.27 — puc. puc. 4.30.
15 H
10

8

0
0 0,1 0,2 0,3 0,4 0,5 0,6

—— CTaHJapTHe —*—BiggajeHe 75 Al MM
9

Puc. 4.27. Jliarpamu 3a1€KHOCTI CHJIM BiJ] IEPEMIIICHHS NIPU CTUCKY TIPH PI3HUX BHUJIAX

pO3TallyBaHHS CTUCKY
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1

10

0 1 2 3 4 ) 6

—— cranjgaprtHe —+—Biggagene —#—75 60 Al, Mm

Puc. 4.28. Jliarpamu 3a7e>XHOCTI CHJIM BiJ] IEPEMIIIICHHS MIPH 3THHI Y TUIOIIKHI

PO3MIIIIEHHS CTPUKHIB IIPHU PI3HUX KOMOIHAIISX PO3TAllyBaHHS CTEPKHIB
12

10

0 5 10 15 20

—— cTaHAapTHe —A*—Biggajsiene —#—75 60 AI’ MM

Puc. 4.29. Jliarpamu 3a7e€>XHOCTI CHJIM BiJ] IEPEMIIIICHHS TP 3TUHI MEPIEHINKYIISIPHO

JI0 TUTOITMHU CTPHIKHIB TIPH P13HUX KOMOIHAI(ISIX PO3TAIllyBaHHS CTEP)KHIB
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1B H

10

7~

d
0 2 4 6 8 10

—— cTaHJapTHe —4— BigaajieHe 75 60 Al MM
9

Puc. 4.30. liarpamu 3a1€XKHOCTI CHIIM BiJl IEPEMIIIICHHS PU KPYUCHHI PHU P13HUX

KOMOIHALISIX PO3TAIlyBaHHS CTEPKHIB

Jliarpamu 3aJI€5KHOCTI CHJIM BiJ IepEMILIEHHs U1l 0aJJ0OUHOT CUCTEMU 300paKeH1

Ha puc. 4.31 — puc. 4.34.
15 H

10

0 0,2 0,4 0,6 0,8

—— cTaHjapTHe —4— BigaajieHe 75 60 Al MM
9

Puc. 4.31. [liarpaMu 3aJIe)KHOCT1 CHJIM BiJ] IEPEMIIIIEHHS MIPU CTUCKY MIPH PI3HUX BHIAX

pO3TallyBaHHs CTEP>KHIB



15 1

10

0 1 2 3 4 5 6

—— CTaHJapTHe —*— BijaaJieHe 75 60A|, MM

Puc. 4.32. Jliarpamu 3a7e€>XHOCTI CHJIM BiJ] IEPEMIIIICHHS MPH 3TWHI Y TUIOIIHHI

PO3MIIIIEHHS CTPUKHIB IIPHU PI3HUX KOMOIHAIISX PO3TAllyBaHHS CTEPKHIB

121

10

0 5 10 15 20 25 30

—e— craHjapTHe —4—Biggajene 75 60 Al, MM

140

Puc. 4.33. [liarpaMu 3aJI€KHOCT1 CHJIH B1J] IEPEMILICHHS TPU 3THUHI MEPIICHANKYISIPHO

710 TUTOLIMHM CTPIIKHIB MPH PI3HUX KOMOIHALISX PO3TALTyBaHHS CTEPKHIB
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P, H

10

0 2 4 6 8 10 12

—— cTaHjJapTHe —4— BiggajeHe 75 60 Al, mm

Puc. 4.34. Jliarpamu 3a1€KHOCTI CHJIM BiJ] IEPEMILLIEHHS [IPU KPYUEHHI MPU PI3HUX

KOMOIHAIIISIX PO3TAIlyBaHHS CTEPKHIB

3a pesynbTaTaMl YUCEIHLHOTO MOJIEITIOBAHHS OTPUMAHO 3HAYEHHS KOPCTKOCTI
CHUCTEM TIPH PiI3HOMY PO3TAIIyBaHHS CTEPKHIB, 0 PEACTABICHO B Ta0. 4.2.
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Tabmuus 4.2

[TopiBHSHHS )KOPCTKOCTEH MO/Ieiel TIPU PI3HOMY ITPOCTOPOBOMY PO3MIILICHH] CTPH)KHIB

3a i pi3HUX BU/IIB HaBaHTakeHb (H/mMm)

