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Main thematic areas of MCOS-DSMMPh-2025:

Modeling and mathematical technologies

- mathematical and experimental research, special methods, tools and technologies;

- computational methods and computer technologies of mathematical physics, applied mechanics,
aero/hydrodynamics, radiophysics and hydroacoustics, in medical research

- mathematical technologies for Al systems;

special software, computer graphics, stereographic systems, virtual reality systems;
- the method of hypersingular integral equations and its application (DSM- method).

M
'e:c. Control and stability of dynamic systems

- theory and methods control of systems, ensuring the stability of dynamic systems;

- control technologies for distributed structured systems, computer navigation, methods of intelligent systems;
- control and stability of systems with Al

'c.\fc‘ Optimization of complex systems

- methods for optimizing of distributed and structured systems;
- stability and control of systems with Al elements;

- aerodynamics of aircraft and hydrodynamics of underwater systems, elastic systems, strength of structures.
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Abstracts
of XXII International Symposium MCOS-DSMMPh-2025

V. KULIAN, M. KOROBOVA, O. YUNKOVA, G. DOLENKO

EFFECTIVE DIVERSIFICATION AND STOCK PORTFOLIO DYNAMICS UNDER
CONSTRAINTS

This scientific study considers the mathematical problem of optimal diversification of a
portfolio of shares in the presence of market constraints. Mathematical formulation of the
constructing trajectory problem of one share the market value is given in the class of ordinary first-
order differential equations. The procedure for constructing a general solution of such an equation is
given. Of particular practical importance is the mathematical problem of constructing an optimal
portfolio structure in the presence of quantitative and qualitative market constraints. Such
constraints arise at every moment of portfolio diversification and their consideration significantly
complicates the problem. The procedure for building a dynamic model of the formation of the
market value of one share is based on the application of the market model of W. Sharpe and the
fundamental theory by H. Markowitz. The principles of H. Markowitz theory make it possible to
determine the optimal values of the portfolio's expected profitability and riskiness when applying
the procedure for building an optimal portfolio of risky securities. The application of optimal
management theory methods in the optimization of the stock portfolio involves an iterative
procedure for determining the optimal structure. The work also considers an important applied
problem of applying the theory of H. Markowitz to solve the problem of optimal diversification of a
portfolio of risky investments in the presence of restrictions that are formed by the stock market at
each moment of time. The presence of market restrictions significantly affects the decision-making
procedure regarding optimal portfolio diversification. This scientific study presents an algorithm for
optimal diversification of a portfolio of risky securities in the presence of market restrictions.

VASILE NEAGU

SOLVING SOME COMPLETE SINGULAR INTEGRAL EQUATIONS BY
INTEGRAL TRANSFORMATIONS AND ANALYTIC EXTENSIONS

In this paper, the solution of some integral singular equations is presented. The coefficients of
the equations (external and internal) possess pointwise weak singularities on the integration
interval, and furthermore, the extension of these coefficients over the entire complex plane
represents multiform functions. To obtain certain analytical branches, cuts are made in the complex
plane, so that at the edges of the cuts, the extracted branches acquire different values. Certain
integral (equivalent) transformations are carried out on the operator defined by the given equation,
which after a series of mathematical reasonings and calculations, the given equation is reduced to a
characteristic singular integral equation, studied in the monographs of academicians
N. Muskhvelishvili and F. Gahov. The solutions obtained are in strict coordination with the results
presented in the mentioned monographs.

O. G. NIKOLAEV, A. S. KRAINICHENKO

STRICT JUSTIFICATION OF THE FOURIER METHOD IN BOUNDARY-VALUE
PROBLEMS OF THE THEORY OF ELASTICITY FOR A SYMMETRICALLY



LOADED TRANSVERSALLY ISOTROPIC OBLATE SPHEROID AND ITS
APPLICATION TO A HOLLOW SPHEROID

For the first time, an exact, well-founded solution by the Fourier method of the second
axisymmetric boundary value problems of the theory of elasticity in the general formulation for a
transversely isotropic oblate spheroid and a space with a spheroidal cavity has been obtained. The
fundamental problem of the justification was the problem of estimating from below the modules of
the determinants of the resolving systems for the internal and external problems. The indicated
estimates were obtained in this work. The complexity of estimating determinants is due to the fact
that they depend on nine parameters that are functionally related to each other, and in addition, two
of them are included in the arguments of Legendre functions of the first and second kind. The
estimates made it possible to formulate and prove theorems about the solvability conditions of the
considered boundary value problems in certain classes of functions. The obtained results are applied
to the solution of the second boundary value problem for a transversely isotropic oblate spheroid
with a spheroidal cavity, the centers and directions of the axes of which coincide. An arbitrary
symmetric balanced load is given on the surfaces of the spheroid, which satisfies a certain condition
for the convergence of the series of limit functions developed in terms of Legendre functions. A
feature of this problem for a transversely isotropic body is the impossibility of describing spheroidal
surfaces with any geometry by a single pair of spheroidal coordinate systems. This means that such
a problem can only be solved using the generalized Fourier method. Its application made it possible
to reduce the original problem to an infinite system of linear algebraic equations. Thanks to the
obtained estimates of the determinants of simply connected problems, the Fredholm property of the
system operator in a certain Hilbert space has been proven. The numerical results in the considered
problem are obtained in the case of a oblate spheroid with a circular crack. It is assumed that the
surface of the spheroid is free of forces, and a constant normal load is applied to the crack. Graphs
of normal stresses in the crack plane outside its boundary, as well as the values of stress intensity
factor at its boundary, are presented. A parametric analysis of stresses and SIF depending on the
geometric parameters of the problem was performed. The practical convergence of the reduction
method when solving an infinite system was investigated.

O. G. NIKOLAEV, M. V. SKITSKA

CLASSICAL PROBLEM ABOUT AN ELASTIC SPHERE WITH A SPHERICAL
INCLUSION

For the first time, an exact analytically justified solution of the second axisymmetric boundary
value problem of the theory of elasticity in the general formulation for a sphere with a concentric
spherical inclusion has been obtained using the conventional Fourier method. In the scientific works
of the classics of natural science of the 19th and 20th centuries, M. G. Lame, W. Thomson,
C. Somigliana, V. Cerruti, B. G. Galerkin, G. Fichera, A. 1. Lurie, E. Strenberg, and A. F. Ulitko,
elastic problems for a solid sphere, space with a spherical cavity, and a sphere with a concentric
spherical cavity were solved in various formulations. But even these problems were not strictly
justified. The problem considered in this report is much more complex, since it is associated with
the conjugation of displacement and stress fields at the inclusion boundary. That's probably why it
wasn't considered before. The justification for solving such a problem and establishing its
solvability class using the usual Fourier method is based on the analysis of a solvable algebraic
system of the sixth order with coefficients that depend on five independent continuous parameters
and one discrete one. The general solution of the problem is given in the form of series in terms of
axisymmetric vector basis solutions of the Lamé equation for a sphere, constructed by the authors in
one of the previous articles. After transitioning to stresses and satisfying the boundary conditions, a
resolving system of the above form is obtained. When analyzing the system, a lower estimate of the
modulus of its determinant was first found, from which follows not only the unique solvability of
the system, but also estimates of the solutions of the system itself. In estimating the determinant, a



new classical inequality was proven for one continuous and one discrete parameter, previously
unknown to the authors. The next step was to prove a theorem about the conditions that must be
imposed on the vector of the external load applied to the surface of the sphere, which ensure the
existence of a solution to the problem in a certain class of functions. In the numerical
implementation of the solution to the problem, two types of loads on the outer surface of the sphere
were considered, which satisfy the equilibrium condition. A computer experiment was conducted
with three types of materials for a ball and an inclusion: steel, brass and aluminum. Graphs of
normal and tangential stresses on the surface of the inclusion were obtained, and their parametric
analysis was performed depending on the geometric and mechanical parameters. The practical
convergence of the method was investigated.

VITALII OVERKO

THE INFLUENCE OF THE TORSION MOTION OF LEFT VENTRICLE (LV) ON
FEATURES OF BLOOD FLOW.

The torsional motion (or twisting) of the left ventricle plays a crucial role in the ejection and
filling of the left ventricle. During the cardiac cycle, systolic twisting and early diastolic untwisting
of the left ventricle (LV) occurs around its long axis due to oppositely directed apical and basal
rotations. From the apex of the LV, the systolic apical rotation occurs counterclockwise, while the
basal rotation occurs clockwise. The size and characteristics of this torsional deformation have been
described in various clinical and experimental studies, and it is well established that LV rotation is
sensitive to changes in both regional and global LV function. Therefore, the assessment of LV
rotation represents an interesting approach for the quantitative evaluation of LV function.

Understanding blood flow patterns in the heart has numerous applications in hemodynamic
analysis and clinical assessment of heart function. This study presents numerical simulations of
blood flow in an idealized model of the left ventricle (LV) and the aortic sinus. The movement of
the walls of the LV and aortic sinus was obtained from the analysis of kinematic images from MRI
and used as constraints for the numerical computational fluid dynamics (CFD) model based on the
moving boundary approach. The simulation results include detailed flow characteristics such as
velocity, pressure, and wall shear stress for the entire volume.

Additionally, to model the behavior of fluid flow within the human left ventricle, it is
essential to consider the influence of non-Newtonian behavior of blood on numerical predictions
throughout the entire cardiac cycle. Experimental studies indicate that blood significantly exhibits
behavior associated with non-Newtonian properties in diseases such as myocardial infarction,
cerebrovascular diseases, and hypertension; thus, the rheology of blood should be incorporated into
numerical modeling of cardiovascular systems. Furthermore, due to recent advancements in CFD
modeling, it has become easier to implement complex non-Newtonian assumptions into the Navier-
Stokes equations.

This article analyzes the impact of the torsional motion of the walls of the human left
ventricle on the characteristics of blood circulation in the LV chamber and the initial section of the
aorta. Non-Newtonian effects were considered using the Carreau-Yasuda model. This model
describes blood as a non-Newtonian fluid with finite Newtonian states corresponding to a constant
viscosity value. It is important to note that this model representation aligns well with experimental
data.

V. A. VOSKOBOINICK, O. A. VOSKOBOINYK, A. V. VOSKOBIINYK,
A. G. KHARCHENKO, D. V. TRUDENKO

FEATURES OF WAVE TRANSFORMATION BY A PERMEABLE BREAKWATER

The influence of the permeability of a breakwater on the wave transformation is studied. It is
assumed that the vertical breakwater, in contrast to an absolutely rigid one, is characterized by a



finite permeability and can absorb the energy of incoming incident waves. In this regard, the
propagation of surface gravity waves in a rectangular coordinate system is investigated. Traditional
realized examples of wave energy selection and their mathematical analysis are given. From the law
of conservation of energy upon reflection from vertical walls follows the dependence for the
reflection coefficient as a function of the transmission coefficient. The results of experimental
studies of the propagation of surface gravity waves and their interaction with absorbing walls are
presented. The dependences of the coefficients of reflection and transmission of the wave, as well
as the coefficients of dissipation of wave energy depending on the permeability of the vertical wall,
the depth of the flow, and the length of the incident wave are obtained. The integral and spectral
characteristics of the wave field and pressure fluctuations on the streamlined surface of a permeable
breakwater are presented.

V. A. VOSKOBOINICK, A. M. ONYSHCHENKO, O. A. VOSKOBOINYK,
A. V. VOSKOBIINYK, D. V. TRUDENKO

INTERACTION OF SURFACE GRAVITY WAVES WITH PERFORATED SCREEN

The paper examines the interaction of surface gravity waves with cylindrical marine
structures within the framework of a finite depth fluid model. The problem is considered in a
potential formulation. The impact of a perforated screen as a protective element around a cylindrical
structure on reducing force loads on it and changing the deflection of the free surface of the water
was investigated. The dependence of wave diffraction on screen perforation and its position relative
to the cylinder was established. Wave diffraction research methods and their application to solving
problems are discussed. Analytical solutions were built and calculations were made on this basis,
which allow investigating the influence of the geometric proportions of the structure on the lateral
force, in order to establish the minimum and maximum wave loads. The dependence of the total
scattering power and the scattering diagram on the physical and geometric parameters of the model
was established. It is shown that the perforated screen has the properties of a wave absorber, that is,
it can be used as a protective element.

L. SCHEK, E. N. VILCHEVSKAYA, W. H. MULLER

COMPUTATIONAL ANALYSIS OF THE DEFORMATION BEHAVIOR OF 4D-PRINTED
LIQUID CRYSTAL ELASTOMERS UNDER CHANGE OF TEMPERATURE

This paper focuses on an FE simulation of Liquid Crystal Elastomers (LCE). For this purpose,
a new method is proposed based on the combination of nonlinear deformation analysis based on a
St. Venant-Kirchhoff law, i.e., a physically linear but geometrically nonlinear stress-strain
relationship. The deformation gradient is decomposed multiplicatively into elastic, (classical)
thermal, and phase transformation parts. For the transformation part a novel representation is
chosen based on an orientation parameter within a distribution function for the mesogens. This
parameter can be linked to temperature. The stiffness tensor in the St. Venant-Kirchhoff law as well
as the tensor of thermal expansion (for the thermal part of the deformation gradient) are obtained
from Mori-Tanaka homogenization schemes. It is shown that classical thermal expansion with
positive expansion coefficients and realistic values does not contribute much to the total large
deformations. The mayor contribution comes from phase transformation. It is, therefore, misleading
to model the deformation of LCEs during temperature change by classical thermal expansion,
although exactly this is done in the literature by a trick—namely, using negative anisotropic thermal
expansion coefficients. Keywords: 4D printing, liquid crystal elastomer, FE simulation, Mori-
Tanaka scheme, distribution function, shape function.



JI.M.AWUTYTAHOB, I1.M.OBCSIHKO, J.L.UEPHINI

MATEMATHUYHE MOJEJIOBAHHS TA AHAJII3 KEPOBAHOCTI
I'"IAPOAMHAMIYHUX CUCTEM 3 THJKEKTOPAMM

lppoaunamiuni maarGopMu-HOCIi, pyX SKHX BHUKJIMKAETHCS  CHUCTEMOIO  E€JIEMEHTIB 3
©XKEKII€I0 BUKIUKAIOThH 3pOCTAIOUNN THTEPEC 3aBASKHA CBOIM YHIBEPCATBLHOCTI Ta 3[[aTHOCTI JIIATH B
yMOBax 0OMEXEHOT0 MpocTopy. [IlepcrieKTHBHUM HaIpsiMy PO3BUTKY JWHAMIYHUX CHUCTEM TaKOTO
TUIy € 3aCTOCYBaHHsS KOMIUICKCY KOMIIOHYBaJIBHUX pillieHb ISl 3a0e3MedeHHs] HeoOXiTHUX
T1IPOAMHAMIYHHAX XapaKTEPUCTHK Ta XapaKTEPHUCTUK KEPOBAHOCTI MIATGOPMHU-HOCIS y LHIIOMY.

