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AiisuxkoBny Cepreit Muxailniosny
K 70-nemuto co ons poscoenus

Cepreit MuxaiinoBud AmszukoBud B 1973 romy okoHuun kadeapy TEOPUH YIPYTOCTH
POCTOBCKOrO TOCYIapCTBEHHOTO YHUBEPCUTETA. PYKOBOIMTENSIMU €ro TUIUIOMHOM pabore Obuin
akaneMuk HMocud MzpamneBnu Boposuu u Jleonun IlerpoBuu JleGeneB. TpynoByro W HaydHYIO
JIeATeTbHOCT, Hadal B HayuyHo-MccneqoBaTeNbCKOM HMHCTUTYTE MEXaHUKH W IPUKIAJHOU
MaremMaTuku PocToBckoro rocygapctBeHHOro ynupepcutera. B 1980 roay 3ammTuin KaHAMAATCKYIO
JIMccepTaluio 1oJa pyKoBoACTBOoM Bukropa MuxaitnoBuua AnekcanapoBa, a 3atem B 2003 r.
MOJIy4WJI CTEMeHb AOKTOpa (PU3MKO-MAaTeMAaTUYECKUX HayK, 3allUTHUB JAMCCEPTALMIO Ha TeMY
«KoHTakTHBIE 33/1a4l TEOPUU YIIPYTOCTHU SISl HEOJTHOPOIHBIX CPEA.

B Jlorckom rocymapcTBeHHOM TexHHUYeckoM yHUBepcutere C.M. Ai3ukoBud paboTaer c
2009 roga. B HacTosiiee BpeMsi OH BO3TJIABIISET JaOopaTopuio (yHKIMOHATBHO-TPAJIUCHTHBIX U
KOMITO3UIIMOHHBIE MaTepHUajoB HayyHO-0Opa3oBaTeNbHOrO IeHTpa «Marepuanbl» U SABISETCA
npodeccopom kadenper «Teoperudeckas w NpUKIAAHAS MeXaHUKa». B cdepy ero HaydHbBIX
MHTEPECOB BXOJAT: MEXaHMKa KOHTAaKTHBIX B3aHMMOICHCTBHIL, B TOM 4Hcie, A (yHKIHOHAIBHO-
TPaJUCHTHBIX MAaTEepPHalOB; WHTETPAIbHBIC YpaBHEHHS MaTeMaTWdeckoi (pu3uku, a B TOCIEIHEE
BpeMs OMOJIOrMYeCKHe U METULIMHCKHE MTPOOIeMbl MEXaHUKH.

On onyOnukoBas 0ojee COTHM CTarell B PELEH3UPYEMbIX HKypHajJaX U HECKOJIBKO
MOHOrpaduii, MaTEeHTOB M 3apETUCTPUPOBAHHBIX KOMIBIOTEPHBIX MporpamMMm. Harpaxzaen
Harpagamu npaButTenbcTB CoBerckoro Corosa, Poccuiickoit @eneparnuu, PocroBckoit obnactu u
JIpYTMMH Harpajamu. SIBisieTcss pyKOBOAWTEIEM LeNoro psaa rpaHtoB. OH SBISETCS YIEHOM
Poccuiickoro HalmoHAJILHOTO KOMHTETA MO TEOPETUYECKOW U MPUKIATHON MeXaHuke. SBisiercs
PELIEH3EHTOM IIEHTPAIbHBIX MEXIYHAPOJIHBIX JKYpPHAJIOB IO MEXaHUKE BEAYIIMX H3AaTEIbCTB.
Sensercsa skcneprom BAK, PH®, PODU, PAH.

XKemnaem Cepreto MuxaiiaoBuuy Kpenkoro 30pOBbsi, TOKOPEHHSI HOBBIX BEPIIMH B JKU3HH, B
HayKe U B ropax.

OprkomMuTeT KOH(pEpPEHITUN
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Nowadays, intravitreal injections (IVIs) are of extensively use to treat human ocular diseases.
An intravitreal injection method is relatively simple and, this factor, together with new drugs
available in the 21st century, has led to the wide application of this method and extraordinary
expansion of the number of intravitreal injections [1, 2]. The most dangerous complication under
intravitreal injection is vision loss associated with an increase in intraocular pressure (IOP).

The purpose of our study is to estimate the impact of ocular parameters on the change of 10P
after I\V1 using statistical analysis.

The absolute 10P values 30 s before and 10 s after VI were used to calculate IOP increase
due to the injection (AV = 0.05 ml). The following measurements were performed before the
injections: axial length, central corneal thickness and curvature. Scleral thickness was measured 5
mm from the corneal limbus.

Statistical analysis of the data was carried out using the statistical package SPSS 27.
Correlations between the studied variables were calculated using various coefficients. It follows
from the obtained results that there is a strong direct correlation between the change of IOP and
axial length. The correlation between the change of 10P and thickness of sclera is less important,
but also statistically significant. The correlation between IOP change and corneal parameters is
negligible.

Acknowledgements: This research was supported by the Government of Russia grant no. 14.250.31.0046.
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Semi-inverse Boundary Value Problems for Layered Media
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This study presents four incorrectly posed boundary value problems (BVP) for layered media.
In 2D case the well posed formulations require two conditions to be given on each side of the layer.
Inverse formulation deals with the BVP is of the Cauchy type and assumes that all for conditions
are given on one side of the layer and no conditions on the other side. We investigate the semi-
inverse BVP in which one condition is given on one side and three conditions on the other side.
Four possible formulations of such BVP are considered.

The Fourier transform is used to find analytical solutions in all four BVP. It is shown that the
inverse Fourier transform is not directly applicable but requires reduction to integral equations of
the Fredholm type of the first kind. The latter possesses non-stable solutions. Therefore we discuss

some numerical approaches based on regularization techniques in order to obtain stable solutions.
Acknowledgement: This work was supported by the grant of the Government of the Russian Federation No.
14.750.31.0046.



Poroelastic Model of the Scleral Layer for Solving Problems of Ophthalmology
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Many biological structures in one way or other are solid bodies saturated with physiological
fluid. For a correct description of the processes occurring inside the scleral layer after an intravitreal
injection, it is proposed to use the poroelastic transversely isotropic model based on the theory of
poroelasticity described in [1]. The proposed model develops the ideas outlined in [2] by using two-
phase bodies and specified boundary conditions.

Static and dynamic problems for a spherical layer are considered in this research. In the static
problem, the gradient of the pressure is set to zero to describe the long-time state of the layer. The
outer surface is supposed to be free from external forces and impenetrable. Two types of boundary
conditions are considered on the inner surface. 1. An impenetrable boundary with a given
displacement calculated on the basis of the incompressibility of the injected fluid. 2. A permeable
boundary with a given displacement, containing an unknown change due to the penetration of
intraocular fluid into the scleral layer. In the first problem, an unknown change of pore pressure is
determined from the condition of the conservation of the pore fluid volume. In the second one, it is
assumed that the change in pore pressure is equal to an increase in intraocular pressure (IOP)
(communicating vessels). An unknown change in displacement is determined from the condition
that the change of the volume of intraocular fluid is equal to the volume of fluid that has penetrated
the poroelastic layer.

The solution of the static problem allows to assess the raise of 0P after drug administration
and adjust the parameters of the model to match the calculated IOP with the clinical data. As in [2],
it is shown that the elastic modulus in the transverse direction must be significantly lower than in
the tangential direction. The most important difference with the model [2] consist in considerable
changes of the dependence of the radial displacement on the radial coordinate. It is caused by
penetration of the fluid to the outer surface of the layer. This effect leads to a different thickness of
the scleral layer after the injection.

In the dynamic problem, the movement of the pore fluid governed by Darcy's law is taken
into account. Boundary conditions are formulated as those of the first type in the static problem. In
the dynamic case, no additional condition is required. The problem is solved using the Laplace
transform. The time-dependence of a given injection volume is taken in the form of Heaviside
function for the theoretical consideration. Asymptotic analysis is performed to obtain short-time and
long-time solutions. The values of pore pressure, radial fluid flows, the increase of IOP after
injection and changes in the thickness of the scleral layer were evaluated. It is shown that the abrupt
administration of the injection may result in dynamic raise of the 10P, which is higher than the
static one.

To sum up, the use of a poroelastic model makes it possible to capture new structural effects
within the scleral layer during the intravitreal injection, such as the penetration of the intraocular
fluid into the scleral layer and dynamic raise of I0OP. To take these effects into account may be

important for preventing of pathological processes after injection.
Acknowledgements: This research was supported by the Government of Russia grant no. 14.750.31.0046.
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Determination of the physical and mechanical properties of biological tissues is one of the
main tasks in the selection of materials for the production of implants for prosthetics in medicine. It
is natural to require that the physical and mechanical properties of these materials correspond the
properties of biological tissues. In the production of implants, both homogeneous, isotropic and
coated, multilayer, biocompatible materials are used. In dentistry, implants from titanium alloy,
zirconium dioxide, ceramics based on hydroxyapatite and its analogs are used.