3rua
p ) y TUTOIIKHI
o3TanryBaHHs CTpUkHIB [ CTHCK POSMIIIICHHA nepreHauKyispao| Kpydenns
: 10 TUIOIIMHHA
CTPYDKHIB
O0’eMHa MOIENID
CrainaprHe 25,25 3,08 1,43 1,68
posrtairyBanHs (Al)
Po3BeneHHs cTpuxHIB 2, 3 19,60 3,00 0.83 1,58
(BD)
Crpuxni 213
i xyTom 75° (C1) 30,30 4,50 1,57 1,43
Crpuxni 213
iz xyTom 60° (D1) 37,03 4,90 1,45 1,69
CrpuxHeBa MOJIEIb
Crannapre 2258 1,08 0,88 1,35
posTairyBaHHs (A2)
Po3BeieHHS CTPUKHIB 2, 3 1761 1.76 0.56 1.26
(B2)
Crpuxni 213
i kyToM 75° (C2) 29,82 2,17 0,95 1,37
Crpuxni 213
iz xyTom 60° (D2) 39,34 2,28 0,94 1,34
banouna moxenp
Crannaprie 18,26 2,26 0,72 1,07
posTtairyBaHHs (A2)
Po3BeneHHs CTpUXKHIB 2, 3 1576 1.90 0.39 0,98
(B2)
Crpuxni 213
iz xyToM 75° (C2) 21,47 2,29 0,71 1,07
Crpuxni 213
iz xyToM 60° (D2) 27,52 2,40 0,80 1,06
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[TopiBHSIHHS >KOPCTKOCTEH CHUCTEM MpPH PI3HOMY pO3TallyBaHHI CTPUXKHIB 3
BUKOPHUCTAHHAM PI3HUX METOAMK JTOCIIHKEHHS Ta MPU YOTUPHOX BUAAX HABAHTAKEHHS

npejcTaBiieHo Ha puc. 4.35— puc. 4.38 y BITHOCHUX KOOpAMHATaX.

M
BigHocHa BenwumMHAa KOPCTKOCTI Ki pO3paxoByBajach 3a HACTYIIHOIO
dbopmyiioro:
M
KM = G
i GM
max (2)
GM ) : ) .
€ 1 - JKOPCTKICTb CHUCTEMH 3 BIJNOBIJHUM pPO3TAIIyBaHHSIM CTEpPKHIB,
GM

max - MAKCUMAaJIbHA )KOPCTKICTB, 110 OyJia OTpUMaHa IpU TOCHTIKEHHI TPH JAHOMY THUII1
nocaimkenHs. [IpuuomMy, A HOpMyBaHHS OyJio 0OpaHO MaKCHMajbHE 3HAYEHHS IS

KO>KHO1 METOJUKH OKpPEMO.

ExcnepumeHTajibHe 00'emHa Moze1b CTpuxkHeBa MojJelb banouna monesn
JOCJIi/IZKeHHS

1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

(@)

B cranaapTHe M Biggagene 75 60
Puc. 4.35 Jliarpama nmopiBHSIHHS >KOPCTKOCT1 CUCTEM IIPU CTUCKY, MOOYJ0BaHA Yy B

BIJIHOCHUX KOOpAMHATaX
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0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

ExcnepumenTaibHe 00'emHa Mozeb CtpuikHeBa MoJeb Banouna mozenn
JOCIIiKEeHHs

o

B craHgapTHe M piggajgene B /5 =60
Puc. 4.36 Jliarpama nopiBHSIHHS )KOPCTKOCTI CUCTEM IIPH 3THHI y IUIOIIMHI PO3MIILIEHHS

CTPYDKHIB, MOOY/I0BaHA y B BITHOCHUX KOOPJAMHATAX

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

ExcnepumenranbHe 00'emHa mopeab CrpuzkHeBa MOJeNb Banouna monenn
JOC/iKEeHHs

(@)

B craHgaprHe Hpigmajgene ®75 m60
Puc. 4.37 JliarpamMa nOpiBHSHHS )KOPCTKOCTI CHCTEM MPH 3THHI TEPICHINKYIIIPHO 10

PO3MIILEHHS CTPHKHIB, TOOYI0BaHA Y B BIJIHOCHUX KOOPAMHATAX
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0,98
0,96
0,94
0,92

