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V]IK 631.37

Pacnpenesenne nmorokoB mouraocta u KITJ[ MexaHn4eckoii TpaHCMHCCHH MOJTHONPHBOAHOTO KosiecHoro Tpakropa / A. 1O. PeGpos //
Bicauk HTY «XI1I». Cepist: MaTeMaTnuHe MOJICTIOBaHHS B TeXHilli Ta TexHoJorisx. — Xapki: HTY «XI1l», 2016. — Ne6 (1178). — C. 104 — 109.
bibmiorp.: 8 Ha3e. — ISSN 2222-0631.

ITpeutoxeH METOL OTpeIesIeHHs] COCTABIISIOMMX TOTOKa MomHocTH 1 KIT/[ Ha nipuMepe TpaHCMHUCCHH TIOJTHOTIPHBOIHOTO KOJIECHOTO CeJIbCKO-
XO035/ICTBEHHOTO TPAaKTOpa. MeTo/ Mpe/roaraeT Ha OCHOBE MPEIBAPUTEIFHO PACCYUTAHHBIX J0JIeH MOIIHOCTH B MECTE Pa3BETBJICHHS MOTOKA MOIII-
HOCTH OT JBMratells K BeIyIMM MocTaM Tpaktopa onpeenuts KIIJ[ Tpancmuccnu B pexxumax paboThl MPH HATMYMM M OTCYTCTBHH LMPKYIISALUH
MOIIIHOCTH. llJ'[f[ TMPAKTUYCCKUX PACUCTOB TAKXKE YCTAaHOBJICHA B3aUMOCBSA3b llOJTCﬁ MOIIMHOCTHA B MECTEC PA3BETBJICHUA MOTOKA MOIIMHOCTH C JOJAMHU
MOIIHOCTH HETMOCPEICTBEHHO Ha KoJlecax BEAyIIHX MOCTOB TPAKTOpa.

KnrueBble cioBa: MOIITHOCTB, MOTOK MOIIHOCTH, IMPUBOJABI BEAYIIUX MOCTOB TPAKTOPA, TPAHCMHUCCHUA TPaKTOpa.

V]IK 629.7.085.24

KoHuenunsi npoeKTHPOBAHUSI KOMIIAKTHBIX HA3EMHBIX MYCKOBBIX YCTPOICTB AJIf 3amycKa GeCHUIOTHBIX JIeTAaTeJIbHbIX anmnapaTos /
B. A. Cepena // Bicuuk HTY «XI1I». Cepis: MatemaTiuHe MOJIC/IIOBAHHs B TEXHII Ta TeXHOJOrisX. — XapkiB: HTY «XIII», 2016. — N6 (1178). - C.
110 — 115. Bi6miorp.: 6 Ha3e. — ISSN 2222-0631.

Cdopmynuposana npobiieMaTika BBOJIA B TOJET ¢ MOBEPXHOCTH OECIMIOTHOIO JIETATEILHOIO ariapara 3a CYeT BHEIIHEeH HepreTHKH. 3amu-
caHa noJe3Has GpyHKIWs, a TakKke oOLIMe W YaCTHBIC YIPABISIIONIME MapaMeTpbl Ha3eMHbIX MyckoBbiX ycrpoiicts (HITY). IIpuBeaeHsl knHemaTnye-
ckue cxembl HITY paznudHOro Tuma, noiy4eHHsie B pesysbrate MojaepHu3anun. Onucana Jiexanias B OCHOBE METO/[a ONTHMU3ALMK [UTHHBI HAIPaB-
JISIOLICH KOMITIEKCHO-CONPSKEHHAsE MOJICITb KaTarybT. M3/I05KeH MPUHLIAI apaMeTPHYECcKOro MoMcKa 3aKOHa Pacrpe/Ie/ieH s TIrOBOro YCHITHS 1Ty-
TEM HOPMHUPOBaHHUs pabOThl PACIIMPEHHUS B OMPEIETICHHOM HHTEPBAJE.

KutroueBble cJ10Ba: MyCKOBOE YCTPOIMCTBO, Mone3Hast (yHKIHs, MapamMeTpryeckas ONTHMH3ALMS, XapaKTePUCTHYCCKUN KPUTEPHH, yIPaBIIsiO-
LIHe TTapaMeTpPbl, KOMIUIEKCHAsH MOJIEITb.

YJIK 519.6; 532.5

BoruncinTe/IbHbIE TEXHOJIOTHH /111 MeToaa JuckpeTHbIX Buxpeii / JI. U. Yepnnii // Bicauk HTY «XI1I». Cepist: MarematuuHe MOJIeNO-
BaHHS B TeXHill Ta TexHosorisnx. — XapkiB: HTY «XI1l», 2016. — Ne6 (1178). — C. 116 — 123. Bi6miorp.: 12 Ha3s. — ISSN 2222-0631.

