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The paper considers the opportunity for investigation of the thermal field in two-component systems of the type
of polymeric composite materials with continuous fibrous filler. In view of the widespread use of polymer com-
posites high relevance of issues relating to their processing. Is a literary analysis of shortcomings of the thermo-
physical properties of polymer composite materials, arising in the process of machining. The author suggests a
method of investigation of thermal processes in complex anisotropic bodies, do not have an analytical solution
without primary assumptions that affect the accuracy of these decisions. The method consists in reducing the ge-
ometry of the investigated object to this simple structure duplicating that you can get the source object. Created
and step-described computer model of the thermal field of structural phases of polymer composite material in an
elementary volume. The definition of the process of heat distribution on the surface and on the axis of an indi-
vidual fiber and unit cell. The researchers calculated that the maximum temperature occurs at the surface of a
polymer matrix and considerably differs from the temperature on the surface of the fiber. By isothermal analysis
revealed the thermal effect of the polymer matrix on the fiber. In the modeling process, identifies factors affect-
ing the formation of the temperature field in the unit cell material, among them: thermophysical properties of the
components, their volume content, geometrical parameters and orientation relative to each other.

Key words: polymer composite materials, thermal field, thermal conductivity, fiber, elementary cell.

Cozdana u uccnedo8aHa KoOMNbIOMeEpHAs Mooelb Meniogo20 HNOs CMPYKMYPHuIX (ha3 NOAUMEPHBIX
KOMNOZUYUOHHBIX MAMeEpUaios 8 dnemenmapHom obveme. Onpedeneno pasiuuue npoyecca pacnpeoeieHus
Meniomvl Ha NOBEPXHOCMIU U NO OCU OMOETbHO20 BONOKHA U dNIeMEeHMAPHOU AYeliKu. Ycmanoeneno mennogoe
GIUAHUE NOTUMEPHOU MAMPUYbL HA BOJIOKHO.

Knrwuesvie cnosa: NOJUMEPHbBIE KOMNO3UYUOHHbIE Mamepudaibl, meniosoe noJe, menﬂonpoeodﬁocmb, 60JI0KHO,
ajlemernmapHas sAuetixa.
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Dynamics and Strength of Machines

Chernobryvko M. V., Avramov K. V., Romanenko V. N., Batutina T. J. and Pirog B. A. Dy-
namic instability of rockets deflectors in flight...........cccveiiiiiiiiiiiii e 9-16

The parabolic shells are widely used in rockets production and aircrafts construction. These shells are streamed
by gas flow. The interaction of the thin-walled structures with gas stream can lead to the self-sustained vibra-
tions with large amplitudes. As follows from the above-presented survey, the dynamics of parabolic shells in gas
stream is not analyzed. Such structures are widely used in rocket production and aeronautics. As follows from
the experimental analysis of rockets elements in supersonic gas stream, these structures perform self- sustained
vibrations with significant amplitudes.

The equations of the parabolic shell motions are obtained using the assumed- modes method. It is obtained the
system of the ordinary differential equations described the parabolic shell vibrations in a supersonic flow. The
approach for calculation of the shape of the shell self- sustained vibrations origin is suggested. The dynamic in-
stability of the parabolic shells is analyzed numerically. The properties of the shell vibrations are investigated.

The unstable equilibrium of the paraboloic shell in the supersonic gas stream is observed in the following range
of the Mach number: 1< M < 1.4142. The critical Mach number is not changed, if the height of the shell is in-
creased from 2m to 4 m. This is explained by violent vibrations, which are observed in the shell bottom.

The frequencies of the self- sustained vibrations are significantly larger, then the lower eigenfrequencies of the
shell. If the height of the shell is increased, the frequency of the self- sustained vibrations is increased too. Note,
that the shell eigenfrequencies are decreased, if the shell height is increased.

Keywords: parabolic shell, rockets deflectors, assumed-modes method, Mach number, supersonic gas stream.