The work proposes a method for determining the parameters of the exponential Young's
modulus of a functionally graded material of a half-space on the basis of indentation of the half-
space by a strip rigid indenter. Mathematical modeling of the indentation process consists of the
formulation and solution of the contact problem of the indentation of a rigid strip indenter with a
flat base into a functionally graded half-space with Young's modulus exponentially varying along
the depth of the material. The spatial three-dimensional contact problem is reduced to a plane
contact problem. The integral equation of the plane contact problem is an integral equation of the
first kind of the Fourier convolution type with a difference kernel. The solution of the integral
equation is constructed by asymptotic methods. Analytical representations of contact stresses and
surface displacements outside the contact area are used to solve the problem of determining the
parameters of the exponential Young's modulus of a functionally graded half-space.

Comparison of the main characteristics of the indentation process obtained as a result of the
experiment with theoretical values allows one to determine the parameters of the Young's modulus
of a functionally graded material. On the set of parameters of the problem, the domains of existence
and uniqueness of solutions of the problem of determining the parameters of the Young's modulus

exponentially varying with depth are determined.
Acknowledgements: This work was supported by the grant of the Government of the Russian Federation No.
14.750.31.0046.
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In order to develop a new technology for low-temperature preservation of fish reproductive
cells, and in particular sturgeon fish, mathematical modeling of acoustic effects on biological
objects was carried out. The suspension (mixture of sex cells with cryoprotective medium) is in a
standard glass laboratory low graded beaker and modeling by homogeneous liquid medium with
averaged parameters.

Immediately before cryofreezing, acoustic waves are created in the suspension at the
equilibration stage to better penetrate the cryoprotector into the cell. These waves are excited by
piezoactuators (piezoelectric elements with electrodes applied to their surface) [1, 2].

To determine the most effective
influence of the suspension on cells, a number
of tasks were considered that differ in the
locations of the piezoactuators:

— two piezoactuators glued to outer
cylindrical surface of cup with suspension;

— two flat piezoactuators are located
parallel to each other inside a cup with a
suspension, electrodes are passed through a
polypropylene cover;

— one piezoactuator glued outside to
bottom of glass with suspension (Fig. 1).

Interaction of piezoactuator  with
cryoprotector mixture with biological medium

is carried out within the framework of linear Fig. 1. Standard laboratory glass with
theory of electroelasticity and acoustic piezoelement glued to the bottom
medium.

Using ACELAN finite element analysis software [3], modal analysis was performed, resonant
frequencies were found, electromechanical coupling coefficient was determined, field of velocities
and pressures in acoustic medium was studied.

Steady-state vibrations are considered in the frequency range permissible for biological
objects. To obtain the maximum effect of cryoprotector penetration into the sex cells, the geometry
of the piezoacuator, its position, as well as the volume of the cup with the suspension were
optimized.

Acknowledgements: This research was supported by the Russian Foundation for Scientific Research grant no.
21-16-00118.
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Construction and technical expertise is implemented in order to identify inconsistencies,
defects, violations that arose as a result of various reasons: poor quality of construction materials;
unsatisfactory construction works; improper operation of construction facilities. Such examination
is a complex of engineering and technical research, including [1]:

— assessment of compliance of documentation (design, technical, as-built, etc.) with
requirements of various regulatory documents;

— check of technical parameters and characteristics of construction facilities for compliance
with design documentation, requirements of regulatory and legal acts, technical regulations in force
in Russia.

The evidentiary significance of the expert's conclusion is established by such indicators as:
consistency of regulatory documents; accuracy of all actions and operations; a competent choice of
methods and means of measurement; correct formulation of conclusions; following methodological
justification. Errors made by the expert lead to a decrease in the evidentiary strength of the
conclusion or make its use impossible at all [2]. This confirms the need for competent and
competent construction and technical research.

In the work, using statistical methods, the conditions for achieving reliability and stability of
the test results conducted by the expert in the laboratory were modeled. An assessment of the
impact of expert qualifications on these indicators was also carried out.

The most common examination was accepted as the object of the study - a technical survey of
civilian buildings. The results on evaluation of strength properties of concrete obtained in
laboratory on determination of stress-strain state of material were used. The examination was
carried out by three experts using instruments and tools that ensure the required accuracy.

Analysis of quality of results carried out by 3 factor dispersion method [3] showed:

1. Measurement system "Object (building structures) - expert - instrument” is acceptable
under conditions of modeling expert center;

2. Expert qualification for test results has no significant impact.

Statistical estimates of test results obtained by variance analysis confirmed the validity of the
results, their reproducibility and sufficient accuracy.
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The widespread use of brick for construction is due to a number of reasons: its price
compared to concrete and wood; simplicity of manufacturing technology; security; durability,
beauty and environmental friendliness.

The process of making ceramic bricks is improving every year. Handmade bricks, textured
bricks with smooth or uneven edges, shaped bricks with different profile configurations appear on
the market. The properties of different bricks vary depending on the purpose, components used, and
shape of the product. In this regard, there is a need for appropriate strength calculations.

This work solves the problem of determining stresses and deformations that occur in some
types of brickwork [1, 2].

Namely, options are considered when brickwork is composed of classic rectangular bricks of
various voids (the ratio of the volume of voids to the total volume of the entire brick): full-body
brick; 3-void brick with a void of 15 %; brick 18-void with a void of 29 %.

It is accepted that the brick bed (lower masonry surface) is rigidly fixed on an absolutely solid
base. Side surfaces of masonry are free from stresses. A uniformly distributed load is applied to the
upper surface. In the zone of contact of brick and mortar, nonlinear contact interaction is assumed.
At the same time, any separation of contact surfaces in the normal direction is not allowed, but a
slight relative sliding between them is allowed.

Numerical modeling of brickwork was carried out in the software complex of finite-element
analysis ANSYS in the package Static Structural [3]. Stress-strain state of brick and solution
depends on ratio of corresponding characteristics, such as modulus of elasticity and Poisson
coefficient.

As a result of numerical calculations, stresses and strains arising in masonry are determined.
The results of the calculations showed that the stress-strain state values with the same load do not
differ by more than 5%. This allows us to conclude that bricks with different voids are not inferior
in reliability to full-body samples.
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Piezoelectric elements are widely used in medical technology as a source of acoustic waves or
a drive for a specific instrument. One of the conditions for such an application is the compliance of
the operating frequency range that does not harm human health. One of the ways to achieve this
goal is to use piezo-active composite materials, in particular, porous piezo-ceramics [1].

In this work, the modeling of the lensotome tip is carried out. This instrument is used at the
first stage of lens replacement surgery, namely, when a cloudy lens is destroyed and removed.
Unlike the existing analogs of the device (Epikhin A.N. Method of destruction and removal of the
lens of the eye by lever-power cutting - vectopotential lensectomy and a device for its
implementation - lever-power lens cutter - vectopotential lensotome disposable. RF Patent RU
2720822 C1. Application: 2019117639, 06.06.2019) a piezoelectric handpiece drive is offered.

The structure is a hollow cylinder, the lower end of which is connected to a piezoelectric
element, the upper end is working and is in contact with the destructible lens. Modeling is carried
out within the framework of the linear theory of electroelasticity and acoustic medium.

For the proposed model of the lensotome tip with a piezoelectric drive, a mathematical and
finite element model has been built for two cases of boundary conditions at the lower end of the
tool: free end and rigid fixation. In both cases, natural frequencies and electro-mechanical coupling
coefficientare calculated and natural vibration modes are found. An analysis of these results shows
that in the first case, the first mode is preferable, taking into account the restrictions on the
frequency value, and in the second case, the first and second modes. The found higher effective
frequencies and vibration modes do not satisfy the limitation on the value of the operating

frequency.
Acknowledgements: The work was supported by the Government of the Russian Federation, contract No.
14.750.31.0046.
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When conducting tests of building materials, the issue of reducing systematic errors is a
pressing issue. Thus, during compression strength tests of ceramic brick samples, uneven triaxial
compression occurs as the main type of stressed-deformable state. Volumetric stress state is caused
by presence of contact friction forces between sample and die, which in its turn leads to
overstatement of strength indices [1]. The work analyzes the change in the stress-strain state of
samples during tests depending on one of the varying parameters - the method of preparing the
surface for tests.

Various methods of preparing the brick surface for compression strength tests are regulated
by national standards. Such methods include, for example, using technical felt pads, plywood pads
or simply grinding samples as a leveling layer.

In this work, a finite element modeling of the stress-strain state of a manual brick is
performed [2, 3]. Modeling was carried out using the software complex of finite-element analysis
ANSYS. It has been found that samples aligned with felt pads show less strength than other surface
preparation methods.