PaccMOTpeHbI BRIYKCIUTEbHBIC TEXHOJIOTUH [UTS Pa3peiieHus pooaeMsl (MeTo/ia AMCKPETHBIX BUXPEit), CBSI3aHHOI C armpOKCUMAIiel He-
MPEPBIBHBIX IPAHUIL YIIOPSIOYEHHOM CUCTEMOI JMCKPETHBIX BUXPEH B 3a/a4ax MOJICJIMPOBAHUS TJIOCKMX HECTallMOHAPHBIX TeueHuil. MeToa u ajro-
PUTM Tpe/IHA3HAYCHBI TSl BEIYUCIICHHS] HETIPEPBIBHBIX XapaKTEPUCTUK (OMpe/IesieMbIX Yepe3 HEOIHO3HAYHbIe (DYHKIIMH) B 00JIaCTH UX OIPEIeICHHUS
BIUIOTH JIO €€ TPAHMULL, SIBJISIOMIMXCS €CTECTBEHHBIMU JIMHUSIMU Pa3pbiBa HEMPEPBIBHBIX XapakTepucTuK. [Ipemaraempiit METO1 U aJrOpUT™ rpeodpa-
30BaHUs CHCTEMBbI JIMCKPETHBIX OCOOCHHOCTEH YHHBEPCAIBHBI Il TPAHUIL TIPOU3BOJIEHON I€OMETPHH (KBETBUCTHIE» KOHTYPA, 3aMKHYTBIC KOHTYpA).
PesynbTarsl npeoOpa3oBaHuii MO3BOJISIOT BHIUMCIISATE KWHEMATUYECKUE U JIMHAMUYECKUE XapAKTEPUCTUKHU JIJIs OTPHIBHBIX TEYEHHIA, C Y4ETOM BO3HUK-
HOBEHUSI HOBBIX 3JIEMEHTOB I'PAHHIL B TOYKAX OTPHIBA.

KuroueBble ¢J1I0Ba: METOJI IMCKPETHBIX BUXPE, METOJI IMCKPETHBIX 0COOCHHOCTEH, BBIUMCIUTENILHBIE TEXHOJIOTHH.

YJIK 519.6

MaremaTH4YecKasi MO/e/Ib MAHKETHBIX YIIOTHeHHii M3 (roponiacra sl arperaToB MHEBMOABTOMATHKH PAKETHBIX JABHraTeseii /
C. A. lleBuenko, C. A. Baausaxun, A. JI. I'puropses, M. C. Crenanos // Bicauk HTY «XI1I». Cepis: Matemaridne MOICTIOBAHHS B TEXHlli Ta
TexHounorisx. — Xapkis: HTY «XI1I», 2016. — N6 (1178). — C. 124 — 143. Bi6miorp.: 12 Ha3s. — ISSN 2222-0631.