Y JomoBiii OCHOBHA yBara MPHAUISIETBCS CTBOPEHHIO €(GEKTHBHOI TiApOAMHAMIYHOT
KOMIIOHOBKH TIJIaT(GOPMHU-HOCIS, aHANi3y TATOBUX XapaKTEPHUCTUK 3 CHUCTEMOIO 1HXKEKTOpiB Ta
JOCITIKEHHIO MOJTMBOCTEH BHUKOPHUCTAHHS PYIIIiB-1HXEKTOPIB Ta CrieIiaJTbHUX
BUXOPOYTBOPIOIOUUX €JIEMEHTIB JUIS MMiIBUIICHHS e(EeKTUBHOCTI KepyBaHHS IUIaT(HOPMOI0-HOCIEM
y JMHaAMIYHHX pPEXKHMax. Y CTaTTi MPEICTaBICHO MAaTeMaTW4YHy MOJEIb Ui 3aJaHoi
TiIPOAMHAMIYHOT KOMIIOHOBKHM IUIAaT(MOPMHU-HOCISI 3 CHUCTEMOIO  IHJKEKTOpIB ~ Ha OCHOBI
IHTErpaJbHUX TPEJACTABICHb 3 CHHTYJSIPHUMH Ta TIMEPCHHTYJSIPHUMH SIPaMU Ta CHUCTEMOIO
JTUCKPETHUX OCOOIHMBOCTEH, OOTPYHTOBAHO IIIXOAW 1O aHai3y CTIMKOCTI Ta KEpOBAHOCTI
1aT)OpMHU-HOCISI Ta MPOBEJCHO YHCEIbHE MOJCIIOBaHHs. [IpencraBiieHa MOJENb 1 pe3ysibTaTh
MOJICITIOBAHHSI MOKYTh OYTH BHKOPHCTaHi JJIsi pO3POOKH TiAPOAMHAMIYHUX KEPOBAHUX CUCTEM
IIIUPOKOTO CIIEKTPY 3aCTOCYBAHHSI.

C. B. LAPAHOBCBKHH, A. 1. BOMBA

HPHPIHS[TTS[ PILIEHb TPU IIPOI'HO3YBAHHI JWHAMIKHA BIPYCHOi
IHOEKNI 3 YPAXYBAHHAM JU®Y3IMHO-KOHBEKHIMHOI MIT'PAII
JAMOYNX YNHHUKIB JEKIVIBKOMA HIJIAXAMUA B YMOBAX IMYHOTEPAIIII

Buxozsuu 3 npo6iieMu BUOKPEMIICHHSI PI3HUX YMOB PO3MOBCIO/PKEHHS AaHTUTEHIB, aHTUTLI Ta
JIKApChKUX PEYOBMH B MDKKIITHUHHOMY HpPOCTOpl 1 JIM(aTHUUHIA CUCTEMI NMpU HPOrHO3YBaHHI
IUHaMIKM BipycHOi iH(ekuii 3xaificHeHO MoaMdikalilo MaTeMaTH4YHOI Mojeli iH(EeKIiHHOro
3aXBOPIOBaHHS JJIsl ypaxXyBaHHS BIUIMBY PI3HUX HUIAXIB MIrpanii AIF0YMX YHHHUKIB B CEPEIOBHUIIL
opranizMy. Po3B’430K MOAENIbHOI CHHIYJISApHO 30ypeHoi 3ajayi i3 3ami3HEeHHAM OTPUMaHO Ha
OCHOB1 aJIaliTOBaHOi OOYMCITIOBAJIBHOI TEXHOJOTii, fAKa 3a0e3rneuye TMOeTarHe YHCEIbHO-
aCUMIITOTUYHE HAOJNMKEHHs CIeLialbHUM 4YHHOM MoOyl0BaHOI MOCTIOBHOCTI 3axady  6e3
3ami3HeHHs K 30ypeHHs po3B’s3KIB BIANOBIIHUX BUPOJKEHHX 3adad. [IpeacraBneHi pe3ynbratu
KOMIT' IOTEPHOTO MOJIETIOBAHHS UTIOCTPYIOTh IMPOTHO3HUI BHECOK JAEKUIPKOX MUIAXIB Mirparii
JII0YMX YUHHHUKIB y TIPOIEC PO3BUTKY I1H(EKIIHHOrO 3aXBOPIOBAHHSA. 3a3HAu€HO, IO Ha
e(QEeKTHBHICTh il IMyHOJIOTIYHHUX MpenapariB, OKPIM 1HIIOr0, MaTUMYTh BIUIMB € # yMOBH, ILO
BH3HAYAIOTHCS IUIIXOM MITpallii JOHOPCHKUX aHTUTLI B CEPEIOBUII OpraHi3Mmy, IO HEOOX1THO
BpPaxoByBaTH B CHUCTeMax MPUUHATTSA pillleHb M0A0 (opMyBaHHS BIANOBIAHUX palliOHATIBHUX
[porpaM JIIKyBaHHS XBOPOOH.

O. M. BAIIIHAKOB, B. T. MATBIEHKO, B. B. IIIT4YKYP

OBUNCJIIOBAJIBHI METOJAM ONTHUMIBAIII ITIYYKA TPAEKTOPIA 3
HETI'JTAJKUM KPUTEPIEM SAKOCTI

[IpobnemaTuka aHaylizy CHUCTEM 3a YMOB JI€TE€pMIHOBaHOi HEBM3HAYEHOCTI Ha IMOYATKOBHMH
CTaH CHCTEMH IIOB’s3aHa 3 3aJa4aMM MPAKTHYHOI CTIMKOCTI 1 ONTUMI3aIlli MydYKiB TpaekTopin. Jlms
3aja4 mapaMeTPpUYHOI ONTHMi3alii CUCTEM OJMH 3 OCHOBHHUX MiAXOJIB MOJATae y (GopMyItoBaHHI



MTOCTAaHOBOK 3 KPUTEPIsAMU Y (POpMI MAKCUMyMYy 3a TIOYaTKOBUMH yMOBaMH Bi QyHKIIIOHATY, SIKHA
aHaNl3y€eThCS HA PO3B's3kax cuctemu. Lle, B CBOIO 4epry, CIIOHYKAaEe IO 3aCTOCyBaHHS METOJIB
HEMTaJKoi oONTHMIi3alii 3 BpaxyBaHHSIM HAsBHOCTI TApaMETPUUYHOI CHUCTEMH 1 PO3POOKH
O0YHCITIOBAJILHUX METO[IB, SIKI € XapaKTepHUMH JUIs Takoi ramysi. IIpu 1boMy 3acTOCOBYETHCS
amapar y3araJbHEHHUX TOXIJHUX 1 Yy3arajJbHEHUX AuQepeHIianiB, OOYUCIIOBAIbLHI METOAH €
MoUGIKALIAMHI ITepaliiHUX MPOLEeNyp THUIy CyOrpali€HTHOIO CIYCKY B Pi3HHUX MOIU(iKaIlisax.
Coin 3a3Ha4MTH, OO0 TAKOTO B TaKHMX 3a/1a4ax TIJIbKH B OKPEMHUX BHIIAJKaX MOXKHA 3aCTOCOBYBATH
AITOPUTMHU, XapaKTEPHI JJISl OMYKJINX BUIAKIB.

Y poOoTi po3risgaeThCs 3amavya 3 KPUTEPIEM SKOCTI THIy MaKCHUMyMy 3a IMOYaTKOBHMH
YMOBaMH BiJl TE€PMiHAJIBHOTO (YHKIIOHATY. ABTOPH OOIPYHTOBYIOTH TE€OPEMY IPO CTPYKTYPY
MOX1THOI 3a HANpsSMKOM, a TaKOXX HEOOXiJHI yMOBH eKcTpeMyMy. Ha OCHOBI TeOpeTHYHHX
pe3ysbTatiB B poOOTI MOOYIOBAHO METO HAWIIBUIIIIOTO CIycKy. I BUIMaIKy JiHIHHOI cHUCTEMU 3
KBaJ[paTUYHUM KPUTEPIEM SKOCTI 3aCTOCOBYETHCS METOJ] KOOPJMHATHOTO CITYCKYy 1 METOI
emircoini. [IpoBenenuit 00YNCITIOBAIBHUN E€KCTICPUMEHT Ta MPEACTABICHI Pe3yJIbTaTH 00YNCIICHb.
Crig 3ayBaXKuTH, 110 3aCTOCYBAHHS TEOPETUYHHX PE3YJIbTATIB, SIKI HABOJAATHCSA B POOOTI 1 OB’ sA3aH1
3 METOJIaMH1 HETJIAJKO1 ONTUMI3allii, yCKIIATHIOETHCS PH 3TIHCHEHHI MPAKTUIHUX O0YHCIICHB Yepe3
KOMIUIEKCHICTh TIOCTAHOBOK 1 TOMY 3HAUHY KUIBKICTh OOYMCIICHb Ha KOXKHIM iTepallii, HIBUAKICTh
30KHOCTI TaKMX METOMIB € JOBOJI NOMIipHOIO. TOMy BaXXJIHMBO, 3 OAHOTO OOKY, pO3pOOIATH
YHCeNbHI METOAM, 5IKi MokHa Oyno O peamizyBaru. s 1bOro JOIIIBHO 3aCTOCOBYBATH METOIU
AKICHOTO aHalli3y, 30KpeMa METOIM TMPAKTHYHOI CTIMKOCTI, AJISi OI[IHKM MHOXUHH DPO3KHIY
MOYATKOBHUX YMOB B KJIACi €NIINCOINIB, a TAKOXXK METOJIUKY CTPYKTYPHO-IIAPAMETPUYHOT ONTUMI3aIlii
cucreM. 3 1HmOro OOKy, HEOOXiJHO OIIIHUTH SKICHI XapaKTePUCTUKU TakKi, SK II0YaTKOBE
HaAOJIMDKEHHS, BEJIMYUHY KPOKY, aTPOKCUMATHUBHI BIIACTHBOCTI TOIIIO.

AHJTPIH BOMBA, CEPI'TH KAIIITAH, OJ/IEKCA KYIIIHIP

YUCEJILHI METOIN KBA3IKOH®OPMHIX BIIOBPAKEHD
MMPOTHO3YBAHHS TJIOBAJIBHUX TIPOLIECIB PYXY MOBEPXHEBUX TA
MIJ3EMHHUX BOJ

JlocipkeHHsT MPHUCBSYEHO pO3poOll 1 aHamizy MaTeMaTUYHUX MOJeNed Ta pPO3BUTKY
YHMCIOBUX METO/IIB KBa31KOH(OPMHUX BiA0OpakeHb, ISl OMKCY 1 MPOrHO3yBaHHS AMHAMIKU BOJTHUX
CHCTEM Ha I7100aJIbHOMY PIBHI, 1110 BKJIKOYAE Mpouec GopMyBaHHS 1€aIbHOI TeUll B 3aJI€XKHOCTI B
3aJJaHMX 3HAa4eHb KEepYyHUoro NOTEHIany. 30Kpema, OTPUMaHO KOMIUIEKCHHH MOTEHI[ial Ta
XapaKTEePUCTHUHY (QYHKIIO Teuli, HABOASATHCSA MPUKIAAA TOOYJOBH IWHAMIYHMX CITOK, JIHIN
pO31iTy Tedii, Mo MIBUIKOCTI, (pOpMyBaHHS pi3HUX MepeTokiB. IIpu 1boMy BHIUIEHO THUIM Tak
3BaHMX KIFOUYOBHX 3a/1ad CTOCOBHO 3HAXO/DKEHHS TaKUX 3HAUEHb KEPYIYOTo IOTEHIamy, SKi
3a0e3MeuyroTh ONTUMI3aIliI0 KOHKPETHUX (PYHKIIOHATIB.

3acTOoCyBaHHS METOJIIB Ta IMIJAXOMIB KOMIIJIEKCHOTO aHaji3y M03BOJISIE JETATbHO JOCTIIUTH
BIUIMB PI3HUX IapaMeTpiB KepyroUuoro MoTeHuiady Ha GopMy i XapakTepuCTUKH Tediil. Po3pobneni
MOJICNII  JTO3BOJISIOTH OTPUMATH PE3yJbTaTH 13 XOPOIIOK TOYHICTIO Ta CTBOPIOIOTH HOBI
IHCTpYMEHTH JUIsl aHaji3y Ta YNpaBIiHHA BOJAHUMH €KOCHCTeMaMu. MalOyTHI JOCHIKEHHS
MOXYTh OyTH 30CEpEeIKEeHI Ha PO3IIMPEHHI ITUX MOENIe Ha BUIAIKH BpaxyBaHHS B'S3KOCTI 1
TEpTs, @ TAKOX HA 3aCTOCYBaHHsS pO3POOJEHUX MiIXOMIB IS MOIEITIOBAHHS Ta MPOTHO3YBaHHS
BIUIMBY KJIIMATHYHUX 3MiH 1 aHTPONIOTEHHUX (haKTOPiB HA BOJIHI PECYPCH.

B. A. BAHIH, I'. I. KOIIIOBHH

METOJIA JOCJI)KEHHS PO3CIIOBAHHA E-MOJSPU3OBAHOI XBHJII
JABOMA ITPOBIIHUMH CTPIYKAMMU 3 IMITEJAHCOM.



[IpoBeneHo nertampbHE JMOCHIDKEHHS 3afadi  po3citoBaHHa E-monspuszoBaHOi  XBHIT
KOMILIAHAPHOIO CHCTEMOIO 3 JIBOX MPOBIAHUX CTPIHYOK 3 iMmenaHcoM. OCHOBHA yBara mpuiiieHa
KiJIbBKOM Ba)KJIMBUM METOZaM ii po3B’sI3Ky, SIK aHAJITUYHUM, TaK 1 IpsAMUM dncensHuM. Crepiry 10
JaHol 3a7adul PO3CIIOBaHHS 3aCTOCOBAHO KJIIACHYHUI METOJ IHTErpaJIbHOTO PIBHSHHS 100 3HANTH
3arajbHy MaTeMaTU4Hy MOJENb y BHUIVIAJI CHCTEMH OCOOJMBHX IHTETPAIbHUX PIBHSIHD IEPIIOTO
poxny. [aini 1o 3aranbHOi KOPEKTHOI MaTeMaTHYHOI MOZIEJi pO3CIFOBaHHS MPOBITHUMH CTPIYKaMH 3
IMITEJaHCOM 3aCTOCOBAHO ACHUMITOTHYHHMI Meton Pemes. SIk pe3ynabpraT oTpUMaeMo po3B’S30K
3aja4di PO3CIIOBAHHS y SIBHOMY aHAIITUYHOMY BHIJISZL, IO CYTTEBO 3BYXKY€ YaCTOTHHUH Jiana3oH.
[1lo6 oTpumaru po3B’SI30K 3a1adi PO3CIIOBaHHA Yy BCHOMY Jiala3oHi YacTOT 3acTOCYEMO JBa
BiIOMUX Ta J00pe OOIPYHTOBAaHUX MPSAMHX YHCEIbHHX MeroAiB. lLle pi3HOBHIM  MeTOdy
MEXaHIYHUX KBaJApaTyp 3 LUILOBUM BHOOPOM TOUOK IHTETPYyBaHHS Ta KoJIOKarii. JlocmimKyeTbes
BIUIMB JIOBXKHHU XBWJII Ta KyTa ii majaiHHSA Ha PO3MOALI MapaMeTpy CTpPyMy B CTPYKTYypi i3 JBOX
CTpPIYOK.

