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O0o0menne TpexX4acTOTHOI TPHIOHOMETPHYECKOii KBATEPHHOHHOI Mo/en BpameHusi TBepaoro Tesa. [lepsoiii Tunm moxesn / 0. A.
Mnaxcewnii / Bicauk HTY «XIII». Cepist: MaTemaTn4He MOJICIIOBAaHHS B TexHILl Ta TexHojorisx. — Xapkis: HTY «XIIl», 2015. — Ne41 (1150). — C.
111 — 119. bi6miorp.: 6 Ha3B. — ISSN 2222-0631.

IIpeioxena HOBasi HENPEPbIBHASI MOJEIb BPAILICHHs TBEPAOrO Tella, OCHOBAHHAS HA 0OOOLIEHHOM MPECTaBICHHN MOJIEILHOTO KBaTepHUOHA
OpHEHTAIMH B (DYHKIHSAX YIJIOB, OHOBPEMEHHO JIMHEITHO M3MEHSIOIIIXCS BO BPEMEHH. [10CTPOCHBI aHAIMTHYECKHE 3aBUCHMOCTH JUISl KBa3UKOOP/IH-
HAT Ha TAaKTe BBIYUCIICHUI MapaMeTPOB OPUEHTAI[MH M KOMIIOHCHTOB KBaTEPHHOHA, COOTBETCTBYIOIIMX TAKHM BpAIlaTeIbHBIM ABIKeHMsIM. JIi1s He-
CKOJIbKMX HAOOPOB MapaMeTpOB IOTyUYCHBI pealu3aliii MoJieiu. Pe3yIbTaThl peacTaBieHsl B GopMe 3aBHCUMOCTEH KBa3HKOOPIMHAT OT BPEMEHH U
TPACKTOPHUii B KOH(HUIYpPAIIMOHHOM MPOCTPAHCTBE IS TApaMeTpoB opreHTanuu. [Toka3zaHo, 4TO HOBast MOJICITb OMKCHIBACT BPAIICHHUE TBEPAOTO TEJa,
OTJIMYHOE OT CJIydasi pery/sIpHOM mpereccud. Moienb MoKeT OBITh HCIOJIb30BaHa B KAUECTBE STATOHHOW JUTS TOTYYECHHs OLIEHOK ITOIPEIIHOCTEH aj-
TOPUTMOB OIPE/ICIICHHS OPUCHTAIIMH B OeCIITaT(hOPMEHHBIX CHCTEMAX.

KuroueBble c;10Ba: KBaTePHHOH, OPHEHTALVS, STAJIOHHAsI MOJIE)b, KBA3UKOOPAHHATEI, TPACKTOPUH B KOH(GUTYPALIHOHHOM HPOCTPAHCTBE.

YK 621.9.06

KonuenrtyajibHble NPHHIMIBI TEOPHH NPOEKTHPOBAHHS HHHOBAIIHOHHBIX MeXaTPOHHBIX POCTPAHCTBEHHBIX cucTeM npuBoaos / C. B.
Crpyruackuii // Bicuuk HTY «XTIII». Cepis: MaTematuuHe MOJEIIOBaHHS B TexHili Ta TexHojorisx. — Xapki: HTY «XI1I», 2015. — Ned41 (1150). —
C. 119 - 129. Bi6miorp.: 10 Ha3. — ISSN 2222-0631.