Hccnedyemcesa ounamuyeckas Heycmouuusocmos obmexkameneil pakem-Hocumenel 6 noieme. Tax kax 601vuyro
yacmv noaema paKema O8UNCEMCSA CO CBEPX36YKOBOU CKOPOCMbIO, MO ONA ONUCAHUA OAéleHus 2asd,
Oelicmsyiowe20 Ha obmexamensb, npumeHsemcsa nopuiHegas meopusa. Obmexamenv paxemvi-HOCUMEN
onucvigaemces napaboaudeckol 06on0yxkoi. /s evieooa ypagnenutl Koneodanui nPUMeHAEmMcs Memoo 3a0aHHbIX
@opm. Uccnedytomes ceoticmea kKoaebanuii obmexkamens.

Knrwouesvie cnosa: napabonuueckas obonouxka, obmexamens pakemvl-HOCUMENs, Memoo 3a0AHHBIX POPM, YUCTO
Maxa, ceepx36yKk0801i 2a308blii HOMOK.
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Hasanov F. F. Modelling of crack nucleation in the fibre of composite reinforced with unidirectional
fIbres UNAEr SHEAT ......c..ciiiiiiiiiice et 17-25

70

The model of shear crack nucleation in composite fibre with the periodic structure, based on consideration of
fracturing zone is offered. It is assumed, that the fracturing zone represents as finite length layer that containing
the material with partially broken bonds between separate structural elements. The analysis of prefracture zone
limiting equilibrium under transverse shear is carried out on the basis of criterion of material bonds limiting
shear and includes: 1) an establishment of cohesive forces dependence from prefracture zone faces shear; 2) an
estimation of the stress state near to prefracture zone in view of external loadings and cohesive forces; 3) defini-
tion of critical external loadings dependence from geometrical parameters of the composite environment at
which appears the crack.

Key words: nucleation of shear crack, composite, unidirectional fibres, traction in bonds, transverse shear.

IIpeonosicena modenv 3apodicoenus mpewjunsbl cO8ued 8 80J0KHE KOMNO3ZUMA C NepUOOUHecKoll cCmpyKmypotl,
OCHOBAHHASL HA PACCMOMPEHUY 30Hbl MpewuHoobpasosanus. Ilonazaemcs, umo 30na npoyecca mpewurHooopa-
306aHusL npedcmagiaem cooou Clol KOHeYHOU ONUHbL, CcOOepIcauelt Mamepua ¢ YacmuyHo HapyUeHHbIMU C65-
3AMU MeAHCOY OMOCTbHBIMU CIPYKMYPHbIMU demenmamu. Hanuuue cesazeil meacdy bepezamu 30Hbl npeopaspy-
WeHUsl MOOENUPYemcs NPUNONHCEHUEM K NOGEPXHOCMU DMOU 30Hbl CUNl CYENJIeHUs, GbI3GAHHLIX OMCYMCMEUeM
ceazell. Ananus npeoenbHo20 pasHoGecus 30Hbl NPEOPA3PYUleHUs NPU NONEPEUHOM COBU2E BbINOTIHACMCS HA OC-
HOGe Kpumepus npedeibHo20 c08U2a Ca3ell Mamepuand.

Knroueevte cnosa: 3aposicoenue mpewunsl cosued, KOMNO3um, 0OHOHANPAGIEHHblEe BONOKHA, YCULUS 8 CBA3SX,
nonepeunvlii cogue.
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Zulfuqarov E. 1. Thermoelastic stress state in the brake drum with prefracture zone at braking the
WHEEL MACKIINE ...ttt ettt ettt et sb et b e s e b sbe bt e et sbeeaesaeeanenean 26-32

The model of cracking in the brake mechanism drum under action of temperature stresses at braking the auto-
mobile is work out. Thermal fracture is caused by heat generation in the drum during the friction. The model is
based on the analysis of the fracturing zone. During operation of the wheel car friction pair "drum - lining" in
the metal brake drum will occur prefracture zones, which model as the area of weakened interparticle bonds of
material. It is assumed that under the action of normal and tangential load on the inner surface of the drum in-
teraction between the surfaces in the prefracture zones is characterized by normal and shear constant adhesion
stresses. Interaction of prefracture zone faces is modeled by introducing between the faces plastic slip lines (de-
generate plastic deformations bands). Relations determining the critical values of heat exposure intensity, under
which in the drum brake cracking occurs, are received.

Keywords: brake drum of the wheel machine, prefracture zone, thermoelastic stress condition, fracturing.