[Tpy ucronp30BaHNK JTMHEHHBIX AU((hepeHaNbHbIX YPaBHEHUI yIpyroii aeopMalui TOHKOCTEHHON [IMITMHAPUYECKON 000I0UKH NepEeMEeH-
HOIi TOJIIIMHBI MCCIIEIOBAHO CTAaTHMYECKOE HAIPsHKEHHO-Ie(OPMUPOBAHHOE COCTOSIHUE (JTOPOIIACTOBOI MAHXKEThl ¢ KOHUYECKUMH OOKOBBIMH T10-
BEPXHOCTAMHM, NPUMEHSIEMOM TSl YIUIOTHEHUS KJlallaHa M MOPIIHE PeryyisTopa JaBjIeHus ra3a pakeTHOro nsuratelns. [locraBiena u permeHa oJHo-
MepHast 3aj1a4a adpoyNpyrocTH, BO3HUKAOMIAs MPY aHAIN3e KOHTAKTa MeXIy (hTOpOIruiacToBOi MaHKETOM M LIMHAPHYECKOIT CTEHKOI U3 MeTana,
Ha OCHOBE Yero pazpaboTaH MeToJ pacuera d(PEeKTUBHOTO 3a30pa M yTeuek rasa uepes JaHHOE yIIoTHeHHe. Pa3paboTaH HOBBIN PacUETHBII METOJ
JUISL ONIPe/Ie/IEHHUs] KOHTAKTHOM CHJIBI MEKy MAHKETOH U LIMJIMHAPUYECKON MTOBEPXHOCTBIO BTYJIKU MM INTOKA, KOTOPBIIl y4UTHIBAET IPOHUKHOBEHUE
JIaBJICHUS Ta3a WIM CMa3Ku BIIIyOb YIUIOTHAEMOro 3a30pa. MccienoBaHbl TEOPETUUECKUE 3aKOHOMEPHOCTH YIIPYTOMIacTHYECKoil nehopmaryn jerne-
CTKOB PacHOpHOil MPY)XHHBI U pa3padOTaH METOJ pacyeTa JaBJICHUS, OKAa3bIBAEMOTO JICTIECTKAMH Ha CTEHKY (hTOPOIIACTOBOM MaHKeTbl. OnycaHbl
METO/Ibl IKCIIEPUMEHTAILHOTO MCCIEA0BAHUS TPEHUsI U YTEUeK ra3a B MaHXKETaX, a TAkKe Pe3yJIbTaThbl UCIIBITAHUM, YTOUHSIOMINE U3BECTHBIE 3aBHCH-
MOCTH TPEHUs OT YIUIOTHAEMOTO JaBJIECHUs U CKOPOCTH CKONbxkeHHs (roporuiacta. [IpeanoxkeHsl HOBbIE (POPMYIIBI JUTS OLEHKH CHITBI TPEHHS B MO/
BIDKHBIX YIUVIOTHEHHSIX, KOTOPbIE MPEJIaraeTcs UCHOIb30BaTh KOHCTPYKTOPY Ha CTaJuU SCKU3HOIO MPOEKTUPOBaHUS y3i1a. B oTux dopmynax yuuTsl-
BAIOTCS YNPYyTUE U MIIACTUYECKNE XapaKTepucTuku (roporutacta — Moxyns IOHra n tBepaocts no bpuneno.

KioueBble ¢j10Ba: MamKETHOE YIUNIOTHEHUE, YIIPYTOCTh MAHKEThl, KOHTAKTHAs 3aJa4a, YTeUKH rasa, kod(p@uuueHt TpeHust Groporacra, Jjie-
TIECTKOBAs MPYKUHA, CYXO€ H BSI3KOE TPEHHE, CUJIAa TPEHHS B MAHKETE.

ABSTRAKTS

UDC 621. 226

Mathematical model of universal bench for hydraulic valves testing / P. M. Andrenko, D. S. Pogorelov, M. S. Svinarenko // Bulletin of
National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPl», 2016. — Ne6 (1178).
—pp. 5-13. Bibliog.: 27 titles. — ISSN 2222-0631.

A principle hydraulic scheme of a universal, energy-efficient bench for testing hydraulic machines is presented. The characteristic features of
the bench are an adjustable axial piston pump and a piston hydropneumatic accumulator. The range of the design and operation parameters of hydrau-
lic machines is determined by the evolution tendencies of the hydraulic machines produced by the world’s leading manufactures of hydraulic equip-
ment. The output parameters of the universal bench for testing hydraulic machines are defined by the maximum values of the operation parameters of
the investigated apparatus. The choice of the conduit diameter is explained. The hydraulic units and devices for building the bench are selected. The
assumptions made while developing the bench mathematical model are justified. An explicit mathematical model of the bench is developed taking into
account the maximum number of factors. This model combined with the mathematical model of a hydraulic machine allows to determine the hydraulic
machine operation characteristics at the hydraulic machine design stage. The prospects of further improvement of the bench scheme and units with the
view of increasing its energy efficiency are discussed.

Key words: bench, hydraulic valve, operating parameters, mathematical model, performance criteria.

UDC 62-531.4

Two-level model of a hydraulic system with parallel structure / O. P. Gubarev, O. V. Levchenko, A. V. Korchovniy // Bulletin of National
Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPlI», 2016. — Ne6 (1178). — pp. 13
—17. Bibliog.: 5 titles. — ISSN 2222-0631.

A two-level model of hydraulic drive systems with parallel structure is presented. The logical component of the model describes the logical in-
teraction of the actuators in accordance with their operation in parallel streams. The logic component is a set of control commands for each operation,
which is presented as a combination of signal states and logic functions. The functional component defines technological and operational characteris-
tics of each operation, which are the basis for determining the level of energy consumption of the hydraulic system. This methodology allows simulat-
ing hydraulic systems with a large number of actuators in a fairly short period of time. The received power characteristics of the system can be used in
designing new hydraulic machines and in upgrading existing hydraulic systems. The main features of the functional component are the force applied
and the speed of the forward and reverse action of each operation. Also, this approach can be used to predict changes of energy system consumption
taking into account such factors as deterioration of the equipment, a change in the cost of electric energy, lifetime, etc. In addition, the prospects for
further research in the direction of identifying and forecasting system efficiency are considered.