PazpaboTaHa KOHLENIMSA 1 OCHOBHBIE IIPUHIHIIBI TEOPHHU IIPOSKTUPOBAHNSI HHHOBALIMOHHBIX MEXaTPOHHBIX POCTPAHCTBEHHBIX CUCTEM IIPHBO-
noB. KoHnernus BKIItoUaeT pa3paboTKy WHHOBALMOHHBIX IPOCTPAHCTBEHHBIX CUCTEM IPHBOJIOB HA HOBOW 3JIEMEHTHOHU Oasze. DieMeHTHas 0as3a co3-
JlaHa Ha OCHOBE aHaJM3a PabOYMX MPOIECCOB B MPOCTPAHCTBEHHBIX CHCTEMax IPUBOJOB. IIpeioxeHbl OCHOBHBIE JTAIbl TEOPUH IPOSKTHPOBAHUS,
KOTOpBIC B CBOCH B3aHMOCBSI3U MO3BOJISIOT Pa3pabOTaTh CHCTEMY IIPUBOJOB POCTPAHCTBEHHOrO Tura. CHCTEMbI IPHBOIOB MPEHA3HAYCHBI UL Ma-
HUITYJINPOBAHUS 00BEKTaMU MAIIMHOCTPOCHHMS, B TOM YHCIIE B OKCTPEMAJIBHBIX YCIOBUSX dKcIuTyaTanun. OHE 0OecreunBaoT paboTy B 3aMKHYTBIX
o0beMax 1 HepeMeIeHHs] 00BEKTOB [0 CTCHKAM. DTallbl BKIIFOYAIOT CHHTE3 CXEMHBIX PEIICHUH, PacyeT, MaKeTHPOBAHHUE, ONPE/IEICHHS CTATHYECKUX H
JMHAMHYECKHX XapaKTePUCTHK, CO3JaHHE JIEMEHTHOI 0a3bl i aJITOPUTMHYECKOro 00eciedeH s pabOThl MEXaTPOHHOM CHCTEMBI H alpOOALHIO OIIBIT-
HBIX 00PA3I0B CUCTEM.

KuroueBble cj10Ba: IPOCTPAaHCTBEHHBIE IIPHBOMLI, TEOPHsI IPOSKTHPOBAHMS, CHHTE3 CXEM, pacyeT, MaKeTHPOBaHHe, CTaTHKA, JUHAMUKA, arpo-
Ganusi.

VK 539.3

PazBuTue MeTOAMKHM YMCJIEHHOI0 HCCJIeI0BAHMSI KOHTAKTHOI 3aaa4yu miockoii Teopuu ynpyroctu / E. FO. Tapeuc // Bicuuk HTY
«XTIII». Cepisi: MaTemaTHYHE MOZICIIOBAHHS B TeXHili Ta TexHOIOrisAx. — XapkiB: HTY «XIIl», 2015. — Ned41 (1150). — C. 130 — 134. Bbi6miorp.: 7 Ha-
3B. — ISSN 2222-0631.

B pa3BuTHe METOANKH JIOIOJHEHA BapHAMOHHASL U CTPYKTYpPHAsI IOCTAHOBKA IIOCKOH KOHTaKTHOW 3aaul TEOPHH YHPYTOCTH ULl OXHOPOA-
HBIX TEJ MPOU3BOJIBLHONW TeOMETPUUECKOi (opMmbl Ha OCHOBe (yHKIHOHana PeiiccHepa. PaccMoTpena HOBast 3ajia4a MOMCKAa HEM3BECTHOW 00JIACTH
KOHTAaKTa Ha y4acTKaX B3aMMOACHCTBUH YIPYroro Tejia co mramnamMi. Ha KOHKpEeTHOM IpUMepe MCCIe0BAHO BIMSHIE OOKOBBIX BPE30B Pa3InYHOM
KOH(HI'ypalUy Ha ITHPHUHY MCKOMOH 00J1aCTH KOHTaKTa.

KiroueBble cjioBa: KOHTaKTHAs 33/1a4a IUIOCKOM TEOPUH yIpyrocTu, GyHKIHoHan PeliccHepa, cTpyKTypHas MOCTaHOBKA, CTPYKTYPBI VIS Tie-
PEMEIEHNI U HAlPSHKEHUH, TIOMCK HEU3BECTHOM 00JIaCTH KOHTAKTA, IITaMII, ONOPHBIE 001acTH, R — onepauuu.

VK 628.477 : 519.876.5

MaTtemaTH4ecKasi MO/le/Ib YHEProTeXHOJIOTHYeCKOl YCTAHOBKH ISl pa3jejieHHs MHOTOKOMIIOHEHTHBIX ra3oBbIx cMmeceii / 0. B. Illa-
xoB, U. W. Tleryxos, B. B. Bam6ous // Bicauk HTY «XIII». Cepis: MaTemaTtiuHe MOJCIIOBAHHS B TEXHilll Ta TexHoorisx. — XapkiB: HTY «XIII»,
2015. — Ne41 (1150). — C. 134 — 139. Bi6miorp.: 18 ua3s. — ISSN 2222-0631.