I1. 0. BACIH, C. O. IOBI'HH, O. I. TIEBL/Ib, /1. I. YEPHIH

MOJEJJTIOBAHHS OBTIKAHHS CACTEMHA KEPOBAHUX KPUJI (ITPO®LIIB) Y
noroul IIEAJIbHOI HECTUCJIUBOI PIIMHU

CraTTs TpUCBSYEHA MOJCITIOBAHHIO OOTIKAHHS CHCTEMH KEpPOBAaHUX KPHWJ B iJeanbHil
HECTHUCIIMBIA piAMHI. AKTyallbHICTh JOCTIIKEHHS 3yMOBIIEHAa HEOOXITHICTIO PO3B'sI3aHHS MpobiieM
¢dmarepa Ta CTBOPEHHS KOJHMBAJIBHUX PYUIiB, OCOOJMBO B yMOBax, IO BHUXOIATh 33 MEXI
JiHeapu30BaHoi Teopii. Po3pobiaeHo MareMaTuyHy MOAENb HUPKYIISILIHHOT Tedil HaBKOJIO PyXOMUX
MEX, IO BpaxoBye (OpPMyBaHHS BUXOpPOBOTrO ciimy. [lJis 94MCETbHOrO pPO3B'SA3KY 3aCTOCOBAHO
METOJ JUCKPETHUX 0COOIMBOCTEH.

Po3po0rieno Monenb HecTalloHApHO-BIAPUBHOTO OOTIKaHHS CUCTEMH M TOHKUX NpoQuTiB 31
CKPYTJICHOIO TEPEAHbOI0 KPOMKOIO MPU HOTo HECTaliOHApHOMY OOTiKaHHI JWHAMIYHO 3MIHHUM
moTokoM. Po3po6iieHo HemiHIMHY MO/JIeh HECTalllOHAPHOT IUPKYIIAIIAHOT Teuli B 001acTi JOBKOJIA
poTopa 3 BEpPTHKAJIBHOIO BICCIO Ta KEPOBAHHWMH JIOMATSAMH, SKa BPAXOBYE IUHAMIYHY 3MiHY
3B’SI3HOCTI 00J1acTi Teyii. Y JOCKOHAJIEHO YMCENbHO-aHATITHUHY MOJI€Tb OOYMCIIEHHS MOJIsl TUCKY B
00J1acTi 3MIHHOT 3B’SI3HOCTI, 1110 JI03BOJISI€ BU3HAYATH SIK MUTTEBI PO3MOJiICH] aeporiApoJuHaMIYH1
XapaKTepUCTUKHU Ha KOKHOMY KpHIIi, Tak 1 ycepeaHeHi inrerpansHi AI'/IX cucremu Kpui B LJIOMY.
3anpornoHOBaHO MaTeMaTHYHY MOJETIb YIPaBIIHHA pPYyXOM KpWJ, sKa CYTTE€BO IOKpallye
eHeproe(eKTUBHICTh POTOPA 3 BEPTUKAIHHOIO BICCIO Ta ICTOTHO PO3IIUPIOE J1alma30H MIBUIKOCTEH
MOTOKY JuIs HOro ekcrulyartallii. BusiBiIeHO KUIBKICHI Ta SKICHI 3aKOHOMIPHOCTI (pOpMyBaHHS Ta
€BOJIIOIII CIiAy 3a CHCTEMOIO 3 KEpOBAaHMM pPYXOM KpWJ, BH3HAYEHO YMOBH BHHHUKHEHHS
KOT€PEHTHUX BHUXPOBUX CTPYKTYp. 3poOJi€eHO TMOpIBHSAHHS pe3yJbTaTiB OO0YHCIIOBAILHOTO
eKCTIEpUMEHTY 3 pe3yJIbTaTaMH HAaTYPHOTO MOJETIOBAHHS ITiITBEP/DKYE BIUTUB 3aKOHY KepyBaHHS
Ha IMHAMIYHi1 XapaKTePUCTUKHU PYILis 13 CUCTEMH PYXOMUX KPHIL

I. O. BOPOIIAEB, O. O. BACKOBA

AOCIIUKEHHA BIIJIMBY YACTKOBOI'O I'O®PYBAHHSI HA PO3BUTOK
BUXPOBUX YTBOPEHD B TPYBI IIPU ITEPEXITHUX YN CJIAX PEUHOJIB/ICA

Ha nanumii yac icHye BenMKa KUIBKICTh JOCIHIKEHb, MPHUCBAYEHA OIHII PI3HUX BH/IIB
CTPYKTYypyBaHHSI TIOBEPXHI 3 METOI OTPUMaHHS HAWMEHIIOro TiAPaBIiYHOrO Omopy Ta/abo
HaWOIBIIIOr0 TETIOO0OMIHY. 3a3BUYal JOCTIIKEHHS MPOBOAATHCSA B TIEBHUX Jiama3oHax (Hi3WdHUX
Ta TEOMETPUYHUX TMapaMeTpiB NULIXOM Mepedopy iX pi3HUX NoeaHaHb. Lle moBom TpymaoMicTKuid
NUISIX, IKAK 3aiiMae 0arato dacy Ta pecypciB. B maniit po6oTi poOuThes cripoba 3a BUXIIHY TOUKY
o0paTu BiacHi mapameTpu notoky. Came cuparoduch Ha GopMy Ta mapaMeTpu BIacHUX 30ypeHb B
MOTOIIl TIPOTIOHYETHCS (PopMa 1 TEOMETPUUHI XapaKTEPUCTUKH PO3BUHEHHS TOBEpXHIi. YacTkoBe
CTPYKTYpyBaHHs OOTIUHOi TMOBEPXHI J03BOJISIE HAB’S3aTH JIMIIE TEBHI 3MiHH y NPUPOIHBOMY



mporieci po3BUTKY 30ypeHb MOBHICTIO WOTO HE 3MiHIOKOYH. JlOCTiHKEHHS MPUCBSIYEHO BUBUYEHHIO
XapaKTepUCTUK Tedili B Iimankid TpyOi Ta TpyOi 13 TodpoBaHuMu BcTaBkamu. Kowmm’'rorepHe
MOJICITFOBAHHS MPOBOJUTHCS MPU TEpeXiTHOMYy 4uciai PeiiHoibica 1 32 yMOB HEI30TEPMIYHOCTI
Tedii. BUKOHY€eThCS mpsiMe YnceNbHE MOJIENIOBaHHS 0€3 3aCTOCYBaHHS Mojelneil TypOyJIeHTHOCTI.
Ha mepmomy erami mpoBeneHO MOCHIKEHHS Tedii B Tianakiii TpyOi. OCHOBY yBary MpuIiJIEHO
aHaJi3y 3apOJUKCHHS Ta PO3BUTKY BHUXPOBHX YTBOPEHb, SBHIIY BTPAaTH CTIMKOCTI B IOTOII.
[IpoanaiizoBaHO MOBXXWHU XBWUJIb 30ypeHb, aMIUIITYyJH, BiJICTaHb, Ha SKIH 3apOKYIOTHCS Ta
ICHYIOTh CTPYKTYpOBaHI BUXPOBI YTBOPEHHS 3TiJHO XapaKTEpPHHUX €TamiB po3BUTKY 30ypeHb. Ha
JIpPYroMy eTami JOCHII)KCHHS TPOBEJICHO IOPIBHAHHA 13 TpyOamMu 3 pi3HUMHU TO()pOBaHUMHU
BCTaBKaMH. BUSABIEHO BIUIMB JOBXUHM XBHWII ToppyBaHHA. Tak, KOPOTKOXBWIBOBE, y MOPIBHAHHI
13 JIOKaJIBHOIO JIOBXKWHOK XBWJIb BJIACHUX 30ypeHb, TOQPYBaHHSI MOXKE BUCTYIIATH SIK TypOyIIi3arop.
B Toii ke gac, 3aJie)KHO BiJ MICIS PO3TAllyBaHHS, TIOBIOXBIJIbOBE TOppyBaHHS MOXKE OKa3yBaTU
peryispizyrody Jit0 1, HaBiTh, 3aTSATHYTH MPOIEC Mepexoay. Takoxk MpoaHaIi30BaHO JOIUIBHICT
po3TalryBaHHS ABOX rOPPOBAHUX BCTABOK 33JIaHOI reoMeTii.

I. O. BOPOIIAEB, C. O. KOBAJIb

®OPMYBAHHSI BEHTWJIBOBAHOI KABEPHU TIPH TYPBYJEHTHOMY
PEKUMI OBTIKAHHA JUCKOBOI'O KABITATOPA

VY po0oTi po3risiiaeTbcs 4YMceIbHE MOJIENIIOBAHHSA BUMYIIEHOI KaBiTallil JJs KaBiTaropa B
noToli piauHU. MonenoBaHHS BHKOHAHO y mnporpamHomy cepenosumii OpenFOAM 12 i3
BUKOPHUCTAHHAM 4HcelbHOI Mojeni incompressibleVoF Ta merony 06’emuoi pinuuu (Volume of
Fluid, VOF). Meton VOF 3a0e3mneuye BinciiIKOByBaHHS IOBEPXHI po3ainy da3(Boaa - ra3) mix yac
YTBOPEHHS MOPOXHUHH. Po3rismaeTbcsi HecTUCIUBHM ABodaszHUil MOTIK (Boma—moBiTps) 0Oe3
BpaxyBaHHS CWJIM TSDKIHHS, IO JIO3BOJIMJIO C(OpPMYJIIOBAaTH 3agadyy Yy BiCi-CUMETPUYHIN
MIOCTAHOBILI, 10 B CBOIO Yepry 3MEHIIye OOUYMCIIOBAJIbHI BHUTpPATH 1 CHpOILYE aHali3 Tedii.
Po3paxyHOK BUKOHYBaBCSl y HECTAIL[IOHAPHOMY PEXHUMI J0 TOCSITHEHHS KBa3i-CTAlllOHAPHOTO CTaHy
Teuii. AHaii3 MOJIIB THCKY 1 KOHLIEHTpAlii MOKa3aB, 10 NMpH (HOpMyBaHHI MOPOKHUHHM 3HAYHA
YacTHHA MOBEPXHI TLIa BUSIBIIAETHCS 1301bOBAHOIO BiJ pifuHU. Lle 3MeHIIye THCK Ha BIAMOBIIHIN
JUISIHIN B TIOPIBHSHHI 3 TUCKOM Ha BIAMOBIIHIN AMSHIN 6€3 MOPOXKHUHU Ta, K HACTIJIOK, 3HUXKYE
TiIpoIMHAMIYHUM omip 1 MOB’sA3aHi 3 HUM BTpaTu. [loka3aHo, IO yTBOPEHHS BEHTUJILOBAHOI
MOPOKHUHM HAaBKOJIO TiNa MiA 4yac HOro pyxy y BOJI MOXe 3HAYHO 3MEHIIUTH omip. OTpumaHi
pe3yIbTAaTH € BAKJIMBUMH JIJISI TOIATBIIOTO aHAITI3Y BIUIMBY IITYYHO CTBOPEHUX MOPOXKHHUH Ha OMIp
Ta BIJIKPUBAIOTh MOKJIHMBOCTI IS ONTHUMI3allii CHUCTEM BEHTWIANII 3 METOI MiHiMi3alii
€HepreTMYHUX BUTpAT. TakuM YMHOM, HIATBEPIKEHO MAOLIIBHICTH 3aCTOCYBaHHS MOBITPSAHUX
MOPOXKHHUH SIK €(peKTHBHOro 3aco0y 3MEHILIEHHs TiPOAMHAMIYHOTO ONOpYy IJIs PYXOMHUX TUI Y
piauHI, 30KpeMa ITiIBOJTHUX araparis.

O. B. BOPOIIAH, I1. A. ETOPOB, C. I. TIOBAJIAEB, A. C. IIIAPAITATA

IJEHTU®IKALIIA MOMEHTIB TEPTA B IINAPHIPHHUX OIIOPAX BAJIKH
TUMOIIEHKA IITPU HECTAIIOHAPHOMY HABAHTAXKEHHI

EnemMeHTH KOHCTPYKIIH 13 MAapHIpHUM OOMHMPAHHIM IIMPOKO BUKOPUCTOBYIOTH SIK Y TEXHIlll,
TaK 1 B yCTAaHOBKaX JJIsl JOCTKEHHS IeOpMyBaHHS PI3HUX €JIEMEHTIB KOHCTPYKIIN. YpaxyBaHHS
TEepTs B IIAPHIPHUX OIMOpax HeoOXiJHEe A MOJENIOBAHHS peaJbHUX YMOB. Takoxk MO)KHa
BUKOPHUCTOBYBATH TEPTS B IIApHipax AJs AeMidyBaHHs KOJIMBaHb. MeToro 11i€l poOOTH € po3polKka
MeToay ineHTH(ikamii MOMEHTIB TepTs B MIapHIpHUX omopax Oanku Tumomenka mig yac ii
HECTal[lOHAPHOTO HaBaHTaKeHHs. Po3risinanace cxema HaBaHTaXKEHHs OalKH 32 CUMETPUYHOIO
pO3TalIyBaHHS OMNOpP BIAHOCHO TOYKM TPHUKIAJAHHA HECTAI[lOHAPHOI 30CEepEeIKEHOI CHJIH.
[nenTudikarito mpoBOAWIN 32 MPOTHHOM TIEBHOT TOUKH OaNKK K QyHKINT yacy. /s momentoBaHHs
KOJIUBaHb 0ajku OyJI0 BUKOPHUCTAHO CHCTEMY AM(epeHLiadbHUX PiBHAHB 1 Oanku TUMOIICHKA.



Po3B's3aHHS 111€1 cHCTEMU OTPUMaHO 3 BUKOPHUCTAHHSM PO3KJIaJIaHHS HEBIIOMHUX (PYHKIIN y psiau
®yp'e 1 nmeperBopenns Jlamnaca. [1ig yac po3s'si3anHs oOepHeHOT 3a1a4i 3 i1eHTH]iKamii MOMEHTIB
TEpTs B IIAPHIPHUX ONOpPax BHKOPHCTOBYBABCS METOJ peryispusanii TuxoHoBa. Y pe3ynbTarti
JOCIIKEHHST PO3p00JICHO MeTO iZieHTH(iKallli MOMEHTIB TepTs B HMIAPHIPHUX OMOpax uisd OaIKu
Tumorenko. Byio mpoBeneHO 4YMCIIOBUIT eKcriepuMeHT. SIK BUXiAHI JTaHi OyJio B3SITO MPOTHUH Y
AesKiil Toumi 6anku (IK QYyHKIII0 Yacy), SKUi OyJ0 OTpUMAaHO MijJ Yac po3B'A3aHHS MPSAMOI 3a1adi.
[IpoBeaeHO MOCHIIKEHHS BIUIMBY HETOYHOCTI 3aBJIaHHS BUXIJHUX JaHMX Ha CTIHKICTh 1 TOYHICTH
inenTudikamii. Pe3ynprat po3paxyHKiB MOKa3anid, U0 po3poOiIeHuit MeToA iAeHTUudIKaii, SKui
0a3yeThcs Ha BHKOPHCTaHHI METOMy peryisipusanii TuxoHoBa, jae 3MOry e(pEeKTHBHO OTPUMATH
CTIMKHMI pPO3B'A30K BIAMOBIAHOT OOEpHEHOI 3agadi HaBiTH 0€3 MOMEPETHBOIO JOOMPAIFOBAHHS
BHUXIJIHUX JaHuX. Po3po0ieHuii MeTon ieHTU(IKaIli MOMEHTIB TEPTS B IIAPHIPHUX OMOPAX MOXKE
MaTH MOAAJBIIAA PO3BUTOK IS OUTBIN CKIIATHUX CXEM HABAHTAXXEHHS OAOK, a TAaKOX ISl 1HIIHX
BH/IIB €JICMEHTIB KOHCTPYKITIH.