0,9
0,88
0,86
0,84
0,82

0,8

ExcnepumMeHTalbHe 006'emHa MoeIb CTpu:KHeBa MoJIeIb Bajiouna moaesnn
JTOCJTiIPKeHH ST

® craHgapTHe M Bigzajene M 75 60
Puc. 4.38 Jliarpama nopiBHSIHHS KOPCTKOCTI CUCTEM IPHU KPYUueHH1, ToOy0BaHa

YB Bi)_'[HOCHI/IX KOOpAnHaTax

BucHoBKM 10 4eTBEpPTOro Po3aiLy

B nanomy po3aisii mpoBeIeHO YHceTbHE MOCITIOBAHHS ITPOIIECY HABaHTAKCHHS Ta
MOKA3aHO PEe3YyJbTaTH 3 MOPIBHAHHS >KOPCTKOCTI CUCTEMH «KICTKa-arapaTr 30BHIIIHbOL
dikcarii» Tmpu pi3HOMY MHPOCTOPOBOMY PO3MIIICHHI CTPYIKHIB 3a il PI3HUX BHJIIB
HaBaHTAXEHb, 10 € AJIbTEPHATUBOIO EKCIEPUMEHTAIBLHUM JOCTIKEHHAM. 3TITHO 3
OTPUMAaHMMH pe3yJibTaTaMu, 10 HaBeleHl Ha puc. 4.35— puc. 4.38 maHoro posminy,
MOKAa3aHo, LI0 HAMMEHIy >OPCTKICTb Ma€ CHCTeMa 3 BIAJAJCHUM pPO3TAIlyBaHHIM
CTPUXKHIB, 2 HAMOUIBIITY CUCTEMA 3 PO3MIIIICHHSIM CTEPKHIB i1 KyToM 60,

[IpeacTaBineHo TOPIBHSHHSA PE3YJbTATIB YHUCEIHHOTO MOJCIIOBAHHS 3 JaHUMU

OTPpHUMAaHUX 3 CKCIICPUMCHTAJIbHOT'O ,Z[OCJ'Ii,Z[)KeHHH.
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3AT'AJIBHI BUCHOBKHA

B nuceprariiiniii po6oTi po3po0ieHO HOBI METOAUKH JIOCTIHKEHb MIITHOCTI Ta
KOPCTKOCTI CHCTEM OCTEOCHHTE3Y JJIi TpaBMAaTHUHHUX IepesroMiB KicTok. L1 metomu
3aCTOCOBaH1 ISl PI3HUX THIIB MONIKO/KEHb KICTOK Ta BpPaxOBYIOTh OCOOJIMBOCTI
KICTKOBOT TKaHMHHM, BKJIIOYAIOUM JIETPAJIallil0 KICTKOBOI TKAHMHHM TPHU BOTHEMAIBHUX
neperoMax Ta PO3BUTOK PETEHEPATUBHOI KICTKOBOI TKAHWHHU B MPOIECI 3pOIIyBaHHS
MepesIoMiB.

1. Po3po0sieHO METOAMKY Ta CTBOPEHO OOJIaJIHAHHS NJi1 BUMIPIOBAHHSI CTYTICHS
Jerpajaaiii KicCTKOBOI TKAHUHU B 00J1aCT1 BOTHENAIbHOTO IOPAHEHHS, 3a JIOLIOMOT' OO SIKO1
BU3HAYEHO 3MIHM MEXaHIYHUX XapaKTePUCTUKH KICTKOBOI TKAaHWHU Ha JIHIAHUX
JUISTHKAX 1e(pOpMYBaHHS.

2. BcraHOoBIIEHO, 1110 00J1aCTh PO3MOBCIOJKEHHS MOLIKOIKEHb KICTKOBOI TKAaHUHU
nocsirae 40 MM, a 3MiH1 )KOPCTKOCTI CTaHOBJIATH 10 20% B1J1 dKOPCTKOCTI HEYIIKOIKEHOT
KICTKH, 1110 HEOOX1IHO BpaXOBYBATH MPH 3aKPIIJIEHH] CTEPKHEBUX anapariB 30BHIIIHBO1
dikcarrii nepesomis.