PaccmoTpeHO peleHre 0HOro 13 NPOOJIEMHBIX BOIPOCOB, CBSI3aHHBIX C YTHUIIM3AIMEH OTXO/0B, @ HIMEHHO pa3/Ie/IeHHe MHOTOKOMITOHEHTHBIX
ra30BbIX cMeceil, 00pasyoInXCs MPH UX ra3uuKaniy. BhITOIHEHO MaTEMaTHIECKOE OMUCAHNE TTPOLIECCOB, MPOUCXOISIINX B QHEPTOTEXHOIOTHYE-
CKOIi yCTaHOBKE pa3J/IClIeHNs] MHOTOKOMITOHEHTHBIX I'a30BBIX CMECEH, 00pa3yroIuXcs Mpy ra3u(pHUKaUd OTXOA0B, C IEIbI0 MOJYYCHHs MPOIYKIHH
LIeJIEBOr0 Ha3HA4YeHHUs. B TaHHOI YacTH nCCITeIOBaHus MIPEACTABICHBI MATEMATHICCKIE MOJICIH TAaKUX (DYHKIIMOHAIBHBIX 3JIEMEHTOB YHEPrOTEXHOIIO-
THYECKOW YCTaHOBKH, KaK HACOC, JICTaHJEp M PEKyIepaTUBHbIA TEINIO0OMEHHUK. B HCCIeI0BaHNH OITMCaHa MOJICNb SHEPTOTEXHOJIOTMIECKON ycTa-
HOBKH KaK €JMHOTO IIeJI0r0, KOTOpast SIBJISETCS UCIOTHUTEILHON YacThI0 CHCTEMBI YIIPABICHHUSI IKOJIOTHYECKOI 6e30MacHOCThIO MPH YTHIN3ALHUN OT-
x0710B. [IpeuioxkeHa METOIMKa pacyera CI0KHBIX YHEPTOTEXHOJIOTHUECKUX CXEM.

KimoueBble cjioBa: yTHIN3ALHS, OTXO/bI, YKOJIOTHYECKash OE30MaCHOCTh, MATEMATHIECKOE MOICTIMPOBAHNUE, ABYX(ha3Has MHOTOKOMIIOHCHTHAS
cpena.

ABSTRAKTS

UDC 621.331;621.311.4

Increasing voltage quality and its regulation by PWM modulated converters on the pantograph of a train of the Ukrainian railways /
V.V. Bozhko // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU
«KhPI», 2015. — Ne41 (1150). — pp. 3 — 7. Bibliog.: 17 titles. — ISSN 2222-0631.

Modern approaches to modernization of the pantograph tension stabilization system for a 3 kW direct current electric train which moves in an
area between traction substations were proposed. A simplified structure of traction power supply was presented. An algorithm for solving the problem
of voltage stabilization on the pantograph of an electric train was developed and implemented in MATLAB. The MATLAB model was used to test the
algorithm proposed for stabilization of the set level of voltage on the pantograph of an electric train. The oscillograms obtained are given. A direction
for perfecting the system of traction power supply of 3kW direct current railways using pulse-width modulated converters as active filters, which al-
lowed to decrease the mass of inductance of the output filter of traction substation and decrease harmonic components of both output and supply net-
work voltages, was proposed.

Key words: contact network, traction substation, active filtering, voltage regulation.

UDC 621.735.3

Computer simulation of workpiece yielding by flat dies / J. V. Bondarenko // Bulletin of National Technical University «KhPI» Series:
Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 8 — 11. Bibliog.: 7 titles. — ISSN 2222-
0631.

Experimental studies of metal shaping in all their variety do not provide stress and strain fields, indexes compression, temperature and strain
rate explicitly. Therefore, a paper on computer simulation of mold depression is of current interest. In the paper the influence of the relative reduction,
temperature and speed factors on the deformation rate is investigated. The mold depression by flat dies under the influence of these three factors is
simulated. Using a set of computer applications the regression coefficients are determined, the statistical significance of the regression coefficients is
tested, the adequacy of the model is verified, and the optimal values of the factors in natural units are calculated. The zones of mold intense deforma-
tion are indicated. A regression modeling equation, which allows to obtain the depression force values in natural units, is derived.