I. M. TOPEAHB, B.T. FACOBChKHH

I'EHEPAIIA AKYCTHYHOI'O ITOJIA IHOTOKOM  PIIMHH HAJ
JABOBUMIPHUMU WJITHAPUYHUMU KAHABKAMM PI3HOI I''IMBUHU

JlOCIiDKYIOTBCSL  TiIpOAMHAMIYHE 1 aKyCTHYHE TOJs, SKI TeHEPYIOThCS TEUi€l B’S3KOi
PIAMHM HABKOJIO CTIHKH 3 BUPI3aHOIO Yy Hili MONEPEYHOI0 MIIIHAPUYHOIO KaHABKOIO. AKTYaJIbHICTh
miei mpobjemMu 3yMOBJIEHA INIMPOKMM BHKOPHCTAaHHSIM TOAIOHMX HEPIBHOCTEH TOBEpXHI B
TEeXHIYHUX MPUCTPOAX. 3ajaya pO3B’sA3YETbCS YMCENbHO B MPHUIIYIIEHHI Maiaux uducesn Maxa 3
BUKOPHUCTaHHAM TIOpUAHOTO METOAY, SKHA TIOEAHYE HE3aJNEKHY OLIHKY  OJM3BKOTO
riIpOAMHAMIYHOTO TOJs 3 aKyCcTH4HOIO aHajioriero Jlartxumma. s MonentoBaHHS B’SI3KOT
HECTHCIIMBOI TeYil B MPUCTIHHOMY IMOTOLI 3 HWIIHAPUYHOIO KaHABKOK BUKOPUCTOBYETHCS BUXPOBA
YHCIIOBA CXEMa; 3BYK, IKUH I€HepyeThCsl KAaHABKOIO B J1aJIbHHOMY I10JI1 OLIHIOETHCS 32 JJONOMOTOI0
piBHAHHA ®okc Bimbsaimca-XoykiHrca B 4YacTOTHIM  obOnacti. [lumiHgpuyHa  kaHaBKa
XapaKTepU3yeThCs KyTOBUM PO3MIPOM (., SIKUH MPSMO MPOMOPLIHHO MOB'sI3aHUM 3 i TIMOMHOIO.
Posrnsinatorbes kanaBku 3 o =40° 60° 1 90°, ski 3a NPUMHATOIO KIAaCHU(IKALI€ € MUIKUMH.
[TpumexoBUil mIap Ha CTIHII Hepe] KaHaBKOKO MOKJIAJAEThCS JIaMIHApHUM, a HOro TOBIIMHA €
Ha0arato MEHINIOK 3a TJIHOWHY HEpIBHOCTI. Tedwis XapakTepu3yeTbCs uuciaoMm PelHonbaca
Re = 2:10% mo o6uucmoeThes 3a MBUAKICTIO HE30YpeHOi Teuii i Xopaoro kaHaBku. OTPUMAHO, IO
HaJl HEPIBHICTIO BCTAHOBJIOETHCS  PEXKUM  3CYBHOrO Imapy. BiH  XapakTepusyeTbes
aBTOKOJINBAaHHSIMM ITOTOKY BCEPEINHI KaHABKH, BUKJIMKAaHUMHU B3a€MOJIIEI0 BUXPOBUX CTPYKTYD, 1110
YTBOPHJIUCSI B 3CYBHOMY IIIapi, 3 KOPMOBOI KPaWKOK KaHaBKH. [IpW IIbOMy, YUM TIHOMIOI €
KaHaBKa, TUM CTiMkimuMm Oyne 3CyBHHMH Imap, SKUH 3HaXOIUThCS MK BUIBHOIO TEYI€KO 1
PEIUPKYIAIIAHOI0 30HOI. 31 30UIBIICHHSM TJIMOWHM KaHABKU 3MEHINYIOTHCS SIK YacToTa
aBTOKOJIMBaHb, TakK 1 cepeaHii koediuieHT onopy. KoHBEeKTHBHA IIBUIKICTh BUXPOBHUX CTPYKTYpP Y
3CYBHOMY IIapi HE 3aJeXUTh BiJl KyTOBOI'O PO3MIpy KaHaBKU W AopiBHIOE mpubnusHo 0.42 Bix
IIBUJIKOCTI He30ypeHoro nmoToky. KonnmBaHHS MOTOKY BUIPOMIHIOIOTH Y JTAJIEKOMY aKyCTHUHOMY
T0JI1 TUTIOJb 3 HEPIBHOMIPHUMH TETIOCTKAMHU, KOJIM IHTEHCUBHICTb 3BYKY Y 3BOPOTHOMY HAIPSIMKY
BUIIIA, HIK y IIpsIMOMY. 31 30UIbIIEHHSAM KyTOBOTO PO3Mipy KaHABKU aMILIITy/1a 3ByKOBHUX KOJIHMBaHb
B JIAJIEKOMY TIOJI1 3pOCTAE JIJIst BCIX HAMIPSIMKIB.

H. C. TOPOJELIBKA, B. H. OJIIHHHK, I. B. CTAPOBOHT

I'EHEPAIIISA AHTUCUMETPUYHUX XBUWJIb B IIPYKHOMY XBUWJIEBO/II
PI3BHUMMU BUJAMHU HABAHTAKEHHA

CraTTa npucBsdyeHa aHaii3y e(peKTUBHOCTI 30y KEHHS XBHUJIHOBOTO IOJISI MPH BUMYILIEHUX
KOJIMBAHHSIX TIPY)KHOTO HAmMiBIIAPY 3 BIUIBHUMHU OIYHHUMH TOBEPXHSMH TIPH PI3HUX BHUIAX
HaBaHTaXeHHA. Po3risiianucs aHTHCHMETPUYHI KONMBaHHSA. PO3B’A30K MOCTaBiE€HOI TpaHUYHOT



3amadl Oysno moOyJAOBaHO METOJAOM OJHOPITHUX PO3B’sI3KH. BiAMOBIAHO 10 MBOTO METOMY,
XBHJIbOBE TI0JIE TPEACTABISIETHCS PAJOM IO CHUCTEMI HOPMAIbHUX XBWIb (3 OIHCHUMH, YHCTO
YSIBHUMH 1 KOMITZIEKCHUMH XBHJIBOBHMH YMCIIAMH), KOXKHA 3 SIKMX 3a/{0BOJIBHSIE TPAHUYHUM yMOBaM
Ha OiuHMX mnoBepxHsX. llpm BHKOHAHHI OOYMCIEHb BPAXOBYBAIMCH BCI HOPMAJIbHI XBWII 3
TMCHIUMH, YUCTO YSIBHUMH 1 10 20 map 3 KOMIUICKCHUMH XBHJILOBUMH uuciaaMu. Kputepiem sikocti
OTPUMAHOTO PO3B’sI3Ky OyB KOHTPOJIb TOUHOCTI BUKOHAHHS TPAHUYHUX YMOB Ha TOPIIl HamiBIIapy.
OcHoBHa yBara B po0oTi Oya 30cepe/ykeHa Ha OIiHII €()eKTUBHOCTI 30yPKEHHS XBUJIHOBOTO TIOJIS
B HaiBIIApi IPU Pi3HUX BHJAX HABAaHTAXXECHHS Ha HOro TOPI Ta HA PO3MOAUI MK ODLKYyYHMMHU
XBUJISIMU PI3HUX TOPSIKIB B 3aJICKHOCTI BiJ 4acToTH. B po0OoTi Oysio BCTaHOBIIEHO, 110 HABIThH B
YaCTOTHOMY Jlialla3oHi, B SKOMY IOUIMPIOETBbCS TUIBKM OjaHA ObKy4ya XBWIS, CHEpris, sKa
«3aKa4yeThCS» B HAIIBIIAP, 3aJICKUTH BiJl 4acTOTU. Taka 3aJeKHICTh 0OyMOBIIEHA JHUCIIEPCITHUM
XapakTepoM HOPMaJbHUX XBHWJIb B mapi. [Ipu ¢ikcoBaHili aMIUNTyi HABaHTaKEHHS, 32 PaxXyHOK
3MIHU PO3MOJIIY MEPEeMIIIEHHS TOYOK IO TOPIO HAaIliBIIAPY, 13 3MIHOK YaCTOTH MOTIPIIYETHCS
CTYIiHb y3TO/PKEHOCTI THUIy HaBaHTa)XKEHHS 1 (popMH KonuBaHb. [Ipu 301IbIIEHH] YaCTOTH, KOJIU B
XBUJIBOBOMY TMOJi 3’SBISIOTbCA ODKydli XBUJII BHIMUX TOPSAKIB, XBWJIBOBE IIOJ€ CTa€ IIE
ckimagHimuM. B po0oTi mokas3aHo, 10 iCHYIOTh YacTOTHI Jiama3oHH, B SKUX TUIBKK OJHA ODKyda
XBWJISI TIEPEHOCHTh OCHOBHY YaCTHHY €Heprii, ska HaAXOAWTh B HamiBmap. Posrisganuck
BUMYIICHI KOJIMBAaHHS TPW HABAHTAXXCHHI 3TMHAIBHAM MOMEHTOM 1 TMepepi3ajbHOI0 CHJIOKO.
[Tokazano, mo edekTuBHICT, 30y/HKEHHS XBHWJIBOBOTO IIOJISI CYTTEBO 3aJCKHTh B BHIY
HABaHTAXXCHHA. 30KpeMa, BCTAHOBJICHO, IO CHPUUHSATIMBICTH HAmiBIIapy B 00JacTi HHU3BKUX
YacTOT INPH HABAaHTAXEHHI Iepepi3ajibHOI0 CHJIOK0 3HAYHO BHIE, HDK NPU HAaBaHTAKCHHI
3TUHAJIbHUM MOMEHTOM.

B. T. T PIHYEHKO, B. T. MAIIHIIYPA

I[I/ICKPETHO—AH‘A.JIITI/I‘IHI/II‘/‘I METOJ PO3B’SA3AHHA 3AIAY
MATEMATHUYHOI ®I3UKU

OOroBoOpIOIOTHCS MOKIMBOCTI CIELU(IYHOTO MiJXOAY 10 PO3B’sI3aHHS 3a/la4 MaTeMaTUYHOT
¢b13UKH, K1 ONMUCYIOTHCS JIHIMHUMH AUQEpeHIlalbHUMH PIBHSHHIMU. [ Takoro Tumy piBHSHb
HAKOMHWYEHO 3HaYHUN 00’ €M PO3B’SA3KiB KOHKPETHUX 3a/a4 JJIs TaK 3BAaHMX KaHOHIYHUX 00JIaCTeH.
3arajbHOI0 XapaKTEpHOIO OCOOJHUBICTIO TaKWX OOJiacTedl € Te, IO IX IpaHULs € KOOPAMHATHONO
MOBEPXHEIO B IEKAPTOBUX, IMIIHAPUYHUX, CHEPUIHUX KoopauHaTax. Came B TaKUX KOOPJMHATHUX
CUCTEeMax sl JIIHIMHUX PIBHSHb HAaKOMMYEHO 3HAYHMN JJOCB1J B MOOY/I0BI YACTUHHUX PO3B’SI3KIB.
CraTTd npuCBAYEHA JOCIKEHHIO MOJJIMBOCTEH BUKOPUCTAHHS TaKHUX BIJOMUX YaCTUHHHMX
PO3B’SI3KIB MpU BUPILIEHH] 33/1a4 MOIIYKY KUIbKICHUX XapaKTePUCTUK (PI3UYHMX IMOIIB B 00JACTIX
JOBIJIbHOI (hOpMHU. AHali3 HassBHUX aHATITUYHMX PO3B’SI3KIB JUIs KaHOHIYHUX OOJjacTei 103BOJIsE
cOpMyITIOBaTH HOBE TOHSATTS 3arajbHOTO PO3B’SI3KY T'PAaHWYHOI 3a7adi JUIs TIEBHOTO KIIACY YXKe
HEKaHOHIYHUX oOnacteil. Crienn(pigyHOI0 PUCOI0 TaKUX O0JIacTel € Te, IMI0 iX TPaHUYHI MOBEPXHi
(bOpMYIOTECS SIK YaCTWHU KOOPJMHATHUX TOBEPXOHb B YKa3aHUX KOOPIWHATHUX cucTeMax. [Ipu
[[bOMY MPUHIMIIOBO BAXJIMBUM € Ta OOCTaBMHA, IO JJIS JIHIHHUX PIBHSHb € CIPaBEIMBUM
MPUHIUI  CYNEPIO3uIlii, Koin Oyap siKa CymMa YaCTHHHHUX pPO3B’SI3KIB € TaKO0X pPO3B’SI3KOM
rpaHuyHoOi 3anaui. Jlochi/KeHHs 3arajJbHUX pO3B’S3KIB T'PaHUYHUX 3a7ay JJIsl HEKaHOHIYHHUX
oOnacTell BKazye Ha MOXJIMBOCTI MOOYJOBH TaKHX pO3B’SI3KIB pi3HOI (GopMH Uil KOKHOT
KOHKpETHOI 3ajjaui. BUKOpHCTaHHS TaKuX 3arajlbHUX PO3B’S3KM BIJKPHUBAE MEBHI MOMIIMBOCTI IS
3MEHILIEHHS 00’ €MiB O0UHCITIOBAIFHUX MPOIEAYp MPU BUKOHAHHI OOYMCIIEHb Yy BUMAIKY 3a]1ad s
3arajibHUX HEKAaHOHIYHMX obOnactel. [Ipy 1bOMy BUKOPHCTOBYETHCS i/1€s MOJLTY 3aJaHoi obiacTi
Ha YaCTHHHI CKJIaJ0B1. B OfHIl 13 HUX, AJI NPEICTaBIEHHS MOJsl BUKOPUCTOBYETHCS aHATITUYHUIN
3araibHU PO3B’S30K, a B pemTi o0nacTeid BUKOPUCTOBYIOTHCS TPATUININAHI MIAXOAH O
IUCKpeTH3allii, HanmpukKial, METOJ CKIHYEHHUX eJeMeHTIB. IlpuBeneHO TBEpIKEHHS PO
MO>KJIMBOCTI BHMKOPHMCTaHHsS pi3HUX (OpM 3arajJbHOro pO3B’SI3Ky Ta MpPEICTaBICHI KOHKPETHI
NpuKIaau o04ucieHb. OOroBOPIOETHCS MHUTAHHS MPO PI3HI AITOPUTMU TSI OOYHMCIIIOBAIBHUX
IpoIelyp NpU BUKOHAHHI TPAaHUYHUX YMOB 1 YMOB CHPSDKEHHS HA JI0JIATKOBHUX ITOBEPXHSIX.



