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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 AHOLLOW 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. I. 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
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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.
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V. A. VOSKOBOINICK, O. A. VOSKOBOINYK, A. V. VOSKOBIINYK,
A. G. KHARCHENKQO, D. V. TRUDENKO

FEATURES OF WAVE TRANSFORMATION BY APERMEABLE 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
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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.

JI. M. AHTYTAHOB, P.O.I'YPKIH, II. M. OBCAHKO, 1. I. YEPHIH

MATEMATHUYHE MOJAEJIIOBAHHA TA AHAJII3 KEPOBAHOCTI
I''APOAMHAMIYHUX CUCTEM 3 THZOKEKTOPAMM

INapoauHamiuHi  matrGopMu-HOCIT, PyX SIKUX BHUKIHUKAETHCS CHCTEMOKO €JIEMEHTIB 3
€KEKIII€I0 BUKJIMKAIOTh 3pOCTAIOUYHI 1HTEpEC 3aB/ASIKH CBOIN YHIBEPCAIBHOCTI Ta 3/1aTHOCTI JIisITH B
yMOBax 00OMEXEeHOro Mmpoctopy. llepcrnekTHBHUM HampsiMy PO3BUTKY JUHAMIYHUX CHCTEM TaKOIrO
TUIYy € 3aCTOCYBaHHS KOMIUIEKCY KOMIIOHYBAJIBHUX pIIIEHb JUIsl 3a0€3MeYeHHs] HEOOX1THUX
riApOIMHAMIYHHUX XapaKTEPUCTUK Ta XapaKTePUCTUK KEPOBAHOCTI MIATHOPMU-HOCIS Y LILTIOMY.

Y JomoBimi OCHOBHA yBara NPUIUISAETHCS CTBOPEHHIO €(EKTUBHOI TiApOoJuHaMidHOI
KOMITOHOBKH TIaT(OPMHU-HOCISI, aHaNi3y TATOBUX XapaKTEPUCTHK 3 CHUCTEMOI0 1HXKEKTOpIB Ta
JOCITiKEHHIO MO>KJIUBOCTEN BUKOPDHUCTaHHA  pPYIIiB-iHKEKTOPIiB ~ Ta  CHeHiaJbHHUX
BUXOPOYTBOPIOIOUHX €JIEMEHTIB Ui MiABUILEHHS e(eKTUBHOCTI KepyBaHHA IIIAT(HOPMOIO-HOCIEM
y JAWHAMIYHHX pEeKUMax. Y CTaTTi MPEACTaBICHO MaTreMaTHYHy MOZENb Ui  3a/JaHoi
TAPOAMHAMIYHOT KOMIIOHOBKH IIATHOPMH-HOCIS 3 CACTEMOIO 1H)KEKTOPIB Ha OCHOBI IHTErPAIbHUX
NPEJCTAaBICHh 3 CHUHTYISIDHHUMH Ta TINEPCHHTYISAPHUMH SAPAaMH Ta CHUCTEMOIO TUCKPETHUX
0COOIMBOCTEH, OOIPYHTOBAHO MiAXOAU JO aHANI3Y CTIMKOCTI Ta KEPOBAHOCTI IIaT(HOPMH-HOCIS Ta
MPOBEJICHO YUCENTbHE MOojenmtoBaHHs. [IpencTaBieHa MoOJenb i pe3ynbTaTH MOJICITIOBAHHS MOXKYTh
OyTM BUKOPUCTaHI A PO3pOOKU TiAPOJMHAMIYHUX KEPOBAaHMX CHUCTEM MIMPOKOIO CIEKTPY
3aCTOCYBaHHSI.

C. B. BAPAHOBCBKHH, A. 1. BOMBA

HPHFIHHTTH PILIEHb IIPH ITPOTHO3YBAHHI JTWHAMIKH BIPYCHOE
IHOEKNI 3 YPAXYBAHHAM JU®Y3IMHO-KOHBEKHIMHOI MIT'PALII
JMOYNX YNHHUKIB JEKIJIbKOMA IIJIAXAMUA B YMOBAX IMYHOTEPAIIII

Buxozsuu 3 npo6iieMi BUOKPEMIICHHSI PI3HUX YMOB PO3MOBCIOPKEHHS aHTUTEH1B, aHTUTLI Ta
JKApChKUX PEYOBMH B MDKKIITHHHOMY HpPOCTOpi 1 JIMQaTHUYHIA CUCTeMI NMpU MPOrHO3YBaHHI
IUHAMIKM BipycHOi iH(ekuii 3aiicHeHO Moaudikalilo MareMaTHYHOi Mojeni iH(eKuiiHOro
3aXBOPIOBAHHS JJIsl YpaxXyBaHHs BIUIMBY PI3HUX HUIAXIB MIrparii AIF0YMX YHHHHUKIB B CEPEIOBHUIII
opranizmy. Po3B’f30Kk MOJAEIbHOI CHUHTYISIpHO 30ypeHOi 3ajadi i3 3ami3HEHHSIM OTPUMAaHO Ha
OCHOB1 aJIaliTOBaHOi OOYMCITIOBAIBHOI TEXHOJIOTII, sika 3a0e3medye TOoeTamHe YHCeTbHO-
AaCUMIITOTUYHE HAOJNMKEHHS CIeLialbHUM YHHOM MoOyJ0BaHOI IOCTiOBHOCTI 3axauy 6e3
3ami3HEHHs K 30ypeHHs po3B’s3KiB BIANOBIIHUX BUPOJKEHHX 3adad. [IpeacraBneHi pe3ynbraTtu
KOMIT'IOTEPHOTO MOJETIOBAHHS 1UTIOCTPYIOTh IMPOTHO3HUI BHECOK JEKUIBKOX MUIAXIB Mirpaii
JII0YMX YUHHHUKIB y TIPOIEC PO3BUTKY 1HQEKIIHHOTO 3aXBOPIOBAHHSA. 3a3HAu€HO, IO Ha
e(EeKTHBHICTb il IMyHOJIOTIYHHMX MpEenapariB, OKPiM 1HIIOr0, MAaTUMYTh BIUIMB 1€ H yMOBH, IO
BH3HAYAIOTHCS IIISIXOM Mirpallii JOHOPCHKUX aHTUTUI B CEPEIOBUII OpraHi3mMy, IO HEOOX1THO
BpPaxOBYBaTH B CHUCTeMax MNPUUHATTS pilleHb MOAO0 (GOpMyBaHHS BIAMOBITHUX palioHAIBHUX
Mporpam JIIKyBaHHS XBOPOOH.
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O. M. BAIIIHAKOB, B. T. MATBIEHKO, B. B. IIITYKYP

OBUHCJIOBAJIBHI METOIM ONTHUMIZAIIL IIYYKA TPAEKTOPIA 3
HETI'JTAJKUM KPUTEPIEM SAKOCTI

IIpobnematuka aHayli3y CHUCTEM 3a YMOB J€TEpMIHOBAHOi HEBM3HAYEHOCTI HAa MOYATKOBHUH
CTaH CHUCTEMH IOB’s3aHa 3 33/la4aMM MTPAKTUYHOI CTIMKOCTI 1 OMTHMI3AIli]l My4KiB TpaekTopii. [l
3a/1a4 MapaMeTPUYHOI ONTHUMI3allli CHCTEM OJIMH 3 OCHOBHHX MiAXOMAIB IMOJsIrac y (opMyTrOBaHHI
MIOCTAHOBOK 3 KPUTEPIAMHU y POpPMI MAKCUMYMY 32 ITOYATKOBHMH YMOBaMH BiJl (YHKIIOHATY, TKUN
aHAJI3yeThCsl Ha PO3B'sA3Kax cucreMu. lle, B CBOIO 4yepry, CIIOHYKae J0 3aCTOCYBaHHS METOJIB
HErJaaKkol ONTHMi3amii 3 BpaxyBaHHSAM HAasBHOCTI MapaMETPUYHOI CHUCTEMH 1 pPO3pOOKH
O0YHCITIOBAJILHUX METOJIB, SIKI € XapaKTepHUMHM Ul Takoi ramysi. [Ipu mpomy 3acTOCOBYETHCS
amapar y3araJlbHeHHX TMOXiTHHX 1 y3araJlbHeHUX Au(epeHIianiB, OOYUCIIOBATIbHI METOAM €
MoaudIKaIiIMHA 1TepalliiHUX MPOIEAYP THIY CYOTpPadieHTHOTO CIYCKY B PI3HMX MOIU(DIKaIlisX.
Crin 3a3Ha4MTH, IO TAKOTO B TAKHMX 33/1a4aX TUIBKM B OKPEMHX BHITaJKaX MOXHA 3aCTOCOBYBATH
JITOPUTMHU, XapaKTEPHI AJIS ONYKJIUX BUIAJKIB.

Y poboTi po3riIsimaeThCcs 3amada 3 KPUTEPIEM SKOCTI THITY MAaKCUMyMYy 3a TOYaTKOBUMU
YMOBaMHU BiJl TepMiHAIBHOTO (PyHKIIOHATY. ABTOPU OOIPYHTOBYIOTH TEOPEMY IPO CTPYKTYPY
MOXIHOT 3a HAmpsSIMKOM, a TaKOXX HEOOXigHI yMOBH eKkcTpemyMmy. Ha OCHOBI TeopeTHYHHX
pe3ynbTaTiB B poO0Ti MOOYI0BAaHO METO HAWIIBUAIIOTO cycKy. Jiis BUMaaKy JiHIHHOT CUCTEMH 3
KBaJPAaTUYHUM KpPUTEPIEM SKOCTI 3aCTOCOBYETHCS METOJ KOOPJMHATHOTO CITYCKYy 1 METO.X
enincoini. [IpoBeaenuit o0uMCIIOBAIBHUI €KCIIEPUMEHT Ta MPEJICTABICH] PEe3yIbTaTH O0UHCIIECHb.
Cuin 3ayBayKUTH, 110 3aCTOCYBAaHHS TEOPETHYHHUX PE3YJIbTATIB, IKi HABOIATHCS B POOOTI 1 OB’ s13aH1
3 METOZaMHU HeTrJIa Kol ONTHMI3allii, yCKIaJAHIOETHCS MPH 311HCHEHHI IPAKTUYHUX OOUUCIIEHb Yepes
KOMILIEKCHICTh TIOCTAHOBOK 1 TOMY 3HAa4YHY KUIBKICTh OOYHCIICHb Ha KOXHIN iTepalii, MIBHIKICTh
30DKHOCTI TaKMX METOMAIB € JOBOJI MOMIpHOIO. ToMy Ba)KJIHMBO, 3 OJHOTO OOKY, pO3poOiaTH
YUCENbHI METOH, SIKI MOKHa Oynio O peamizyBaTu. J[Jis 1[bOTO MOIIJIBHO 3aCTOCOBYBATH METOIH
SKICHOTO aHalli3y, 30KpeMa METOJM MPaKTHUYHOI CTIMKOCTI, A OI[HKKM MHOXHHHM PO3KUIY
[IOYAaTKOBHUX YMOB B KJIACl €JIICOi/IIB, a TAKOK METOJUKY CTPYKTYPHO-ITapaMETPUYHOT ONTHUMI3allli
cucreM. 3 1HIIOro OOKY, HEOOXiAHO OIHUTU SKICHI XapaKTEpUCTUKHU Taki, SK IOYaTKOBE
HaOJIMKEHHS, BEIMYUHY KPOKY, allpOKCUMATHUBH1 BIaCTUBOCTI TOLIO.

AHJIPIH BOMBA, CEPI'TH KALIITAH, OJIEKCA KYLIIHIP

YN CEJIBbHI METOI1 KBA3IKOH®OPMHHX BIJJOBPAKEHD
MPOTHO3YBAHHSI TJIOBAJIbBHUX MNPOLIECIB PYXY MOBEPXHEBUX TA
MIJ3EMHHUX BOJ

JlocnmipKeHHsT TPUCBAYEHO po3poOLi 1 aHalizy MaTeMaTHYHUX MoJiesiell Ta PpO3BUTKY
YHCIIOBUX METO/IIB KBa31KOH(POPMHHX BiOOpaKeHb, AJISl ONUCY 1 MPOTHO3YBAHHS TUHAMIKHA BOJAHHUX
CHCTEM Ha I7100anbHOMY PiBHI, 110 BKJIIOYAE MpoLec GOpMyBaHHS 1/1ealIbHOT Tedii B 3aJIEXKHOCTI BiJ
3aJJaHUX 3HA4YeHb KEPYKUYOro TNOTEHIamy. 30KpeMma, OTPUMaHO KOMIUIEKCHHH MOTEHI[al Ta
XapakTepUCTUUYHY (YHKIII0 Teduii, HaBOAATHCA MPHUKIAAM TMOOYAOBH TUHAMIYHHMX CITOK, JIiHIN
po3AlTy Teuii, Mol MBUAKOCTI, (GOpMYyBaHHS pI3HHUX NepeTokiB. IIpu 1bOMy BHIIEHO THUIH TaK
3BaHMX KJIIOYOBHMX 33/1a4 CTOCOBHO 3HAXO/DKEHHS TAKMX 3HAUYEHb KEPYIUOro MOTeHLialy, sKi
3a0e3MeuyroTh ONTUMI3allil0 KOHKPETHUX (DYHKI[IOHAIIB.