Keywords: strength, workpiece yielding, simulation of compression, temperature, deformation.
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UDC 389.14+658.16(075.8)

Approximation of experimental data distribution law using the beta distribution. Part 2 / S. O. Vambol’, I. V. Mischenko, V. V. Vam-
bol’, A. N. Kondratenko // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. —
Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 11 —16. Bibliog.: 14 titles. — ISSN 2222-0631.

Features of the beta distribution are investigated. The distribution application for approximating the law of distribution of the empirical data in
comparison with other types of distribution laws in general and the practical use of such a distribution in the case of geometric characteristics of rolling
bodies of bearings are grounded. Specialized scientific technical and reference literature, methods of mathematical statistics, probability theory, and
numerical methods are analyzed. In this part of the study the Pearson curves are considered as a mathematical base of the beta distribution. The advan-
tages of using the beta distribution to approximate the empirical law of distribution of measurement data of any kind are shown for the first time on the
example of the geometric characteristics of the rolling bodies of bearings. The obtained methodology and mathematical apparatus for application of the
beta distribution can be used for approximating empirical data of any kind.

Key words: errors of measuring, empirical distribution, normal distribution, beta distribution, Pearson distributions, approximation.

UDC 389.14+658.16(075.8)

Approximation of experimental data distribution law using the beta distribution. Part 3 / S. O. Vambol’, I. V. Mischenko, V. V. Vam-
bol’, A. N. Kondratenko // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. —
Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 16 — 21. Bibliog.: 9 titles. — ISSN 2222-0631.

Features of the beta distribution are investigated. The distribution application for approximating the law of distribution of the empirical data in
comparison with other types of distribution laws in general and the practical use of such a distribution in the case of geometric characteristics of rolling
bodies of bearings are grounded. Specialized scientific technical and reference literature, methods of mathematical statistics, probability theory, and
numerical methods are analyzed. In this final part of the study we define and illustrate the parameters of the beta distribution for the object of study.
The advantages of using the beta distribution to approximate the empirical law of distribution of measurement data of any kind are shown for the first
time on the example of the geometric characteristics of the rolling bodies of bearings. The obtained methodology and mathematical apparatus for ap-
plication of the beta distribution can be used for approximating empirical data of any kind.

Key words: errors of measuring, empirical distribution, normal distribution, beta distribution, Pearson distributions, approximation.

UDC 539.3

Tikhonov’s Regularization Algorithm for Ill-Posed Problems of Elastic Structural Element Nonstationary Dynamics / A. V. Voropay //
Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. —
Ned1 (1150). — pp. 22 —29. Bibliog.: 14 titles. — ISSN 2222-0631.

Tikhonov’s regularization algorithm and its application to solving the ill-posed problems in deformable solid mechanics are considered. Some
problems of nonstationary deforming of elastic structural elements can be reduced to the Volterra integral equations. Ill-posed problems arise in the
study of the Volterra integral equations. Finite-dimensional approximation of the ill-posed problem and the smoothing functional is carried out within
the bounds of the regularization algorithm. The inverse identification problem for the unknown disturbing force applied to a rectangular plate is given
as an example of an ill-posed problem. The solution of this ill-posed problem is obtained using Tikhonov’s regularization algorithm. Special attention
is paid to choosing the regularization parameter. Functional diagrams for the regularization parameter are shown. The significant influence of the pri-
ory information on the solution of the ill-posed problems is noted in conclusion.

Key words: ill-posed problem, nonstationary loading, Volterra integral equations, smoothing functional, Tikhonov’s regularization algorithm,
regularization parameter.

UDC 681.5:621.914:514.85

Development of software for automating the programming of CNC devices / E. A. Glibko, 1. P. Buckwheat, A. P. Minakov // Bulletin of
National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150).
— pp- 30 — 36. Bibliog.: 4 titles. — ISSN 2222-0631.