Such results are associated with a decrease in the effect of the friction force, which in this
case does not prevent the development of transverse deformations of the sample until the moment
of breaking the brick. The results of the numerical experiment are well consistent with the results of
the full-scale experiment.
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Currently, the progressive method is additive manufacturing, that is, printing on the 3D
printer of the finished part using the original digital CAD model. A preliminary step is to prepare
the model for mass production by topological optimization. In this case, the target function to be
minimized is usually the time of manufacture of the part, its mass, volume, amount of material
used, etc., provided that the strength characteristics are maintained [1, 2].

In operation, topological optimization is applied to the cantilever attachment used in the
bionic prosthesis of the limb with a neurophysiological control system. The material used is Nylon
6. In this case, the mass of the obtained product is critical, which contributes to an increase in the
autonomy of the prosthesis.

The integrated cloud CAD/CAE/CAM tool Autodesk FUSION 360 was used. During the
CAD phase (Design), a fastener model was created. In the CAE (Engineering Analysis) step, a
finite element mesh is generated and strength calculation is performed. At the CAM
(Manufacturing) stage, the model was prepared for printing on a 3D printer.

Strength calculation was carried out twice — before and after topological optimization [3].
Prior to topological optimization, the safety factor is 6.2. After performing topological optimization,
the safety factor was 4.5.
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Fig. 1. Topological Optimization Results
Topological optimization made it possible (Fig. 1): to reduce the mass of the product by 37%
without losing strength characteristics; reduce production time by 30%; Reduce material cost by
43%.
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The steel structures used in the construction of buildings and structures were a popular and
effective building material. However, despite favorable forecasts for further growth in construction
volumes and a corresponding increase in the use of metal structures, there were statistics on
deformation, damage and collapse of structures, which were repeated according to one-type
scenarios. In this regard, the task of studying the causes leading to damage to steel structures is
urgent.

In the framework of this work, in order to minimize failures of metal structures, the
conditions for defects at various stages of the life cycle of the structure [1, 2] were modeling. In
conducting the study were used:

— natural examination using destructive and non-destructive testing methods;

— modeling using the software set of finite-element analysis ANSYS [2, 3].

It was revealed that the main defects of steel structures can include: structural, arising from
design errors; production and construction related to the use of low-quality materials, non-
compliance with construction and installation works, etc.; operational, caused by corrosion
processes, changes in structural loads, etc.

As the analysis of the obtained results [3] showed, one of the problems leading to failures is
errors embedded in the design. Since the man-machine system (designer - computing) acts as an
executor when using CAD, the requirements for the executor are a set of requirements for its
component parts. To increase the productivity of the designer in order to obtain reliable and up-to-
date information required for the implementation of the design stages, it is necessary to create an
information space. To do this, you need to:

— collect all information in the form of forms, documents and technical solutions, providing
the level of information support necessary and sufficient for the implementation of the selected
design direction;

— systematize the obtained information ensuring the permissible (minimum) level of labor
costs for searching for the required information, as well as for implementing the found information
in the form of newly developed technical solutions.
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The article deals with transverse steady-state vibrations of piezoactive bimorphs, which are an
element of a device for collecting and storing electrical energy. Piezoelectric ceramics,
piezomagnetic material, or composite having a piezomagnetoelectric effect are considered as
piezoactive materials. The device is a round or rectangular multilayer plate, which is in an
alternating magnetic field and performs bending vibrations due to the presence of a piezomagnetic
layer. Due to the bending on the electrodes of the piezoelectric layer, an electrical potential
difference arises, which, if connected to an external electrical circuit, serves to collect and
accumulate electrical energy.

The mathematical model of the problem under consideration is the boundary value problem of
the linear theory of magnetoelectroelasticity [1]. On the basis of Hamilton's variational principle
and Kirchhoff's hypotheses about the distribution of the mechanical field, the quadratic distribution
of the electric and magnetic fields, two applied theories of vibrations of bimorphs are constructed,
consisting of two layers: one piezoelectric layer, the other piezomagnetic; both layers are
piezomagnetoelectric.
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Fig. 1. Camparison of the distribution of the deflection along the length (left), elecxtric (center)
and magnetic (right) potentials in the center of the bimorph along the thickness
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To verify the theory obtained for the second case, a model of the bimorph described above
was built in the FlexPDE finite element package for the plane problem. Analysis of the results of
calculating the main characteristics of the piezomagnetoelectric bimorph allows us to conclude that
the proposed applied theory is in good agreement with the finite element calculation in the low-
frequency region, the error does not exceed 1%.
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The paper discusses a two-level modeling of a piezoelectric composite with 1-3 connectivity
(Fig. 1), whose piezoactive elements are rods made of piezoelectric porous ceramics with 3-0
connectivity. It should be noted that the matrix in which the piezoceramic rods are placed usually
has a much lower rigidity compared to solid piezoceramics. Porous ceramics with a large pore
volume percentage are also characterized by low rigidity, however, the piezoelectric modulus d33,
which characterizes the efficiency of electromechanical coupling in this case, as calculations show,
does not decrease for porous piezoceramics. These circumstances allow us to make the assumption
that with a relatively equal rigidity of piezoceramic rods and a matrix, a piezoelectric material with
significant sensitivity can be obtained and it can be used as sensors and piezoelectric generators
operating on the reception of acoustic waves.

PZE rods in a polymer (1-3)
Fig. 1. Representative volumes of the composite 1-3 connectivity
The mathematical model of the problem under consideration is the boundary value problem of
the linear theory of electroelasticity. The first step in the study is to determine the effective
mechanical and electrical characteristics of porous ceramics. This calculation was performed using
the ACELAN-COMPOS package for porosity from 10% to 80%. The effective properties of these
porous composites have been determined.
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Fig. 2. Dependence of the output electric potential on the percentage of porosity

At the second step, a composite of connectivity 1-3 was considered (Fig. 1), while the rigidity
of the matrix corresponded to the rigidity of piezoelectric ceramics with 50% and 80% pores. Their
effective properties have been determined. Further, a piezoelectric energy generator was considered,
which is acted upon by an alternating acoustic pressure and its characteristics were found that are
responsible for the conversion of mechanical energy into electrical energy. So in fig. 2 shows the
dependence of the output electric potential on the percentage of porosity of the piezoceramic rods.
Analysis of the results of calculating the main characteristics of a piezoelectric composite and
piezoelectric elements with its use allows us to conclude that the assumptions made about its
effectiveness are confirmed, the coefficient of electromechanical coupling and the output potential
increase.

Acknowledgements: The work (first - third authors) was supported by the Government of the Russian
Federation, contract No. 075-15-2019-1928.
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Ilonyuyena mpocrass MOJEIb ONMCBHIBAIOIIAS MEXAaHUYECKOE IOBEACHUE XAPAKTEPUCTHK B
JIETKO HArpy>KCHHOM YNPYTOTHAPOJUHAMHYECKOM CMAa3aHHOM KOHTAaKT€ LWIMHIPUYECKHX TEN C
JBYXCJIIOMHBIMHM MOKpBITUAMUA. OCHOBHON BKJIAJ YIPYIMX NEpPEMELIEHUH, Ul paccMaTpUBAaEMBbIX
COYETaHMM YINPYIMX CBOWCTB B IIOKPBITHH, ONPEICIACTCS COOTHOIICHUSMH CXOXKUMH C
COOTHOIIEHUsIMH BuHkiepa. 3amada cBeleHa K peUICHHIO AU(PQPepeHIMaTIbHOIO YpaBHEHHS C
TPaHUYHBIMU YCIOBHAMM, OJTHO U3 KOTOPBIX SIBJIAECTCS MHTETPAIBHBIM. Perienue 3agaun noiaydeHo
YHUCJICHHO. bbulM omnpeneneHbl OCHOBHBIE XapAKTEPUCTUKHA CMA3aHHOIO KOHTAKTA TeJl: KOHTAKTHbIE
JABJICHUs, 3a30p CMa3KH, TOJIIIMHA CMAa30YHOM IUICHKH, CWJIA TPEHHMsS WM IOTEPS DHEPIUU IIPH
KOHTakTe. [IpoBeneHO cpaBHEHME IIOJIYYEHHBIX pE3YyIbTaTOB C pe3yjibTaTaMU I KOHTAKTa
KECTKHX Tell 0€3 MOKPBITUS MIPU Pa3InYHbIX CKOPOCTAX BpalleHus Tei. [lokazaHo, 4TO MOKPBITHE U
€ro CBOMCTBAa CYIIECTBEHHO IEpEepaclpeiessiioT JaBjIeHUE B OOJACTH KOHTAKTa, YBEIUYHMBAIOT
TOJIIIMHY CMa3KH U OOJacTh KOHTAKTa M B LEJIOM BEIyT K CHI)KEHUIO TPEHHUs INPU HU3KUX
ckopoctsix. Ilo Mepe yBenmWYeHHUsT CKOPOCTH, Pe3yJbTaThl NMPUOIIKAIOTCS K pe3yabTaraM Jyis