K. 1. IEHHCOB, B. B. III9KYP

AHAJII3 CTIMKOCTI PO3B’SI3KIB JIHIHHOTI' O MATPUYHOI'O
JNPEPEHIIAJIBHOI'O PIBHAHHA 3 IOCTIMHUMHU KOEDIIIEHTAMMA

B crarti  BHCBITIIGHO METOJ  JOCHIDKCHHS ~ CTIMKOCTI ~ MaTpU4YHOrO  JIHIAHUX
TUQEPeHIiaTbHOrO PIBHIHHS 3 TOCTIHHUMHU KoedimieHTamMmu. OOHHM 3 KJIACHYHUX BUIB
MaTpUYHUX AUdEpeHIliaIbHUX PIBHAHB JIIHIMHI MaTpu4Hi TudepeHIiaibHl piBHSIHHS, YaCTHHHUM
BUIIA/IKOM SIKUX € piBHAHHS JlssmyHoBa. MaTtpuuHi Audepenniaabai piBHAHHS BUHUKAIOTh B 331a4ax
Teopii CTIMKOCTI, MPAKTUYHOI CTIMKOCTI, TEOpii ONTHUMAIBHOTO KEPYBaHHS 1 OILIHIOBAHHS CTaHy
CHCTEM 3a YMOB HEBU3HAYCHOCTI. B 3B’s13Ky 3 1IuM HEOOX1THO OOUUCITIOBATH Ta aHAIi3yBaTH SKICHI
BJIACTUBOCTI PO3B'A3KIB MAaTPUYHUX AM(EpEeHIliaTbHUX PiBHAHB. [locTaroTh mpoOiemMu iCHyBaHHS,
€IMHOCTI, TPOJOBXYBAaHOCTI 1 aHalizy yMOB CTIHKOCTI JUIs pI3HUX BHJIB TaKUX BUJIB
MaTeMaTHUYHUX PiBHSAHB. MeToa, po3po0iieHnii B CTaTTi, 0a3y€eThCs HA aNreOpaidHUX BIACTUBOCTIX
BJIACHUX YHCEJl, )KOPJAaHOBUX ()OPM MATPHIIb, BUKOPUCTOBYE BIACTHBOCTI KOPEHIB MHOTOWIEHIB. B
CTaTTi OOIPYHTOBYETHCS TEOpEMa MPO YMOBH CTIMKOCTi, aCHMITOTHYHOI CTIMKOCTi, HECTIHKOCTI
PO3B'SI3KIB JIIHIHHOTO MAaTPUYHOTO JH(EPEHIIATHHOTO PIBHSHHS 3 MOCTIHHUMH KOe]ilieHTaMH.
Po3pobrnena MeToauka Mojsrae y 3Haxo/PKeHHI MaKCUMalbHUX AIMCHUX YaCTHH BIACHUX YHCEN, a
TAKOXX Yy aHaJli31 CTPYKTYpPH >KOPAAHOBOI (JOPMH MATPHILIb JIHIHHOTO JU(EPEHIIaTHbHOTO PIBHIHHSL.
HacninkoM Teopemu € BIANOBITHI YMOBH CTIHKOCTI MaTpu4HOro piBHAHHA Jlamynoma. Jlns
3HAXOPKEHHS BJIIACHUX YHCET PO3pPOOJIEHO OOYMCIIOBATBHUNA METO]| 3HAXOKEHHS MaKCHMAaJIbHOT
JiCHOT YaCTMHM KOPEHIB MHOTOWIEHA, a TAKOXK ajJrOpPUTM 3HAXOJDKEHHS KOpEHIB MHOrowieHa. B
OCHOBI TiAX0ay IIexkHUTh Teopema Payca-I'ypeina. HaBenmeHo pe3ynbTaTH OOYMCIIOBAIBHIX
€KCIICpUMCHTIB.

I. A. JUKAJIITAJIOBA, O. €. KAMIHChKHH

MATEMATHUYHE MOJAEJIIOBAHHA TA AHAJII3 KEPOBAHOCTI
CUHI'VJIAPHUX TIBPUIHUX CUCTEM B IPUKIAJHUX 3AJTAYAX

VY crarti pocmikeHo cuHrynspHi riopungHi cucremMu (CI'C), sKki XapaKTepHU3yHOTbCS
MOEHAHHAM U (epeHIiaabHO-anre0paidHoi CTPyKTYpH Ta TiOpUAHOT AUHAMIKU 3 TEepeMHKaHHIM
MDK pI3HUMH pexuMmaMmu. HaBeneHo mMaTemMaTuuHy MoJienb, OOIPYHTOBAHO MIJXOJU IO aHAJI3y
CTIMKOCTI Ta KEpOBaHOCTI Ta MPOBEIEHO YHCEJIbHE MOJAETIOBAaHHA. Taki CUCTEMHM NPUPOJHUM
YUHOM BUHHUKAIOTh Y CKJIQJHUX TEXHIYHMX 3aCTOCYBAHHSX — BiJI €HEPreTHKU 0 OIOMEIUYHUX
MPUCTPOIB — JI€ TIOBEAIHKAa 00’ €KTa 3MIHIOETHCS BHACIIOK aBapii, MepeMruKaHb ab0o BHYTPILIHIX
CTPYKTYpPHUX 3MiH. 3anponoHoBaHO MareMaTHuHy mojesb CI'C Ha OCHOBI MaTpullb 1110 3aJeKaTh
BiJl TUCKPETHOI'O PEXHUMY, 1€ MAaTPHI MOXe OyTH BHPOJDKEHOIO, 110 3YMOBIIOE CHHIYJISPHICTh
cucremu. [IpoBeneHo aHami3 KEpOBAHOCTI Ta CTAOUIBHOCTI TakUX CHCTEM 13 BpaxXyBaHHSIM
cneun(piku — HasIBHOCTI anreOpaidyHUX OOMEXeHb, IMIYJIbCHHUX peEakliil 1 HEeyHIKaJIbHOCTI
pO3B’s3KiB. Po3risHyTO mNpHWKIan CcHCTEMH 3 JBOMAa PEKHAMAMH: PETYJISpHAM (3 TOBHOIO
JMHAMIKOIO) Ta CHHTYJISIPHUM (13 3aMOPO’KEHUMH 3MIHHUMHU ), TPOIEMOHCTPOBAHO 3MiHY MTOBEIIHKU
CUCTEMH IIiJ] 4ac MepeMHUKaHHs. 3alpONOHOBAHO MIJXO0IH JI0 aHAJI3y CTIMKOCTI 13 3aCTOCYBaHHSIM
riopunuux ¢ysakuii Jisnynosa, metoaiB Beilepiirpacca Ta anredpaiuHux KpuTepiiB KepOBaHOCTI,
0 BPaxOBYIOTh CTPYKTYpHY BHPOJDKEHICTh. [IpoBeeHO duucenbHE MOJICTIOBAaHHS 3
BUKOpUCTaHHAM Python, peanizoBaHO anropuTM KepyBaHHS Yy BUIJISAI 3BOPOTHOTO 3B SI3KY IO
crany. OTpuMaHi pe3ynbTaTd MIATBEP/KYIOTh €(PEKTUBHICTH MOJENl y BiOOpaKeHH1 AMHAMIKU
CI'C, n03BOJSAIOTH JAOCTIAWTH BIUIMB CHHTYJISIPHOCTI Ha €BOJIOLIIO CTaHy, Ta MiAKPECTIOIOTH
HEOOXITHICTh TOYHOTO aHaJi3y IpH po3poOIll cTpareriid kepyBaHHA. ['padiku 1IIOCTPYIOTh THIIOBY
MOBEIHKY CUCTEMH NP NEpEeMHUKaHHI, 30KpeMa aanTario a0 airedpaiuHux oOMeKeHb Ta BILTUB
Ha KepoBaHICTh. [IpencraBieHa MoAelb 1 pe3yJbTaTh MOJCIIOBAHHS MOXYTh OyTH BHKOPHUCTaHI



JUTSL pO3pOOKH OE3MEUHUX Ta aJallTUBHUX CHUCTEM KepyBaHHS y cdepax, e CHHTYJSPHI riOpuaHi
CTPYKTYPH € HEBIJI’€MHOIO YACTHHOIO 00’ €KTa yIpaBiIiHHS.

H. ®. JHMHUTPIEBA

MOJEJTIOBAHHSI BUXPOBOI CTPYKTYPHU BCEPEIWHI BEHTHJIbOBAHOI
KABEPHH

Jlana po6oTa npucBsiueHa mpoOIeMi MOJICTIOBaHHS PUMYCOBO BEHTHJIbOBAHOI Ta30101i0HOT
KaBepHU B MOTOLI PIJUHU. AKTYaJbHICTh JOCHIIKEHHS OOYMOBIIEHO HEOOXIIHICTIO PO3BHTKY
METOJIIB KEPYBaHHSI MOTOKOM 3 METOI0 3HWKEHHS OMOpYy TepTsa. AHami3 JITepaTypHHUX IKepel
MOKa3aB, 10 BHYTPILIHA CTPYKTypa Teuil BCepeArHI KaBepHH, sgKa BH3Ha4ae ii Gopmy, po3mip Ta
CTIMKICTh, 3aJMIIAETHCSI MaJOBHBYEHOIO. 3allpOIIOHOBAHO METOIMKY YHUCEIBHOTO MOJCIIOBAaHHS
HECTAaIllOHAPHOI TPUBUMIpHOI 1BO(A3HOI Teuii B MPOrpaMHOMY MAaKETi 3 BIAKPUTUM BHUXITHUM
konoM OpenFoam. Byno Bukopucrano monens interFoam s 1BOX HECTHCIMBHUX CYLUIBHHX
cepenopui Oe3 (azoBoro mepexony, ska Oasyerbcs Ha migxomi Volume of Fluid (VOF).
Po3paxyHKoBY CITKY 10OYI0BaHO METOJIOM MOKPOKOBOTO MOAPIOHEHHS] KOMIPOK 3 BUKOPUCTAHHSIM
yraiita snappyHexMesh 1t reHepartii TpUBUMIpHOI HECTPYKTYPOBAHOI CITKH 3 MEPEBaKaHHIM
reKca-eJIeMEeHTIB, 110 BPaxoBYye MiIKOMAacIITaOHI CTPYKTypHu Teuii B 30HI (a30BOro Mmepexoay Ta
noOmm3y oOTiyHOTO Tina. PesynmbraTm po3paxyHKIB IMOKa3alW SKICHY Y3TOIKEHICTh 3
TEOPETUYHHMH Ta EKCHEPUMEHTAIbHUMH JaHUMU. OMNUCAaHO CKIAJHYy BUXPOBY CTPYKTYPY
BCEpEMHI BEHTUIHOBAHOI MIOPOKHUHH. BUIITICHO TpU 30HU: MOCTIHHOTO TUCKY, B'sI3K01 audy3ii Ta
nBogazHoro mapy 3MinryBaHHs. BussieHo, 1110 Ha BiIMiHY BiJ MapoBOi CylepKaBepHH 3a CTIHKOIO
YaCTUHOIO HAJUIMIIKK TOBITPS YTBOPIOIOTH OyJb0amkoBuil ciig. Byno mpoBeneHo aHami3 BIUIMBY
TreOMETPUYHUX Ta JUHAMIUYHUX MapaMmeTpiB Ha (GOpMyBaHHS Ta PO3BUTOK MOBITPSHOI KaBEepHH, il
po3Mip, ¢opMmy Ta CTilKicTh. BusiBieHO, 10 JOBXWHU 30H KaBEPHH 3aJI€KaTh BiJ IIBHUJKOCTI
OCHOBHOT'O MOTOKY PIAMHU Ta BUTPATH ra3y, 110 HAarHITA€ThCS, a TOBIIMHA KaBEPHU BU3HAYAETHCS
miamerpoM Kkapitartopa. I[lokasaHo, MmO 3a paxyHOK INTYYHOI BEHTWJIALII TOIOBXKYETHCS 1
HIATPUMYETHCS 30HA MTOCTIHHOTO THCKY.

C.O0./IOBIr'HH, I.T. BYJIAHYYK, O. M. BYJIAHYYK

GPU-PEAJII3AIISA PO3PAXYHKY TPABOI YACTHHU CJIAP Y METO/I
JUCKPETHUX BHUXPOBUX PAMOK Ui 3AJAY OBTIKAHHSA TOHKHUX
IVIACTHH

VY po0oTi poO3rIsIAaETbcss MOXIIMBICTE BUKOPUCTaHHS Tpadiunoro mpouecopa (GPU) mns
PO3paxyHKy TMpaBOi YaCTUHU CHUCTeMH JiHIHHUX anreOpaiunux piBHAHb (CJIAP) y wmeroni
JMCKPETHUX BUXPOBHUX PaMOK IPU MOJIEITIOBaHHI OOTIKaHHS TOHKHX IUIACTHH 11€abHOI0 PiIUHOIO.
[Tpr oMy IIBHAKICTH PYXY BY3JiB BHXPOBOI IEJEHH TaKOX pPO3PaxoByBajach Ha TrpadidHOMY
nporecopi. Jns  peamizaumii anroputMmy pospaxyHky Ha GPU 0yno BHKOPHUCTaHO MOBY
nporpamyBanHs GLSL s oOuuciioBanbHUX MIeiepiB, IO peani3yeTbcs B MeXaxX CTaHIApTy
OpenGL, mnoumnatoun i3 Bepcii 4.3. ns oOuucieHb Ha ueHTpadbHOMY Iporecopi (CPU)
BHUKOPHUCTOBYBaiach MoBa nporpamyBanHs C# Ta ¢peiimBopk OpenTK. Ilpu peanizariii anroputmis
Ha CPU posnapanentoBaHHs OOYMCIECHb 3/1MCHIOBaNacs 3 BUKOPHCTAHHSIM CTaTUYHOTO METOAY
Parallel.For. CPU-peani3aiiiss BAKOPUCTOBY€ YHCIIa MOJBIiHOI TouHOCTI, Toal Ak GPU-peanizarmis
— yYHcla OJMHAPHOI TOYHOCTI 1 BUKIJIIOYA€ YMOBHI ONEPAaTOpH AJIS MiJBUIIEHHS MPOJYyKTHBHOCTI.
[IpoBeneHOo NMOPIBHSAIBHUNA aHaI13 TOYHOCTI Ta HIBUAKOCTI PO3PAaXyHKY 3a/1a4 OOTIKaHHS MIACTUHOK
PI3HOTO PO3MIpY MiJ PI3HUMHU KyTaMH aTaku. Pe3ynpTaTy YMCenbHUX €KCIIEPUMEHTIB IOKa3alu, 110
MpU 3HWKEHHI TOYHOCTI MEHII HiX Ha 1% (3a KpUTepisiMU PO3MOAUTY THUCKY Ta MOBHOI CHJIN)
BJIA€THCS JOCSTTH 3HAYHOTO NMPUCKOPEHHS PO3paxyHKIB — 110 75 pa3iB Bci€l 3ajaui 3aJeXHO BiX
KUTBKOCTI BUXPOBHX €JIEMEHTIB. ICTOTHE 30UIbIIEHHS MOXHUOKH CIIOCTEPIraeThes MpH 301IBIICHI
PO3paxXyHKOBOTO 4Yacy 10 fmax=0, ajle Ha TOW MOMEHT 3aCTOCYBaHHS METOAY MOXe OyTu



HEKOPEKTHHM, OCKIUIbKMA BiJJOYBA€ThCS CaMONEPETHH BUXpOBOi mneneHW. [Ipu 1mpoMmy came
nepeHecenHs: o0uncnenp npasoi yactuHU CJIAP Ha GPU npuckoproe po3paxyHOK Bei€el 3amadi
MPUOJIM3HO B JIecATh pasziB. OTpuMaHi pe3ysbTaTH MiATBEPIKYIOTh JOUIIBHICTh Ta €()eKTHUBHICTD
NepeHeceHHs1 po3paxyHkiB mpaBoi wactuHu CJIAP Ha rpadiunmii mpomecop y 3amayax
MO/ICJIFOBAHHS IPOCTOPOBOTO OOTIKaHHS TUIACTUH 3 BUKOPUCTAHHSM METO/Y IUCKPETHUX BHXPOBHX
paMoK.