A program that automatically generates a control code ready to use by a machining complex is developed. It is based on the theory of computer
vision to automate and speed up programming of devices with numerical control. The features of generating the control program code for roughing and
finishing milling of the parts are studied. The created geometric models of the cutting process are then analyzed to precise the tool path in the direction
of the altitude coordinate to prevent the unwanted cutting of the material during processing. Running the program takes much less time compared to
the time which needs a programmer to create a code using the equivalent software such as Pro/Engineer or ArtCam. In this case, the machining accu-
racy is reduced, due to the quality of the image on the bump map. Increasing the resolution of the map slows down the program significantly. But the
treatment quality is sufficient to use the developed applications for processing surfaces non-critical in the industrial sense. The results (control pro-
gram) were tested in practice and are planned for implementing in the technological process of machining furniture products.

Key words: software automating, computer vision, milling, processing algorithm, control program, bump map, part model, the color and
brightness of the pixels.

UDC 517.968.519.6

Mathematical model of TM-wave diffraction by ideally conducting circular cylindrical antenna with longitudinal slots filled by dielec-
tric / S. V. Dukhopelnykov // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. —
Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 36 — 43. Bibliog.: 14 titles. — ISSN 2222-0631.

In the article mathematical models of diffraction of TM-waves by straight circular cylindrical antennas with a finite number of longitudinal slots
or by circular cylindrical antennas with longitudinal slots and nested circular perfectly conducting cylinder are developed.

The problems of diffraction of TM-waves by slot antennas are reduced to singular boundary integral equations. Singular integral equations are
derived for the problems of diffraction by a cylindrical ring waveguide filled with dielectric, with perfectly conducting inner surface, and perfectly
conducting outer surface having longitudinal slots.

A discrete mathematical model is obtained by the method of discrete singularities and a numerical experiment is carried out on its basis. In
terms of the developed mathematical models computer algorithms are built on the basis of which numerical analysis is carried out for a wide range of
parameters of the structure.

The developed mathematical models allow to optimize technical characteristics of antennas and waveguides, filters and linear accelerators
which is necessary for projecting and building modern radioelectronic devices.

Key words: method of discrete singularities, singular and hypersingular integral equations, slot antennas.

UDC 517.98

On an Operator of Integration / G. V. Korobska // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in
engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 43 — 52. Bibliog.: 8 titles. — ISSN 2222-0631.

In this paper we study an operator, which is a linear combination of the model operator of integration and its adjoint. We prove that the operator
is bounded and construct its adjoint. For the considered operator, which is not self-adjoint, a local node is determined and the node characteristic func-
tion is calculated. A semigroup generated by the operator is defined, which leads to a Cauchy problem for a second order differential equation. We
note that the operator considered is not always dissipative and the operator node characteristic function possesses several features studied in the paper.
The directions of further investigation are proposed.

Key words: integration operator, node, characteristic function, semigroup of operator.
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UDC 517.95+518.517

The use of R-functions to define information about the building structures for the realization 3D printing / U. S. Litvinova // Bulletin of
National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150).
— pp- 52 — 58. Bibliog.: 6 titles. — ISSN 2222-0631.

The article provides an overview of information on using 3D printing capabilities for constructing projects. Applying methods of the theory of
R — functions the author developed mathematical and computer models of a cottage for subsequent 3D printing. A step-by-step derivation of the
equations of the structural elements of the cottage is carried out. Considerable attention is paid to the construction of the internal structures of the cot-
tage. For convenience, several cottage roof options are implemented.

Keywords: R — function, visualization of 3D objects, constructions, 3D printing, design elements.

UDC 629.429.3:621.313

Optimization of parameters of the linear tilting motor of a vehicles / B. G. Liubarskyi, B. Kh. Yeritsyan, D. L. Iakunin, M. L. Glebova //
Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. —
Ned1 (1150). — pp. 58 — 66. Bibliog.: 23 titles. — ISSN 2222-0631.

A simplified mathematical model of a linear motor for determining the electromagnetic force is presented. The problem of conventional opti-
mization of geometrical parameters of a linear motor is formulated. It is proposed to use the dependence proportional to the difference of the energies
transformed by the linear motor and required to move the tilting mechanism of the body as an objective function. The combined optimization method
used at the preliminary search stage comprises a genetic algorithm. At the final stage of the optimization procedure the optimum is precised by the
Nelder-Mead method. An algorithm for solving the optimization problem is developed and implemented in MATLAB. It is proposed to improve elec-
tromechanical tilting drives by developing a combined drive in which the total tilting angle will be created in part by an electric linear motors and in
part by other mechanisms already installed on the rolling stock.