Key words: two-level model, hydraulic drive system, parallel structure, energy efficiency.
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UDC 621.3.078.3

Reduction of closed-loop control system for multivariable process of growing single crystals / Yu. S. Kozmin, V. S. Suzdal // Bulletin of
National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhP1», 2016. — Ne6 (1178).
—pp. 18 — 24. Bibliog.: 7 titles. — ISSN 2222-0631.

When growing large-size single alkali halide crystals, with increasing length of the growing sample, one experiences disturbances connected
with qualitative change of the character of heat exchange in the crystal-melt system. The crystallization of large single crystals becomes non-
stationary. The study of crystallization process shows that the task of managing the growth process can be reduced to the management of an object
with uncertainty. The designed control system should provide acceptable quality of transient processes and required accuracy. Therefore, the solution
of the problem of quality management of crystallization process should be sought in the class of robust control systems.

An indirect method for synthesizing the controllers of low order and given structure is used to control the crystallization process. A balanced
truncation procedure is applied to obtain the robust reduced-order controller. The approach is based on the task of managing by norm. This approach
reduces the error due to the application of the reduced controller. An example provided shows that there is no significant deterioration of the robust
properties for permissible conservation of the system properties at high frequencies.

Key words: PID Tuning, Robust Control, Single Crystal, Multivariable Processes.

UDC 001.57

The study of the conditions of formation of pulp flow in the sand chute of a single-spiral classifier / V. A. Kondratets, A. N. Matsui //
Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPl», 2016. —
No6 (1178). — pp. 24 — 30. Bibliog.: 20 titles. — ISSN 2222-0631.

The results of studying the formation and dynamics of pulp flow in the sand chute of a mechanical single-spiral classifier are presented. Upon the impact
of sand and water a mixture of evenly spaced firm is formed in the sand chute that does not change during the motion of the pulp. The variable volumetric
efficiency of the classifier sands makes the pulp movement uneven. The variable in time sand flow in the hydraulic system is automatically compensated by
varying its height in the sand chute. Only under this condition the material balance and the continuous transporting of the material persist. There exist
mathematical dependences between the variable sand costs, average speed and pulp height. Using the dependences obtained at some point in time it is possible
to determine the average speed and the height of pulp in the sand chute, which characterize uniquely the conditions of formation of the flow, allow restoring the
mechanism of interaction between the batches of the material and studying the ways to improve the accuracy of measurement of the process variable.

Key words: spiral classifier, sands, sand chute, pulp, flow, velocity, height, cost.

UDC 621.43

Forming database of thermodynamic properties of fatty acid esters of biodiesel fuel in the gas phase (part 1) / A. M. Levterov,
A. A. Levterov, L. I. Levterova // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies.
— Kharkiv: NTU «KhP1», 2016. — Ne6 (1178). — pp. 30 — 37. Bibliog.: 32 titles. — ISSN 2222-0631.

The share of alternative fuels from biological raw materials (ethanol, the biodiesel) in the balance of motor fuels increases constantly. A set of
data on thermodynamic and thermal properties of these fuels is required for a comprehensive research of the working processes of piston engines. The
properties of ethanol are well known and have been successfully used in experimental and numerical researches. The physical and chemical properties
of biodiesel are studied and known, so there are no obstacles for experimental research of biodiesel-fired engines. These questions have been the sub-
ject of many scientific articles. Difficulties arise in the numerical simulation of workflows that require data on the thermodynamic characteristics of the
high-temperature components of this fuel. The known thermodynamic databases do not contain such information. Therefore, the description of the
combustion process has been maximally simplified. Biodiesel is an organic substance which consists of a chemically bound complex methyl and ethyl
esters of higher fatty acids of different vegetable oils or animal fats. The presented research has been devoted to collecting and analyzing information
about the thermodynamic and thermochemical properties of higher fatty acid esters, which are part of the biodiesel, available in the literature. This ap-
plies to isobaric heat capacity, enthalpy and entropy in the temperature range 300 — 3000 K. As a result of the research a sample for twenty two methyl
and ethyl esters of eleven higher fatty acids has been compiled. These data make it possible to present the results in the form of polynomial
dependences of thermodynamic functions for biodiesel obtained from a variety of vegetable oils.

Key words: biofuels, fatty acid esters, vegetable oils, mathematical modeling, working process, thermodynamic properties, thermochemical
properties, polynomial.

UDC 621.43

Forming database of thermodynamic properties of fatty acid esters of biodiesel fuel in the gas phase (part 2) / A. M. Levterov,
A. A. Levterov, L. I. Levterova // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies.
— Kharkiv: NTU «KhPI», 2016. — Ne6 (1178). — pp. 37 — 43. Bibliog.: 8 titles. — ISSN 2222-0631.