Paspabomana pacuemnas mooenn, 8 pamkax KOmopou OnUCHI8Aemcs mpewuHoobpaszosanue 6 bapabane mop-
MO3H020 MeXaHU3Ma noo Oeticmseuem memMnepamypHbix HanpadjceHuti npu MopmodiceHuu agmomoouns. Bzaumo-
Oeticmeue 6epezo8 30Hbl NPeOpaA3PyUIEHUsT MOOETUPYEMCSl B6EOCHUEM MeNCOY HUMU TUHUL NIACTUYECKO20
ckonvoicenust. Tlonyuenvt coomuowienust 05 Onpeoesenuss KpUmu4ecko2o 3Ha4eHuss UHMeHCUBHOCMU TeNI108020
8030eticmeus, npu KOMmopom 6 bapadbane MmopMO3HO20 MeXAHUZMA NPOU30LOenm mpewuHoobpazosanue.

Knrouegvle cnosa: mopmosnou bapabarn KOIECHOU MAWMUHbL, 30HA NPEOPAPYUMEHUS, MEPMOYNPY20€e HANPAICEH-
HOe cocmosHue, mpeuwuHooopazoeanue.
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Applied Mathematics

Lytvyn O O., Shtepa N. L., Kulyk S. I. and Chornaya O. S. Mathematical simulation of minerals
with polynomial interlination on the system deviated Wells. ..........ccocceeviiiiiiniiinieni e 33-39

This paper provides an overview of the new minerals distribution mathematical models construction 3D methods
by 3 variables functions interlineation methods on a system of inclined boreholes. The problem of constructing
minerals distribution spatial mathematical models for the case when the information about minerals distribution
function f(x, y, z) is specified in the M inclined boreholes is considered. Methods of three-dimensional mathe-
matical model construction with the use of functions interlineation on an inclined boreholes system, which are
based on the use of limited fractionally rational auxiliary functions, are given. The method of minerals distribu-
tion modeling with the help of polynomial interlineants on inclined boreholes system placed both in the same
plane and in an arbitrary manner is proposed. Experimental data are mineral resources distribution at every
point of the boreholes system. The given mathematical model allows calculating an unknown mineral resources
distribution between the boreholes.

Keywords: mathematical model, interlineation, cores, inclined boreholes, polynomial interpolation.
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Hpedﬂowceﬂ Memoo MO()@ﬂupOBaHM}Z pacnpedeﬂeyu}z NOJIE3HbIX UCKONnAaemvlx npu nomowu noaUHOMUAIbHbIX UH-
MepiIuUHAaARmMOo8 Ha cucmeme HAKJIOHHbIX CKEAJNCUH, PAZMEUEHHbIX KAK 6 00HO1L niockocmu, maxK u npou3eojibHbim
06pa30M. B kauecmee IKCNnepumernmaibHblx OQHHBIX 8351Mbl pacnpebeﬂeﬁue NOJIe3HbIX UCKONACMBIX 8 KANCOOU
mouke cucmemvl ckeadxdcun. Mamemamuueckas Mooelb NO38045em 6bIMUCTAMb HEU3BECTNHOE pacnpe()efzeﬁue no-
JIE3HbLIX UCKONAEMbLX Mewcdy CK6ANCUHAMU.

Knrwuesvie cnosa: mamemamuuecrkas Moae.flb, UHMeEPIUHAYUA, KEPHbl, HAKJIIOHRbIE CKEANCUHBbL, NOJTUHOMUATIbHAA
URmMepnoJIAYUsL.
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Chugay A. M. A method of generation of starting arrangements in a problem of structure modelling
of systems of densely Packed ODJECES ......cuvvcvieiiieriieiieriertere ettt et reesteesreesrnesnseenns 40-45

72

In this paper a mathematical model of a dense packing problem of non-oriented convex polytopes into a cuboid
of minimum height is constructed by using the quasi ®-function.

An application of quasi ®-functions allows to formulate mutual non-intersections conditions for a pair of objects
as a set of inequalities systems left sides of which are infinitely differentiable functions. Owing to this fact a
mathematical model of the problem is presented as a classical non-linear programming problem.