Keywords: linear motor, the conventional optimization, genetic algorithms, the angle of inclination, active material.

UDC 539.3

Direct problem of non-stationary vibrations of a system of three strings / E. S. Malakhov // Bulletin of National Technical University
«KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 67 — 71. Bibliog.: 9
titles. — ISSN 2222-0631.

Non-stationary vibrations of a three-string system are studied. The system vibrations are caused by an external concentrated load applied at a
certain point of one of the strings. The displacements of the points of the strings are described by a one-dimensional wave equation. The reactions of
the strings are simulated by additional concentrated loads applied at the contact points. The Laplace integral transform is used for solving the differen-
tial equations. The problem is reduced to a system of two Volterra integral equations. The system of integral equations is solved using quadrature for-
mulas and Tikhonov's regularization method. A computational example is given. The dependences of contact forces on time and displacements of each
of the strings are obtained. The graphs of changes of contact forces and displacements in time are shown.

Key words: system of strings, transient loading, the wave equation, regularization method, Volterra integral equation.

UDC 621.452.3:536.24

Determining convective boundary conditions for a turbine using experimental data / E. V. Martsenyuk, Yu. A. Zelenyj, S. B. Reznik,
R. R. Klimik, T. V. Kulik // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. —
Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 72 — 76. Bibliog.: 4 titles. — ISSN 2222-0631.

Convective boundary conditions for a turbine casing are determined on the basis of an aircraft engine testing. Improved accuracy in determina-
tion of the convective boundary conditions from the heat flux under complex nature of environment flow is achieved. The improvement occurred due
to introduction of corrective coefficients for the heat transfer coefficients. The correction takes into account the conductive heat transfer inside the part.
The identified temperature field of the turbine casing was compared with an experimentally measured one.

Key words: turbine, convection, thermal conductivity, inverse problem, heat transfer coefficient.

UDC 519.64:004.032.24

Organization and optimization of computer simulation of diffraction processes by discrete singularities method / V. O Mishchenko, B.
V. Patochkin // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU
«KhPI», 2015. — Ne41 (1150). — pp. 76 —85. Bibliog.: 10 titles. — ISSN 2222-0631.

In the comprehensive study of antennas and repeaters there is a need in the calculation of the parameters of diffraction of electromagnetic waves
on metal screens for many forms and values of wave numbers. The time of computer modeling is critical. Using computational methods of discrete
singularities, in particular the discrete currents method (DCM), becomes promising in this situation. Current reserves of improving them by using se-
quential algorithms are exhausted. These algorithms need to be parallelized to exploit the architectural features of modern PCs. The authors have de-
veloped a library of software components, which takes into account the important architectural features of modern PCs and allows to increase the
speed of computation in several or even dozens of times. The paper shows the architecture of modeling systems for the calculations by the modified
DCM, the method of preparation of primary information, the method of testing the speed efficiency and the results of such testing.

Key words: electromagnetic wave, diffraction, wave number, computer model, discrete singularities method, architecture, tiling, vector regis-
ters, OpenMP, computing speed.

UDC 517.955.8

On synchronization of oscillations of two coupled Berger plates with nonlinear interior and boundary damping. Part 2 / E. A. Naboka //
Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. —
Ne41 (1150). — pp. 85 — 92. Bibliog.: 24 titles. — ISSN 2222-0631.

A system of Berger PDE's describing nonlinear oscillations of two identical elastically coupled plates with partially clamped and partially free
boundary and nonlinear dissipation acting inside plate domain as well as on the free part of the boundary is considered. We are interested in the de-
pendence of the structure of the system global attractor on the value of the parameter y describing the intensity of plate coupling. In this part of our

research we describe the structure of the upper limit of the attractor for 7 — oo . We prove that it coincides with the set diag(ilxﬁl) , which is the di-
agonal of the product of two samples of the attractor for a single plate equation. Moreover, under additional assumptions on the damping functions the

attractor for the system of two coupled plates coincides with the set diag(ﬁlxﬁl) for y sufficiently large.
Keywords: coupled Berger plates, asymptotic synchronization, nonlinear dissipation, free boundary.