Numerical researches of the working processes of piston engines with self-igniting fuel mixture working on biodiesel have been hampered by
the lack of information on the thermodynamic characteristics of the high-temperature components of this fuel. In the second part of the paper we
complete the task of forming the database of thermodynamic characteristics of twenty two complex methyl and ethyl esters of eleven higher fatty acids
chemically bound in the biodiesel in various combinations. The combinations of the fuel esters depend on the type of vegetable oil from which the
biodiesel is obtained, and the mass fraction of each constituent ester. The aim is to derive an approximate analytic dependence on the temperature of
the main thermodynamic values (such as isobaric heat capacity, enthalpy and entropy in the temperature range 300 — 3000) for a number of biodisel
fuels. The discrete data are approximated by the least-squares procedure implemented by a universal software module. A polynomial of the 7th degree
is used as an initial polynomial for isobaric heat capacity. Other thermodynamic functions (enthalpy, entropy) can be obtained by simple integration on
the basis of the relations that link the thermodynamic functions. Standard enthalpy of the substances and the entropy at standard temperature are taken
as constants of integration. Approximation coefficients and integration constants are tabulated.

Key words: biofuels, fatty acid esters, vegetable oils, mathematical modeling, working process, thermodynamic properties, thermochemical
properties, polynomial.

UDC 519.6

Method for increasing accuracy of expanding discontinuous functions of one variable in Fourier series / O. M. Lytvyn // Bulletin of Na-
tional Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — Ne6 (1178). —
pp. 43 — 46. Bibliog.: 6 titles. — ISSN 2222-0631.

In this paper we propose using discontinuous splines for numerical implementation of the A.N. Krylov method of improving the accu-
racy of expanding discontinuous functions of one variable in Fourier series. The possibility of its generalization to a function of two variables
to improve diagnosis using computed tomography projections obtained by computer tomograph is discussed. We propose using discontinuous
splines for improving the accuracy of approximation of functions of one and two variables by Fourier sums in the Krylov's method.

Key words: discontinuous functions, Fourier series, improving convergence, method of identifying singularities.

UDC 519.6

Mathematical model of spatial distribution of a set of minerals in the crust using borehole core data by function interlineation method /
O. M. Lytvyn, O. O. Lytvyn, F. F. Koval, O. S. Chorna // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in en-
gineering and technologies. — Kharkiv: NTU «KhPI», 2016. — Ne6 (1178). — pp. 46 — 50. Bibliog.: 5 titles. — ISSN 2222-0631.

The problem of recovering a finite set of elements of the periodic table or their combinations distributed with linear density at a given depth at each
point between a given set of oblique boreholes is studied. We do not consider all the elements of the periodic table but restrict ourselves to a set of n cho-
sen elements and their combinations. A method for constructing a matrix function interlineation operator is proposed. Each component of the interleanation
matrix function depends on three variables on a system of curves. The interleanation matrix function coincides with the approximated matrix function at the
given depth in each of the boreholes and allows to determine the approximated matrix function values at the given depth at each point between the bore-
holes. The method of constructing mathematical models of spatial distribution of the minerals between the oblique boreholes proposed in the paper allows
creating mathematical models of the Earth crust using all mineral compositions present in the cores of the oblique boreholes which will contribute to the
development of efficient methods of mineral prospecting and mining. The prospects of further research are also discussed.

Key words: mathematical model, interlineation functions, spatial distribution, borehole cores.

152 Bicnux HTY «XI1I». 2016. Mo 6 (1178)



ISSN 2222-0631 (print) Mamemamuune mooeno8anna 6 mexHiyi ma mexHono2isax

UDC 519.6

An estimate for total absolute error of cubature formula of approximate calculation of the integral of high oscilating functions of three
variables / O. M. Lytvyn, O. P. Nechuiviter, G. V. Kargapoltseva // Bulletin of National Technical University «KhPI» Series: Mathematical model-
ing in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — N6 (1178). — pp. 50 — 56. Bibliog.: 19 titles. — ISSN 2222-0631.

The article is dedicated to the improvement of mathematical models of digital signal processing and imaging by the example of constructing
cubature formulas of approximate calculation of integrals of high oscillating functions of three variables. The feature of the proposed cubature formu-
las is using the input information about the function as a set of traces of the function on planes or a set of traces of the function on lines or as a set of
values of the function at points. The theory of interlineation and interflatation of functions is the most effective in this case. An estimate for the total
absolute error of cubature formula of approximate calculation of the integral of high oscilating functions of three variables is obtained in the case when
the information about the function is given by its traces on perpendicular planes approximately with a set maximum error. A cubature formula is con-
structed using the interflatation operator, the function belongs to the Lipschitz class with the additional conditions. A specific example demonstrates
validity of the theorem about estimating the error of the method of solution rounding.