3acTocyBaHHS METOIB Ta MiIXOJIB KOMIUIEKCHOTO aHali3y JI03BOJISIE JETAIBHO JOCIIIUTH
BILJIUB PI3HUX MapaMeTPiB KEPYIOUYOro MOTEHIIaTy Ha GopMy 1 XapaKTepuCTHKHU Tediil. Po3pobiieHi
MOJIeNII  JTO3BOJISIIOTH  OTPUMATH  Pe3yjbTaTH 13 XOPOILOK TOYHICTIO Ta CTBOPIOIOTH HOBI
IHCTpYMEHTH JUIsI aHaJi3y Ta YIpaBIiHHS BOJHUMH €KOCHCTeMaMu. MaiOyTHI JOCIIiKEHHS
MOXYTh OyTH 30CEepe/KeHI Ha PO3IIMPEHHI LUX MOZENeH Ha BUMAIKKU BpaxyBaHHsS B'S3KOCTI 1
TEpTsA, a TAKOXK HA 3aCTOCYBaHHs pO3POOJIECHUX MIIXOAIB IS MOJIEIIOBAHHS Ta MPOrHO3YBAHHS
BIUIMBY KJIIMaTHYHUX 3MiH 1 aHTPONOT€HHUX (DaKTOPIB Ha BOAHI PECYpCH.
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B. A. BAHIH, I'. I. KOILIOBHH

METOJHA JOCJIIKEHHS PO3CIIOBAHHA E-TIOJSPU30OBAHOI XBHJII
ABOMA IMPOBIJHUMH CTPIYKAMMU 3 IMIIEJAHCOM

[IpoBeneno neranpHE AOCHDKEHHS 3amadi  poscitoBaHHS E-momspusoBanoi — xBuiti
KOMILUIAHAPHOIO CHCTEMOIO 3 JIBOX MPOBIJHHUX CTPIYOK 3 iMmemaHcoM. OCHOBHA yBara MpHIiIeHa
KiJIbBKOM Ba)KJIMBUM METOZaM ii po3B’sI3Ky, K aHAJITHYHNM, TaK i OpIMUM yrcensHuM. Criepiry 10
JaHo1 3a7adul PO3CIIOBaHHS 3aCTOCOBAHO KJIIACHYHUI METOJ IHTErpaJIbHOTO PIBHSHHS 100 3HAWTH
3araJbHy MaTeMaTU4Hy MOJENb y BHUIVIAJI CHCTEMH OCOOJMBHX IHTETPAIbHUX PIBHSIHD IEPIIOTO
pony. [amni 1o 3aranbHOi KOPEKTHOI MaTeMaTHYHOI MOJIeNi pO3CIFOBaHHS MPOBIIHUMH CTPIYKaMH 3
IMITEJaHCOM 3aCTOCOBAHO ACHUMITOTHYHHMHA Meton Pemes. SIk pesymbrar OTpHUMaeMo pO3B’S30K
3aJa4di PO3CIIOBAHHS y SBHOMY aHAJIITUYHOMY BUTJISAL, IO CYTTEBO 3BYXKYE YAaCTOTHHH Jiama3oH.
[1lo6 oTpumatu po3B’SI30K 3a1adi PO3CIIOBaHHS y BChOMY Jiama3oHi YacTOT 3aCTOCYEMO JBa
BiIOMUX Ta J100pe OOIpYHTOBAaHMX MPSIMHX YHCENbHHUX MeroniB. Lle pisHOBHOM  MeTomy
MEXaHIYHUX KBaJapaTyp 3 LIbOBUM BHOOPOM TOYOK IHTErpyBaHHS Ta KoJoKailiil. JlocmimKyeThes
BIUIMB JIOBXXMHU XBWJII Ta KyTa il MaaiHHA Ha PO3MOALUI MapaMeTpy CTPyMy B CTPYKTYpi i3 IBOX
CTpPIYOK.

I1. 0. BACIH, C. O. IOBT'HH, O. I. IEBL/Ib, /1. I. YEPHIH

MOJEJJTIOBAHHS OBTIKAHHSI CACTEMHA KEPOBAHUX KPUJI (ITPO®LIIB) Y
noroul IAIEAJIbHOI HECTUCJIUBOI PIIUHA

CraTTd npuCBSYE€HA MOJIENIOBAHHIO OOTIKAaHHA CHUCTEMH KEpOBAaHUX KpWJI B iAeasbHil
HECTHUCIIMBIA piAMHI. AKTyaJbHICTh JAOCTII)KEHHS 3yMOBJIEHa HEOOXITHICTIO PO3B'sI3aHHS MpodiieM
¢narepa Ta CTBOPEHHS KOJHMBAJIBHUX pYIIiB, OCOOJMBO B yMOBax, ILIO BHUXOJATh 3a MeEXI
JiHeapu30BaHoi Teopli. Po3po0iaeHo MareMaTHYHy MOJETb HUPKYIIALIMHOI Tedil HaBKOJIO PyXOMHUX
MEX, I10 BpaxoBye (OpPMYBaHHS BUXOPOBOIO ciigy. i 4MCENbHOTO PO3B'A3KY 3aCTOCOBAHO
METOJI AUCKPETHUX OCOOIMBOCTEM.

Po3pobneHo Mojens HecTalliOHapHO-BIIPUBHOTO OOTIKaHHS CUCTeMHU M TOHKUX HpodiliB 3i
CKPYTJICHOIO TEPETHBOI0 KPOMKOI TpPH HOT0 HecTalioHapHOMY OOTIKaHHI JWHAMIYHO 3MIHHUM
noToKoM. Po3po6iieHo HeniHiIiHY MO/Eh HECTAlllOHAPHOT HUPKYIALIHHOT Teuil B 06JacTi 10BKOJIA
poTopa 3 BEpPTHKAIBGHOIO BICCIO Ta KEPOBAHWMH JIOMATSMH, SKa BPAaXOBYE IHMHAMIYHY 3MiHY
3B’A3HOCTI 00JIacTi Teuii. Y TOCKOHAJIEHO YHCEIbHO-aHAITUYHY MOJETh O0YMCICHHS MO TUCKY B
o0acTi 3MIHHO]I 3B’13HOCTI, 110 TO3BOJISIE BU3HAYATU K MUTTEB] PO3MOAUIEHI aeporiApoANHaMIYH1
XapaKTepUCTUKH Ha KO)KHOMY KpWJIi, Tak 1 ycepeaHeHi inTerpaibHi AI'/IX cuctemu kpui B Lijomy.
3anmpornoHOBaHO MaTeMaTHYHY MOJETh YIPABIiHHS pPYXOM KpHJ, sIKa CYTTEBO TIOKpaIlye
eHeproeeKTUBHICTh POTOPA 3 BEPTUKAIBHOIO BICCIO Ta ICTOTHO PO3LIUPIOE Jl1alla30H IIBUIKOCTEH
MOTOKY JJisi Horo excrutyaraunii. BusiBiIeHO KUIbKICHI Ta SKICHI 3aKOHOMIPHOCTI (hOpMyBaHHS Ta
€BOJIIOIIT CIHiAy 3a CHCTEMOI0O 3 KEpOBaHMM pPYXOM KpWJ, BHM3HAYEHO YMOBH BHHHUKHEHHS
KOT€pEHTHUX BHUXPOBUX CTPYKTYp. 3poOJIEHO TMOpIBHSHHS pPE3yJbTaTiB OOUYMCIIIOBAIBHOIO
eKCIIEpUMEHTY 3 pe3yJibTaTaMU HaTYpPHOTO MOJEIIOBAHHS IMiJTBEP/PKY€E BIUIMB 3aKOHY KEpyBaHHS
Ha JIMHAMIYH1 XapaKTePUCTUKH PYIIisS 13 CUCTEMH PYXOMHX KPHIL.

I. O. BOPOIIAEB, O. O. BACKOBA

JOCHIIPKEHHSA BIUVIMBY YACTKOBOI'O T'O®PYBAHHSI HA PO3BUTOK
BHUXPOBUX YTBOPEHbD B TPYEI ITPA NEPEXITHUX YACJIAX PEUHOJIBICA

Ha pmanHwmii 9ac icHye BeNnWKa KUIBKICTH JIOCIHIKCHb, MPHUCBSYCHA OIHII PI3HUX BUIIB
CTPYKTYpPYBaHHsI TIOBEPXHI 3 METOI0 OTPHUMaHHS HaWMEHIIOTO TiAPaBIIYHOTO OMOpy Ta/abo
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HaHOUIBIIOro TerI000MiHy. 3a3BUYail JOCTIIKEHHS POBOASTHCS B TIEBHUX Jianma3oHax (i3WIHUX
Ta TEOMETPUYHHUX TapaMeTPiB NUBIXOM Mepedopy iX pi3HUX MoeaHaHb. Lle moBoM TpymOMiCTKHIA
HUISX, SIKKH 3aliMae G6arato yacy Ta pecypciB. B ganiii po6oTi poOuThCst cripoda 3a BUXiJHY TOUKY
o0paTu BiIacHi mapameTpu notoky. CaMme crimparovuch Ha GOpMy Ta apaMeTpyu BIacHUX 30ypeHb B
MOTOIl TPOMOHYEThC (opMa 1 TeOMETPUYHI XapaKTEPUCTHUKH PO3BUHEHHS IMOBEpxHi. YacTkoBe
CTPYKTYpYBaHHSI OOTIUHOi TOBEPXHI J03BOJISIE HAaB’S3aTH JIMIIC TIEBHI 3MIHH Yy NPHPOIHBOMY
Mpoleci po3BUTKY 30ypeHb MOBHICTIO HOTo HE 3MiHIOIOYH. J[OCTIKEHHS TMPUCBIYEHO BUBUYCHHIO
XapaKTEPUCTUK Teuli B TIajkii TpyOi Ta TpyOl i3 rodpoBaHMMH BcTaBKamu. Komm’rorepHe
MOJICIIIOBAHHSI MPOBOAMTHCS IMpH THepeximHomy yucii PeliHonbaca 1 32 yMOB HEI30T€pPMIYHOCTI
Teuii. BUKOHY€eThCS psiMe YncellbHE MOJICIIOBaHHS 0€3 3aCTOCYBaHHS MoJeleil TypOyJIeHTHOCTI.
Ha mepmiomy erami TpoBeACHO TOCHIIKEHHS Tewii B Thaakid TpyOi. OCHOBY yBary mpuIiICHO
aHaJi3y 3apOJUKCHHS Ta PO3BUTKY BHUXPOBHX YTBOPEHb, SBHIIY BTPAaTH CTIMKOCTI B IOTOII.
[TpoananizoBaHO IOBKWMHU XBWJIb 30ypeHb, aMIUINTYIH, BIJCTaHb, Ha SKI 3apOJKYIOTHCS Ta
ICHYIOTh CTPYKTYpOBaHI BHUXPOBI YTBOPEHHS 3TiHO XapaKTEpHUX €TamiB pPO3BUTKY 30ypeHb. Ha
ApyroMy eTami JOCHIDKEHHS MPOBEACHO MOPIBHSAHHA 13 TpyOamu 3 pIi3HUMH TOQPOBAHHUMHU
BCTaBKaMH. BUSBICHO BIUIMB JIOBXXUHH XBHJII ToppyBaHHs. Tak, KOPOTKOXBUIIbOBE, y MOPIBHSIHHI
13 JIOKaJIBHOIO JIOBXKWHOIO XBWJIb BIIACHUX 30ypeHb, TOQpYyBaHHS MOKE BUCTYIATHU SIK TypOytizaTop.
B Toif jxe 4ac, 3aJeKHO BiJ MiCIlsl PO3TalllyBaHHS, JJOBFOXBHIILOBE TOPpPYBaHHS MOKE OKa3yBaTH
peryJspi3yrouy Jifo i, HaBiTh, 3aTSATHYTH MpoOIleC Nepexoay. Takox MpoaHaTi30BaHO JNOIUIBHICTH
pO3TalryBaHHs JBOX TOPPOBAHUX BCTABOK 3a/1aHOT FeOMETii.