JKECTKHX TeJ 0€3 MOKPBITHSA, ISl PACCMOTPEHHBIX MAaTEPHAIIOB IMTOKPBITHH.
Brazooapnocmu: Pabota BoinonHeHa mnpu nojaznepkke rpanra POOU Ne 20-58-53045 T'PEH _a.
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Hccaenosanue 3¢pGpeKTHBHOCTH YACTHYHO YJIEKTPOAMPOBAHHOI0 UJIHHIAPUYECKOTO
Mbe303JIEMEHTAa HA 0CHOBE KOHEYHO-3J1eMeHTHOro MmoaeaupoBanusi B ACELAN
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B pabore paccmarpuBaeTcsi CBOOOJHBIE KOJEOAHWN YACTHYHO AJICKTPOJIUPOBAHHOMN
MbE30AIEKTPUUECKON KPYIVIOW IIIACTUHBL. MaTeMaTH4eCKOM MOJEIbIO ABJISETCS KpaeBas 3ajada
JMHEMHON TEOpUU JIIEKTPOYNpPyroctu. B MeToma pemnieHus HCMOAb30BaH METOJ KOHEYHBIX
sneMeHToB peanuzoBaHHblil B makete ACELAN. Ha puc.] moka3aHbl IOJIOBHHA OCEBOTO CEUCHHUS
MIbE303JIEMEHTA U PACCMOTPEHHBIE CIIydau KOMMYTAIUHU JIEKTPOIOB.
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Puc. 1. Cxema KoMMyTaIuu JIEKTPOIOB

B pabote uccnenyercs 3¢ (HEKTUBHOCTH 3TOTO MPeoOpa3oBaTelisi B 3aBUCHMOCTH OT CIIOCOOOB
KOMMYTAIIUU 3JIEKTPOJOB U Pa3MEPOB AIEKTPOJOB. JlJIs 3TOro HaXOJMJIMCh YaCTOTHl Pe30HAHCA U
aHTHUpE30HaHca f, M f, s MEpBOM M BTOPOW paJMalbHBIX MOJA M BBIYHCISUICS KOI(D(UIIMEHT

2
anekTpomexannueckon cBsazu (KOMCO): - j{r—z . Ha puc. 2 npencrasnenst 3aBucumocta KOMC
a

JUJIs BTOPOM pauaibHON MOJIBI OT pa3MepOB AJIEKTPOIOB.

a) b) ¢) d)

Puc. 2. 3aBucumocts KOMC oT pa3zmepoB 371eKTpo10B

AHanu3 4YHCIEHHBIX pe3yJbTaTOB IMOKa3bIBA€T, UYTO MakcuUMallbHasg 3((eKTUBHOCTH
npeoOpa3oBaHus SHEPTUU ISl BTOPOU pagualibHON MOJIBI JOCTUTAETCSl B YETBEPTOM IMOAKITIOYCHUN

(puc. 2d).
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PaccmaTpuBaercs ocecuMMeTpUuHasi TepMOYIpyras 3ajada O BAABIMBAHUU Pa30TPETOrO
KOHMYECKOTO HWHJEHTOpPAa B TEPMOYIPYroe IMOIYIPOCTPAHCTBO € (PYHKIMOHAIHHO-TPATUCHTHBIM
(®I'M) nokpeiTneMm. HMcnonb3ys TEXHMKY HMHTETPaIbHOTO  MpeoOpa3oBaHMsl  XaHKEI,
paccMarpuBaeMas 3ajadya CBEACHA K PEIICHUI0 CUCTEMbl IApHBIX WHTETPAIbHBIX YPABHEHUU,
OTHOCHUTENIbHO HEM3BECTHBIX (DYHKIUH, XapaKTepPU3YIOIIUX KOHTAKTHBIC HAIPSHKEHUS U TETIOBOU
notok. TpancopMaHTBI sifiep MHTETPAJIbHBIX YpaBHEHHH, B Ciiyyae MPOU3BOJIBHOIO M3MEHEHHUS
TEPMOYNPYTUX MOJIyJIeH MO TIyOMHE MOKPBITHS, MOCTPOEHBI YUCIEHHO M anMpOKCUMHUPOBAHBI
NPOM3BEACHMEM JIpOOHO  KBaApaTHM4YHBIX (DYyHKIMH crenuanbHOro Buaa. llorpemHocTtsb
AINIMPOKCUMALIMY ISl PACCMOTPEHHBIX CIy4aeB HEOJIHOPOIHOCTU MOKpbITUs, MeHee 0.8%. 3amensis
B CHCTEME MAapHBIX MHTErPAIbHBIX YpaBHEHHUH, TPaHC(POPMAHTHI UX aNMPOKCUMAIMSIMHM, TOTy4YeHa
npuOIIKEHHas CHCTeMa MapHbIX HMHTErpalbHBIX YypaBHeHHMH. PemmB naHHyio cuctemy, ObuUId
MMOJIYy4YCHBI HpI/I6JII/I)K€HHBIe AHAIIUTUYCCKUC NTPCACTABJICHUA [JIsI KOHTAKTHBIX HaprDI(CHI/Iﬁ u
TeryioBoro moroka. [lomydennsle pemeHus 3¢GdextuBHbl a1 OI'M  MOKpBITUH  pa3IMUHON

TOJIIIUHBI U OTHOCHUTEIBbHOM JKECTKOCTH.
bnazooapnocmu: Pabota BeinonHeHa mpu noanepskke rpanra PH® Nel19-19-00444.
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CMeleHUs] MOBEPXHOCTH MOJYNIPOCTPAHCTBA € Mbe303JIEKTPHYECKHM TEPMOYIPYTUM
®I'M noxkpbITHEM MPHU TEPMOIJIEKTPHUIECKOM BO3/1€iiCTBUHU
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PaccmarpuBaercst ocecMMMETpUYHAs 3aJada O TEPMODJIEKTPUUYEKOM BO3ACHCTBUU Ha
MOBEPXHOCTH (YHKIMOHATBHO-TPATUCHTHOTO MOKPBITUS TEPMOIIbE30IEKTPOYIIPYTOro
NOJIynIpocTpaHCTBAa. Ha MOBEpXHOCTH MOKPBITUS 3aJaH 3JIEKTPUUYECKUNA IMOTEHIMAT M Pa3HOCTb
Temneparyp. TepMO3JIeKTpoynpyrue napameTpbl, XapaKTepU3YIOLUIUE MOKPBITHE, U3MEHSIOTCS C
[IyOMHOM TIO0 JOCTaTOYHO IPOU3BOJBHBIM 3aKoHaM. JIJis pelieHuss MNOCTaBICHHOW 3aJauu
UCMOJb30BaHA TEXHHWKAa MHTErPAJIbHOTO  TpeoOpa3oBaHUs  XaHKeNs M JABYXCTOPOHHHU
ACUMIITOTUYECKUA METOJ, IO3BOJMBIIMK TMOJYYUTh B AHAIUTUYECKOM BHJAE BBIPAKEHUS IS
TEIJIOBOTO MOTOKA M 3JEKTPUUECKON MHIYKIMU. Mcronb3ys ux, ObUIM MOMyYeHBI NPECTaBICHUS
JUISl HOPMAQJIBHBIX U PAIMAJIbHBIX CMEIICHUIN MOBEPXHOCTH MOKPBITUSA, a TAKXKE IS paCIpEeICHUS
TEMIIEpaTypbl U 3JIEKTPUYECKOr0 MOTEHLMATa BHE OOJIACTH TEPMODJIIEKTPUYECKOIO BO3ACHCTBHSL.
[IpoBeneHO cpaBHEHHE IMONYYEHHBIX PE3yAbTaTOB C pe3yJbTaTaMH ISl MOJYMPOCTpaHCTBAa 0e3
nokpbITUs. IlokazaHo, YTO HaJIWYME TOKPBHITHS CYIIECTBEHHO HM3MEHSET CMEIIEHUS B 30HE
TEepPMOAJIEKTpUYecKoro Bo3aeiicTBus. [lomyuennsie penienus 3¢ HEeKTUBHBI B IIUPOKUX JAMAINIa30HAX

reOMETPUYECKUX U (PU3NUECKUX ITapaMeTPOB 3a1a4H.
bnazooapnocmu: Pabota BeinonHeHa mpu noanepskke rpanra PH® Nel19-19-00444.
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Keparonpore3 mpeacraBmsieT coO0W HCKYCCTBEHHBIH HMMIUIAHTAT, KOHCTPYKIIUS KOTOPOTO
COCTOHUT U3 JIMH3BI, YACPKUBAIOLICICSA B TOHKOCTEHHON WIMHAPUYECKON OIIPABE, UMEIOLIEN OIIOpY
[1, 2]. KepaTonpoTe3bl UCTIONB3YIOTCS JJISI 3aMEHBI YIAICHHON 4acCTH POTOBHIIBI, KOTOpasi MPOCTO
HeoOXoauMa TPU CUJIHBHOM MOPaXCHHH POTOBUIIBI, KOTOPOE MOXKET BO3HHKHYTH B PE3yIIbTaTe
Oose3Hel, 0)KOroB, MEXaHUYECKUX TPaBM, a TakXKe B pe3yibTaTe HEyJayHOM KepaTOIUIACTUKH U
OTCYTCTBUS MOCIIEAYIONIEH BO3MOXXHOCTH UHOTO CII0CO0a BOCCTAHOBJICHUSI.