O. ®. KAIIIIIYP, b. 0. FOHYEHKO
JTU®EPEHIIAJIU I'ATO TA iX OBUUCJIEHHS

[lonmiHoMianbHa IHTEPHOJALIS OHEpaTOpiB y TUILOEPTOBUX Ta CKIHYEHHOBHUMIPHUX
€BKJIIJIOBUX TPOCTOpaX € aKTyaJbHOIO 3ajjaueio OOYHMCIIIOBAIIBHOT MaTeMaTUKU. [HTepmossiiiiHi
MOJIIHOMHU  3HAaXOJSATh YHUCIEHHI 3aCTOCYBaHHS B PI3HOMAHITHHX Taly3sX, 30KpeMa Ipu
igmeHTudikamii CKIaJAHUX CHUCTEM, I TOOYIOBU KBagpaTypHUX ¢opMylnl mpu OOYHCIICHH]
KOHTHHYaJIbHUX IHTETpajliB, y MAIIMHHOMY HaBYaHHI, €KOJIOTIYHOMY MOJICTIOBAaHHI Ta
€KOHOMIYHOMY TMpPOTHO3yBaHHI. MeToro naHoi pobotu € mobyaoBa ¢GopMyn Al OOUHCICHHS
mudepenmianiB ['aTo Ha 0OCHOBI POPMYIT OTIHOMIAIBHOT IHTEPITOJISILI.

Y cyuacHiii 00YHMCHIOBaNbHIM MaTeMaTulll 3aJadyi, 110 TOB’A3aHI 3 anpOKCUMAIIEI0 Ta
aHaJI30M ONEepaTOopiB, 33/laHUX CBOIMH 3HAUCHHIMH, 3aiMarOTh BaxiuBe Micue. OcobnauBy yBary
MPUALISEThCS OOUMCIeHHIO AudepenianiB ['ato, siki BUKOPUCTOBYIOTCS B Teopii onmTUMi3allii,
YUCEIFHUX METOJaX Ta MPUKIAIHHUX JOCTIDKCHHSIX. Y il poOoTi moOyaoBaHO (GopMynd s
3HAXOJDKEHHS 3HaueHb audepeHmianiB ['aTo Ha miacTtaBi iHTepnomsauiiHux (opmyn Jlarpamxa.
[TobynoBani ¢opMylIn € TOYHHUMH JUIsi TOJIHOMIQIBHUX omepatopiB. Hapemeno mpukianu
oOuncneHHs audepeHiiania ['aTo B €BKIIIJOBOMY IPOCTOPI.

B. A. KOJITIAKOB, B. A. BAHIH, JI. . YEPHTH
MATEMATHUYHA MOJIEJb JJTS 3AJAYT KOIII-IMTYACCOHA

Po3rnsparoTeess MateMaTHyHI MOAEN s JiHIMHMX 30ypeHb BUIbHOI MOBEpPXHI, a TaKOX
YUCEIBHUN METOJ] TUCKPETHUX OCOOJIMBOCTEH, SIKUM 3aCTOCOBYETHCS JUIs ii pO3B’si3aHHs. 30Kpema,
HaBE/IEHO ONHUC KOHTYPHUX IHTErpaiiB, IO JIe)KaThb B OCHOBI MaTeMaTM4YHOI Mojemi, 1
OOIPYHTOBAHO MiAX1J M0 AMCKpETH3alii 3ajadi. 3alporaHOBaHO Peajizallil0 YHUCEIbHOTO METOaY
s po3B’s3aHHA 3anaui Komri-Ilyaccona. HaBeneHo pe3ynbTaTv YHCEIBHOTO MOJIETIOBAHHS.
[IpencraBieHo mpuKiIaau po3B’s3KIB Ul 3a7adl JIHIHHUM 30ypeHsM BUIbHOI MOBEPXHI, a TaKOX
MIPOaHaJII30BaHO MOBEAIHKY CUCTEMH 32 PI3HUX T'€OMETPUYHHUX KOH(]Iryparliif moyaTkoBux 30ypeHb.
Y poboti mpexacrtaBieHo rpadidyHe BiIOOpaKEHHS pe3yJbTaTIB YHUCETBLHOTO MOJICITIOBAHHS.
OO0’€eKTOM JOCHTIJDKEHHSI € €BOJIIOLSA TOBEPXHEBUX 30ypeHb JOBUIBHOI TeoMeTpii B iaealbHii
HECTUCTUBIN piuHi. MeToo 11i€i poOOTH € 3aCTOCYBaHHS METOY AUCKPETHUX OCOCOIMBOCTEH IS
PO3B’sA3aHHS KJIacy 3aay 3 JiHIHHUM 30ypEeHHSIM BUIbHOI MOBEPXHI, [0 OMUCYIOThH TEUilo ieaTbHOl
HECTUCIUBOI PIAMHU B TPaBITAIliIHHOMY TOJIi B 00JIaCTi 3 BUTBHOIO MEKEH) — HEJIOKAJbHUX 3a]1a4
Ko, a takoxx po3poOka OOYMCIIOBATIBHOI TEXHOJOTII, MPUIATHOI AT MOJENIOBAHHS IPOLECY
€BOJIIOLII] MMOBEPXHEBUX 30ypeHb JOBUIbHOI reomerpii. Y poOOoTi pO3IsSHYTO MOCTAHOBKY 3ajaadyi
Komi-ITyaccona 3 niHIHUM moyaTKOBUM 30ypeHHSM BUIBHOI MOBEPXHI, TOOYJOBAHO MaTeMaTUYHY
MOJIeJIb Ha OCHOB1 KOHTYPHHX 1HTErpajiiB, BUKOHAHO 11 TUCKPETHU3AIlII0 Ta peaTi30BaHO YUCEITbHUM
METOJ JUCKPEeTHUX ocoOnuBocTed. IIposeMoHCTpoBaHO MOBEAIHKY MOJEI BiIBHOI MOBEPXHI
PLAVHM NP MOPYLIEHH] YMOB JIIHIHHOCTI TOYaTKOBUX 30ypEHb.

B. B. KY3b, A. B. LITATHPKO

ABTOMATHYHA IIEHTU®IKANIA MY3UYHUX IHCTPYMEHTIB



Y miii cTaTTi AOCHIIKYETHCA 3aCTOCyBaHHS TMepeTBOpeHHs Dyp'e nas aBTOMATHYHOTO
pO3Mi3HaBaHHS MYy3WYHUX IHCTPYMEHTIB B ayjio3amucax. 31 3pOCTAaHHIM CKJIAIHOCTI MY3MYHHX
KOMITO3HIIi Ta MOoTpeOor0 B edeKTHBHIN Kiacudikamii ayio, AOCTIHKEHHS 30CEPEIKYEThCS Ha
BIWJIYYEHHI JETAJIbHUX CHEKTPAIbHUX XapaKTEPUCTHK 13 3BYKOBHUX CHTHATIB 3a JOMOMOTOIO
mBuakoro nepersopeHHss Oyp'e (FFT). Lli xapakTepucTUKH BKIIOYAIOTH CIICKTPATbHUIN IIEHTPOI,
IIUPUHY CMYTH TPOIYCKaHHS, CHaj, MIBUJAKICTh MEPETHUHY HYJSA Ta KENCTPAIbHUX KOoe(ilieHTH
Mel-Frequency (MFCC), siki mpeACTaBISIFOTh YaCTOTHI XapaKTEPUCTUKH PI3HUX IHCTPYMEHTIB.

Bunydeni xapakTepuCTHKH OOpOOISIOTHCS Ta BHKOPHUCTOBYIOTHCS Ul HAaBYaHHS MOJEIEH
MalIMHHOTO HaBYaHHA. 30KpeMa, y CTaTTl OLIHIOETHCA NPOAYKTUBHICTH JBOX aJITOPUTMIB
knacudikamii: Metoxy ampokcumarii HaiOmmkdoro cyciga (ANN) Ta MeToxy ONOpHUX BEKTOPIB
(SVM). Mogeni HaB4aroThCsl Ha HAOOpP1 MaHUX KOPOTKUX 3alUCIiB HAa OJHOMY I1HCTPYMEHTI Ta
TECTYIOTBCS Ha 3pa3Kax 31 3MIIIaHUX IHCTPYMEHTIB JJIsl OLIHKA MOXJIMBOCTEH y3arajJbHEHHS.

ExcniepuMeHTallbHI  pe3ynbTaTH IOKA3ykOTh, IO OOUABI MOJEII MOXYTh €(PEKTHBHO
KIacu(ikyBaTd I1HCTPYMEHTH 3 BHCOKOI TOYHICTIO — TMOHaA 96% y KOHTPOJIbOBAHUX
cepenopuiax. OTHAK TOYHICTh 3HUKYETHCS y CKIATHUX MOTI(POHIUHUX 3aHCaX Yepe3 MePEeKPUTTS
9acToT. Y JOCHIKEHHI TAaKOX IJIKPECITIOEThCS pOib Takux 0i0mioTek, sik Librosa, Numpy Ta
Scikit-learn, muist monepeaHLOT 0OPOOKHM Ta HABYAHHS MOJICTICH.

PesynpTati JOCHIKEHHS TIOKAa3ylOTh, IO XO4Ya 3alpPOIOHOBAHWMA MIiAXiT HE iJeaJbHO
MIIXOAUTH JJIs BU3HAUYEHHS 1HCTPYMEHTIB B OpKecTpax, BiH € Ayxe eheKTUBHUM Yy Kiacudikarii
COJIBHHUX IHCTPYMEHTIB 1 MOKe OyTH TNOIIMPEHWH Ha TakKi 3aBIaHHS, SK PO3IMi3HABAHHS KAHPIB.
MaitbyTH1 TOCTIPKEHHS MOXYTh BKIIOYaTH METOIM TNIMOMHHOTO HaBYAHHS Ta PO3IUICHHS JKEpel
3BYKY JUTSI TOKPAIICHHS POYKTHBHOCTI B MOJI()OHIYHUX YMOBAX.

B. B. KY3SBMEHKO, A. I1. TPOLIEHKO

MOJAEJIOBAHHAA TOHNIMWPEHHSA 3BYKOBUX XBWJIb VY IINIOCKOMY
XBHJIEBOJI 3 BUTMHAMUA

VY po6oTi IOCHiAKEHO MOIIMPEHHS 3BYKOBUX XBWJIb Y IJIOCKOMY aKyCTHUYHOMY XBHJIEBOJI,
10 MICTUTH JBa BUTMHU. [l00y10BaHO MaTeMaTH4HY MOJIeb 3aj1adl, U0 103BOJISIE POAHaJI3yBaTu
0COOJIMBOCTI HPOXOJKEHHS AaKyCTHUHOI XBWJI Kpi3b I'€OMETPUYHY HEOJHOPIAHICTH XBHJIEBOJA
3aJIe)KHO B1Jl IOr0 reOMEeTpUYHHUX Ta (PI3UYHUX MapameTpiB. [ MOAETIOBaHHS aKyCTUYHOTO MOJIs
3aCTOCOBAHO METOJI YacTKOBHMX oOusacTeil. OOuMCIeHO eHepreTHyHi KOe(Ii€HTH MPOHUKHEHHS
XBWJII KpPi3b 30HU HEOJHOPIAHOCTI IS IIMPOKOTO CHEKTPY XBWJIBOBHUX PO3MIPIB Ta KyTiB BUTHHIB
xBuiieBoja. Iloka3aHo, 110 HasBHICTb BUTMHIB MPHU3BOAUTH /O ICTOTHOI 3MIHM CIIEKTpPabHUX
xapakTepucTUK. [Ipu XBHIIbOBUX po3Mipax, KpaTHUX MOJOBHHI JIOBXKUHH XBUJI1, BIIOYBAETHCS pi3Ke
3HMKEHHS KOe(dillieHTa MPOHUKHEHHS, 1110 TMOB’S3aHO 31 30y/PKEHHSAM BHIIUX HOPMAJbHUX MOJ Y
XBWJIEBOJI. Y BUNAAKY, KOJIM KyT BUTUHY nepeBuirye 90°, aMIIIiTy JHO-4aCTOTHA XapaKTEepUCTUKA
HaOyBae CKIJIQJHOT CTPYKTYpU 3 UEpPryBaHHSAM 30H 3pOCTaHHS Ta CHaJaHHA KoedilieHTta
MIPOHUKHEHHS, 110 BKa3y€ Ha HAsABHICTb PE30HAHCHUX SBUII y KyTOBii oOsacTi xBujeBoja. Taka
obnacTh (PyHKIIIOHYE SIK pe30HAHCHA KaMepa, B K Moxe BiOyBaTucs epeKTHBHE MepeTBOPEHHS
eHeprii MK pI3HUMU MojaaMu. BcraHoBieHo, mo mpu 30uIblIeHHI KyTa BUruMHY Big 0° mgo 90°
KOE(]IIIEHT MPOHUKHEHHS MMOCTYMOBO 3MEHINYETHCS, OJHAK MPU MOAATBIIOMY 30UIBIICHHI KyTa
BIJI3HAYAIOTHCSA KOJIMBAHHA UbOro KoegimieHta. [IpoanHanizoBaHO 3MiHY JOMIHAHTHOI MOJHU
3aJIeKHO BiJl XBUJIBOBOTO PO3MIpY Ta KyTiB BHUTHHY, a TaKOX IMOKa3aHO MOJIMBICTh €(PEKTUBHOTO
MIEPETBOPEHHS €HEPrii MiXK HIDKYMMH Ta BUIIMMHU MOJAMH Y TIEBHUX TOYKAaX YaCTOTHOTO JIiara3oHy,
10 Ma€ MOTEHI[iIIHEe MpaKTUYHE 3aCTOCYBaHHS B 3a/la4ax aKyCTUYHOTO (iIbTPYBaHHS, YIPABIiHHS
HaTpsSIMKOM 3BYKOBOi €HEprii Ta CTBOPEHHS XBHJIBOBHX pe3oHaTopiB. OTpuMaHi pe3yiabTaTd
BepU(]iKOBaHI NUIIXOM KOHTPOJIO BHUKOHAHHS 3aKOHY 30€peXeHHS €Heprii, yMOB CIpPsDKEHHS
migob6acTel Ta KpalOBUX YMOB Ha IMOBEPXHI XBHJICBOIA.