I. O. BOPOIIA€EB, C. O. KOBAJIb

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

VY po0oTi po3risiaeTbcs YMCeNbHE MOJICIIOBAHHS BUMYIIEHO! KaBiTallil Jjs KaBiTaropa B
MoTOoLl piAMHUA. MoJenoBaHHs BHMKOHAHO Yy mporpamHoMy cepenosuini OpenFOAM 12 i3
BUKOPHUCTaHHAM 4YHCeNbHOI Mojeni incompressibleVoF ta merony 00’emuoi piaunu (Volume of
Fluid, VOF). Meton VOF 3a6e3neuye BiACIIAKOBYBaHHS MOBEPXHI po3aAUTy ¢a3(Boja - ra3) mij yac
YTBOPEHHS TMOPOXKHUHM. Po3risnaerbcs HecTHUCHUBUM ABodasHuMM MOTIK (Boxa—ToBITps) 0e3
BpaxyBaHHS CWJIM TSDKIHHS, IO JIO3BOJWIO CQOPMYJIIOBATH 3ajady y BICI-CUMETPUYHIN
MIOCTAHOBILI, 10 B CBOIO Yepry 3MEHIIye OOUYMCIIOBAJIbHI BUTpPATH 1 CHpOILyE aHai3 Teuii.
Po3paxyHOK BUKOHYBaBCSl Y HECTAI[IOHAPHOMY PEXHUMI J0 TOCSTHEHHS KBa3i-CTalllOHAPHOTO CTaHy
Teuii. AHaii3 MOJIB THCKY 1 KOHILIEHTpalii MoKa3aB, 10 NMpH (HOpMyBaHHI MOPOKHUHHM 3HAYHA
YacTHHA TTOBEPXHI TiJIa BUSBISETHCA 130JIbOBAHOIO BiJ pianHM. Lle 3MeHIye TUCK Ha BiJMOBIIHIM
JUISHII B MOPIBHSAHHI 3 TUCKOM Ha BIIMOBIAHINA AIISHIN 6€3 MOPOKHUHM Ta, K HACHJOK, 3HIKYE
riIpoIMHAMIYHUM omip 1 MOB’s3aHi 3 HUM BTpatu. [loka3aHo, 11O YTBOpEHHS BEHTUJIHLOBAHOI
MOPOKHMUHM HABKOJIO TiNa MiA 4yac HOro pyxy y BOJI MOXKE 3HA4HO 3MEHIIUTH omip. OTpumani
Pe3yIbTATH € BAXKJIMBUMH JIJISI TOAATBIIOTO aHAITI3Y BIUTUBY IITYYHO CTBOPEHUX MOPOKHHUH Ha OMIp
Ta BIJIKPUBAIOTh MOKJIMBOCTI [JJIS ONTHMi3allii CHUCTEM BEHTWIAIII 3 METOI MiHiMi3allii
€HepreTMYHUX BUTpaT. TakuM YHHOM, MIATBEPPKEHO JOLIIBHICTH 3aCTOCYBAaHHS MOBITPSIHUX
MOPOKHUH SIK €(PEeKTHBHOro 3aco0y 3MEHIIEHHS TiIPOAMHAMIYHOTO ONOpY IS PYXOMHX Til Y
piauH1, 30KpeMa IiIBOJIHUX arapartis.

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

IJEHTU®IKALIIA MOMEHTIB TEPTA B INAPHIPHUX OIIOPAX BAJIKH
TUMOIIEHKA IIPU HECTAIIOHAPHOMY HABAHTAKEHHI

EnemeHTH KOHCTPYKIIiH 13 MAapHIpHUM OOMHPAHHAM IIUPOKO BUKOPUCTOBYIOTH SIK Y TEXHIIl],
TaK 1 B YCTAaHOBKaX JIJIsl TOCIIKEHHS Te(opMyBaHHS PI3HUX €JIEMEHTIB KOHCTPYKIIiA. YpaxyBaHHS
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TEepTs B IIAPHIPHUX OIMOpax HEOOXiJHEe A MOJCNIOBAHHS peaJbHUX yMOB. Tako MO)KHa
BHKOPHUCTOBYBATH TEPTS B IIapHipax i AeMrdyBaHHS KOJMBaHb. MeToro 11i€i pob0TH € po3podka
MeToxy ineHTH(ikamii MOMEHTIB TepTs B IIAPHIpHUX omopax Oanku TumomieHka mijg vac ii
HECTaIllOHAPHOTO HaBaHTaXKeHHS. Po3rmsganack cxema HaBaHTaKEHHS OAJKM 3a CHMETPUYHOTO
pO3TalIyBaHHs OMOpP BIAHOCHO TOYKM TPHUKIAJAHHA HECTAI[IOHAPHOI 30CEpPEIKEHOI CHJIH.
[nenTHdikaIito MpoBOAWIN 3a TPOTUHOM TIEBHOT TOUYKHU OaJIKu K GyHKIIT yacy. J{ims MoaenroBaHHs
KOJIUBaHb 0ajku OyJ0 BUKOPHUCTAHO CHCTEMY AM(epeHiaIbHUX PiBHAHB 1 Oanku TUMOIICHKA.
Po3B's3aHHS 1i€l CHCTEMU OTPUMAHO 3 BUKOPHCTAHHSAM PO3KJIAJaHHS HEBIIOMHUX (DYHKUIN y paau
@yp'e 1 neperBopenns Jlamnaca. [1ig gac po3s'szanHs obepHeHOi 3aaa4i 3 i1eHTH(IKAII] MOMEHTIB
TEpTS B LIAPHIPHUX ONOPaX BUKOPHCTOBYBABCS MeTox peryisipusanii TuxonoBa. Y pesynbrari
JOCIIJKEHHST pO3p00JICHO MeTo ieHTU(IKallii MOMEHTIB TePTs B MIAPHIPHUX OMOpax Ui Oaaku
Tumomenko. Byno mpoBeneHO 4MCIOBHI eKCIEpUMEHT. SIK BHXimHI naHi Oyino B3sTO NMPOTUH Y
AesKiil Toumi 6anku (AK QyHKIII0 Yacy), IKHi OyJI0 OTPUMAaHO IIiJ1 Yyac po3B's3aHHS MPSIMOI 3a1aui.
[IpoBeaeHO MOCHIKEHHS BIUTMBY HETOYHOCTI 3aBJIaHHS BHUXITHUX JaHUX HA CTIHKICTh 1 TOYHICTh
inenTudikamii. Pe3ynpTat po3paxyHKiB MOKa3aid, mI0 po3poOieHnit MeToH iAeHTudiKaii, SKui
0a3yeThCsi Ha BUKOPUCTaHHI MeTOXMy peryisipusanii TuxoHoBa, mae 3MOry €(QpeKTHBHO OTpUMATH
CTIMKHMI pPO3B'A30K BIAMOBIAHOT 0OEepHEHOI 3amadi HaBiTH 0€3 MONMEPEeIHBOTO JOOIPALIOBAHHS
BHUXIJIHUX JaHHX. Po3po0ieHuiit MeTon ieHTU(IKaIii MOMEHTIB TEPTS B IIAPHIPHUX OMOPAX MOXKE
MaTH TOJAJIBIIANA PO3BUTOK JJIsl OUTBII CKJIaJHUX CXEM HAaBAaHTAXCHHS OANOK, a TAKOX Ui 1HIINX
BU/IIB €JIEMEHTIB KOHCTPYKIIIi.

I. M. TOPEAHb, B.T. BACOBChKHH

I'EHEPAIIA AKYCTUYHOI'O HOJIA IIOTOKOM  PIIMHH HA/JL
ABOBUMIPHUMHU IUWJITHAPUIHUMU KAHABKAMM PI3HOI I'V/IMBUHU

JlOCIiKYIOTBCSL  TIAPOAMHAMIYHE 1 aKyCTM4YHE IOJs, SKI TeHEPYIOThCS TEui€l B’SA3KOi
PLAVMHM HABKOJIO CTIHKH 3 BUPI3aHOO y HIl MONEPEYHOI0 MIIHAPUYHOIO KaHAaBKOK. AKTYalIbHICTb
miei mpoOjeMHu 3yMOBIIEHA INHPOKUM BHKOPHCTaHHSIM TMOAIOHMX HEpIBHOCTEH TMOBEpXHI B
TEXHIYHUX NPUCTPOSAX. 3ajaya po3B’A3ye€ThCS YHCEIbHO B MPUIYLIEHHI Manux uyucen Maxa 3
BUKOPDUCTaHHAM TIOpUAHOTO METOAY, SKHMHA TO€IHYEe HE3aJIEeKHY OLIHKY  OJIN3BKOTrO
TIIPOIMHAMIYHOTO TMOJsI 3 aKyCTH4HOIO aHaioriero Jlaitxiuia. Jlng MozentoBaHHsS B’SI3KOi
HECTHUCIIMBOI Tedii B IPUCTIHHOMY MOTOIIl 3 HMWIIHIPUYHOIO KaHaBKOIO BUKOPHCTOBYETHCS BUXPOBA
YHCIIOBA CXeMa; 3BYK, SIKHU T€HEPYEThCS KaHABKOIO B JIaTbHHOMY ITOJIi OI[IHIOETHCS 32 JOMTOMOTOIO
piBHsHH @Dokc Bimbsmca-XoykiHrca B 4yacTOTHIM  oOmacti. [lumiHapuuyHa  KaHaBKa
XapaKTepU3y€eTbCs KYTOBUM PO3MIPOM 0, SIKUH MPSMO MPOMOPIINHHO MOB'sI3aHUM 3 i TJIMOMHOIO.
Posrnsparorees kaHaBku 3 o =40°, 60° 1 90°, sxi 3a nNpUAHATOIO KiIacH(DiKali€lo € MIJTKUMH.
[IpumerxkoBuil map Ha CTIHLI Tepel KaHABKOIO MOKJIAJa€ThCs JIaMiHApHUM, a HOro TOBIIMHA €
Habararo MEHIIOI 3a TIUOMHY HepiBHOCTI. Teuis XapakTepu3yeTbcsi uucioMm PeliHonbica
Re =2-10% 1m0 06YHCIIOETHCS 3a IBU/KICTIO He30ypeHoi Tedil i Xop1oro kaHaBKH. OTPUMAaHO, 1110
Ha/Jl HEpIBHICTIO BCTAaHOBJIIOETbCS  PEXHM  3CyBHOTO Imapy. BiH  xapakrepusyerbcs
ABTOKOJINBaHHSIMH ITOTOKY BCEPEINHI KaHABKH, BUKJIMKAHAMHU B3a€EMOIIE€I0 BUXPOBUX CTPYKTYD, IO
YTBOPWJIMCA B 3CYBHOMY IIapi, 3 KOPMOBOIO Kpaiikoro KaHaBKd. IIpu mpomy, 4uM rimOIorm €
KaHaBKa, TUM CTIHKIIIKUM OyJe 3CyBHMM MIap, SIKUH 3HAXOJUTHCS MK BUIBHOIO TEYI€l0 1
PEIUPKYISAMIHOI 30HOI. 31 30UIBIICHHSIM TIUOMHM KaHaBKU 3MEHIIYIOTBCS SK 4YacToTa
aBTOKOJIMBAHb, TaK 1 cepeHiil koedimieHT onopy. KoHBeKTHBHA MIBUAKICTH BUXPOBUX CTPYKTYp Y
3CYBHOMY IIapi HE 3aJeKUTh Bil KyTOBOI'O PO3Mipy KaHaBKU i nopiBHIOE npuOiamu3Ho 0.42 Bin
MIBUJIKOCTI He30ypeHoro moToky. KolmBaHHS MOTOKY BHUIPOMIHIOKOTH Y NAIEKOMY aKyCTHYHOMY
OJIi JAUTIOJNb 3 HEPIBHOMIPHUMHU METIOCTKAMH, KOJIX IHTEHCUBHICTh 3BYKY Y 3BOPOTHOMY HANpPSMKY
BHIIA, HIXK y IPSAMOMY. 31 30UTBIIICHHSIM KYyTOBOTO PO3Mipy KaHaBKH aMIUTITY/a 3BYKOBUX KOJIUBaHb
B JIAJICKOMY I10JIi 3pOCTA€ JJIsl BCiX HAPSAMKIB.

17



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

I'EHEPAIIIA AHTUCUMETPUYHUX XBWJIb B IIPYKHOMY XBWJIEBOII
PI3BHUMHU BUJAMU HABAHTAKEHH

CrarTs npucBgyeHa aHaiizy e(peKTUBHOCTI 30yIKEHHS XBHJIBOBOTO IMOJIA MPH BUMYILIECHUX
KOJIMBAaHHSX TMPYXHOTO HAMiBIIApy 3 BUIBHUMH OIYHUMH TIOBEPXHSAMH TPH PI3HUX BHOAX
HaBaHTaXeHHs. Po3rispanucs aHTHCUMETPUYHI KOJUBaHHS. PO3B’S30K MOCTaBI€HOT I'paHUYHOI
3amadi Oyno MOOYAOBaHO METOJOM OJHOPITHUX PO3B’SI3KU. BIiANMOBIAHO 10 MBOTO METONY,
XBUJIbOBE II0JIE MPEACTABISETHCS PAIOM IO CHUCTEMI HOPMalIbHUX XBWIb (3 AIMCHUMH, YUCTO
YSIBHUMH 1 KOMIUIEKCHUMH XBHJIBOBIMHU YHCIIAMHU ), KOXKHA 3 SKHX 3310BOJIbHSIE TPAaHUYHUM YMOBaM
Ha OiuHMX mnoBepxHsAX. I[Ipm BUKOHAaHHI OOYHCIICHH BPAaXOBYBAIMCh BCl HOpPMajbHI XBWI 3
TIMCHUMU, YUCTO ySIBHUMH 1 710 20 map 3 KOMIJISKCHUMHU XBHJILOBUMHU yrciaamu. Kpurepiem sikocTi
OTPUMAHOI0 PO3B’sA3KY OYB KOHTPOJb TOYHOCTI BUKOHAHHS TPAHUYHUX YMOB Ha TOPIIl HamiBIIapy.
OcHoBHa yBara B po0oTi OyJia 30cepekeHa Ha OIiHIlI e(eKTHBHOCTI 30Y/IPKEHHS XBUIHOBOTO TOJIS
B HamiBIIapi MpH PI3HUX BUIAX HAaBAaHTAXKEHHSA HA MOro TOPIl Ta HA PO3MOJUNT MK OLKYyYHMMH
XBIJISIMH PI3HHX TOPSIJIKIB B 3QJIEKHOCTI BiJ yacToTH. B po0oTi Oyi0 BCTaHOBJIEHO, IO HAaBITh B
YacTOTHOMY /Iiafa3oHi, B SKOMY TOLIMPIOETbCA TIMBKA OJHA ObKy4ya XBHJIA, €HEpris, sKa
«3aKauyeThCs» B HAIIBIIAP, 3aJI€KUTH BiJl 4acTOTH. Taka 3aiexHicTb 00yMOBJICHA AUCHEPCIHHIM
XapakTepoM HOpPMaJIbHUX XBWIb B mapi. [Ipu ¢ikcoBaHiii aMIUIITYl HaBaHTaXEHHs, 32 PaXyHOK
3MIHH PO3MOJUTY MEPEMIIICHHS TOYOK MO TOPIO HAIIBIIAPY, i3 3MIHOI YacTOTH MOTIPUIYETHCS
CTYIIHb y3TO/’)KEHOCTI TUIy HaBaHTaXeHHA 1 (opMHU KoyMBaHb. [Ipu 301blIEHH] YacTOTH, KOJIU B
XBHJILOBOMY IIOJIi 3’SIBIISIIOTBCSL ODKYYl XBHJII BHUIIMX TOPSJAKIB, XBHWJIBOBE TIOJI€ CTAa€ e
ckiaaHimuM. B poOoTi mokaszaHo, 110 ICHYIOTh YacTOTHI Jilama3oHH, B SKUX TUIBKUA OfHa OiKyua
XBWJISL TIEPEHOCUTh OCHOBHY YAaCTHHY €HEprii, fKka HaJAXOOUTh B HamiBmap. Po3rismanuck
BUMYILECHI KOJIMBAaHHS NpPU HABAHTAXKEHH! 3THHAJIBHHUM MOMEHTOM 1 TMepepi3ajbHOI0 CHIIOKO.
[TokazaHo, 1o e(EeKTUBHICTh 30Y/PKEHHS XBHUJIBOBOTO IIOJISI CYTTEBO 3aJ€XKHUTh BiI BUIY
HaBaHTAXEHHA. 30KpeMa, BCTaHOBJIEHO, IO CHPUUHATIMBICTH HaMiBIIapy B 00JacTi HMU3BKUX
YacTOT TPH HAaBAaHTAKEHHI IMEpepi3aibHOI0 CHJIOK 3HAYHO BUIINE, HDK MpPU HABAHTAKEHHI
3TUHAJIbHUM MOMEHTOM.