For construction of different starting points a special method is proposed. The method includes three stages. On
the first and second stages helper problems are solved. The first helper problem allows us to find a covering of
polytopes by spheres of minimal radius. The second one allows us to find a dense packing of spheres in an
arrangement region. At the third stage parameters of separating planes between the dense packing spheres are
calculated.

In order to find local extrema of the helper problems the IPOPT library is used.
Key words: mathematical modelling, quasi @-function, non-oriented convex polytopes, objects dense packing

Ha ocnose keasu ®-gynkyuii nocmpoena mamemamuieckas Mooeib 3a0ayu NIOMHOU YNAKOBKU HEOPUECHMUPO-
BAHHBIX BLINYKIILIX MHO20SPAHHUKOG 6 napaiiesienunede MUHUMAnbHOU evicomul. Ha ocnoge ocobennocmeti no-
CMPOEHHOU MOOeNU NPeONONCEH MEMOO NOTYYEHUS PASIUUHBIX HAYANLHBIX PA3MeujeHUll MHO202panHuKos. Me-
moo cocmoum u3 mpex oCHOGHbIX dmanos. Ha nepauvix 08yx pewaromcs 6cnomozamensHule 3a0a4y HeMUHeuHo020
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nPOSPaAMMUPOBANUS, KOMOPbIE NO360IAIOM NOLYHUNDb HAYAIbHOE PA3MeweHue MHO202paHHuKos. Ha nociednem
amane onpeodensiomcs napamempuvl paz0eisiiouux niockocmeti 0 keasu O-gyuryuil.

Knouesvie cnosa: mamemamuuecxoe ModeﬂupoeaHue, Keas3u @-(ﬁyHKuu}l, HeopueHmupoearnnbvle 6blnyKjible MHO-
COCPAHHUKU, NIOMHAA YNAKOBKA 00beKmos.
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Non-traditional Power Engineering

Koshelnik O. V. and Chorna N. A. Prospects of hydrogen energy conversion systems use for waste
recovery of thermal secondary power resources in high-temperature heat technological complexes........ 46-53

The scheme of energy conversion complex for the simultaneous thermal and electric power production with the
application of hydrogen turbine unit and thermal sorption compressor for waste recovery of low-temperature
secondary thermal power resources has been proposed. A structure and basic design stages of the metal hydride
systems for energy technological hydrogen processing have been determined. It allows to calculate system op-
eration and completely to define a complex of structural and operation parameters which characterize its gen-
eral effectiveness. The technique and calculation algorithm of thermo-sorption interaction metal-hydride - hy-
drogen is developed for case using the kinetic factor. The analysis of unit operation in a range of flue gas tem-
peratures 523-723 K at the inlet to the thermal sorption compressor has been carried out and the main charac-
teristics of the hydrogen circuit of the power plant have been determined. The obtained electric power can be
consumed by electrolyzing plants for hydrogen production for the needs of technological processes.

Key words: power technological complex, secondary power resources, hydrogen turbine unit, thermal sorption
compressor, power efficiency.

s ymuauzayuu  HUBKOMEMNEPAmypHblX Meni06blX GMOPUYHBIX IHEP2OPecypco8 Bpediodicend  cxemd
9IHEP2ONpeodPazyIome20 KOMIIEKCA OJisk 0OHOBPEMEHHO20 NPOU3BOOCMEA MENI0B0 U INEKMPUYECKOU IHEP2UL C
npuMeHeHueM 6000pPOOHOU MYPOOYCMAHOBKU U MEPMOCOPOYUOHHO20 Komnpeccopa. [Ipedcmasnenvl smanvl
pacyema OCHOBHLIX DJIEMEHMO8 IHEPLOMEXHON02UYECK020 Komniekca. [Ipoeeden ananusz e2o pabomsl ¢ ouana-
30He meMnepamyp ObIMOBbLIX 24308 HA 8X00e 8 MepoOMocopOyUoHHbLI Komnpeccop 523—723 K u onpedenensl oc-
HOBHbIE XAPAKMEPUCTUKU B8000POOHO20 KOHMYPA IHepeOCUnogol ycmanosku. Ilonyyennas snexmposmepeus
Modicem Oblmb UCHOIB3068aHA OJisl BPOU3BOOCMBA B000POOA HA MEXHOIOSULECKUE HYICODL.