Onepanys MO BHEAPEHHIO B TJa3HOE SOJOKO KEpaTompoTe3a MPOUCXOTUT CIEAYIOLIUM
00pa3oM: IPOU3BOIUTCS TPEMAHAIIMOHHOE OTBEPCTHE, HCCEKACTCS MMOPAKEHHAs YacTh POroBUIlbL. B
00pa30oBaHHOE OTBEPCTHE BCTABISETCS TaTUYECKUN 3JIEMEHT (0Iopa KepaTonpoTesa), ocje 3TOro
B HErO BKPYUYMBAETCS ONITUYECKUH 3JIEMEHT (JIMH3A).

OnaHUM U3 caMbIX YacTbIX OCJIOKHEHMH ITOCJIE€ IMPOBENECHMS ONEPAaTUBHOIO BMELIATENbCTBA,
AJUIOIJIACTUKU, SIBISIETCS. OTTOPKEHUE HCKYCCTBEHHOrO uMIUIaHTata. I[Ipoucxoaut oHO B
pe3ynbTare pa3BUTHS acelNTUYECKOro HeKpo3a OMoNoruueckux TkaHeil. PaspyiieHue poroBulibl
IOPOMCXOTUT B pe3yiapTare JeQopMalnuu OHOJIOTUYECKUX TKaHEW W OJOKHPOBKH JIBHKCHHUS
YKU3HEHHO HEOOXOJAMMBIX BEILIECTB B CJIOSAX, PACIOJIIOKEHHBIX OKOJIO OMOpPHI UMILIaHTaTa. B cBsi3u ¢
OTHM OMOPHAs YacTh KEpaTonpoTe3a BHITIOIHSIETCS W3 OMOCOBMECTHMOTO MaTepuaia, KOTOPBIN
JOJIKEH OBITh CTPYKTYPUPOBAH TaK, YTOOBI 00€CIIEYNBAIOCH CPAIllEHHUE CIIOEB POTOBHIIbI, KOTOPHIE
OBLIH pa3/eNIeHbI B MPOIIECCe UMIUTAHTAIIUN KepaTompoTe3a.

s mpenoTBparnieHus naegopManuu €CTECTBEHHON TKaHUW TJiaza HEOOXOauMO pa3paboTaTh
MOJIETTM UMILIAHTATOB C Oy(EepHBIM CIIOEM, KOHCTPYKTHUBHBIM COCITUHEHUEM >KECTKON ONMTHYECKOU
YacTH W MSTKOM OHMOJOTMYEeCKOM TKaHU, CIIOCOOHBIM OCYIIECTBUTh HaMMEHEEe TpaBMaTHUECKHM
KOHTaKT CJIOEB POTOBUIBI C MCKYCCTBEHHBIM MMIUIAHTATOM. JTO KOHCTPYKTHUBHOE COEIMHEHHE
HEO0OXOUMO, TaK KaK MOJAYJH YINPYroCTH POTOBUIBI U ONTHUYECKON YacTH KepaTompoTe3a MOTYT
OTIMYAThC Ha TpU mNopsaka. To ecTb BO3HUKACT HEOOXOAMMOCTb MOCTPOCHHSI MOJEIH C
IPOMEXKYTOUHBIM CJIOE€M, KOTOPBIH JOKEH o01anaTh HEOJHOPOAHBIMU  ((YHKIIMOHAIBHO
rPaIMCHTHBIMU) MEXAaHWYECKUMH CBOMCTBaMU. [[si TpOU3BOACTBA KEpPATOMPOTE30B C TaKOM
KOHCTPYKTUBHOM ~ OCOOCHHOCTBIO  HEOOXOAMMO  TPOBECTH  HUCCIENOBaHHE  HamNpsKEHHO-
ne(hOPMUPOBAHHOTO COCTOSIHHSI KEPATOMPOTE3a C POTOBUIIHI HA TPAHHIIC KOHTAKTA.

B pab6ore co3mana 3D-momens Takoro keparoporesa B makere FIeXPDE. Ha nem m3o0paxken
MMILIAHTAT C JIMaMETPOM OITHUYECKOW YacTH 6 MM M BBICOTOM 5 MM; TranTHYE€CKOM YacThbiO
(OTIPOHBIM TMCKOM) UMEIOIIEH HApYXHBIA nuaMeTp 15 mm u tommmHy 0,9 MM 1 OydepHBIM ciioeM,

00J1a/1at01IUM HEOTHOPOIHBIMU MEXaHUYECKIUMH CBOHCTBAMU, BBICOTON SMM U TONIHHOHN 0,3MM.
bnazooapnocmu: Pabora BeinonHena rpu noanepsxke [Ipasurtenscrea PO, konTpakT Ne 14.250.31.0046.

Jlumepamypa

[1] MaTtemaTtnyeckoe ¥ KOMITBIOTEPHOE MOJeupoBaHre rirazHoro umruianTa / Imymko H.U., Emuxunr A.H., Ceelin M,
ComoBeeB A.H. // Maremarnueckoe MOAENHpoBaHWE ¥ OHOMEXaHWKAa B COBPEMEHHOM YHHBEPCHTETE, C.
JusHomopckoe, 27-31 mas 2019 r. — Taranpor: Uznarenscto IOxHOro denepansuoro yuusepcurera, 2019. — C. 32.
[2] ConoeeB A.H., I'mymko H.W., Enuxun A.H., Cgeitn M., Jlecusk O.H., Usano A.E. Mexauudeckue u
KOHEYHOIJIEMEHTHBIC MOJIEIIH KepaTonpoTe30B porosuilbl riaasa // Advanced Engineering Research, 2020, 20 (4). — P.
350-359. https://doi.org/10.23947/2687-1653-2020-20-4-350-359.
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AHAJTUTHYECKHUIi anmapar JJisl onpeaeieHUusi IPOYHOCTHBIX XapaKTEePUCTHK
HMILJIAHTATOB U3 MaTepPHAJIOB C NyCTOTAMH

3arpeonena A./l.

Jlonckoti cocyoapcmeenublil mexnuueckutl ynusepcumem, ni. I acapuna, 1, Pocmoe-na-/{ony,
344010, Poccus
anna.zagrebneva@gmail.com

M3roroBineHre MMIUIAaHTaTOB KOCTHBIX TKaHEH MpPOU3BOAUTCS B  OCHOBHOM U3
OMOCOBMECTHMBIX, MAaKCUMAJIbHO K HUM HPUOJIMKEHHBIX MO (U3UKO-MEXaHUYECKUM CBOMCTBaM
MaTepHaJIOB, K KOTOPBIM OTHOCSATCSI HOPUCTBIM TUTAH U €ro CIUIABbl, OKCUABI LIMPKOHUS, OPUCTas
KepaMuKa ¥ T.II. Marepuaisl. OnpeneneHne IpOYHOCTHRIX KauyeCTB UMILIAHTATOB OCYIIECTBIISIETCS
C TOMOIIbI0 MUKPOMHAEHTUPOBaHUs. TeopeTuueckoe onpesieNeHne MPOYHOCTHBIX XapaKTEePUCTHK
NOPUCTBIX ~ MaTepHalioB  OCYHIECTBISIETCS B paMKaXx  MOJEIMPOBaHUS  Ipoliecca
MHUKPOUH/IEHTUPOBAHUS 3a CUET MOCTAHOBKHM M PEIIEHUS COOTBETCTBYIOLIEH KOHTAKTHOM 3anaun
JTUIIATALlMOHHOM TEOPHM YHPYTOCTH OO0 WHICHTUPOBAHMM >KECTKUM HWHACHTOPOM C IUIOCKOU
(GopMOIi OCHOBaHHUS YNPYroro mMarepuajga ¢ IyCTOTaMHU B BHJE IOJIOCHI, JKECTKO CLEIICHHOH C
HeneopMUpyeMbIM OcHOBaHHMeM. KOHTakTHas 3agaya CBOJUTCA K PELICHHUIO HMHTETPabHOTO
YPaBHEHMsI C DPA3HOCTHBIM SIpOM, TpaHC(HOPMaHTa KOTOPOIO 3aBUCUT OT KJIACCHYECKUX U
HEKJIACCUYECKUX XapaKTEPUCTUK, XapaKTEPU3YIOIIUX IyCTOThI, YNpPyrux moayineil. Pemenue
UHTETPaJIbHOIO YPABHEHUS MOCTPOEHO ACHUMITOTHYECKMMM METOJaMM, 4YacTHBIM CIIy4aeM
KOTOPOI'O SIBJISIETCSL PEIICHHE COOTBETCTBYIOIIEH KJIACCUYECKOM KOHTAaKTHOM 3aJadyd TEOpHUH
YIPYTOCTH.