B. T. TPIHYEHKO, B. T. MAIIHIIYPA

I[I/ICKPETHO—AH‘A.JIITI/I‘IHI/II‘/‘I METO/ PO3B’AA3AHHSA 3AIAY
MATEMATHUYHOI ®I3UKU

OOroBopIOIOTHCS MOKIJIMBOCTI CHEIU(IYHOTO MiIXO0AY 10 PO3B’sI3aHHS 3a/1a4 MaTeMaTUYHOT
¢b13UKH, K1 ONMUCYIOTHCS JIHIMHUMH AUQepeHiaTIbHUMK PIBHIHHAMH. {71 Takoro Tuiy piBHSHb
HAKOMHWYEHO 3HAYHUN 00’ €M PO3B’sA3KiB KOHKPETHUX 3ajay JUId TaK 3BaHUX KAaHOHIYHMX oOJacTei.
3arajabHOI0 XapaKTEpHOIO OCOOJMBICTIO TaKWX OOJiacTedl € Te, 10 IX IpaHUlLs € KOOPAMHATHOIO
MOBEPXHEIO B ICKAPTOBUX, IMWIIHAPUYHUX, CHEPUIHUX KoopauHaTaxX. Came B TaKUX KOOPJMHATHUX
cUCTeMax JJisl JIIHIMHUX PIBHSHb HAaKOMWYEHO 3HAYHHM JTOCBiA B MOOYAOBI YACTUHHUX PO3B’S3KIB.
CraTTsa npuCBSYEHA JOCTKEHHIO MOJJIMBOCTEH BUKOPUCTAHHS TaKHUX BIJOMHUX YaCTUHHHMX
PO3B’SI3KIB MpHU BUPILIEHH] 33/1a4 MOMIYKY KUIbKICHUX XapaKTePUCTUK (DI3UYHUX TOMIB B 00JIACTSIX
JOBIJIBHOI (hOpMHU. AHali3 HAssBHUX aHATITUYHMX PO3B’SA3KIB JUIsl KAHOHIYHUX 0OsacTel J03BOJISIE
cOpMyIIOBaTH HOBE TOHSATTS 3arajbHOTO PO3B’SI3KY TPAHMYHOI 3a7adi /Ui TIEBHOTO KIIACYy YXKe
HEKaHOHIYHUX oOnacteil. Crenn(igyHOI0 PUCOI0 TaKUX O0JIaCTel € Te, IO iX T'PaHUYHI MOBEPXHi
(bOpPMYIOTECS SIK YAaCTUHU KOOPJMHATHUX TIOBEPXOHb B YKa3aHUX KOOPAWHATHHUX cucteMax. llpm
[[bOMY TNPUHIMIIOBO BAXJIMBUM € Ta OOCTaBMHA, IO JJIS JIHIMHUX PIBHSAHb € CIPAaBEIMBUM
MPUHITUAIT CYMEPIIO3UIIii, KOJU Oyab sKa CyMa YacTHHHUX PO3B’SI3KIB € TaKOX pO3B’SI3KOM
rpaHu4HOi 3amavi. JlocHipKeHHs 3araJbHUX PO3B’S3KIB TPAaHUYHUX 3a1ad JUIsi HEKAaHOHIYHUX
oOnacTeli BKazye Ha MOMJIMBOCTI TOOYJOBH TaKWX PO3B’S3KIB pizHOI (GOpMH IS KOXKHOI
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KOHKpETHOI 3a7aui. BUKopHCcTaHHS TaKuX 3arajlbHUX PO3B’S3KM BIKPHUBAE TEBHI MOMIIMBOCTI ISt
3MEHIICHHS 00’ €MiB OOYHCIIIOBAIBLHUX MPOIIEAYp IPY BUKOHAHHI OOYHMCIICHD y BUIAKY 3a7a4 JJIs
3arajibHUX HEKAHOHIYHUX oOsacteld. [Ipyu bOMYy BHKOPHCTOBYETHCS 1/1€sl MOJUTY 3a4aHOi 00JacTi
Ha YaCTUHHI CKJIaoBi. B o/HilN 13 HUX, ISl IPEICTABICHHS TOJISI BUKOPUCTOBYETHCS aHAII THYHUH
3araJibHU pPO3B’S30K, a B peImTi o0nacTeld BUKOPHUCTOBYIOTHCS TPAMUIIAHI MIIXOTU 10
JIMCKpETH3allii, HanpuKial, METOJ CKiHYCHHUX eJEMEHTIB. [IpuBeIeHO TBEPKCHHS PO
MOJKJIMBOCTI BHKOPHCTaHHsS pi3HUX (HOpM 3arajJbHOrO pO3B’SI3KYy Ta MPEJCTaBICHI KOHKPETHI
MpUKIaTu 004YuCiIeHb. OOroBOPIOETHCS MHUTAHHS MPO PI3HI AJITOPUTMH 1T OOYHMCITIOBAILHUX
IpoIelyp MPH BUKOHAHHI TPAaHUYHUX YMOB 1 YMOB CHPSDKEHHS Ha JIOJJATKOBHUX ITOBEPXHSIX.

K. 1. JEHUCOB, B. B. III9KYP

AHAJII3 CTIMKOCTI PO3B’SI3KIB JIHIAHOI'O MATPHUYHOI'O
JUPEPEHIIAJIBHOTI'O PIBHAHHA 3 IOCTIMHUMU KOEDIINIEHTAMHA

B crarri BHCBITIIGHO METOXN  JOCHIDKEHHS  CTIMKOCTI ~ MAaTpUYHOTO  JIHIMHUX
mudepeHIlialbHOTO  PIBHSAHHA 3 TOCTIHHUMHU KoedimieHTamu. OJHUM 3 KJIACHYHUX BHJIIB
MaTpUYHUX Au(epeHLianbHUX PIBHIHD JIIHIHHI MaTpU4Hi AudepeHIianbHi piBHAHHS, YaCTHHHUM
BUIIAJIKOM SIKUX € piBHsAHHS JIssmyHoBa. MaTpuuHi qudepeHiianbHi piBHIHHS BUHUKAIOTH B 33/1a4aX
Teopii CTIMKOCTI, MPAaKTUYHOI CTIMKOCTI, TEOpii ONTHMAaIbHOTO KEPYBAaHHS 1 OIIHIOBaHHS CTaHY
CHCTEM 32 YMOB HEBH3HAUYCHOCTi. B 3B’53Ky 3 1IuM HE0OXiAHO OOYUCIIIOBATH Ta aHalli3yBaTH AKICHI
BJIACTUBOCTI PO3B'SI3KIB MaTpHUUHUX AudepeHLianbHuX piBHAHB. [locTatoTh mpobiemMu iCHyBaHHS,
€IUHOCTI, TPOAOBXKYBAHOCTI 1 aHamily YMOB CTIMKOCTI JJs pI3HUX BUJIB TaKuX BHUIIB
MaTeMaTHYHUX PiBHAHB. MeTO, pO3pO0JIEHH B CTATTi, 0a3yeThCs HA anredpaiuHuX BIACTHBOCTSIX
BJIACHUX YHCeJl, )KOPJAaHOBUX (OPM MaTpHIlb, BAKOPUCTOBYE BIACTUBOCTI KOPEHIB MHOrOWIEHIB. B
CTaTTi OOTPYHTOBYETHCSI TEOpeMa MPO YMOBU CTIWKOCTI, aCUMOTOTUYHOI CTIMKOCTi, HECTIHKOCTI
PO3B'SI3KIB JIIHINHOTO MaTPUYHOTO JU(EPEHIIaTbHOIO PIBHAHHS 3 MOCTIHHUMH KOeQillieHTaMu.
Po3pobiiena MeToarka mosisArae y 3HaxX0PKeHHI MAKCUMAIbHUX JIMCHUX YaCTHH BJIACHUX YHCEl, a
TaKOXX Yy aHaJli31 CTPYKTYpPHU >KOPAAHOBOI (POPMU MaTpPHULb JIHIHHOTO AU(EpeHI1aIbHOr0 PiIBHAHHS.
HacninkoM TeopemMu € BIANOBIOHI YMOBHM CTIHKOCTI MAaTpU4HOTO piBHAHHA JlamyHoBa. Jlns
3HAXO/PKEHHS BJIACHUX YHCEN PO3pOOJIEHO OOUMCIIIOBAILHUM METOJI 3HAXO/DKEHHS MaKCHUMAaJIbHOI
TICHOT YaCTHHU KOpPEHIB MHOTOWICHA, a TAaKOXK aJTOPUTM 3HAXOJDPKEHHS KOPEHIB MHOTO4YIeHa. B
OCHOBI miAxony Jexutrh TeopeMa Payca-I'ypsina. HaBeneHo pe3ynpTaTé OOUHCITIOBAIBHUX
€KCIIEpUMEHTIB.

I. A. JUKAJUTAJTOBA, O. €. KAMIHChKHH

MATEMATHUYHE MOJAEJIIOBAHHA TA AHAJII3 KEPOBAHOCTI
CUHI'YJIAPHUX TIBPU/IHUX CUCTEM B ITPUKJIATHUX 3ATAYAX

VY crarti pocmikeHo cuHrynspHi riopunHi cucremu (CI'C), siki XapakTepU3yHOThCS
MOEIHAHHAM JH(epeHIiatbHO-anreopaiyHol CTPYKTYpH Ta TiOpUAHOI AMHAMIKU 3 MEepeMHUKaHHAM
MDK pI3HUMH peXkuMamu. HaBeneHo MareMaTWdHy MOJEib, OOTPYHTOBAHO MIAXOIW 10 aHAJI3y
CTIMKOCTI Ta KEpPOBAaHOCTI Ta MPOBEIEHO YHCEIbHE MOETIOBaHHS. Taki CUCTEMH NPUPOJHUM
YUHOM BHMHUKAIOTh y CKJIQJAHHMX TEXHIYHUX 3aCTOCYBAHHSIX — BiJ €HEPreTUKH 10 OlOMEIMYHUX
MPUCTPOIB — JI€ TIOBEIHKAa 00’ €KTa 3MIHIOETHCS BHACIIIOK aBapiif, mepeMUKaHb ad0 BHYTPILIHIX
CTPYKTYpHUX 3MiH. 3anponoHoBaHO MareMaTH4Hy mozesb CI'C Ha OCHOBI MaTpullb 110 3aJ1€KaTh
BiJl TUCKPETHOIO PEXHUMY, /1€ MATPHUISL MOXe OYTH BHPODKEHOIO, IO 3YMOBIIO€ CHUHTYISPHICTD
cuctemu. [IpoBeneHo aHami3 KEpPOBAaHOCTI Ta CTAOUIBHOCTI TaKWX CHCTEM 13 BpaxyBaHHSIM
cneun(iku — HASIBHOCTI anreOpaidyHUX OOMEXeHb, IMIYJIbCHUX peEakiiii 1 HEeyHIKaJIbHOCTI
po3B’A3KiB. PO3risHyTo mNpuKnay CHUCTEMH 3 JABOMAa pEXHUMaMH: pPETyJISpHUM (3 IOBHOIO