Knroueevle cnosa: suepeomexnonocuyeckuti KOMNIEKC, GMOPUYHbBIE IHEP2OPecypcbl, 8000pooHas mypoo-
YCMAHOBKA, MePMOCOPOYUOHHBIL KOMAPECCOP, IHEP2OIPHeKMusHocme.
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Pilipenko S. O. Environmental aspect of competitive use hydrogen as a fuel .........cccoocvevvieviiiieiieennnnn, 54-57

74

This article discusses the prospect of the concept of hydrogen technologies in the context of the approved Euro-
pean Union directives to reduce emissions by vehicles into the atmosphere.

The main purpose of this study is the possibility of using hydrogen technologies based on analysis derived from a
variety of sources and activities , research, and adopted guidelines. The use of modern means of communication,
the treatment of the scientific literature , allows for the collection and analysis of information received from sci-
entists in different countries. The paper studies the structure of global CO2 emissions from the transport sector.
The influence of the harmful emissions from motor vehicles on public health and the environment in general. The
structure of the methods to reduce CO2 emissions from transport according to the International Energy Agency.
The article deals with the European directive on the reduction of COZ2 emissions.

Based on the data and studies , we propose to reduce the amount of harmful toxic emissions of vehicles using
hydrogen as a fuel. In this paper , by analyzing scientific articles and studies obtained , we conclude that the
search for alternative sources of fuel for motor vehicles will inevitably come to hydrogen as the fuel type is
really safe.

Keywords: hydrogen, CO2 emission vehicles, the environment, the European directive on the reduction of CO2
emissions, the competitiveness of the use of hydrogen as a fuel.
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Ilpeocmaenen ananus pe3yibmamos UCCie008aHull 8b10POCO8 ABMOMPAHCHOPIMHbIMU CPEOCMEAMU NPU UCHOb-
308aAHUU PA3TUYHBIX U008 MONIUBA 8 08UAMENIAX GHYMPEeHHe20 ceopanus. Boissneno naubonee sxonocuuecku
bezonacrHoe Moniueo U3 AHAIU3A Y2ne000POOHO20 MONIUGA U NEPCHEKMUGHBIX ATlbMePHAMUE NPUMEHEHUS.
PA3IUYHbIX 6UO08 MONAUSA & aemompancnopme. Paspabomano memoouxy coxpaujeHus eblOpocos 8peoHblx
sewecms 0gUeAMeNIMU , KOMOPAs Oa3upyemcsi Ha UCHOIb306AHUU 8000p00d HA OOpmy asmomMoOuls Kaxk 6
Kawecmee asmoHOMHO20 6UOd TMONIUBA, MAK U 8 CMeCU C PA3TUYHBIMU GUOAMU MONIUBA.

Knroueswie cnosa: 6000poo, svibpocvt CO2 mpancnopmHuvimu cpedcmsedamu, IK0L02Usl, e8POnelicKue OUupeKmuabl
no cokpaujeruto ev10pocos CO2, KOHKYPEHMOCNOCOOHOCb UCNONb308AHUSL 6000PO0A 8 KAUECHEe MONIUBA.
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Kravchenko O. V., Suvorova I. G. and Baranov 1. A. Method of determining the effectiveness of
hydrocavitation treatment in technologies for producing and combusting composition fuels................... 58-62

A method is suggested for determining the effectiveness of hydrocavitation activation of hydrocarbon-containing
composition fuels in their production and combustion technologies. With this in view, the notion of the indicator
of cavitation equipment performance has been introduced. It allows determining the conditions of hydrocavita-
tion treatment of fuel emulsions depending on the required quality of the final product. The dependence of the
performance indicator on the operating conditions of the rotor pulsation apparatus has been conducted. The
RPA performance indicator graphs are nonlinear and demonstrate that conditions exist when increasing the
amount of input energy has no effect on the output of light fractions. Firing trials confirm the effectiveness of hy-
drocavitation activation in the technologies of producing and combusting composition fuels. It has been shown
that application of hydrocavitation techniques for intensification of physico-chemical processes in hydrocarbon
treatment technologies should come after research in determining the dependence of the indicator of hydrocavi-
tation activation performance on the operating conditions of cavitation equipment.