Hns onpenenenus 3¢dexkruBHbx Moaynsa FOura n ko3dduuuenta Ilyaccona ucrnonb3yroTcs
JIBE€ XapaKTepUCTUKU KOHTAaKTa — JEHWCTBYyIOIlas Ha HHACHTOp CHJIAa M OcCagka CBOOOJHOMU
MOBEPXHOCTH MaTepuana ¢ MycToTamMu. V3 paBeHCTBa CMEIICHHWH CBOOOJHOW IMOBEPXHOCTU
MaTepHalia ¢ opamMH BHE O00JIaCTH KOHTaKTa M CMELIEHUH CBOOOIHOM MOBEPXHOCTH U30TPOITHOTO
Mmarepuaia onpeznenstorcs d3ppexTuBHbIN K03 dunument [lyaccona maTepuana ¢ mycToTamu, a U3
paBeHCTBA CHWJI, ACHUCTBYIOIIUX HA WHJEHTOD, /U1 MaTepuajga ¢ IyCTOTaMHM M Ul W30TPOIHOTO

MmatepHaia onpezaensercs 3¢ pexTuBHbI Moaynb KOHra MaTepuaina ¢ mycToTamu.

bnazooapnocmu: Pabora BbimonHeHa Tpu  moxaaepkke rpanta I[IpaButensctBa P®  (moroBop Ne
14.750.31.0046).
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Moaenb buo npouecca MHAEHTHPOBAHNUS OMOMETMIIMHCKUX MAaTEPUAJIOB
3eaenuoB B.b.

Honcxoti cocyoapemeennwiii mexuuyeckutl yuugepcumem, ni. I acapuna, 1, Pocmos-na-/[ony,
344010, Poccus
vbzelen@gmail.com

Nzydenune (Hhr3NKO-MEXaHHMUECKUX XAPAKTEPUCTUK OMOMEIUIIMHCKHX MaTEpUanoB M TKaHEH
METOAAMU MUKPOUHIEHTUPOBAHUS ONPENENSIETCs, B TOM 4ucie 3pPEeKTUBHOCTbIO MaTeEMaTHUECKON
MOJEIIH, OIUCBIBAIOLIEH KUJKOHACBIILICHHbIE HIOPOYIPYTrUe MaTepHabl. Mogens
KHJIKOHACBHIILIEHHON MOPOYNPYrol cpebl MO3BOJISAET 10CTaTOYHO 3((PEKTUBHO ONKMCATh TOBEICHHUE
KOCTHOM TKaHM, XpSIIEBOM TKaHU, TKAHEW, BCTPEYAIOLIUXCS B CTOMATOJOTMM M JaXKE B
odransmonoruu. MoaenupoBaHue MpoLecca WHACHTUPOBAHUS JKUKOHACBIIICHHBIX MOPOYNPYTUX
TKaHEll CBOJUTCA K PEIICHUI0 KOHTAKTHOHM 3a7adu 00 OcCajKe >KeCTKOTO0 MHICHTOpPA C IUIOCKOU
(opMOii OCHOBaHMSI B )KMJIKOHACHIILIEHHYIO TOPOYIPYTYIO CpPEAy B BUJE MOJIYIIOCKOCTH. Perenne
TaKOM KOHTAaKTHOM 3aJaud C MOMOINBIO MHTErpajlbHBIX NpeoOpa3oBanuil Jlamiaca u @ypee
CBOIUTCA K PEIICHUIO CHCTEMBl JBYX ABYMEPHBIX HHTETPAJIBbHBIX YPaBHEHUH THUIIA CBEPTOK
Jlanmaca u @ypbe € pPa3sHOCTHBIMM JABYMEPHBIMHU sJpaMU Kak [0 BPEMEHHOW, TaK U IO
KOOPAMHATHON NEepeMEHHBIM. METONOM BBIJCICHHS TNIABHBIX 4acTEl MHTEIPaJbHBIX ONEPATOPOB
COBMECTHO C METOJOM UCKJIIOYEHUS CUCTEMA UHTETPAJIbHBIX YPABHEHUN CBOJUTCS K TPEYTOJIbHOMY
BUJy, KOTOPBIH ITO3BOJISIET ITOCJIEOBATEIBHO OIIPEAEINTh HEU3BECTHOE IOPOBOE JABJICHUE, A 3aTEM
U KOHTaKTHBIC HAIIPSIKEHUs, BO3HHUKAIOIIME B YIPYIOM CKEJIETe MOJCIH >KUJIKOHACBHIICHHOU
HOpOYyNpyroi cpenpl. YKasaHbl Kiacchl (QYHKIMHA, B KOTOPBIX OMNPEAESAIOTCS KOHTAKTHBIE
HaIPSDKEHUS. U IIOPOBOE JABJICHUE KUAKOCTU. lloiydeHHBIE PEIIEeHMs MO3BOJISIOT ONPEIACIUTh U
Jpyrue Ba)KHbIE XapaKTEPUCTUKH, TAKME KaK PACXOJ] KUAKOCTH 4Yepe3 CBOOOJHYIO IOBEPXHOCThb

BHE 00J1aCTH KOHTAKTa U JIPYyTHE.
bnazooapnocmu: Pabota BeinosHeHa rpu noanepkke [Ipasurenscra PO (morosop Ne 14.7250.31.0046).
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IIpoGonoaroropka nuindosanneM 00pa3noB NOPHCTHIX OHOMATEPHAIOB
AJISl NIPOBeeHUsI HHACHTUPOBAHUS

3enenuos B.B.2, Jlanuua I1.A.°, Caapipun E.B.S, Hukoaaes A.JL°

Jlonckoti cocyoapcmeenublil mexnuueckutl ynusepcumem, ni. I acapuna, 1, Pocmoe-na-/{ony,
344010, Poccus

“bzelen@gmail.com, °polina_azarova86@mail.ru, ‘evgeniy.sadyrin@gmail.com,
Yandreynicolaev@eurosites.ru

[Iporiecc HAHOWMHACHTUPOBAHMS MATEPUAIOB C LENbIO ONPEICNCHHUS MEXaHWYECKHUX, B
MIEPBYIO OYepeb, YIIPYTUX CBONCTB MaTEPHAJIOB, CBSI3aH CO CIICIIHAIBHON MOATOTOBKOW 00pasIoB
3TUX MarepuajoB. OCHOBHBIM TEXHMUYECKHUM 3JIEMEHTOM TaKOH MOJATOTOBKM SIBIISICTCS CO3JaHHE
MIOBEPXHOCTH MaTepuaia, He coleprKaiieii 1eQeKToB 1 apTedakToB. DTO JOCTUTAETCS C TTIOMOIIBIO
undoBanbHOr0 060pynoBaHus Tuna crankoB ¢upMm Buehler wmu Allied. Tlpouece numdoBanus
npeHa3HaueH Ui TMOJITOTOBKM pPOBHOM IMOBEPXHOCTH O0Opaslla MaTepualia ¢ MHHUMAIbHO
BO3MOXKHOH IIIEPOXOBATOCTBIO, YTOOBI BIIMSHUE TPEHUS NPU BHEAPEHHM (OCa/JKe) OCHOBAHUS
WHJ/ICHTOPA B MIOBEPXHOCTh MaTepHaia CBECTH K MUHUMYMY. B miporiecce moroToBKe MOBEPXHOCTH
o0pa3ia MeTo1oM NUIH(OBAHHS YUUTHIBAETCS, UTO B OOIIEM ciaydae 0Opa3er] MOXKET MPeACTaBIATh
CJIOKHYIO, B TOM YHCJI€ TOPUCTYIO CTPYKTYpPY MaTepuana. B xoje numdoBaHus 10CTaTOYHO CTPOTO
JIOJKHA KOHTPOJIMPOBAThCA TeMIlepaTypa KOHTakTa aOpasuBa ¢ obpasmom. C 3Toil 1enbio nepen
MOATOTOBKOM 00pa3iia MOJDKEH OBITh MPOMOJAEIHUPOBAH MpOIecC NUIM(POBAHUSA M JOJKHBI OBITH
oTmpesieNieHbl PaMKH TEMIIEPAaTypbl MpU ero o0paboTke, OCOOEHHO MpU TOJATOTOBKE 0OO0pa3IoB
MOPHUCTHIX OMOJIOTMYECKUX MaTEepHajoB THMA KOCTHBIX TKaHEH, TKaHed 3y0oB u T.I. B cBs3m ¢
TUMHU OCOOCHHOCTSMH NUTM(OBAHMS paccMaTpuBaeTcs 3ajaada 00 M3HOCE MOPUCTOTO MaTepuala ¢
YYETOM pa3orpeBa CKOJB3SIIEro KOHTakTa oT TpeHus. [lopucrocts MaTepuana 6epercs mo KoBuny
— Hynmumaro. Pemienue 3amaum — KOHTaKTHBIC HANpsDKEHUS, TEMIEpaTypa KOHTAaKTa, HW3HOC
Marepuaia U Apyrue XapaKTepUCTHKH KOHTaKTa MOCTPOSHBI B BUJE CBEpTOK Jlaruraca ot 3akoHa
OCaJIKU JKECTKOro abpasuBa M KOHTYPHOTO MHTErpaia oT (YHKIMH, XapaKTepHU3YIOUIeH mpolecc
u3Hoca. lcciemoBaHue TMOABIHTETPATBHBIX (YHKIUH B KOMIUIEKCHOM IUIOCKOCTH TIO3BOJISIET
OTIpeNIeNIUTh O0JIACTH YCTOMYMBBIX PEUICHUH B MPOCTPAHCTBE HapamMeTpoB 3anaud. llomydeHHbIe
pelIeHus] TO3BOJIMIIM  HCCIIEJOBAaTh BIUSHHE TIOPHCTOCTH MaTepuala Ha BO3HHKHOBEHHE
TEPMOYMPYTOil HEYCTOWYMBOCTHU CKOJIB3SIIIETO KOHTAKTa, a TAaKXKe HA AUHAMHKY TEMIIEPaTyphl,
KOHTAKTHBIX HAINPsDKEHUH, U3HOC U CKOPOCTh M3HOCA MTOPUCTOro Marepuana. Mccnemyercs BiausiHIe
BHe/IpeHus (ocaiku) abpas3uBa Ha MU3HOC MOPUCTOTO MaTepusia U paclpeesieHue TeMIIepaTypsl 1o