19



JMHAMIKOIO) Ta CHHTYJISIPHUM (13 3aMOPO’KEHUMH 3MIHHUMH ), TPOIEMOHCTPOBAHO 3MiHY MOBEIIHKU
CUCTEMHU TIiJT Yac MEePEeMHUKaHHS. 3alpOMOHOBAHO MiAXO0IU A0 aHaJi3y CTIMKOCTI 13 3aCTOCYBaHHSM
riopunuux ¢yskuii JismyHosa, meroaiB Beiepmrpacca Ta anredpaiuHux KpUTEpiiB KEpOBAHOCTI,
0 BPaxOBYIOTh CTPYKTYpHY BHPOJDKEHICTh. [IpoBeeHO uHMCeNbHE MOJCTIOBAaHHS 3
BUKOpucTaHHAM Python, peanizoBaHOo anropuTM KepyBaHHS y BHIJISAII 3BOPOTHOTO 3B’S3KYy IO
crany. OTpuMaHi pe3ynbTaTH MiATBEPIKYIOTh €(EKTHUBHICTh MOJIETI y BiIOOpa)KEHHI JTUHAMIKH
CI'C, no3BONSAIOTH JAOCTIAWTH BIUIMB CHHTYJISIPHOCTI Ha EBOJIIOLIIO CTaHy, Ta MiAKPECTIOIThH
HEOOX1IHICTh TOYHOT'O aHaJi3y MpH Po3poOIll cTpaTerii kepyBaHHs. ['padiku UTIOCTPYIOTH TUIIOBY
MOBEIIHKY CUCTEMH IPH MEPEeMHUKaHHI, 30KpeMa aJanTallito J0 anreOpaiuHux oOMeKeHb Ta BIUIUB
Ha KepoBaHicTh. [IpejcTaBieHa MOAeb 1 pe3yabTaTH MOJCIIOBAHHS MOXYTh OyTH BUKOPHCTaHI
i po3poOKK Oe3MevHnX Ta aJalTUBHUX CHCTEM KepyBaHHS y cdepax, e CHHTYJSIpHI TiOpuaHi
CTPYKTYPH € HEBiJI’€MHOIO YaCTUHO 00’ €KTa yIpaBIIiHHS.

H. ®. JHMHUTPIEBA

MOJIEJTIOBAHHSI BUXPOBOI CTPYKTYPH BCEPEJWHI BEHTHJIbOBAHOI
KABEPHH

Jana po6oTa npucBsyeHa npodiieMi MOJIEIIOBaHHs IPUMYCOBO BEHTHJILOBAHOI ra30moAi0OHO1
KaBepHH B TOTOILI PIJUHHU. AKTYaJbHICTH JOCHIKEHHS OOYMOBIIEHO HEOOXIIHICTIO PO3BHTKY
METO/IB KEpyBaHHS NOTOKOM 3 METOI 3HMIKEHHS ONOpy TepTs. AHalli3 JITepaTypHHUX JKepell
MOKa3aB, 10 BHYTPIIIHA CTPYKTypa Tedil BCepeArHI KaBepHH, sKa BH3Ha4ae ii Gpopmy, po3Mmip Ta
CTIMKICTb, 3QJIMIIAE€THCSI MAJIOBUBYEHOI. 3alPONOHOBAHO METOJIMKY YHCEIbHOIO MOJEIIOBAHHS
HECTAaIllOHAPHOI TPUBUMIpHOI MBO(A3HOI Teuil B MPOrpaMHOMY MAaKETi 3 BIAKPUTHUM BHXIJTHAM
kogoM OpenFoam. Bbyno Bukopucrano Mmonens interFoam s 1BOX HECTHCIMBHUX CYLIJIBHUX
cepenoBuill 6e3 ¢azoBoro mnepexony, ska Oaszyerbcs Ha miaxoai Volume of Fluid (VOF).
Po3paxyHKOBY ciTKy M0OYI0BaHO METOAOM MOKPOKOBOI'O MOJPIOHEHHS! KOMIPOK 3 BUKOPUCTaHHIM
yruiita snappyHexMesh st reHepartiii TpUBUMIpHOT HECTPYKTYPOBAHOI CITKH 3 NEpEBa’KaHHSIM
reKca-eJIEeMEeHTIB, 1110 BpaxoBye MUIKOMacIITaOHI CTPYKTYpH Tedii B 30H1 (pa3oBoro mepexoay Ta
nobnu3zy oOTiyHOro TuMa. Pe3ynbTaTH po3paxyHKIB IMOKa3alu SIKICHY Y3TOJKEHICTh 3
TEOPETUYHUMU Ta EKCIEePUMEHTAIbHUMHU JaHuMH. OIMCaHO CKJIAaJHY BUXPOBY CTPYKTYpPY
BCEpE/IMHI BEHTHJIbOBAHOI IOPOKHUHU. BUIIJIEHO TPH 30HU: MOCTIMHOIO THUCKY, B'A3K01 1udys3ii Ta
nBoazHoro mapy 3minryBaHHs. BussieHo, 110 Ha BiIMiHY BiJl MapoBOi CyNEepKaBEpHU 3a CTIHKOIO
YaCTUHOIO HAJUIMILIKU TOBITPSl YTBOPIOIOTH OynbOamkoBuil ciifl. byno mpoBeneHo aHami3 BIUIMBY
TE€OMETPUYHUX Ta JWHAMIUYHUX MapaMeTpiB Ha (OpPMYBaHHS Ta PO3BUTOK IMOBITPSHOI KaBEpHH, il
po3Mip, dopMmy Ta CTiliKicTh. BusiBIeHO, 110 MOBXXWHU 30H KaBEPHH 3aJI€KaTh BiJ IIBHUIKOCTI
OCHOBHOT'O MOTOKY PIIMHU Ta BUTPATH ra3y, 110 HArHITAEThCA, a TOBIIMHA KaBEPHH BU3HAYAETHCS
niameTpoMm KasiTatopa. [lokazaHo, [0 3a paxyHOK WITYYHOI BEHTHJISLII IOJOBXKYEThCS 1
HiATPUMYETHCS 30HA OCTIHHOTO THCKY.

C.0./IOBIr'HH, I.T. FYJIAHYYK, O. M. BY/IAHYYK

GPU-PEAJIIBALISI PO3PAXYHKY IIPABOI YACTUHU CJAP Y METO/I
JUCKPETHUX BHUXPOBUX PAMOK I 3AJAY OBTIKAHHSA TOHKHX
INJIACTUH

Y poboTi po3rasgaeTbcs MOXKIMBICTH BUKOpPUCTaHHS rpadiunoro mpouecopa (GPU) mis
pPO3paxyHKy MpaBOi YaCTMHH CUCTeMHU JiHiIHHUX anredpaiunux piBHsaHb (CJIAP) y wmeroni
JTUCKPETHUX BUXPOBUX PAMOK IPU MOJICITIOBaHHI OOTIKaHHS TOHKHUX TUIACTHUH 17€aIbHOIO PIIUHOIO.
[Tpu 1pOMYy IIBUAKICTH PYXY BY3JIIB BUXPOBOI IEJIEHU TAKOX pPO3paxoByBajach Ha rpadiuHomy
nporecopi. i  peamizamii  anroputMmy po3paxyHky Ha GPU Oyno BHKOpHUCTaHO MOBY
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nporpamyBanHs GLSL s oOuuciioBambHUX HIEHAEpiB, IO pealizyeTbcs B MEXaxX CTaHAAPTY
OpenGL, mouwmnaroun 13 Bepcii 4.3. Jlns oOuwcienp Ha IeHTpambHOMYy mporecopi (CPU)
BUKOPUCTOBYBaJIach MOBa nporpamyBanus C# ta ¢ppeiimBopk OpenTK. Ilpu peanizarii anroputmis
Ha CPU posnapanentoBaHHs 0OYMCIEHb 3A1MCHIOBaNacs 3 BUKOPUCTAHHSIM CTaTUYHOTO METOAY
Parallel.For. CPU-peani3aiiisi BUKOPUCTOBYE 4HCiIa NOJBIHHOT ToyHOCTI, Toai sik GPU-peanizamis
— yyclla OJJMHAPHOI TOYHOCTI 1 BUKJIIOYA€ YMOBHI ONEPATOPU Ui MIABUILEHHS MPOAYKTUBHOCTI.
[TpoBeneHo MOpiBHAIBHUIA aHAJI3 TOYHOCTI Ta MIBUAKOCTI PO3PaxyHKy 3a7a4 OOTIKaHHS TUIACTUHOK
PI3HOrO pO3Mipy MiJ PI3HUMH KyTaMH aTaku. Pe3ynpTaTu 4McenbHUX eKCIIEPUMEHTIB IIOKa3alu, 110
IpU 3HIKEHHI TOYHOCTI MeHII HDX Ha 1% (3a KpuUTEepisMU PO3MOMAITY THUCKY Ta MOBHOI CHIIN)
BJIA€THCS JOCITTU 3HAYHOIO NMPUCKOPEHHS PO3paxyHKIB — 10 75 pasiB BCI€T 3a7aul 3aje€KHO B1Jl
KUTBKOCTI BUXPOBHX €JIEMEHTIB. IcTOTHE 30UIbLICHHS MOXMOKH CHOCTEPIraeThCsl MpHU 301IbIICH]
PO3paxyHKOBOr0o 4acy J0 tmax=6, ajme Ha TOW MOMEHT 3acCTOCYBaHHS METOJy MOXe OyTu
HEKOPEKTHHM, OCKIUIBKMA BiZIOYBa€ThCS CaMONEpeTHH BuXpoBoi mneneHu. [lpu 1pomy came
nepeHeceHHss oouucienp npaBoi yactuHu CJIAP ma GPU mpuckoproe po3paxyHOK Bci€i 3amadi
npuOIM3HO B AecATh pasziB. OTpuMaHi pe3yiabTaTd MiATBEPIKYIOTh JOLUUIBHICTh Ta €PEKTHBHICTh
IepeHEeCeHHs1 po3paxyHKiB npaBoi wactuHu CJIAP Ha rpadiunuii npomecop y 3amadax
MO/ICITFOBAHHS IPOCTOPOBOTO OOTIKaHHS TIACTHUH 3 BUKOPUCTAHHSAM METOAY TUCKPETHUX BUXPOBHUX
paMoK.

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

[MoninomianbHa IHTEpHOMALIsl OomeparopiB  y rinbOEpTOBUX Ta CKIHUCHHOBUMIPHHUX
eBKJIIIOBUX IMPOCTOPAX € aKTyalbHOK 33Jauyei0 OOYMCIIOBAIBHOI MAaTeMaTHKH. [HTeprosiiiHi
NOJIHOMHM 3HaXONATh YHCICHHI 3aCTOCYBaHHS B pI3HOMAHITHHX Taly3sX, 30KpeMa IpH
inenTudikamii CKIaJHUX CUCTEM, Ui NOOYJOBM KBaApaTypHHX (GOpPMYNIT TNpH OOYHCIICHHI
KOHTUHYQJIbHUX IHTErpajiB, y MAIIMHHOMY HaBYaHHI, CKOJOTIYHOMY MOJCIIOBaHHI Ta
CKOHOMIYHOMY TMpPOTHO3yBaHHI. MeTor naHoi poboTu € moOyaoBa (Gopmyn uiss OOYUCICHHS
nudepenuianiB ['ato Ha 0CHOB1 (pOpPMyIT MOTIHOMIATBHOT IHTEPIOJIALII.

Y cyuacHiif 00YMCHIOBaNBbHIM MaTeMarulll 3aJadyi, 10 TOB’sS3aHI 3 AampOKCUMAIEID Ta
aHaJII30M ONEpPaTOpiB, 33JJAHUX CBOIMH 3HAYEHHSIMM, 3aiiMaroTh Baxuuse micue. OcobnuBy yBary
NpUIIAEThCS 0OuuCieHHI0 nudepeHianiB ['ato, ski BUKOPHCTOBYIOTCS B Teopii omTHMI3aLii,
YUCENBPHUX METOJaxX Ta MPHUKIAAHUX JOCHIDKEHHSAX. Y i poOoTi moOymoBaHo (HOpMyIu s
3HaXO/KEHHs 3HadeHb audepeHuianis ['aro Ha mifcTaBi iHTepnomsuiiHuX ¢Gopmyn Jlarpanxa.
[To6ynoBani ¢GopmMynu € TOYHHUMH JJis TIOJIHOMIAJNBHUX orepaTopiB. HaeeaeHo mpukiagn
obuncienHs audepenuianis ['aTo B eBKI1A0BOMY IPOCTOPI.