Keywords: hydrocavitation activation, cavitation effectiveness factor, composite fuels.

Ilpeocmasnen Memoo onpedenenus aghgexmusrocmu 2UOPOKABUMAYUOHHOU akmusayuu
Venes000po0COOepHCAUX KOMNOSUYUOHHBIX TONIUE 8 MEXHON02UAX UX NPOU3BOOCIBA U CHCULAHUSA. [{1A ImM020
68e0eHO NOHAMuUe nokazamens 3pgekmusHocmu pabomevl KABUMAYUOHHO20 000PYOOBAHUSA, KOMOPbLIL
nO360J51em ONPeoeams PeXCcumvbl 2UOPOKABUMAYUOHHON 0OPAOOMKY MONIUEHBIX IMYIbCULL 8 3A6UCUMOCTIU OM
HeoOX00UMO20 KA4ecmed KOHEUHO20 NOAy4aemMo2o npooyKma.

Knwuesvie cnosa: cudpoxasumayuonnas axkmueayusi, Kodspguyuenm >3pdexmuenocmu KasUmMayuoHHo20
8030elicmaust, KOMNO3UYUOHHbIE MONIUBL.
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Savitskyi A. M., Savitskyi M. M. and Shkrabaluk U. N. Fetures of increase of productivity of
welding an consumable electrode in gas shielded at the expense of arch activation.............cccceevevreeennnns 62-67

76

One of the priorities of arc welding is to improve its performance. The traditional solution to this problem in-
volves increasing the amount of metal per unit of time weld. This is due to the limited capacity of the penetrating
arc. However, this increases the attachment of heat in the weld, which adversely affects its quality. To solve this
problem requires a fundamentally different approach - an increase in the penetration depth. This can be
achieved by increasing the penetrating power of the arc by reducing the diameter of the electrode wire or the use
of activating fluxes. Studies indicate that by reducing the diameter of the electrode wire can achieve a substan-
tial increase in the penetration depth. However, the practical implementation of this direction is associated with
a number of technical difficulties. The second direction of solving this problem is the development and applica-
tion of welding consumable electrode activating fluxes by analogy with ATIG-welding.

If the penetrating power of the arc when welding in the traditional way to take 1, the use of activating flux can
increase it by 2-2.5 times. Therefore, for single full penetration weld metal thickness of 10 mm with the conven-
tional method requires heat input 24694 J/cm. Increase penetrating power of the arc to 2.5 times accompanied
by a reduction of heat input required for the base metal thickness of 10 mm to 8103 J/cm.

Application of activating flux for welding consumable electrode helps to reduce the length of stay of the weld
metal at high temperatures, which has a positive effect on its properties. This is to increase the viscosity of weld
metal at low temperatures. Activating fluxes for welding consumable electrode provides increased productivity
by 3-4 times compared with traditional technologies. Application of activating fluxes for welding consumable
electrode gas shielded welding provides increased performance while reducing its energy consumption and im-
proving the properties of welded joints.

Keywords: activation arc, consumable electrode, shielding gas, welding.

H3znooicenvl pe3ynbmamol npuUMeHeHUs. aKmugupyiowux (aiocoé npu ceapke NiAGAWUMCS dJEKMpPOoOOM 8 3a-
wumnuix 2azax. Iloxkasano, umo axmusupyiowue @uiocul obecneuugaiom ygeeanuuenue 6 2113 pasza 2nyoumvl
NPONNAGIEHUA U NOBbLIUUEHUE NPOUIBOOUMENLHOCIU C8APKU NO CPAGHEHUIO ¢ MPAOUYUOHHBIM cnocobom. Kpome
9M020, NpUMeHeHue aKmusupyIowux guiocog obecneyusaem ymeHbuleHue NO2OHHOU IHEP2UU CAPKU, YMO OKd-
3b18aem NOJIOAHCUMENLHOE GIUAHUE HA CEOUCMBA CEAPHBIX COCOUHEHUT, NOGLIUAS UX XTIAOOCMOUKOCHb.

Knrouesuvie cnosa: axmusayus oyeu, niasauyuiics 21eKmpoo, 3auumHulii 2a3, C8apKd.
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