3. Imst mocnmiiKeHHsI BILTUBY CITOCO0y po3mimieHHs crepkHiB B CTA3®D po3pobiieHe
NpWIANIS, sIKEe JO03BOJIIE BU3HAYATH YKOPCTKICTh CHCTEMH IPHU PI3HUX PO3TAlTyBaHHS
CTEpXKHIB B amapaTi. BumpoOyBaHHS MOKa3ajau, IO KyT HaxWiIy CTEp)KHIB CYTTEBO
BIJIMBA€ Ha 3arajlbHy J>KOPCTKICTh CHUCTEMHU. 3OUIbIICHHS KyTa HaXWily CTEp>KHIB
MIJBUIIYE >XKOPCTKICTb CHUCTEMHU TMPU CTHCKY, 3TUHI Ta KpPY4Y€HHI. 3amporoHOBAHO
pallioHaJIbHE PO3TalllyBaHHS CTEP)KHIB, sIKE BPaxOBY€ HAsBHICTh oOJjacTed Aerpajarii
KICTKOBOI TKAHWHU 1 KOMIIEHCY€E BTPATY KOPCTKOCTI IPU BOTHENAILHOMY TEPEIOMI.

4. 3anporoHOBaHO HOBUU METOJ EKCIIEPUMEHTAIBHOTO JOCTIIKEHHS BIUIUBY
pereHepary KiCTKOBOi TKAHWHHU Ha KOPCTKICTh CUCTEMHU «KICTKa 3 MEPEIOMOM — 3acid
dikcarii». Bubpani marepianu, 1Mo MOXYTh CIYTyBaTH 3aMIHHMKOM pEreHepary IpH
MIPOBEJICHHI JTOCTIKEHb.

5. HocmimkeHo neopMyBaHHSI CUCTEM «KICTKa 3 MepesioMoM - 3acid ikcarlii» Ha
eTamax pereHepanii KiCTKOBOI TKaHWHU MiJ JI€I0 CTUCKY Ta 3ruHy. BcraHoBieHo, 1o

YTBOPEHUI pereHepaTr CyTTEBO IMIJBUILYE KOPCTKICTh CUCTEMHU «KICTKA 3 IEPEIIOMOM —
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KICTKOBUH pereHepar — 3aci0 ¢ikcariin. HasBHICTH pereHepary CyTTEBO IIiABHUIILYE
piBEHB JOMYCTUMUX (Pi310JIOTTYHUX HABAHTAKCHbD.

6. Po3pobiieHo MaTeMaTHuHy MOJIEIIb /1715l BpaxyBaHHs BKJIAAy pereHepary y B3a€MHi
3MIIIEHHS TOYOK TEPEJIOMIB Ta OI[IHKA JOMyCTUMHUX HaBaHTaXEHb Ha KICTKY.
Po3paxoBaHo piBHI JOMYCTUMUX HABAHTAXEHb, 1110 MOXKHA MPUKIAIATA A0 KIHI[IBKH, 3
BpaxyBaHHSIM BIJIOMUX JIOITYCTUMHX B3a€EMHUX MEPEMIILIEHb TOUYOK MEPEIOMY.

7. CTBOpeHa iMiTalliifHa CKIHUEeHHO-eJIEMEHTHA MO/IENb «KICTKA 3 IePeIOMOM — 3aci0
dbikcarii». [Tpu Bamigarii Mmoiesi IPOBOAMIOCH TOPIBHSIHHS 3 €KCIIEPUMEHTOM OCHOBHHX
TUMIB  HaBaHTAaXEHb. Pe3ynbTaTd  MOKa3ylOTh, IO JaHa  MOJENb  MOXKE
BUKOPHCTOBYBATHCS TPU MOJATBIIMX JOCTIKEHHSIX «KICTKa 3 IEpeJoMOM — 3acid
¢ikcamii».

Pe3ynbraty poOOTHM — METOAMKHM Ta JaHI MEXaHIYHUX BUIPOOYBaHb, pPe3yJIbTATH
KOMII'FOTEPHOTO MOJIETIOBaHHA - MOXYThb OYTHM BHMKOPHUCTaH1 AJI YJOCKOHAJECHHS
METO/IB JIIKyBaHHSI TMOIIKOJ/)KEHUX KIHIIIBOK Ha MPOMDKHUX Ta 3aKIIOYHHUX CTaJIsfaX

3pOITLyBaHHS MEPEIOMIB.
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