B. A. KOJIIIAKOB, B. A. BAHIH, . LYEPHIH
MATEMATHUYHA MOJEJIb UIA 3AJAYI KOIII-ITYACCOHA

Posrnsinatotbess MaTeMaTHUHI MOAENI AJis JHIMHMX 30ypeHb BUIBHOI MOBEPXHI, a TaKOXK
YHUCENbHUNA METOJ] JUCKPETHUX OCOOIMBOCTEH, SIKMI 3aCTOCOBYETHCS JUIA 11 pO3B’s3aHHS. 30KpeMa,
HaBEJICHO OMNHWC KOHTYPHHUX IHTErpajiB, N[0 JE&XaTh B OCHOBI MaTeMaTW4YHOI MoOjemi, 1
OOI'PYHTOBAHO MiAXiJ 0 AMCKpeTH3alii 3aaa4i. 3aponaHOBAaHO pealli3allil0 YHCEIbHOTO METOAY
s po3p’s3aHHs 3anadi Komri-Ilyaccona. HaBeneno pe3ynbTaTH YHCENBHOTO MOJETIOBAHHS.
[IpencraBieHo NMpuKIaaAd po3B’s3KiB I 3a7adi JTIHIMHUM 30ypeHsM BUIBHOI NMOBEPXHi, a TAKOX
MIPOAHAII30BAHO MOBEIIHKY CUCTEMH 3a PI3HUX T€OMETPUYHHUX KOHPITYyparliii Mo4aTkoBUX 30ypeHb.
Y poGoti mpencraBieHo rpadiuyHe BiOOpa)KeHHS pe3yibTaTiB YHUCEIBHOTO MOJIEITIOBAHHS.
OO6’eKTOM JOCIIJDKEHHS € E€BOJIOLIS TMOBEPXHEBUX 30ypeHb JOBUIBHOI TeOMeTpii B 1JealibHIN
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HECTUCIMBIN piauHi. MeTolo 1iel poOOTH € 3aCTOCYBAaHHS METOAY AUCKPETHUX OCOCOIMBOCTEN ISt
PO3B’s3aHHS KJIacy 3aj/1a4 3 JIHIMHUM 30ypEeHHSIM BUTbHOI MMOBEPXHI, 110 OMKUCYIOTh TEYiIO i/1eaTbHOT
HECTHUCIIMBOI PIIMHU B TPaBiTalliiHOMY IOJIi B 00JIACTI 3 BUTLHOIO MEXKEH — HEJIOKAIbHUX 3aJ]1au
Komri, a takoxx po3poOka OOYMCIIIOBAIBHOI TEXHOJIOTII, MPUIAATHOI JJISI MOJCIIOBAHHS IPOIECY
€BOJIIOII] MOBEPXHEBUX 30ypeHb MOBUIBHOI reomerpii. Y poOoTi po3risHYTO MOCTAaHOBKY 3ajadi
Komi-ITyaccona 3 niHIMHMM OYaTKOBUM 30ypEHHSM BUIBHOI MOBEPXHI, TOOYOBAHO MaTEMaTHUHY
MO/IeJIb Ha OCHOBI KOHTYPHUX IHTErpalliB, BAKOHAHO ii AMUCKPETH3AIil0 Ta Peai30BaHO YHCEIbHHUN
METOJ JUCKpeTHUX ocobiauBocTed. [IpomeMOHCTpOBAaHO TOBEAIHKY MOJEIl BUIBHOI TOBEPXHI
PiAMHU TPH MOPYIICHHI YMOB JIIHIHHOCTI TOYaTKOBUX 30ypeHb.

B. B. KY3b, A. B. LITATHPKO
ABTOMATHYHA IJEHTU®IKALIA MY3UYHUX IHCTPYMEHTIB

VY wmiff craTTi AOCHIPKYEThCS 3acTOCYBaHHsS IepeTBopeHHs @Dyp'e JuIsi aBTOMaTHUYHOIO
pO3Mi3HAaBaHHA MY3MYHUX IHCTPYMEHTIB B ayjio3amucax. 31 3pOCTaHHIM CKJIQJHOCTI MY3HMYHUX
KOMITO3UI[iMl Ta moTpeboro B edeKTuBHIN kinacudikaiii ayaio, JOCHIIKEHHS 30CEPEIKYEThCS Ha
BIWJIYYCHHI JIETANIbHUX CHEKTPAIBHUX XapaKTEPUCTHK 13 3BYKOBHUX CHUTHAJTIB 3a JIOTIOMOTOIO
mBuakoro neperBopeHHss @yp'e (FFT). Lli xapakTepucTUKH BKIIOYAIOTH CIIEKTPAIbHUN LIEHTPOI,
IIUPUHY CMYTH TPOIYCKaHHS, CHaJ, IMIBHIKICT MEPETHHY HYJS Ta KENCTPAIbHUX KOe(IiIieHTH
Mel-Frequency (MFCC), siki mpeAcTaBIsAOTh YaCTOTHI XapaKTEPUCTHKH Pi3HUX IHCTPYMEHTIB.

BuiydeHi xapakTepUCTHKH OOPOOISIOTHCS Ta BHKOPHCTOBYIOTHCS JJISi HABYAHHS MOJIENICH
MAIlMHHOIO HAaBYaHHsS. 30KpeMa, y CTaTTl OLIHIOETbCA MPOAYKTHBHICTh JIBOX aJT'OPUTMIB
knacudikamii: MeToxy ampokcumarii Haibmmkdoro cyciga (ANN) Ta MeTomy OMOpPHHX BEKTOPIB
(SVM). Mogeni HaBYaloThCS Ha HaOOpi JaHUX KOPOTKHUX 3allMCIB HA OJHOMY IHCTPYMEHTI Ta
TECTYIOThCS Ha 3pa3Kax 31 3MIIIaHUX IHCTPYMEHTIB JUIsl OLIHKA MOKJIMBOCTEN y3arajabHEHHS.

ExcniepumeHTanbHl pe3yiabTaTd IOKa3ylOTh, L0 OOMJBI MOJAEIl MOXYTh €(EKTUBHO
KJIacu(pikyBaTh IHCTPYMEHTH 3 BHCOKOIO TOYHICTIO — TOHaA 96% y KOHTPOJIHOBAHUX
cepenoBuInax. OJHAK TOYHICTh 3HUKYEThCS Y CKJIAJHUX MOJI(OHIYHHUX 3aIHCaX Yepe3 MepeKpUTTS
4acToT. Y JOCHIIKEHHI TaKOX MIJKPECIIOETbCA poJib Takux O10miorek, sik Librosa, Numpy Ta
Scikit-learn, st monepeHpOT 0OPOOKH Ta HABYAHHS MOJICIICH.

Pesynbraty pociiiykeHHS MOKa3ylTh, IIO XO4Ya 3allpONOHOBAHUM MIAXiA HE 1/1€albHO
HiAXOIUTH JJIs1 BU3HAUYEHHS 1IHCTPYMEHTIB B OPKECTpax, BiH € Jyke e()eKTUBHUM Yy Kiacupikarii
COJIbHUX IHCTPYMEHTIB 1 MOXXe OyTH MOUIMPEHUN Ha Takl 3aBJaHHA, SK PO3IMI3HABAHHS JKaHPIB.
MaifOyTH1 JOCTIKEHHS MOXKYTh BKJIFOYAaTH METOAM TJIMOMHHOIO HAaBYaHHS Ta PO3JIICHHS JKepel
3BYKY JJISl HOKPAILEHHS MPOAYKTUBHOCTI B MOMI(OHIYHUX YMOBAX.

B. B. KY3SBMEHKO, A. I1. TPOLIEHKO

MOJAEJIOBAHHA TIOIIMUPEHHA 3BYKOBUX XBHWJ/Ib VY IINIOCKOMY
XBUJIEBOAI 3 BUTMHAMMU

VY poboTi IOCHIKEHO MOMIMPEHHS 3BYKOBUX XBWJIb Y IJIOCKOMY aKyCTUYHOMY XBUJIEBO/II,
10 MICTUTh J1Ba BUTUHU. [100y10BaHO MaTeMaTH4Hy MOJEIb 33/adi, 110 JI03BOJIsIE TIPOAHATI3yBaTH
0COOJIMBOCTI MPOXOKEHHSI aKyCTUYHOI XBHWJII Kpi3b T€OMETPHUYHY HEOJHOPIJHICTh XBUJIEBOJA
3aJIeKHO BiJl HOro reoMeTpuuHuX Ta (Ppi3suuHuX mapamerpis. J[i1st MoJenoBaHHS aKyCTUYHOTO TOJIs
3aCTOCOBAHO METOJ| YacTKOBUX oOusacteil. OOYHCIEHO eHepreTUdHi KOoe(ili€eHTH MPOHUKHEHHS
XBHJII KPi3b 30HM HEOJHOPIAHOCTI Ul HIMPOKOTO CHEKTPY XBMIJIBOBHUX PO3MIpIB Ta KYyTiB BUTHHIB
xBujeBoAa. IlokazaHo, 110 HAsSBHICTh BUTHHIB MPU3BOAWTH IO ICTOTHOI 3MIHHM CIIEKTPaJIbHUX
xapakTepucTuk. [Ipy XBUIBOBUX pOo3Mipax, KpaTHUX IOJOBUHI TOBKUHU XBUII, BIJOYBA€ThCS pi3Ke
3HIKEHHS Koe(ilieHTa TPOHUKHEHHS, 110 MOB’S3aHO 31 30Y/HKCHHSIM BHUIIMX HOPMAJIbHUX MOJ Y
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XBHJICBOJII. Y BHIAJKY, KOJIUM KyT BUTHHY MepeBulnye 90°, aMIunTyIHO-4aCTOTHA XapaKTepUCTHKA
Ha0yBa€ CKJIQMHOI CTPYKTypU 3 UYEpPryBaHHSIM 30H 3pOCTAaHHA Ta CHajgaHHsA KoedilieHTa
MPOHUKHEHHS, 110 BKa3ye Ha HAsBHICTh PE30HAHCHUX SBHII y KyTOBii o0yacTi xBuieBoga. Taka
o0nacTh QYHKIIIOHYE SIK pE30HAHCHA Kamepa, B SAKil Moke BiOyBaTHCS €()EKTUBHE MEPETBOPCHHS
eHeprii MK pi3HUMH MojamMH. BcranoBieHo, mo mpu 30uIbIIeHHI KyTa BUruHYy Big 0° mo 90°
KO€(DIIIEHT MPOHUKHEHHS IOCTYIIOBO 3MEHIIYETHCS, OJIHAK MPHU TOJAIBIIOMY 30UIBIICHHI KyTa
BiJJ3HAYAIOTHCS KOJMBAaHHSA LbOTO Koedimienta. IlpoanamizoBaHo 3MiHYy JOMIHAHTHOI MOJAU
3aJISKHO BiJl XBUJIBOBOTO PO3MIPY Ta KYTiB BHUTHHY, a TAKOX IOKa3aHO MOJIMBICTh €(PEKTHBHOTO
MEPETBOPEHHS €HEeprii MiX HIKYMMH Ta BUIIMMHU MOJAMHU y IEBHUX TOYKAX YaCTOTHOTO Jiarna3oHy,
10 Ma€ MOTEHI[IIIHE MPaKTUYHE 3aCTOCYBAHHS B 3a/la4aX aKyCTUYHOTO (UIbTPYBaHHS, YIIPaBIiHHS
HamnpsSMKOM 3BYKOBOI €HEprii Ta CTBOPEHHS XBHJIBOBHX pe3oHaTopiB. OTpuMaHi pe3yiabTaTH
Bepu(iKOBaHI MUIIXOM KOHTPOJIIO BUKOHAHHS 3aKOHY 30€pEKEHHS €HEprii, YMOB CIPsIKEHHS
nigobsacTel Ta KpailoBUX YMOB Ha MOBEPXHI XBHJICBOJIA.

O. II. HEYYHBITEP, B. B. IBAHOB, A. C. ILIHII[AP, O. P. I'llI[AK, A. B. 3AFOPHUH

E®PEKTUBHE YUCEJIBHE IHTEI'PYBAHHA ABOBUMIPHUX
HBUAKOOCHUIBOBAHUX ®YHKIIN 3ATAJIBHOI'O BULY

OpHiero 3 KIIOYOBHX 3a/ad y CydacHIH MPUKIAIHIA MareMaTuili, 0e3 sSKoi HEMOXKIHBE
MOJICITFOBAHHS Ta aHaJIi3 CKJIAHUX IPOIIECIB, 30KpeMa B MaTeMaTuuHil ¢izuil, nudposiii 06pooii
300pakeHb, € YHCeIbHE IHTErpyBaHHS (YHKI[IH OaraThox 3MiHHHX. YacTo aHAIITUYHE OOYHCICHHS
0araTOBUMIpHUX I1HTETpalliB € HEMOXIMBUM Yepe3 CKIaJHICTh caMmux (GyHKIIH abo obmacti
IHTETpyBaHHSA, IO 3YMOBIIOE HEOOXIIHICTh 3aCTOCYBaHHA E(PEKTUBHHX YHCEIBHHX METOIB.
OcHoBHa npo6iieMa YUCENBHOTO 1HTETpyBaHHS (YHKII 0araTb0X 3MIHHUX MOJIATa€ B 3POCTaHHI
OOYMCITIOBAJIBHUX BUTPAT 31 30UIBLICHHSAM PO3MIPHOCTI OOJAcTl IHTETPYBaHHA — TaK 3BaHe
«IPOKJIATTA pOo3MipHOCTI». Lle crmoHykae 10 MoOmyky eQeKTUBHMX METOJIB, SIKI J03BOJIIOTh
30epiratu OanaHC MK OOYMCIIIOBAJIBHOIO CKJIAQIHICTIO Ta TOYHICTIO pe3ynbTariB. OcoOauBuit
IHTEpeC CTaHOBJIATH METOAM YHCENBHOTO IHTETPYBaHHS, pO3pPOOJTEHI 3 BUKOPUCTAHHSIM
1H(pOpMaLlIHHUX ONEepaTopiB, K1 BIAHOBIIOIOTH MPOMIXKHI 3HAaYEHHSI BEJIMYUH 32 HassBHUM HabopoMm
BiIOMHX 3Ha4eHb (YHKIII 0ararbox 3MIiHHUX B TOYKaxX, Ha JiHISAX, IJIOLMMHAX, Tomo. Ha ocHoBi
TaKMX OINepaTopiB OYIyIOThCS €KOHOMHI CXEMH IHTEpHOJAMil (YHKIIN IBOX Ta TPhOX 3MIHHUX.
3acTocyBaHHS EKOHOMHHMX CXE€M B YHCEIbHOMY IHTETpYBaHHI (YHKIIH AEKUIBKOX 3MIHHHX
JI03BOJIIE 3 MEHILOK KUIBKICTIO JaHUX OOYHUCIIOBaTH OaraTOBUMIpPHI IHTErpaju 13 3a/JaHOl0
Harepea TOYHICTIO MOPIBHSAHO 3 KJIACHYHUMH MeToJaMH. MeToro /aHoi CTaTTi € JIEeMOHCTparlis
BUKOPHUCTAHHS EKOHOMHHUX CXEM IHTEpHoJiAlii Juisi HaOJIMKEHOTO OOYMCIIEHHS TOABIMHUX
IHTETpaiiB, a TaKOX JBOBUMIPHUX IHTErpaliB Bij] MIBUIKOOCHHMIBLOBAaHHX (YHKIIH 3aralbHOTO
BUTTY.