UDC 519.64, 539.3

Diffraction of plane harmonic waves on periodic system of cylindrical cavities / O. M. Nazarenko // Bulletin of National Technical Univer-
sity «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 93 — 97. Bibliog.: 9
titles. — ISSN 2222-0631.

A problem of interaction of a flat longitudinal or transverse harmonic wave with a system of cylindrical cavities is studied. Integral
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representations for the displacement amplitudes of the reflected field are constructed. The problem is reduced to solving a system of singular integral
equations. Numerical implementation of the developed algorithms is carried out by a mechanical quadrature method. The dependences of the stresses
on the boundary of the cavities on the dynamic, mechanical and geometric characteristics are given.

Keywords: diffraction, cavity, Green's function, integral equation, method of mechanical quadrature.

UDC 621.923

Mathematical model of thermal process in grinding / F. V. Novikov, O. S. Klenov, I. V. Gershikov // Bulletin of National Technical Uni-
versity «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 97 — 102. Bib-
liog.: 6 titles. — ISSN 2222-0631.

A new theoretical solution to determine the temperature of cutting and the depth of penetration of heat into the surface of the workpiece during
grinding considering cutting adiabatic rods, the set of which represents conventionally the removable stock, with a grinding wheel is proposed. It is
shown that with the passage of the handling time the cutting temperature increases continuously approaching asymptotically a certain value and the
depth of penetration of heat into the surface of the workpiece at grinding takes a finite value depending on the thermal properties of the process, in
contrast to the known theoretical solutions. Let the heat source move with constant speed along an adiabatic rod. This brings the design scheme of
heating during grinding to the real conditions of a grinding process and allows to approach scientifically the analysis of the thermal stress of the grind-
ing process and to choose the optimal treatment conditions, taking into account the restrictions on the temperature of cutting.

Key words: grinding, thermal process, the temperature of cutting, adiabatic rod, time.

UDC 621.923

Analytical determination of surface roughness in the abrasive machining of holes / F. V. Novikov, R. M. Minchev // Bulletin of National
Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp.
102 — 107. Bibliog.: 7 titles. — ISSN 2222-0631.

The roughness of the surface during abrasive processing is calculated using probability theory. The patterns of changes in the surface roughness
when grinding a hole are analyzed analytically. It is proved that the surface roughness is determined completely and unambiguously by the total
amount of abrasive grains participating in the formation of the surface roughness of the treated surface. The advantages of honing compared to internal
grinding are justified. The possibility of substantial reduction of surface roughness by using a grinding circle with the axis perpendicular to the axis of
rotation of the workpiece is shown. The greatest effect is achieved when processing by the end face of a grinding wheel having circular shape and pro-
viding maximum contact area with the inner surfaces of the machined parts. To realize the proposed scheme of the internal grinding of an opening the
abrasive grains must be located approximately at the same height on the working surface of the wheel. Otherwise, cutting will involve only the most
protruding grains which will lead to the formation of individual scratches on the treated surface and will not let to reduce substantially the surface
roughness.

Key words: abrasive machining, grinding, honing, hole, surface roughness.
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Model of the pre-failure condition of axle boxes of rolling stock / V. M. Petukhov // Bulletin of National Technical University «KhPI» Se-
ries: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 107 — 111. Bibliog.: 12 titles. —
ISSN 2222-0631.

The conducted research shows that integrated control systems are used for axle equipment of modern rolling stock. Such systems increase the
adequacy of technical condition estimation and are capable of detecting faults early and predicting remaining life. It is also shown that not all the axle
equipment having high temperature is faulty. The greatest risk of error in determining the axle equipment technical condition appears in the so-called
"ambiguity area" because it is impossible to estimate its technical condition exactly. To estimate the axle equipment technical condition in the ambigu-
ity area, a model in the form of an n— dimensional radius vector having a trend to increase the probability of failure and to worsen parameter values is
proposed. The model developed for determining the pre-failure condition will contribute to decreasing the probability of making wrong decisions as to
the train operation mode. It will influence the train operation safety and stability of transportation process.