rryouHe o0Opasiia.

Bnazooapnocmu: Pabora BeIOIHEHA NpU moaaepkke rpantoB PODU (nomepa rpanToB 19-07-01259-a, 20-07-
00949-a).
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MogaeapoBaHie B3aUMOAEHCTBUA YIPYIUX FANTHYECKHUX YacTeld HHTPAOKYIAPHOM
JIMH3BI B KAIICYJSIPHOM MeELIKe XPYCTAJIHKA

Kpacnos I[.B.l, Co/10BLEB A.H.l*, Enuxun A.H.'?

1,ZZOHCK0L7 20cyoapcmeenublil mexuuyeckutl ynusepcumem, ni. I acapuna, 1, Pocmog-na-/{ony,
344010, Poccus

2Pocmosckuii 20Cy0apcmeeH bl MeOuyuHcKull ynugepcumem, nep. Haxuuesanckuii, 29, Pocmos-
na-/lony, 344022, Poccus

“solovievarc@gmail.com

WuTpaokynspHas JIMH3a, UMIUIAaHTHpyeMas B IJa3 JJis JIeUeHUs TakuxX 3a00ieBaHMM Kak
KaTapakTel WM Onm3opykoctd. OJHMM W3 CaMbIX PACpPOCTPAHCHHBIX TUIIOB JIMH3 SIBISICTCS
nceBaodaxkudeckas uH3a. OHU UMIUIAHTUPYIOTCS. BO BpeMsl OIepalliy 10 yAAJCHUIO KaTapaKThl U
o0ecreynBaeT Takyko ke (YHKIHIO, YTO U €CTECTBEHHBIH XpyCTaluK. Yaie BCero JUH3bI COCTOSAT
13 HEOOJIBIIION TIACTUKOBOM MJIACTHHBI ¢ OOKOBBIMH CTOWKaMH (ranTHKaMH), KOTOPBIC CIYXKaT IS
yIep)KaHHUs JIMH3BI HAa MECTe€ B KallCyJIbHOM MeEIIKe Tja3a. PaHee JIMH3bI MPOM3BOJIWINCH W3
HermOKoro Marepuasna, ceddac >X€ MHOTHME NPOU3BOIUTENM TEpeluld Ha pPa3dyHble BUJbI
CHJIMKOHA M aKpuwioBoe crekyo. Llenbio paboTsl siBisieTcss pa3paboTka MpoeKTa OMONTHYECKOTrO
KOMIUIEKCa, MMHUTHUPYIOUIETO €CTECTBEHHBIE aKKOMOJAIIMOHHBIE CBOMCTBa XpyCTajlMKa TIJiaza ¢
UCIIOJIb30BAaHUEM KOMIIBIOTEPHOTO METOAAa MOJCIIUPOBAHMUSL.

Marematnueckoe ¥ KOMIBIOTEPHOE MOJEIHUPOBAHUE BBHIMOJIHEHO METOJIOM KOHEUHBIX
AJIEMEHTOB B paMKax JIMHEHHON TEOpUH YHNPYrocTu ¢ MPUMEHEHHEM IPOTrPaMMHOIO KOMILIEKCA
ANSYS. MarepuanioMm ObUl BBIOpaH MOJUMETHIMETAKPUIIAT, YTOOBI B Clydyae IMOMYTHEHUS IO
KpasiM, He HapyIIaJIUCh ONTHYECKHE CBOMCTBA JMH3bI. CeTKa KOHEYHBIX JIEMEHTOB MpEACTaBICHA
Ha puc.l. [lelicTBHE€ MBI HA KamCyJApHbIA MENIOK C JABYMS JMH3aMU MOJEIHPOBAIOCH
npuiiokeHueM HanpsbkeHus 0.4Mlla k BHelIHelH ero rpaHuLe.

Puc. 2. Ilepemeriennss MoJIeu IO BEPTHKATIH
Ha puc. 2 npencraBiieHO OceBbI€ NMEPEMEILECHUS JIUH3 B KaNCyIsspHOM Melike. bolia HaliieHa
panroHangbHas opMa ralTUYeCKUX 3JIEMEHTOB MPU KOTOPOH aedopmariusi ONTHYECKUX HJIEMEHTOB
COOTBGTCTByeT AHATOMHUYCCKUM TpGGOBaHI/IHM rjiasa. Ha OCHOBC YHCJIICHHOT'O aHaJIM3a MOXKET GBITB
CICIIaH BBIBOJ, O BO3MOXXHOCTH CO3/IaHUS aKKOMOJHMPYIONIETO KOMIUICKCA, HWMHUTHPYIOIIETO

CCTCCTBCHHYIO dKKOMOAIIUIO I'J1a3a.
bnazooapnocmu: Pabora BeinonHena rpu noanepsxke [Ipasurenscrea PO, konTpakT Ne 14.250.31.0046.
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Pemenue 3a1a4u 0 JUCKOBOM TPellliHE B HeNPePbIBHO-HEOJHOPOIHOM MPOCIOiiKe
MeKAY OAHOPOTHBIMHM MOJYNPOCTPAHCTBAMM € HCIOJIb30BAHUEM HH(POPMAIIMOHHON CHCTEMBbI
«I'pagueHTHBbIC MOKPBITHS»

Kpenes JI.H.

Honcxoti cocyoapemeennviti mexuuyeckutl yuugepcumem, ni. I acapuna, 1, Pocmog-na-/[ony,
344010, Poccus
Ikrenev@yandex.ru

@OYHKIMOHAIBHO-TPAAUECHTHBIE MOKPBITUS IMPUMEHSIIOTCS JUIsl 3alUThl KOHCTPYKUMH U
JleTajel MalluH OT MOBPEXKIEHUMN, BBI3bIBAEMBIX Pa3JIMYHBIMU TEPMOMEXAHUYECKUMH Harpy3KaMu.
Jlnia  pacmiMpeHMss  JOCTYIIHOCTM  CPEACTB  JUIsl  NPOBEAECHHUS  pacueToB M aHalu3a
9KCIIEPUMEHTANIBHBIX JaHHBIX IIMPOKOMY KPYTy HCCle[oBaTesel, Beaercs pa3paboTka U OTJIagKa
uHpopMannoHHOH cuctemsl «I paguentHsie nokpbITHs» (VC) [1] s uHTEpakTUBHON MOJITOTOBKU
JAHHBIX W MHOTOIIapaMETPUYECKOr0 aHan3a pe3ylbTaTOB UYHCIECHHO-AHAIIUTHUYECKOTO PEIICHUS
CMEIIaHHBIX TPAaHWYHBIX 33Ja4 TEOPUU YHOPYIOCTH M TEPMOYNPYTOCTH [UIsl HEIPEPHIBHO
HEOJHOPOJHBIX TOKPBITHA CJIOXHOM CTpPYKTyphl. baza manneix MC Obuta peanuzoBaHa Ha
PostgreSQL, a cepepHas yactp Web-unTepdetica pazpadarsiBaeTcs Ha si3bike Python ¢ momorpro
oubmmorexkn Django u moaaepxuBaercs cepsepom Apache.