O. I1. HEYVHUBITEP, B. B. IBAHOB, A. C. IITHII[AP, O. P. T'IlI[AK, A. B. 3ABOPHHH



E®PEKTUBHE YUCEJIBHE JIHTEI'PYBAHHSI ABOBUMIPHHUX
HBUIKOOCIHNIBOBAHUX ®YHKIIN 3ATAJIBHOI'O BULY

Opniero 3 KIIOYOBHX 3a/ad y CydyacHIN MPUKIAIHIA MareMaTulli, 0e3 sKoi HEMOXKJIHBE
MOJICITIFOBAHHS Ta aHaJIi3 CKJIAJHUX IPOIIECIB, 30KpeMa B MaTeMaTuyHil ¢i3uil, nudposii 06pooii
300pakeHb, € YUCeIbHE iHTErpyBaHHs (QYHKIIH OaraThox 3MiHHUX. YacTo aHAMITUYHE O0YHCIICHHS
0araTOBUMIpHHX IHTETPATIB € HEMOXJIMBUM Yepe3 CKIAAHICTh caMuXx (QyHKIIH abo obsacti
IHTETpyBaHHs, IO 3YMOBIIOE HEOOXITHICTh 3aCTOCYBAaHHS E(QEKTHMBHUX YHCEIHHHX METO/IIB.
OcHoBHa mpo0OiieMa YUCEIBHOTO 1HTETpyBaHHsA (YHKIM 0araThboX 3MIHHHMX TIOJIATA€ B 3POCTaHHI
OOYHCITIOBAJIFHUX BUTPAT 31 30UIBLICHHSM pPO3MIpHOCTI 00JjacTi IHTErpyBaHHS — TakK 3BaHE
CMPOKIATTA po3MipHOCTI». lle crmoHykae m0 momyky eGeKTHBHUX METOJIB, SIKI JIO3BOJISIOTH
30epiratu 6anmaHc MK OOYMCIIOBAIBHOIO CKIAQJHICTIO Ta TOYHICTIO pe3ynbraTiB. OcoOmuBuit
IHTepeC CTaHOBISATH METOAM YHCEIBHOTO IHTErpyBaHHsS, pO3pOOJCHI 3 BUKOPUCTAHHSIM
iHpOopMaLiiHUX OnepaTopiB, SIKi BIHOBIIOIOTH MPOMIDXKHI 3HAUEHHS BEIMYHMH 32 HASIBHUM HAOOPOM
BiIOMHX 3Ha4eHb (YHKI[T 0araTboXx 3MIHHUX B TOYKaxX, Ha JIHISAX, IJIOMMHAX, Tomo. Ha ocHoBi
TaKUX ONepaTopiB OyIyIOTbCS €KOHOMHI CXeMH iHTepnoismii (QyHKIii IBOX Ta TPbOX 3MiHHUX.
3acTocyBaHHS EKOHOMHHUX CXE€M B YHCEIbHOMY IHTETpyBaHHI (DYHKIIH JAEKUIbKOX 3MIHHHUX
J03BOJISIE 3 MEHIIOK KUTBKICTIO JaHWX OOYMCIIOBATH OaraTOBUMIpHI IHTETpald i3 3aJaHOI0
Harepe/l TOYHICTIO TOPIBHSIHO 3 KJIIACHYHUMH METOJaMHU. MeTor JaHOoi CTaTTi € JIEMOHCTpAIis
BUKOPUCTAHHS C€KOHOMHHUX CXEM IHTEepIOJIAIi M HaOJMKESHOTrO0 OOYHMCICHHS MMOABIMHHX
IHTEerpaiiB, a TaKOXX IBOBUMIPHHX IHTErpaliB BiJ MIBUIKOOCHUIHOBAHUX (YHKIIH 3aralbHOTO
BUTTY.

I 10. ITHJTHITYEHKO, C.0. /IOBI'HH, J1. I. YEPHIH

MOJAEJIOBAHHSI OBTIKAHHSA JITAJBHOI'O AINAPATY 3 CUCTEMOIO
KOH®Y30PIB BPIKCA-KOPTA

JlitanpHi amapatu  Tumy VTOL BHUKIMKAIOTh 3pOCTalouMid iHTepec 3aBIsKH CBOIN
YHIBEpPCAJIbHOCTI Ta 3JaTHOCTI AISITH B yMOBaX 0OMexeHoro rnpoctopy. [lepcrnekTHBHUM PO3BUTKOM
L[BOTO HANpsIMy € 3aCTOCYBaHHS KOMIUIEKCY TEXHIUHUX PILIeHb 3 aepOJMHAMIYHUX KOMIIOHYBAaHb,
JUTst 3a0e31eueHHs He0O0X1THOT aepoIMHaMIvHOiI iKocTi JIA Ha ycixX pexxumax mojJb0Ty OJHOYACHO, a
came — OCHaIIIeHHs JIiTalo4oi miaatgopmMu cucteMoro HacaikiB bpikca-Kopra, siki 31aTHI TABUIIUTH
aepoJMHaMIuyHy e(eKTUBHICTh pyuiB JIA Sk y BepTUKaJbHOMY, TaKk 1 B TOPHU3OHTAJIbLHOMY
pexumax nonboTy. KomruiekcHe NOCiiJKeHHs 11i€i KOHLENLil € HeoOXiTHUM KPOKOM Yy HampsMi
CTBOPEHHS KOHIIENTYaJbHO HOBUX JITanbHUX JIA - cucteM HagManux MOOUTPHUX JITATHHUX
w1atopM, cxema IMoJIbOTY SKUX 3aJIeKUTh BiJ opieHTaii JIA y mpoctopi. O0’€KT AOCHTIKEHHS:
MOJIeNl JITaJbHUX amapariB 3 Hacaakamu bpikca-Kopra, a5 BepTHKaIbHOrO 3JIbOTY 1
NPU3EMJICHHS Ta TOPU3OHTAJIBHOIO TMOJILOTY.  MeToo pOOOTH € po3poO0Ka TEOPEeTHYHO
OOIPYHTOBAHOI KOHLEMIIIT JITAIBHOTO anapara BEPTUKAIBHOIO 3JIETy Ta TOPU3OHTAIILHOTO MOJIBOTY
(tumy VTOL) 3 BantaxomigidomHicTio 10 200 Kr, 31aTHOTO 3a0€3MEeYUTH TOPU30OHTATBHHUMA MOJIT
npotsirom 10-30 xBuwmrH Ha mBUAKOCTI 10 100 kM/roa. OcHOBHA yBara MpUAUIETHCS CTBOPEHHIO
e(EeKTHUBHOI aepOAMHAMIYHOT KOMIIOHOBKH, aHaJi3y TATOBUX XapaKTEPUCTHK Ta JOCIIIKEHHIO
MOKJIMBOCTE BUKOPHCTAHHS CHEI1aJli30BAHUX AaepOJIMHAMIYHHMX €JIEMEHTIB (30Kpema, HacaJlKiB
tuny bpikca-KopTa) s migBuieHHS €(QEeKTHBHOCTI PyILIiiB y pPeXHMax BEPTHUKAIBHOTO Ta
TOPU30HTAIBHOTO MOJIBOTY.

10. M. CABYEHKO, I0. A. CEMEHOB, I'. IO. CABYEHKO

HEJIIHIAHI TPABITAIIMHI XBWII B MOTOIl PIIMHUA Y KAHAJI 3I
CKJIAJHOIO 'EOMETPI€IO THA, IIOKPUTOI'O BUTUM JIbOJAOM



PosrnsiHyTOo ABOBUMIpHY HENIHIWHY 3aJady MpoO CTaly TEUil0 B KaHaji, BKPUTOMY OUTHM
JHOJIOM 3 JOBUIBHUM penbedom mHa. s po3B's3aHHS 33734l BUKOPHUCTAHO METOJ IHTETPabHOTO
romorpada, sIKHid 3BOJUTHCSA 10 CHCTEMHU HENHIMHUX PIBHSHB Y MOYJI IIBHAKOCTI Ha BUIbHIN
noBepxHi. L{i piBHSHHS OTPUMAHO 3 JAWHAMIYHOI TPaHUYHOI yMOBH. Pe3ynpraTu, MO MOKa3yloTh
BIUIMB TpaBiTaIlil Ha TEOMETPI0 BUJILHOI MOBEPXHI, MPEICTaBICHI I HIUPOKOTO MPSIMOKYTHHKA 1
TpaHmiei B MUPOKOMY Jiana3oHi yucen Ppyna, BKIOYAIOUN SIK JTOKPUTHYHI, TaK 1 HaIKPUTUYHI
Teuii. /[ HamKpUTHYHUX Tedid BIATBOPEHO NB1 CiM'T pO3B'S3KIB I AOBUIBHOI (OpMH THA.
[TokazaHo, IO TOJAaTKOBa YMOBA, sKa BUMarae, 100 BUIbHA TMOBEpXHA Oylia IJIOCKOK Ha
CKIHYCHHIM BIJICTaHI BiJI NEPEIIKOJIW, BUOMpPAE €IUHHWA PO3B'A30K MJIs 3a7aHOi BHCOTH JHA 1
[IUPUHM TPSAMOKYTHHKA JUI HAAKPUTUYHUX Tedid. Lle pilieHHs € HenepepBHUM P MEPEXOoi Bil
JOKPUTHYHOTO JI0 HAJAKPUTUYHOTO PEKUMY Teuii. Po3rimsgaroTbes TpUKIAAW ISl IIHPOKOI
NPSIMOKYTHOI MEpPEemKoau 1 TpaHmei Ha qHI KaHamy . Posrisnyro nBa pexumu Tedii. [lepmmii -
JOKPUTHYHHIA PEXUM, IS IKOTO XBHJIS,, TEHEpOBaHa MpoGijeM JTHA, MOMIUPIOETHCS TITBKH BHH3 32
TEYi€l0 JI0 HECKIHYEeHHOCTI. [Ipyruil - HaAKPUTUYHUN PEXHUM, IS SKOTO MOXYTh ICHYBaTd IBa
PI3HUX TUIH PO3B'SI3KiB: OJIMH 3 MEHILIOK BUCOTOIO rpeOeHs XBUIIi, BIAOMUHN K «30ypeHa» XBWIIA, 1
IHIIHIA 3 OUTBIIOK BUCOTOIO T'peOCHS XBHIII, HA3BAHUN «COJIITOHHOIO» XBHJICIO. «30ypeHay XBUIISL
HAJIeKUTH JI0 CIMEICTBa CTIMKUX PO3B'SA3KIB, K1 BIIMEKOBYIOTHCS Bl pIBHOMIPHOTO TOTOKY, KOJIU
BHCOTA TICPEIIKOAM 3pOCTa€ BiaA Hyisd. Ha mpoTwBary oMy, «COJITOHHA» XBWJIS BHHHUKAE 3
OJTMHOYHOT'O XBHJIBOBOTO DILIICHHS, KOJW BHCOTA MEPEIIKOAM 3pocTae Bix Hys. Lli nBa cimelicTBa
PO3B'S3KIB 3JIMBAOTHCS B TOUIll 3TUHY, IO XapaKTePU3YEThC MiHIMaATBbHUM 9uciioM Ppynaa, Fmin. B
nianazoni yncen @pyna 1 < F < Fuin He icHye po3B's3kiB. [IpukMeTHO, 1m0 5K «30ypeHi», Tak i
«COJIITOHHI» PO3B'SI3KM MAIOTh OE3XBHJIISICTI TOBEPXHI.

H. B. CTYYHHCBKA, M. /. AHJPIHYYK, IT. B. MHKHTEHKO

ONTUMI3ALIA BUPOBHUYUX TA JIOTICTUUHUX 3AJIAY YV ®APMAII
3ACOBAMUN MATEMATHYHOI'O TA KOMIT'FOTEPHOI'O MOJAEJIIOBAHHSA

VY craTTi NpeAcTaBiIeHO KOMIUIEKCHE TOCTIKEHHS, 10 MOEAHY€E TEOPETHUYHI Ta MPaKTHUYHI
aCTIeKTH 3aCTOCYBAaHHS METOMIB MaTeMAaTWYHOTO MOJENIOBaHHS y (apmarlii, MOKIMBOCTEH HOTO
BUKOPHUCTAHHS JUIS MiABUIICHHS €()EeKTUBHOCTI BUPOOHHUYMX IPOIIECIB, OMTHUMI3AI] JTOTICTUYHHUX
pillleHb 1 BJIOCKOHAJIEHHS Mpolecy (axoBoi MiATOTOBKM MalOyTHIX (apManeBTiB. 31HCHEHO
aHaji3 nmoTped Ta MOXJIMBOCTEH BUKOPHUCTaHHS METOJIB MAaTEMATHYHOTO Ta KOMII'FOTEPHOTO JJIs
parioHafi3aiii mporeciB po3poOJIeHHs] HOBUX MPENapaTiB Ta JOBEICHHS (hapMalleBTUUHUX 3aC001B
1 BUpOOIB MEIMYHOTO IMpHU3HAYEHHs BiJ BHUPOOHHUYOi O crmoxuBuoi cdepu. IIpoBeneHo ormsa
HAayKOBUX MyOJIKaliil y KOHTEKCTI PO3BUTKY METOAIB MaTeMaTHYHOI'O IPOrpaMyBaHHS Bij
niaxoni JK. Jlarpanka 10 CyyaCHMX METOJIB JIIHIHHOTO Ta HENiHIMHOrO MporpamyBaHHS, 10
3HAMNUIM IIAPOKE 3aCTOCYBAHHS B €KOHOMIIl Ta dapmareBTuuHii ramy3i. OcoOnuBy yBary
NPUIUIEHO MAaTeMaTUYHOMY MOJETIOBAHHIO ONTHUMAJILHOTO PO3MOAUTY PecypciB 1 TPaHCHOPTHOT
jorictuku 'y Qapmarnii. Po3risHyTo posnb cucreM komn’totepHoi matematuku (CKM), takux sik
MathCad, y cmpoiieHHi Mpoliecy pO3B’s3aHHS ONTUMI3alliMHUX 3adad. 3aBISKH MOMJIHBOCTI
OTIepaTHUBHOTO 3MIHEHHS BUXIJTHUX MapaMeTpiB (3amacu CUPOBUHHU, cOOIBapTICTh MPOAYKLII TOMLIO),
nporpama MathCad nae 3Mory e(peKTUBHO MOJIEINIOBATH Pi3HI CIIEHApil BUPOOHHIITBA Ta JOTICTUKU
y Qapmanii, MBHUAKO OOYMCIIOBATH 3aJayl JIIHIMHOIO Ta HENIHIMHOrO MporpaMyBaHHS,
aBTOMAaTH3YIOUM pPO3paXyHKHM Ta MIHIMI3YIOUM pHU3MK [OMWIOK. B pamkax mociiakeHHs
MIPOJIEMOHCTPOBAHO METOIUKY PO3B’sA3aHHS ONTHUMI3AIiHOI 3a7a4l BUpOOHUITBA JiKiB. Ll11b0BOIO
GbyHKLI€I0 € MakCUMaidbHMHM mnpuOyTOK BiJ peamizanii. TakoX 3ampONOHOBAHO METOIUKY
PO3B’sI3aHHS TUIIOBOi TPAHCHOPTHOI 3a/1adyi, 110 nepeadavae MiHIMI3allil0 BUTPAT HA MEPEBE3ECHHS
TOBapy BiJl AEKUIBKOX CKJIaJiB IO JEKUIBKOX CIIOKHMBAYiB 3 ypaxyBaHHAM OOMEXEHb Ha PECYpPCH.
Bukopucrano Meroa mMmoTeHIiamiB, 10 3abe3nedye KOPUTYBAHHS TPAHCIOPTHUX MAapIIPYTIB 3
METOIO 3HMKECHHS 3araIbHUX JIOTICTUYHHUX BUTpAT.