L 10. THJTHITYEHKO, C.0. /JOBT'HH, /1. I. YEPHIH

MOJAEJIOBAHHAA OBTIKAHHSA JIITAJIBHOI'O AITAPATY 3 CHUCTEMOIO
KOH®Y30PIB BPIKCA-KOPTA

JlitanpHi amapatu Ty VTOL BuKIMKalOTh 3pocCTarouMii 1HTEpEC 3aBISKH CBOIH
YHIBEPCAJIbHOCTI Ta 3JaTHOCTI JisITH B yMOBaX 00MEXeHOro mpoctopy. [lepcreKTHBHUM pO3BUTKOM
I[HOTO HANpPSIMY € 3aCTOCYBAHHS KOMILJICKCY TEXHIYHUX PIIICHb 3 aepOAMHAMIYHUX KOMIIOHYBaHb,
1151 3a0e3MeueHHs HeoO0XiHOT aepoinHaMivHOi sikocTi JIA Ha yciX peKumMax MoJIbOTy OJJHOYACHO, a
came — OCHaIIEeHHs JIiTalvoi iatgopMu cucteMoro HacankiB bpikca-KopTa, siki 31aTHI M ABUIIATH
aepoauHaMiuyHy eQeKTUBHICTh pymniiB JIA Sk y BepTHKaJbHOMY, TaK 1 B TOPH30HTAIBHOMY
pexuMax moiapoTy. KoMIiekcHe AOCHiKeHHs i€l KOHIENIli € HEOOX1THUM KPOKOM Y HampsMi
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CTBOPEHHSI KOHIICNITyaJTbHO HOBHX IiTaNbHHUX JIA - cucTeM HagManux MOOUTBPHUX JIITaTbHHX
maTdhopM, cXema TOJBOTY SKUX 3aJIeKUTh Bia opieHTarlli JIA y mpoctopi. O0’€KT JOCIIIKEHHS:
MOJieNli JTaJbHMX amapariB 3 Hacankamu bpikca-Kopra, 1 BepTHKaJIBHOTO 37BOTY 1
MPU3EMJICHHS Ta TOPU3OHTAIBHOTO TMOJLOTY.  MeToo poboTu € po3pobKa TEOPETUYHO
OOI'PYHTOBAHOT KOHIIEIII] JTITAJTBHOTO armapara BEpTUKAIBHOTO 3JIETy Ta TOPU30HTAIBHOTO TOJIBOTY
(tunmy VTOL) 3 BanTaxomigiiomuicTio 10 200 Kr, 31aTHOTO 3a0€3MEYUTH TOPU30HTAIIBHUMA TOJIIT
npotrsaroMm 10-30 xBunmH Ha mBUAKOCTI 10 100 km/roa. OcCHOBHA yBara MpPUIUISETHCS CTBOPSHHIO
e(eKTUBHOI aepoJMHAMIYHOI KOMIIOHOBKH, aHalli3y TATOBUX XapaKTEPUCTUK Ta JOCIHIKEHHIO
MOJKJIMBOCTE BUKOPUCTAHHS CIICI[iali30BaHUX aepOJUHAMIYHMX EJIEMEHTIB (30Kpema, HacaikiB
turry bpikca-Kopra) mmsi migBuiieHHS e€(EKTUBHOCTI pYIIiB y peXuUMax BEPTUKAIBHOTO Ta
TOPU30HTAILHOTO TOJIBOTY.

0. M. CABYEHKO, IO. A. CEMEHOB, I'. IO0. CABYEHKO

HEJIIHIAHI TPABITAIIAHI XBWII B MOTOLI PIAMHU Y KAHAJI 3I
CKJIAJJHOIO 'EOMETPI€IO JTHA, IIOKPUTOI'O BUTUM JIbOJAOM

Po3rnsiHyTo NBOBMMIpHY HENiHIMHY 3a7ady MpO CTally TEUil0 B KaHaji, BKPUTOMY OHTHM
JBOJIOM 3 JOBUIBHUM penbedom Ha. s po3B'sa3aHHSA 337a4l BUKOPHUCTAHO METOJ IHTErpajbHOIO
rogorpada, SKUi 3BOJUTHCA 10 CHUCTEMH HENTIHIWHUX PIBHSAHb Yy MOJYJl IIBHIKOCTI HA BUIbHIN
noBepxHi. L{i piBHAHHS OTPUMAHO 3 JAMHAMIYHOI I'paHMYHOI YMOBH. Pe3ynbraru, 10 MOKa3ylTh
BIUIMB T'paBiTallii Ha T€OMETPil0 BUTFHOI MOBEPXHi, NPEACTABICHI JUIsl ITUPOKOTO MPSIMOKYTHHKA 1
TpaHulei B IMPOKOMY Jiana3zoHi yucen Ppyna, BKIOYAIOUU SIK JOKPUTHYHI, TaK 1 HaJKPUTUYHI
teuii. JIJis HaAKPUTHYHUX TeWid BIATBOPEHO IBi CiM'T pO3B'A3KIB il JOBUIBHOI (opmu IHA.
IToka3aHo, IO JOJaTKOBa YMOBa, sKa BUMarae, 1100 BUIbHA IOBEpXHsS Oyja IUIOCKOK Ha
CKIHYEHHIM BIJICTaH1 B1Jl MEpEeHIKOIu, BUOUpae €IUHUN PO3B'I30K A 3a/laHOl BUCOTH JHA 1
IIMPUHU MPSAMOKYTHHKA Ul HAAKPUTUYHUX Tedid. Lle pilieHHs € HemepepBHUM IpU MEPEeXo/i Bij
JOKPUTHYHOTO JI0 HAAKPUTHYHOTO pPEeXKUMY Teuii. Po3rmsgaroTbes TpUKIAaAd A IIHPOKO]
NPSIMOKYTHOI MEpeIIKOAH 1 TpaHuel Ha JHI KaHalny . Po3rmisiHyro nBa pexxumu Ttedii. Ilepmmit -
JTOKPUTHYHHHA PEXUM, IS IKOTO XBHJIS,, TEHEpOBaHa MpoQijeM JTHa, TTOMUPIOETHCS TITBKH BHH3 32
TEYi€l0 JI0 HECKiHUYEeHHOCTI. [Ipyruil - HaAKpUTUYHUN pEXHUM, A SIKOTO MOXKYTh ICHYBaTH J/Ba
PI3HUX TUIM PO3B'SI3KIB: OJIMH 3 MEHIIIOI0 BUCOTOIO TPeOEHs XBUJI, BITOMUM SIK «30ypeHa» XBHII, 1
1HIINH 3 OUIBIIOI0 BUCOTOIO TpeOeHs! XBUJIl, Ha3BaHUI «COJITOHHOIO» XBUJIEH. «30ypeHa» XBUIIS
HAJIEKUTh JI0 CIMEICTBa CTIMKUX PO3B'SI3KIB, K1 BIIMEXKOBYIOThCS BiJl PIBHOMIPHOTO MOTOKY, KOJIU
BHCOTA MEPEIIKOJAN 3pocTae BiJ Hynsd. Ha mpoTuBary nboMy, «COJITOHHA@» XBHWJIS BHHUKAE 3
OJIMHOYHOTO XBUJILOBOI'O PIILIEHHS, KOJIM BUCOTA MEPEIIKoaAn 3pocTae Big Hyms. Lli nBa cimeiicTBa
PO3B'SI3KIB 3JIMBAIOTHCS B TOYIIl 3THHY, 110 XapaKTePU3y€eThCsl MiHIMAIbHUM ynciaoM Ppyna, Fmin. B
niana3oni yucen ®pyna 1 < F < Fmin He icHye po3B's3kiB. [IpukmeTHO, 110 K «30ypeHi», Tak 1
«COJIITOHH1» PO3B'A3KM MaIOTh OE3XBUIISICTI TOBEPXHI.

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

OINTUMI3BALIISA BUPOBHUYUX TA JIOTICTUYHHUX 3AJJAY YV DAPMAIIIL
3ACOBAMU MATEMATHYHOTI'O TA KOMIT'FOTEPHOI'O MOJAEJIIOBAHHSA

VY cTarTi NpeacTaBlIeHO KOMIUJIEKCHE JTOCIHIMKCHHS, M0 MOEAHYE TEOPETUYHI Ta MPAKTUYHI
ACTICKTH 3aCTOCYBaHHS METOJ[IB MaTeMaTHYHOTO MOJICIIOBAaHHS y (apMarllii, MOKIUBOCTEH HOTO
BUKOPHUCTAHHS JUIS MiIBUIICHHS €()EKTHBHOCTI BUPOOHUYMX MPOIIECIB, ONTUMI3allii JOTICTHYHUX
pillieHb 1 BIOCKOHAJCHHS Tporecy ¢GaxoBoi MIATOTOBKM MalOyTHiX ¢apmareBTiB. 3A1HCHEHO
aHaii3 moTped Ta MOXIJIMBOCTEH BUKOPHUCTAHHSA METOJIB MAaTEeMAaTHYHOTO Ta KOMII'FOTEPHOTO JUIS
partioHami3aiii mporeciB po3po0JICHHS] HOBUX IIPEMapaTiB Ta JOBEACHHS (papMaleBTUIHUX 3aC001B
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1 BUpOOIB MEIMYHOTO IMpH3HAYEHHs BiJ BHPOOHMUYOI MO crmoxuBuoi cdepu. IIpoBeneHo ormsia
HAayKOBUX MYONiKaliii y KOHTEKCTI PO3BHTKY METOMIB MAaTeMAaTHYHOTO MPOrpamMyBaHHS Bif
migxoxiB JK. Jlarpamka 10 Cy4acHHX METOIB JIIHIHHOTO Ta HEJIIHIHHOTO TporpaMmyBaHHS, IIO
3HAMIUIM IIUPOKE 3aCTOCYBAHHS B EKOHOMIIl Ta dapmaneBTuuHid ramys3i. OcoOnmBy yBary
MNPUIUIEHO MAaTeMaTUYHOMY MOJETIOBAHHIO ONTHUMAJILHOTO PO3MOAUTY PecypciB 1 TPaHCHOPTHOT
norictuku 'y ¢apmartii. Posrasayro ponb cucrem komm torepHoi matematuku (CKM), Takux sk
MathCad, y cmpomieHHi mpoiiecy po3B’sSi3aHHS ONTUMI3alliMHUX 3adad. 3aBISKH MOMJIMBOCTI
OTIEPAaTUBHOTO 3MiHEHHS BUXIJHUX MapaMmeTpiB (3amacu CHPOBUHU, COOIBAPTICTh MPOAYKIIi TOIIO),
nporpama MathCad mae 3mMory eeKTUBHO MOJICIIIOBATH Pi3HI ClieHAPil BAPOOHUIITBA Ta JIOTiCTUKH
y dapmarii, ImMBUAKO OOYMCIIOBATH 3a/]adl JIHIKHOTO Ta HETIHIHHOTO NpOrpaMyBaHHS,
ABTOMATH3YIOUH PO3paxXyHKH Ta MIHIMI3ylOUd pPH3UK TOMIJIOK. B pamkax JoCHiKeHHS
MPOJICMOHCTPOBAHO METOAMKY PO3B’s3aHHS ONTHMI3AIINHOI 3a/1a4l BUpOOHHUIITBA JIiKiB. [limboBOIO
GyHKLI€I0 € MakCUMaidbHHi mnpuOyTOK BiJ peamizamii. TakoX 3ampoNOHOBAHO METOAUKY
PO3B’s3aHHS TUIIOBOI TPAHCIIOPTHOI 3ajadi, 1Mo nepeadadae MiHIMI3AI0 BUTPAT HA TEPEBE3CHHS
TOBApy BiJl AEKUIBKOX CKIIAJIB IO JEKIUTBKOX CIIOKMBAYiB 3 ypaxyBaHHAM OOMEXKEHb Ha PeCypcCH.
Bukopuctano meToj MoTeHIialiB, 110 3abe3neuye KOpPUTYBaHHS TPAHCIOPTHHX MAapUIpyTiB 3
METOIO 3HMWKCHHS 3aTaIbHUX JIOTICTUYHHUX BHTPAT.