Web-unrepdeiic UC «['panueHTHBIC TOKPBHITHS» OPHUEHTHPOBAH Ha TOAPOOHOE OMKMCAaHHE
U3MEHEHUSI TEPMO-MEXAaHWYECKHX XapaKTEPUCTUK NOKpbITHA. JIJIsi MOATOTOBKM 3aJaHUsl Ha
pelieHne 3aJadyd O JUCKOBOM TpEUIMHE B HENPEPHIBHO-HEOAHOPOIHON IPOCIONKE MEXKIY
OAHOPOJHBIMHA TOJIYIPOCTPAHCTBAMU [2] HYXHO COBMECTUTHh ONHUCAHUS JBYX IOKPBITHM:
MHTEPAaKTUBHON MOATOTOBKH JaHHBIX M1 MHOTONIAPaMETPUUYECKOT0 aHAIN3a PE3YJIbTaTOB YHCIEHHO-
AQHAJIMTUYECKOTO PEIICHUs] CMEIIAHHBIX I'PAaHUYHBIX 337a4 TEOPUH TPELIMH U TEOPUH YIPYTOCTH U
TEPMOYNPYTOCTH JUIsl HEIPEPHIBHO HEOAHOPOHBIX MOKPBITUH CIIOKHON CTPYKTYPHI.

Momudukanus natepderica mo3BoiseT 1006aBUTh K yucty pemaemeix MC npobiem 3amady o
JMCKOBOH TpelrHe B (yHKIMOHAIBHO-TPAJIMEHTHOM CJIO€ MEXIY JIByMs OJyIpocTpaHcTBaMu. B

paboTe npuBeIeHO MOAPOOHOE OMTMCAHNE PEIICHHUS] KOHKPETHOM 3aauH.
Bnazooapnocmu: Pabota BeimosiHeHA Npu HoAaepkKke rpanta PODOU Ne 19-07-01259 A.

Jumepamypa

[1] Krenev, L.1., Sadyrin, E.V., Nikolaev, A.L., Litvinenko, A.N. Information system “Graded coatings”, January 2021,
IOP Conference Series Materials Science and Engineering 1029:012070. DOI: 10.1088/1757-899X/1029/1/012070.

[2] Krenev, L.I. A penny-shaped crack in a functionally graded layer between two half-spaces with different elastic
properties // MATEC Web Conf. VVol.226. — XIV International Scientific-Technical Conference "Dynamic of Technical
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[To panubiM BceMupHOW opraHuzaiuu 3ApaBOOXpPAaHEHHS, B MHUPE OKOJIO S5 MUJIJIMOHOB
YeJI0BEeK CIeMbl U3-3a OOJIE3HM POTOBHIBI IJaza. TpaHCIUIaHTalUs POTOBHUIBI B OOJBIIMHCTBE
CIIy4aeB SIBJISIETCS YCHEIIHON U u3lieunBaeT ciaenory. OgHako 3ToT crnocod menee 3¢ ekTHuBeH npu
psane 3abosieBaHUil, KOTOpPbIE BBI3BIBAIOT HEOBACKYISPH3AIMIO POTOBHUIIBI, CYXOCTh TIJIa3HOM
MOBEPXHOCTU M PEUUIUBHUpYIOIIee BocnaieHue win uHpexknuu. B stom cioyudae keparompotes
ABJIIETCS E€AMHCTBEHHON albTEPHATUBOM MJII BOCCTAHOBJIEHMSI 3PEHMs, KOIZa TpaHCILIAHTAT
pOroBUIlbI OOpeUeH Ha HEeyAauy.

AKTYaJlbHOCTb JaHHOM TEMAaTUKH 3aKJIH0YAETCs B BAXKHOCTH METOJIa KEPATOIPOTE3UPOBAHNUS,
3HAYUTENIbHAs JI0JIS OCJIOKHEHUH JaeTcs psijie MpoOsieM, OJHU WX KOTOPBIX: OTMUPAHUSI KJIETOK B
BEPXHUX CJIOSAX POTOBUIIBI, IPUBOJAALICH K BBHITAIKUBAHUIO MIPOTE3a U3 INIA3HOTO S0JI0Ka, CO3/JaHHe
OydepHOW 30HBI MEXAY MPOTE30M M TKaHSIMH, T.K CO BPEMEHEM MOSABIAIOTCS MPOJEKHHU, ITO
TPaKTyeT B HEOOXOAUMOCTH JlalbHEHIIIeH pabOThI B JaHHOM pasjiene o(pTaabMOIOT1u.

Keparonpore3 — 3TO HMCKYCCTBEHHas WM MPOTE3HAs pPOrOBULA W3 CHHTETHYECKUX
MaTepHajioB Uil BOCCTAHOBJICHMS 3pPEHHS y MAIMEHTOB C TSDKEIBIMH 3a00JICBaHMSAMHU TJIa3HOU
MOBEPXHOCTU TAKUMU KaK: KEpaTUT WM 3allylleHHas cTaus — 0elbMO Tia3a.

Kepatut — BocnajeHue poroBulsl rias3a, IPEeUMYIIECTBEHHO €€ MOMYTHEHHE, U3bSI3BICHUE,
00J1b ¥ TIOKpAaCHEHHUE TTIA3HOTO 50JI0Ka. BO3MOXKHBIH TSHKEIBI UCXO0JT KepaTUTa — 3TO OeIbMO TJiasa
U moteps 3peHus. B OosbIIMHCTBE CilydaeB, NMPH TOTEpE 3pEHHs, MPOBOAMUTCS OIeEpalus IO
BXKUBJICHHUIO KEPATONPOTE3a B rIa3Hoe 10I0KO.

Ha cerogusamauii  geHp  BaKHBIMU
3a/layaMy KepaTONpPOTE3UPOBAHMS SIBISIOTCS:

YBEJIMUCHHUE ONTUYECKOMN 4acTH 23.06.2020 12:04
KepaTonpoTe3a; co3faHue Oy(hepHOW 30HBI L
MEXTY IIPOTE30M u TKaHAMH; 0,00063333
NPEJOTBPAICHUE  OTTOPKCHUS;  (HUKCalns 0000
yCTOHUYHMBOTO HOJIOKEHUS IpOTE3a; oo

I 00001953
| 07701e-5
9,7972e-8 Min

HEJIOMYIIICHUE BBITAIKNBAHUS MUMIUIAHTATA U3
ria3Horo s0moka. B cBsi3u ¢ 3THM B pabote
BBIITOJIHEHO KOMITBIOTEPHOE MOJICITHPOBAHNE
Keparomnpore3a. Jlyis 3TOro ¢ TOMOIIBIO
IPOTrPaMMBI ANSYS Mechanical
CreHEpUPOBaHa KOHEUHO-IJIEMCHTHAsI CETKa.
Kpome Toro, wucxonms wu3 OHOIOTHYECKHX

10,000 (rarm)

CBOMCTB TKaHen u MEXaHUYECKHUX -
XapakTepUCTHK,  BBIOpaHbl  MOAXOJSAIINE
ruipooOHBIe MaTepualibl JUIsl MpoTe3a U Puc. 1. Pacuer HanpspkeHui

O0ydepHOii 30HEI.

Paccunrannsie HanpspkeHus o 3D mMonenu npezcrasieHsl Ha puc. 1.
bnazooapnocmu: Pabora BeinonHena rpu noanepsxke [Ipasurtenscrea PO, konTpakT Ne 14.250.31.0046.
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All blood cells are derived from hematopoietic stem cells (HSCs). HSC transplantation saves
many lives every day, but their mass production to this day remains an unsolved problem in modern
medicine. In an adult organism, most HSCs are formed from epithelial cells of the dorsal aorta
(DA) during the endothelial-hematopoietic transition (EHT). This process was discovered in 2010
during the study of fish embryos Danio rerio, a popular model organism, and proceeds in a uniform
manner in all vertebrates with only minor differences [1].

In this paper, we investigate the role of mechanical stress in the production of HSCs in the
Danio rerio dorsal aorta, combining 4D confocal microscopy and the developed continuum model
of the aorta [2]. Within the framework of this model, we consider the aorta as a cylindrical elastic
membrane, which is under the influence of hydrostatic blood pressure, as well as an axial
mechanical stress. The latter appear in the system due to the difference in the growth rate of the
aorta and the surrounding tissues [3].

Using the results obtained analytically, we interpret the imaging data on the development of
Danio rerio embryonic aorta. We show that HSC production is accompanied by two types of shape
instabilities caused by the mechanical stress in the aortic walls. The first type leads to the
appearance of corrugation with a period of the order of the tube radius, the second one leads to the
bending of individual endothelial cells undergoing EHT. Thus, the mechanical forces arising in the
system not only serve as signals that control the expression of cell genes, but also directly control

the process, activating instabilities that lead to the necessary morphological changes.
Acknowledgements: This work was supported by Russian Science Foundation, grant RSF no. 20-72-00164.
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