Key words: integrals of high oscillating functions of three variables, cubature formula, interflatation, the error of the method, irreducible error,
the error of rounding.

UDC 539.3

The inverse problem for non-stationary vibrations of a string system / E. S. Malakhov, A. V. Voropay // Bulletin of National Technical
University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — N6 (1178). — pp. 56 — 62. Bib-
liog.: 7 titles. — ISSN 2222-0631.

Non-stationary transverse vibrations of a system of ropes, which are simulated by strings, are studied. A system of three strings is considered. It is
supposed that each string contacts the other string at a single point. String displacements are identical at these contact points. The displacements of the
points of the strings are described by a system of three one-dimensional wave equations. The inverse problem is reduced to solving a system of the first
kind Volterra integral equations. A system of linear algebraic equations for the unknown contact forces is obtained as a result of discretization. The Cramer
generalized algorithm and the Tikhonov regularization algorithm are used for solving the block matrix equation. The unknown external load is identified by
the known noisy displacement of a point of the third string in time. A computational example, graphs of string displacements and forces are given.

Key words: system of strings, transient load, the wave equation, regularization algorithm, VVolterra integral equation, identification of forces.

UDC 519.25

Modeling of nonstationary processes with structural breaks / T. O. Marynych, L. D. Nazarenko, K. V. Gets // Bulletin of National Tech-
nical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPl1», 2016. — Ne6 (1178). — pp. 62 — 68.
Bibliog.: 8 titles. — ISSN 2222-0631.

The paper deals with creating an optimal model of non-stationary time series with adequate static features and high prediction options. The daily
statistic data on the hryvnia to US dollar interbank exchange rate form the information basis of the model. The deterministic and stochastic compo-
nents are studied to determine the type of the series stationarity. The expediency of smoothing and leveling time series with seasonality, cyclic recur-
rence, and trend is tested. Autoregressive integrated moving average (ARIMA) and autoregressive conditional heteroscedasticity (ARCH) models are
developed for the initial data. The model residues are analyzed and model adequacy is tested. The conditions for using dummy variables for eliminat-
ing the data structural breaks and model residue problems are studied. The algorithm proposed allows determining the SARIMA optimal model, which
includes the seasonality parameters and the structural break dummy variables.

Key words: autoregression model, forecast, stationary process, structural break, dummy variable, autocorrelation, heteroscedasticity.

UDC 621.382:62-1/-9(045)

Programming of multiplexing micro- and nanocircuits / O. S. Melnyk, V. O. Kozarevych, A. O. Reshetnik // Bulletin of National Techni-
cal University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPlI», 2016. — Ne6 (1178). — pp. 68 — 74.
Bibliog.: 4 titles. — ISSN 2222-0631.

The increasing specialization of large-scale integrated circuits (LSI) with improved performance and reliability is always at odds with their versatil-
ity, which expands the required range and reduces the amount of release of each individual toponomy. Elimination of contradictions between specialization
and versatility is achieved through the development of multiplexing LSI, which necessary algorithms are programmed by the developer of electronic
equipment. The use of LSI in digital micro - and nanoelectronic devices can significantly improve their operational capabilities, primarily to improve reli-
ability and performance, reduce power consumption and overall dimensions. However, the development of LSl is a lengthy and costly process, which is
economically justified only if the volume of finished products is sufficiently large. Increasing specialization of 1P while improving the above indicators is
always in conflict with their versatility, which expands the required range and reduces the amount of production of each individual part type. The latter
leads to an increase in the production cost. Automated methods for programming multiplexing micro- and nanocircuits to produce logical functions of mul-
tiple arguments are presented. The proposed devices have been simulated and verified using modern computer systems.

Key words: micro- and nanocircuits with programmable structures, multiplexer, computer-aided design.

UDC 519, 64, 539.3

Method of energy modeling of diffraction of elastic waves / A. M. Nazarenko // Bulletin of National Technical University «KhPI» Series:
Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — Ne6 (1178). — pp. 74 — 82. Bibliog.: 26 titles. — ISSN 2222-
0631.

Well-conditioned algorithms based on the method of energy modeling of diffraction of elastic waves on finite and periodic grids and reduced to
solving singular integral equations on closed and open contours are presented. Integral representations of the diffracted field displacements are derived
using the reciprocal work theorem for two different states of the mechanical system. An efficient method for distinguishing singular kernels that allows
to accelerate significantly the convergence of the function series in the case of periodic nonhomogeneity system is proposed. The singular integral
equations are solved numerically by the methods of discrete singularities and mechanical quadratures.