Po3rnsHyTO OUAAKTUYHMN acleKT 3aCTOCYBaHHS MAaTEeMAaTHYHHUX MOJAENeH y MiAroToBIl
MaiiOyTHiX MaricTpiB (apmariii. BukopuctaHHs KOMIT IOTEPHOTO MOJIENIOBAaHHS B HAaBUAIBHOMY



MpoIieci COpusi€ PO3BUTKY AaHAJTITUYHOTO MUCJICHHS Ta HABUYOK POOOTH 3 ONTHUMI3AIlIHHUMH
METOAAMH, 10 € BXJIMBUMH JJIs1 €(EKTUBHOTO YIPABIIHHA pecypcaMu y GpapMaleBTUYHIN ramys3i.
ABTOpH OOTPYHTOBYIOTH JIOIUIBHICTh peaiizamii Ha MPaKTUYHUX 3aHATTAX 3 JUCHHIUIIHA
«Komn’rorepae MmojentoBanHs y ¢apmarii» pealbHuX 3anad (apMaleBTHYHOI ramysi, fKi €
BOXKJIUBUM 3aco00M (opmyBaHHA NpodeciiHUX KOMIIETEHTHOCTEH MaiOyTHIX TMpalliBHUKIB
bapmanieBTHuHOI cepu. OTprMaHi pe3ysIbTaTH BKa3ylOTh Ha €()eKTUBHICTh BUKOPUCTAHHS METOIIB
MaTeMaTHYHOTO MPOrpaMyBaHHS JUIsl BHPIIICHHS 3a1a4 omnTuMizanii y dapmarii. Bukopucranus
MaTeMaTHYHUX MOJIEJCH Ja€ 3MOry TOYHIIIE MPOTHO3YBATH TMONUT, IUJIAHYBAaTH BHPOOHHUI
MOTY>KHOCTI Ta JIOTICTHYHI MPOIECH, 10, B CBOIO YEPTy, 3MEHIIIY€E PU3UKU OpaKy ab0 HaJJIUIIKIB
MPOTYKIIi.

[Momanpmwuii pO3BUTOK MaTeMaTHYHUX METOIIB Ta KOMIT FOTEPHHX TEXHOJIOTiIH BiIKpHBA€e
MEPCHEKTUBH JUIsI MOJIEPHi3allii MporeciB po3pobiaeHHs, BUPOOHUIITBA Ta IOCTA4YaHHS JIIKAPCHKUX
3ac00iB 1 BHpPOOIB MEIUYHOTO TMPHU3HAYCHHS, I1X pPaIllOHATHPHOTO BUKOPUCTaHHS IS
(dhapManeBTHYHOI OMIKH Ta MiABHUILIEHHS SKOCTI MEIUYHOI JOIMTOMOTH HACETICHHIO.

H. B. CTYYHHCBKA, I'. B. XPAIIIH9YK

BUKOPUCTAHHA METOAIB MATEMATHUYHOI'O TA KOMII'IOTEPHOI'O
MOAEJIIOBAHHA 1JIA JOCIITKEHHSA ®PAPMAKOKIHETUYHUX ITPOLECIB

B poGoti mpoBeaeHO aHaii3 MOMKJIMBOCTEH BHUKOPHUCTaHHS METOJIB MaTeMaTHYHOIO Ta
KOMIT FOTEPHOTO MOJICIIOBAHHS JJIsl OTHCY MPOIIECIB, IO BiJOYBAIOTHCS B OpraHi3Mi MpH Pi3HUX
criocobax yBeleHHs Jikapcbkux 3aco0iB (JI3). ABTopu AeTanbHO po3risgaroTh GapMaKOKIHETHUYHI
MOJIeNTi, 10 aJeKBAaTHO ONHUCYIOTh HAWOUIBIN yKMBaHI y MEOUUYHIN MPaKTHI cocoOM YBEICHHS
JTKapChKUX 3acO0iB — OJHOKaMepHy JiHIHHY MOJENb, OJHOKAMEpHY IHIHHY MOJENb 3 JIEMO.
PosrnsinaroTe eTanu CTBOPEHHs BIAMOBIIHUX MOJIEEH 3a TOMOMOTo0 Au(epeHIialbHUX PIBHSIHb,
METOAM IX pO3B’SI3yBaHHS, aHATI3yIOTh OTPHUMAaHI pe3yJbTaTH Ta LIIOCTPYIOTh iX rpadikamu. Lli
(apMaKOKIHETHYHI MOJEJI JaloTh 3MOTY JOCTaTHbO JOOpe OMUCaTH MPOLECH, 110 BiI0OYBAIOTHCS
IpU OJHOPA30Bil 1H’€KLIl B KpoB, 1H(]Y3ii, MepopaibHOMY 1 BHYTPIIIHBO M’SI30BOMY BBEIEHHI
JKapChKUX TpemnapaTiB. BogHouac po3yMiHHS CYTHOCTI IIMX TPOLIECIB € 0a30BUM ISl CTBOPEHHS
IHHOBaIITHUX METO/IB, 3/TaTHUX 3a0e3neunTu eeKTUBHUMA (papMalleBTUUHUI CYNpOBiJ B yMOBax
CY4aCHOTO TE€XHOJIOTIYHOTO MPOTPECY.

ABTOpH OOTPYHTOBYIOTH JAOLUIBHICTh BAKOPUCTAHHS CHCTEM KOMIT IOTEpHOI MaTeMaTUKU (Ha
npukiani MathCad) ansa ananizy ¢apmakokinetnynux mozenel. [llnpoki MOXKIMBOCTI mporpaMu
MathCad pnatoTe 3MoOry omepaTMBHO 3MIHIOBAaTH BHUXIJHI HapameTpu (cTaily emimiHamii,
KOoe(ILIEHTH PO3YMHEHHS 1 BCMOKTYBaHHS, IIBUAKICTH 1H(Y311 TOIIO0), MOAEIIOIOUN Pi3HI ClieHapili
PO3MOALTY Ta 3MIHM KOHIEHTpAIlii JIIKapChbKOTO Mpenapary B OpraHizmi Ipu pi3HUX criocobax Horo
YBE/ICHHSI.

Y craTTi aBTOpM  JIEMOHCTPYIOTh CHEKTP MOJKJIMBOCTEH 3aCTOCYBaHHS  METOJIIB
KOMIT FOTEPHOTO MOJISTIOBAHHS TIPH MIATOTOBIII MaiOyTHIX (PaxiBI[iB Tramxy3i OXOPOHH 370pOB’S.
[TokazaHo, 10 yMiHHA 3aCTOCOBYBAaTH METOIM MOJEIIOBAaHHS Ul PO3B'S3aHHS MPAKTHUYHUX
3aBJaHb y Cy4YacHIM MEIUIIMHI € BAXJIMBOIO CKIIAJOBOIO MPOQeECiiHOT KOMIIETEHTHOCTI CYy4acHOTO
mikaps Ta ¢apmanesta. Ha mnpukmani  ogHokaMepHUX — (papMaKOKIHETUYHUX — MoOjesel
MIPOJIEMOHCTPOBAHO METOJUKY CHHEPreTUYHOro TNOo€qHaHHS (yHAaMeHTanbHUX (O10¢i3UKH,
MaTeMaTHKH, KOMIT IOTEpPHOIO MOJIEIIOBaHH) Ta (JaXxOBUX KIIHIYHMX AUCUUILIIH. HaTpeHoBaHi 10
aBTOMATU3My BMIHHS MOJICTIOBAaTH 1 aHaTi3yBaTH TMOAIOHI TPOIECH CKJIAJal0Th OCHOBY
JOCHITHUIBKOI KOMIIETEHTHOCTI 1 JalOTh 3MOTY BHUKOHYBaTH MPOEKTH 3 TPaHCAEPMAIHLHOIO
(mipmkipHoro) BBeneHHs JI3 yM 1HIIMX HOBATOPCHKUX TEXHOJIOTINH, OCHOBAMH SIKUX MailOyTH1
Jikapi MaioTh OBOJIOAITH B TpoOleCl HaBYAaHHA B MEIUYHUX YHiBepcuTerax. Po3pobieHa
IUJAKTUYHA CUCTEMa OpPIEHTOBAaHA HA BHMBUYCHHS MAaTeMaTHMYHUX Ta KOMII FOTEPHMX METOJIB
MOJICJIIOBAHHS Ta iX IIMPOKE BUKOPUCTaHHS y HAYKOBUX JOCITIKEHHAX 1 MpodeciiiHuX Keicax.

B. B. ®IVIOHOB, I'. O. BOPOIIA€B



EHEPTETHUYHI OCOBJIMBOCTI “KJIACI/I‘—IHOi MOJEJII CyMIIII JJ1A
OIIHKHU ITAPAMETPIB JETOHAIII B OBMEKEHOMY OB’€EMI

HaBeneni ocoOaMBOCTI OIIIHKK TTapaMeTpiB JIeTOHAIlli B 0OMeKEeHOMY 00’€Mi 3 ypaxXyBaHHIM
KIHeTUKM Yy3arajdbHEHOi peakiii TOpiHHA B KOHTEKCTI MapaMEeTpUYHOI 3amadyi MakcuMmizaril
OJIMHUYHOTO PEAKTHBHOIO IMIyJbCy. Po3paxyHOK xapakTepHUX BEJIMYMH YJIApHOro (GpoOHTY Ta
0e31mocepeIHbOTr0 CTaHy CepeloBUINA 0a3yrOThCcs Ha MOJENI CyMimn 0e3 ypaxyBaHHS MOMJINBOI
MOP(QOJIOTIYHOI TETEPOTCHHOCTI y BUIVIAI 00 €MHHMX CHJI, IO XapakTEepU3yIOTh MiK(Ma3zHy
B3aeMOJIif0. PeareHTH Ta MpOIyKTH TOPIHHS PO3MIANAIOTHCA 1HIUBIAYAIbHUMH KOMIIOHEHTaMH (3
TOYKH 30py 1X TerI0()i3UYHUX BIACTUBOCTEH) Ta OMUCYIOTHCS €UHUM TOJIEM IIBUJIKOCTI, TUCKY Ta
TEMIIEPATypu 3 BIJICTIIKOBYBAaHHSM MaTepialbHUX CIIBBIJHONMIEHb. B miToMy Takuil miaxina
0e3nocepeIHbO JJIsl OMUCY MEPEHOCY CEPEAOBUINA € PO3MOBCIOKEHUM JJIsl TAKOTO THUITY 3ajad,
pOTEe BUHHUKAE TIEBHA HE3PYUYHICTh 3 TOUKH 30pYy PO3PAXYHKY €HEPreTHYHOr0 BUXOAY PEaKIlii, sika
0a3yeTbCs Ha TEIJIOMACOOOMIHHOMY 4JjleHi (B 3araJibHOMY - OUQy3iiHUI 4iieH) piBHSHHS eHeprii
s cymimn. Ile mpu3BoAWTHE 0 TOTrO, IO B TNMEPEBAXKHIM OLIBIIOCTI BUMAAKIB HEOOXITHUM €
y3rO/DKEHHST  3alleKHOCTEH  Termmogi3uyHUX BIACTHBOCTEH KOMMOHEHT (i300apHa/i3oxopHa
TEIUIOEMHICTB, €HTAJIBIIIS Ta eHTponis). [Ipr oMy IPUHIMIIOBO BiICYTHS MOYKJIMBICTH OYAb-SIKUM
YUHOM BIUIMBAaTH HAa EHEPreTUYHUN BHUXIJ peakuii, 1m0 3Ae0UTbIIOro MPU3BOAWTH A0 3HAYHO
OUTBIIMX TMPOTHO3HUX TEMIIEpATyp CEPeOBUINA y TOPIBHSIHHI 3 afiabaTHUYHUMH IapaMeTpamMu
neroHanii. B po0Goti B mepmomy HaOMMKEHHI 3alporoHOBaHa Monu(ikallis, ska T03BOJIAE
BpPaxOBYBaTH €HEPreTUYHHMN BHUXiJ] PEaKilii SBHAUM YMHOM, Ta 3HAYHOIO MIpOIO CIIPOLIYE BHUMOTH
II0JI0 MiATOTOBKH CaMOY3TO/DKEHUX (DYHKIIN KAIOPUYHOTO PIBHSIHHS CTaHY KOXHOI 13 KOMITOHEHT.
Jlnst BpaxyBaHHS KIHETHKH Peakilii JeTOHAIIHOTo TOPiHHS HA OCHOBI CIIBBIJHOIICHHSI AppeHiyca
noOyaoBana MoaudikoBaHa (YHKIIIS IIBUAKOCTI MPSAMOI peakilii, sika MyJIbTUIIIKATUBHO BPAXOBYE
«TypOymizaiito» TOTOKY, IO BCe Ime MOoTpedye oOOroBopeHHs. 3amporoHOBaHI MOJEbHI
CMIBBIAHOIIEHHS Oy IMIUIEMEHTOBAHI y BMIVIAJI KOpHCTyBalbkoi Mozeni ropiHHs B ANSYS
CFX, ta 3acTtocoByBaiMcsl Jig IONEPENHbOI OIIHKA OJUYHOIO JIETOHALIMHOIO IMITYyJbCY B
00MEKEHOMY ITPOCTOPI.
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