Po3rnsiHyTOo OUAAKTUYHUNA acmeKT 3aCTOCYBaHHS MaTeMaTHYHMX MOJENel y MiAroToBII
MaiiOyTHiX MaricTpiB (apmariii. BukopucTaHHsS KOMII'IOTEPHOTO MOJICNIIOBAHHS B HABYAIHHOMY
MPOLIEC] CHpHUsA€ PO3BUTKY AHANITUYHOIO MUCIEHHS Ta HAaBUYOK POOOTH 3 ONTHUMI3aliiHUMU
METOAAMH, IO € BXIMBUMH IJIs1 €()EKTUBHOTO YIPABIIHHA pecypcaMu y dapMalieBTHYHIN Tamys3i.
ABTOpU OOTPYHTOBYIOTH JOUIJIBHICTH peaiizalii Ha MNPAKTUYHUX 3aHATTAX 3 JUCHUIUIIHU
«Komm’rotepae MojenoBaHHS 'y dapMarii» peanbHHX 3anad (apManeBTHYHOI Taiy3i, SKi €
BXUJIMBUM 3aco00M (opmyBaHHS MNpoQeciiiHUX KOMIIETEHTHOCTEH MailOyTHIX MpaliBHUKIB
dapmaneBTuHOI cepu. OTprMaHi pe3ylbTaTH BKa3yloTh Ha €()eKTHBHICTh BHKOPHCTAHHS METO/IIB
MaTEeMaTHYHOTO MPOTpaMyBaHHS JUIsl BUPILIEHHS 3aAad onTuMizamii y ¢dapmamii. Bukopucranus
MaTeMaTHYHUX MOJEJIeH [a€ 3MOry TOYHIIIE MPOTHO3YBAaTH TIONMUT, IUIAHYBaTH BHPOOHHYI
MOTY>KHOCTI Ta JIOTICTMYHI MPOIECH, 1110, B CBOIO Yepry, 3MEHIIYe PU3UKU Opaky abo Ha UIMIIKIB
MPOIYKIII.

[Tomanpmmii po3BUTOK MAaTEeMATUYHUX METOMAIB Ta KOMII FOTEPHUX TEXHOJOTIH BiIKpUBAE
MEePCIEKTUBH JJISI MOJIEpHI3aIlil POIIECIB pO3POOJICHHS, BUPOOHHUIITBA Ta MOCTAYaHHS JIKAPCHKUX
3aco0iB 1 BUPOOIB MEAWYHOIO MpPHU3HAYEHHS, 1X paliOHAIBHOTO BUKOPUCTAHHA  JUIA
(hapMaIreBTUUHO1 OIMIKY Ta MiJBUIIEHHS SKOCTI MEIUYHO1 JOTTOMOTH HACETIEHHIO.

H. B. CTYYHHCBKA, I'. B. XPAIIIHYYK

BUKOPUCTAHHA METOAIB MATEMATHYHOI'O TA KOMII'IOTEPHOI'O
MOJAEJIFOBAHHS 1J1A JOCIIKEHHA PAPMAKOKIHETUYHUX ITPOLECIB

B poGoTi mpoBeaeHO aHami3 MOXIWBOCTEH BUKOPHCTaHHS METOJIB MaTEeMaTHYHOTO Ta
KOMIT IOTEPHOTO MOJICJIOBAHHS JJIsl OMMCY HPOIIECiB, 110 BiOYBAIOTHCS B OpraHi3Mi NMpH Pi3HUX
crocobax yBeJleHHs JiKapcbkux 3aco0iB (JI3). ABTopu AeTanbHO po3risfaroTh papMaKOKIHETHUHI
MOJIeNTi, 10 aJeKBaTHO OMHUCYIOTh HAWOUIBII Y)KMBaHI Yy MEJUUHIN NMpakTHI cnocoOu yBeIECHHS
JKApChbKUX 3ac00iB — OJHOKaMepHy JIHIAHY MOJeNb, OJHOKAaMEpHY JIIHIMHY MOJENb 3 JIEMo.
Po3rnsaaroTe eTanu CTBOPEHHS BiAMOBIAHUX MOJIENEH 3a I0MOMOro AudepeHiiaIbHUX PiBHSAHb,
METOJIM iX pO3B’SA3yBaHHS, aHANI3yIOTh OTPUMAaHI1 pe3yslbTaTH Ta UTIOCTPYIOTH iX rpadikamu. Lli
(bapMakoKiHETUYHI MOJIENi JaloTh 3MOT'Y JOCTaTHBO J00pe ONMUCAaTH MPOLECH, IO BiIOYBAIOTHCS
IIpU OJHOPA30BIM 1H’€KWii B KpoOB, 1HPY31i, NEepOpaJbHOMY 1 BHYTPIIIHHO M’ SI30BOMY BBEJIECHHI
JKapCchbKUX MpernapariB. BogHodac po3yMiHHS CyTHOCTI IIMX MPOLECIB € 0a30BUM JJISi CTBOPEHHS
IHHOBAIIMHAX METOJIIB, 3IaTHUX 3a0e3MeunTH e()eKTUBHUN (papMarleBTUIHUIN CYMPOBIT B yMOBaxX
CY4aCHOT'O TEXHOJIOTIYHOT'O MPOTpecy.
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ABTOpH OOTPYHTOBYIOTH JAOIIbHICTh BUKOPUCTAHHS CHCTEM KOMIT I0TEpHOI MaTeMaTUKU (Ha
npuknani MathCad) mansa anamizy dapmakokiHeTnuHux Mozenei. [IIupoki MOKIMBOCTI MporpaMu
MathCad patoTe 3MOry omnepaTHBHO 3MIHIOBAaTHM BHUXIOHI TapameTrpu (cTaimy emiMiHamii,
Koe(iIieHTH PO3UYMHEHHS 1 BCMOKTYBAHHS, IIBUIKICTH 1H(Y31i TOIIO), MOJEITIOYH Pi3HI CrieHapil
PO3MOALTY Ta 3MIHM KOHIEHTpAIii JIIKapChKOTO Mpernapary B OpraHi3mi Ipu pi3HUX criocobax Horo
YBEJICHHSI.

Y crarTi aBTOpM  JIEMOHCTPYIOTH CHEKTP MOJKJIMBOCTEH 3aCTOCYBaHHS  METOJIIB
KOMIT FOTEPHOT'O MOJICITIOBAHHS TPH MIATOTOBIII MaWOyTHIX (axiBI[IB Taay3i OXOPOHH 370pOB’S.
[TokazaHo, 1m0 yMiHHS 3aCTOCOBYBAaTH METOAM MOJEIIOBAaHHA Ui PO3B'SI3aHHS MPaKTHUYHUX
3aBJlaHb Y CYYacHI MEIUIMHI € BRKIMBOIO CKIIAJI0BOI MPOodeciiiHOi KOMIIETEHTHOCTI Cy4acHOTO
mikaps Ta ¢apmaneBra. Ha mnpuxmani  ogHOKaMepHHUX — (papMaKOKIHETHYHUX — MOJENEH
MIPOJICMOHCTPOBAHO METOAMKY CHHEPreTHYHOrO TMOoeAHaHHSA (GyHAaMeHTaIbHUX (010]i3uKw,
MaTeMaTHKH, KOMIT IOTEpPHOTO MOJICTIOBaHHA) Ta ()aXxOBUX KIIHIYHHMX AUcUUILIIH. HaTpeHoBaHi 10
aBTOMATU3My BMIHHS MOJICTIOBAaTH 1 aHali3yBaTH IMOAIOHI TIPOIECH CKJIAJal0Thb OCHOBY
JOCIITHUIIBKOI KOMIIETEHTHOCTI 1 Jal0Th 3MOTY BHKOHYBaTH MPOEKTH 3 TPaHCAECPMAIHLHOTO
(mipmkipHoro) BBeneHHs JI3 yM 1HIIMX HOBATOPCHKUX TEXHOJOTIH, OCHOBAMH SKHUX MaHOyTHI
JiKapi MalTh OBOJIOJMITH B TMPOIECi HABUYAHHA B MEIUYHHX YHIBepcuTeTax. Po3pobieHa
JMIAKTUYHA CHUCTEMa OpPIEHTOBaHA HAa BHBUCHHS MAaTEMaTHYHUX Ta KOMIT IOTEPHUX METOIIB
MOJICIIIOBAHHS Ta iX MIMPOKE BUKOPHUCTAHHS y HAYKOBUX JOCITIDKCHHAX 1 MPOoeCiiftHuX Keicax.

B. B. ®IVIOHOB, I'. O. BOPOIIA€EB

EHEPTETUYHI OCOBJIMBOCTI _.KJIACI/I‘—IHOi MOJEJII CyMIIII JJIsA
OIIHKHU ITAPAMETPIB JETOHAIIII B OBMEXXEHOMY OB’€MI

HaBezneni oco01MBOCTI OLIIHKY MTapaMeTpiB JI€TOHAIlll B 0OMeXeHOMY 00’ €M1 3 ypaxyBaHHIM
KIHETUKM Yy3arajJlbHEHOi peakiii TOpiHHA B KOHTEKCTI MapaMeTpUYHOI 3adayl MakcuUMizaril
OJMHUYHOTO PEaKTHUBHOTO IMITYyNIbCy. PO3paxyHOK XapakTepHHX BEIUYMH YAapHOTO (QpPOHTY Ta
0e3mocepeIHbOrO CTaHy cepeloBuIla 0a3yloTbcs Ha MOZENi cywmimni 0e3 ypaxyBaHHS MOKIHBOL
MOP(}OJIOTriYHOT TeTEepOreHHOCTI Yy BUIJISAAI O0’€MHMX CHJI, IIO XapaKTepU3ylTh MDK(Da3HY
B3a€MOJIif0. PeareHTH Ta MpOJYKTHU TOPiHHS PO3MIIAAAIOThCSA 1HIUBIAYaJIbHUMH KOMIIOHEHTaMH (3
TOYKH 30pY iX TEII0(13UYHUX BIACTUBOCTEH) Ta OMUCYIOTHCA €JUHUM TOJIEM IIBUJIKOCTI, TUCKY Ta
TEMIIEpaTypu 3 BIJCITIIKOBYBAaHHSM MaTepialbHUX CHIBBIIHOIIEHb. B mimomy Takuil miaxiza
0e3rmocepeTHRO IS ONHCY MEPEHOCY CEPEIOBHINA € PO3MOBCIOKCHUM JIJIsl TAaKOTO THUITY 3ajad,
[IPOTE€ BUHHUKAE TIEBHA HE3PYUYHICTh 3 TOUKH 30py PO3PAXyHKY €HEPreTUYHOTO BUXOY peakiiii, sika
0a3yeTbCcsl Ha TEMJIOMACOOOMIHHOMY WIEHI (B 3arajJibHOMy - AUQY31iHUI 4jieH) pIBHSHHS €Heprii
s cyminn. lle mpu3BoAWMTH A0 TOro, 1m0 B MEPEeBaKHIM OUIBLIOCTI BHUIMAJIKIB HEOOXIIHUM €
Y3TO/DKEHHSI  3aJIe)KHOCTEH  TEeTUIO(i3MYHUX BJIACTUBOCTEM KOMMOHEHT (i300apHa/i30XopHa
TEIUIOEMHICTh, €HTAJIBbIIIS Ta eHTponis). [Ipy koMY NPUHIMIIOBO BiICYTHS MOXJIMUBICTh OYAb-SIKHM
YUHOM BIUIMBAaTH HAa EHEPTeTHYHHMM BHXIJl PEaKIlii, IO 37eOUTBIIOr0 MPHU3BOAUTH 0 3HAYHO
OUTBIIMX TMPOTHO3HUX TEMIIEpaTyp CEPeOBHUINA Y TOPIBHAHHI 3 afiabaTMYHUMM IapaMeTpamMu
neroHanii. B poOoti B mepmomy HaOMMKEHHI 3alporioHOBaHa Monu@ikallis, ska J03BOJISE
BpPaxOBYBaTH €HEPreTUYHMN BUX1J] PeakKilii SBHUM YMHOM, Ta 3HAYHOIO MIpOIO CIIPOLIYE BUMOTH
II0JI0 MiATOTOBKHM CaMOY3TO/DKEHUX (DYHKIIN KAIOPUYHOTO PIBHSIHHS CTaHY KOYKHOI 13 KOMITOHEHT.
Jlnst BpaxyBaHHS KIHETUKH peakilii JeTOHAIIHOro TOpiHHS HAa OCHOBI CIIBBIJHOIICHHSI AppeHiyca
noOynoBaHa MoupikoBaHa (YHKIIS HIBUAKOCTI MPSAMOI pPeaKIlii, ika MyJIbTUILIIKATUBHO BPaXxOBY€
«TypOymi3aiio» TMOTOKy, IO BcCe IIe NoTpedye oOroBopeHHs. 3amponOHOBaHI MOEIbHI
CIIBBIIHOIIEHHS Oy IMIUIEMEHTOBaHI y BHIUIAII KOpHCTyBambkoi mozeni ropiHHs B ANSYS
CFX, Ta 3actocoByBanMcs JUIsI TOINEPEIHBOI OIHKK OJUYHOTO JETOHAIIHHOIO IMITYyJIbCY B
00MEXEHOMY TIPOCTOPI.
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