Key words: method of energy modeling, diffraction of elastic waves, finite and periodic grid, singular integral equations, method of descrete
singularities, method of mechanical quadratures.

UDC 656.56/681.5:004.78

A method of determining the location of switching devices and devices for collecting and transmitting information when synthesizing a
regional gas supply monitoring system / L. I. Nefedov, M. V. Shevchenko // Bulletin of National Technical University «KhPI» Series: Mathemati-
cal modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — Ne6 (1178). — pp. 83 — 89. Bibliog.: 11 titles. — ISSN 2222-0631.

The article is devoted to solving one of the problems of regional gas monitoring system synthesis. The structure of the regional gas monitoring
system is hierarchical. On the lower level of the hierarchy are the measurement tools that allow you to monitor performance. On the second level of the
hierarchy are devices to collect and transmit information, and collect data from the measuring instruments. At the third level, there are devices that
provide switching and support for communication protocols.

When performing structural-topological synthesis of a hierarchical system, determining the locations of information collection and transmission
devices and switching devices is one of the primary subtasks. In addition, it is necessary to determine the list of measuring devices that will connect to
each of the devices collecting and transmitting information and the lists of information collection and transmission devices to be connected to the
switching device. A method to solve these subtasks that allows taking into account the vagueness of the source data by using interval estimates and
choosing a rational option depending on the specific situation is proposed in the article.

The proposed method allows improving the efficiency of the regional gas monitoring system by considering the regional gas monitoring system
as a multilevel structure. The cost of the topological synthesis when connecting measuring instruments can also be reduced.

Key words: method, topology, synthesis, monitoring, regional gas supply.
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An algorithm for synthesizing an expert electric rolling stock traffic control system on the basis of solution of the Hamilton-Jacobi-
Bellman equation / O. M. Petrenko, B. G. Lyubarskii, M. L. Glebova // Bulletin of National Technical University «KhPI» Series: Mathematical
modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — N6 (1178). — pp. 89 — 95. Bibliog.: 11 titles. — ISSN 2222-0631.
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To solve the problem of optimal motion an expert system of conducting an electric rolling stock on a track section is created. The system allows to
determine the best modes of the variation of the rolling stock motion on the basis of the criterion of energy consumption for a given average speed. An op-
timal average speed is selected based on the expert systems of reference vehicle on a section of the route at different average speeds and an integrated effi-
ciency criterion. In this paper, an algorithm for solving the Hamilton-Jacobi-Bellman equation for the problem of motion of an electric rolling stock on a
track section with a given profile and motion graphics is developed, which allows to create an expert traffic control system. The feature of this algorithm is
the use of penalty functions to describe the restrictions imposed by the timetable, namely, the predetermined time for reaching the destination point by the
train, the speed limit on the road sections, as well as the lack of downtime during the train motion. A unified penalty function approach is also used for im-
posing restrictions on the clutch. This approach allows to reduce significantly the computing time and standardize (simplify) the energy cost calculations.

Key words: expert systems of conducting vehicle, an algorithm for solving the Hamilton-Jacobi-Bellman equation, penalty function, movement
resistance, energy costs when driving electric rolling stock.

UDC 629.7.05

Generalization of a three-frequency trigonometrical quaternion model of a rigid body rotation. Second type of model / Yu. A. Plaksiy //
Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPl», 2016. —
Ne6 (1178). — pp. 96 — 104. Bibliog.: 8 titles. — ISSN 2222-0631.

A new continuous rigid body rotation model based on a general representation of a model quaternion of orientation in functions of the angles
simultaneously linearly changing in time is proposed. Analytical dependences for the quasicoordinates at a step of calculations of the parameters of
orientation and the components of the quaternion corresponding to such rotations are constructed. The model is numerically implemented for several
sets of the parameters. The results obtained are presented in the form of dependences of 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 the errors of orientation algorithms in strapdown inertial navigation systems.

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

UDC 631.37

Distribution of power flows and efficiency of four-wheel drive tractor mechanical transmission / O. Yu. Rebrov // Bulletin of National
Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPI», 2016. — Ne6 (1178). — pp. 104
—109. Bibliog.: 8 titles. — ISSN 2222-0631.