Key words: axle box unit, control of technical condition, a built-in control, ambiguity area, pre-failure condition, radius vector.

UDC 629.7.05

Generalization of a three-frequency trigonometrical quaternion model of a rigid body rotation. First type of model / Yu. A. Plaksiy //
Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. —
Ne41 (1150). — pp. 111 — 119. Bibliog.: 6 titles. — ISSN 2222-0631.

A new continuous rigid body rotation model based on a general concept of the model quaternion of orientation as functions of the angles simul-
taneously linearly changing in time is proposed. Analytical dependences for the quasicoordinates on a step of calculations of the parameters of orienta-
tion and for the components of the quaternion corresponding to such rotations are constructed. Realizations of the model for several sets of the parame-
ters are obtained. The results are presented in the form of the dependences of the quasicoordinates on time and trajectories in the configuration space
for the orientation parameters. It is shown that the new model describes the rotation of a rigid body other than the case of regular precession. The
model can be used as a reference model for estimating errors of orientation algorithms in strapdown inertial navigation systems.

Key words: quaternion, orientation, reference model, quasicoordinates, trajectories in configuration space.

UDC 621.9.06

Conceptual principles of design theory innovative spatial mechatronic drive systems / S. V. Strutinsky // Bulletin of National Technical
University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 119 — 129.
Bibliog.: 10 titles. — ISSN 2222-0631.

The concept and basic principles of the theory of designing innovative mechatronic spatial drive systems were developed. The concept includes
the development of innovative spatial drive systems built on a new element base. The element base was developed by analyzing the processes in spa-
tial drive systems. The basic stages of the design theory, which in their correlations make it possible to develop a spatial drive system, were proposed.
The drive systems are designed to manipulate objects in machine building, including operating in extreme working conditions. They can work in con-
fined spaces, and move objects on the vertical walls. The stages include circuit design synthesis, calculation, modeling, determining static and dynamic
characteristics, creation of the component base and algorithmic support of the mechatronic system operation, and system prototypes testing.

Keywords: spatial drives, design theory, circuit synthesis, calculation, modeling, statics, dynamics, approbation.

UDC 539.3

On the development of numerical study of a problem of plane elasticity / Ye. Yu. Tarsis // Bulletin of National Technical University
«KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2015. — Ne41 (1150). — pp. 130 — 134. Bibliog.: 7
titles. — ISSN 2222-0631.

In the paper a method for solving planar contact elasticity problems using Reissner functional is developed. The method is adapted for solving a
new problem of determining unknown contact areas on the sites of interaction of an elastic body and dies. The unknown contact areas were previously
determined for the coupling cases only, whereas the contact areas under the dies were assumed to remain unchanged. The problem is supplemented by
appropriate boundary conditions and structures. To illustrate the method applications a specific problem is considered. It is shown that the areas of the
contact of the body with the dies differ depending on the geometrical characteristics of the body side faces. Outside these areas the body separates
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from the dies.
Key words: contact problem of plane elasticity, Reissner functional, structural setting, structures for replacements and stresses, determining of
an unknown contact area, die, bearing areas, R — operations.
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Mathematical model of energy-technological plant for the separation of multicomponent gas mixtures / Yu. V. Shakhov, 1. I. Petukhoyv,
V. V. Vambol // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU
«KhPI», 2015. = Ne41 (1150). — pp. 134 — 139. Bibliog.: 18 titles. — ISSN 2222-0631.

The general subject of our current research is the problem of accumulation and utilization of municipal hazardous solid waste of industrial and
anthropogenic origin. In particular, in the present paper we solve one of the problematic issues related to utilization of waste, namely the separation of
multicomponent gas mixtures produced during their gasification. The processes taking place in the energy-technological plant for separation of mul-
ticomponent gas mixtures produced during gasification of waste products in order to obtain useful products is described mathematically. In this part of
the study we present mathematical models of complex assemblies such as a pump, an expander, and a recuperative heat exchanger. The study de-
scribes a model of the plant as a whole and as an executive part of an ecological safety management system of the waste utilization process. A method
for computing complex energy technological schemes is proposed.

Key words: utilization, biowaste products, ecological safety, dioxins, mathematical modeling, dispersion multiphase structure.
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