The article presents a method for determining the components of the power flow and efficiency on the example of the transmission of an all-
wheel drive farm tractor. The method involves determining the efficiency of the transmission in the modes with and without power circulation using
the pre-calculated fractions of power at the point of the power flow branching from the engine to the drive axles of the tractor. For practical calcula-
tions the interrelation of the power fraction at the branching point of the power flow with the power fraction on the tractor drive axles is determined.
The approach presented in this paper can be used to justify the methods of transmuting the power from the tractor engine to the agricultural machine
not only through the tractor chassis system, but also directly to the working bodies or chassis system of the implement, which seems to be perspective
from the standpoint of increasing the efficiency of the machine-tractor unit as a whole.

Key words: power, power flow, tractor axle drives, tractor transmission.
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The concept of designing compact ground launching devices for launching unmanned aerial vehicles / V. A. Sereda // Bulletin of National
Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU «KhPl», 2016. — Ne6 (1178). — pp. 110
—115. Bibliog.: 6 titles. — ISSN 2222-0631.

The problems of launching an unmanned aerial vehicle (UAV) from the surface using external energy are formulated. The general shortcoming
of modern ground launching devices (GLD) is a significant length of the UAV acceleration. Using intensive methods for improving dynamic
performance of GLDs is ineffective. The goal is to develop the methods of optimization of dynamic characteristics of GLDs. To this end a useful
function, as well as general and specific control parameters of ground catapults are derived. Cinematic schemes for GLD of different types, obtained
by modernizing the timing drive or transmission gear ratio are presented. We describe the complex conjugate model of pneumatic catapult underlying
the optimization method family. The principle of parametric determination of the law of distribution of traction by normalizing the expansion work in
a certain range is discussed. The software for implementing the optimization algorithm using machine methods is proposed. The capacities of the
design tools are presented in the form of a phase cut of a pneumatic GLD calculation domain. The comparative analysis of the results of optimization
of different types of catapults obtained by modernizing their transmission or drive is carried out.

Key words: launching device, useful function, parameter optimization, characteristic criteria, control parameters, complex model.

UDC 519.6; 532.5

Computing technologies of the discrete vortices method / D. I. Cherniy // Bulletin of National Technical University «KhPI» Series: Mathe-
matical modeling in engineering and technologies. — Kharkiv: NTU «KhPl», 2016. — Ne6 (1178). — pp. 116 — 123. Bibliog.: 12 titles. — ISSN 2222-
0631.

Computing technologies for approximating continuous boundaries by an ordered system of discrete vortices in the problems of modeling flat
transient flows using discrete vortices method is considered. The method and algorithm developed allow computing continuous characteristics deter-
mined by multivalued functions in their domains up to the boundaries, which are the natural separation lines of the continuous characteristics. The
method and algorithm for transforming discrete singularities proposed in the paper can be applied for the boundaries of arbitrary geometry, e.g.
branching contours or closed loops. The relations obtained allow computing kinematic and dynamic characteristics for separated flows taking into ac-
count the new boundary segments arising at the separation points.

Key words: method of discrete vortices method of discrete singularities, computing technology.
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Mathematical model of PTFE seals for hydraulics units of rocket engines / S. A. Shevchenko, S. A. Valivakhin, A.L. Grigoriev,
M. S. Stepanov // Bulletin of National Technical University «KhPI» Series: Mathematical modeling in engineering and technologies. — Kharkiv: NTU
«KhPl», 2016. — Ne6 (1178). — pp. 124 — 143. Bibliog.: 12 titles. — ISSN 2222-0631.

The stress-strained state of a PTFE lip seal with conic side surfaces applied to seal the valve and piston of a rocket engine gas pressure regulator
is studied using linear differential equations of elastic deformations of a thin cylindrical shell. The one-dimensional aero elasticity problem arising in
the analysis of PTFE lip seal and metal cylindrical wall contact is set and solved. Based on the problem a method for computing the effective clearance
and gas leakage through the seal is developed. A new computing method for determining the contact force between the lip seal and the cylindrical sur-
face of the sleeve or rod taking into account the penetration of gas pressure or lubrication inside the sealed gap is proposed. The theoretical laws of
elastic-plastic deformation of fingers of a finger spring are studied; the method for calculating the pressure of the fingers on the wall of the PTFE lip
seal is developed. The methods of experimental study of friction and gas leakage through a seal as well as the test results specifying the known de-
pendencies of friction on the sealing pressure and sliding speed of PTFE are presented. New formulas for estimating the friction force in a flexible seal,
which can be used at the stage of unit conceptual design, are proposed. The formulas take into account the elastic and plastic properties of PTFE,
namely, the Young’s modulus and the Brinell hardness number.

Key words: sealing ring, sealing ring elasticity, contact problem, gas leakage, PTFE friction coefficient, finger spring, dry and viscous friction,
the friction force in the cuff.

154 Bicnux HTY «XI1I». 2016. Mo 6 (1178)



