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Aero- and Hydromechanics in Power Machines

Papazov S.V., Yakovlev V.A. and Yershov, S.V. Numerical simulation of flow in a compressor
cascade under wide range of flow CONAILIONS........c.ccoieriieriiiiiiiietieie et re e b e te e seresebeesbeseaessseenns 3-9

The numerical results are presented for the two-dimension viscous turbulent flow of working medium through
the transonic compressor cascade under wide range of flow conditions. The mathematical model is constructed
on a basis of the system of the Reynolds-averaged Navier-Stokes equations and the two-equation differential k-
@ SST Menter’s turbulence model supplemented by realisability constraints. The equations are integrated nu-
merically with the implicit ENO scheme of the second order of approximation. The boundary condition treatment
modification is used at the exit to improve reliability of flow computations for compressor blade rows. The de-
tailed analysis of flow nature for working and stalling branches of the compressor characteristic is presented us-
ing computational data visualization with the Mach number contours and “numerical Schliren” approach. The
obtained numerical results are in an agreement with known theoretical ideas about supersonic flows in compres-
sors. It is shown, that for detailed visualization of complex wave flow structure for supersonic flows in compres-
sor cascades it is appropriate to use computational meshes with about and more than 100 000 cells per a tan-
gential section.

Key words: axial compressor, airfoil cascade, viscous flow, numerical simulation, numerical Schliren approach.

Ipusedennvl pe3yrbmamvl YUCIEHHO20 MOOETUPOBAHUST O8YXMEPHO20 6513K020 MYPOYIEHNMH020 meyeHus paboye-
20 mena 8 MpaHc38yKOBOU KOMNPECCOPHOU peulemKe 8 WUpOKOM OUandazone peicumos oomexanusi. Mamema-
muyeckast MoOelb NOCMPOEHAa Ha 0CHoge cucmembl ypasuenutl Hasve-Cmoxca, ocpednennuvix no Petinonvocy, u
osyxnapamempuieckoli ouggepenyuanvrol modenu mypoyrenmuocmu k- SST Menmepa, dononnennotl ozpa-
HUYEHUIMU peanu3yemocmu. YpasHuenus yucienno unmezpupyiomes nessnoi ENO cxemotl 6mopo2o nopsioka
annpokcumayuu. HMcnonv3yemces Moouurayus YucieHHoU peanu3ayuu SpanuyHblX YCI08Ull HA 6bIX00e, YIyu-
WAoWas HAO0eICHOCMb Pacyenos meyeHull 8 KOMNpeccopHulX Jonamoynslx annapamax. Ilpeocmaesnen noopoo6-
HbLIL aHAu3 QU3UKY meyenusi Ha paboyell U CPbIGHOU eMEAX XAPAKMEPUCMUKU KOMIPeCcopd, NPo8edeHHblll ¢
UCNONb30BAHUEM BU3YATUZAYUU PACHEMHBIX OAHHBIX, KOMOPAsl 8bINOJHSIACH € NOMOWbIO U30auHUL yucen Maxa
U «YUCIEHHO20 wiupeH-memooay. Tlonyuennvle pe3yiomamol YUCIEHHO20 MOOEIUPOBANUS COLNACYIOMCI C U3-
BECMHBIMU MEOPEMUYECKUMU NPEOCMABIEHUAMU O C8EPX36YKOGLIX medeHUsxX 8 komnpeccopax. Tlokazano, umo
07151 0eManbHOU BU3VATUZAYUY CTONCHOU BOTHOB0U CIPYKIMYPbL NOMOKA NPU pacueme c8epX38yKOGblX meueHuil 8
KOMNPECCOPHBIX PeulemKax yenecoo6pasHo UCHOIb308aMb PA3HOCHHbIE CEMKU C pa3peuteHueM nopsioKd
100 000 u bonee siueex 6 maneeHYUATLHOM CEYEHUU.

Knrwouesvie cnosa: ocesoii komnpeccop, peuiemka npoguietl, 6s3KUll NOMOK, YUCTEHHOE MOOETUPOSAHUE, YUC-
JIEHHBI WAUPEH-MEMOO.
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Heat Transfer in Engineering Constructions

Tarasova V. A. and Kharlampidi D. Kh. Thermoeconomic model of heat pump unit on the basis
of negentropy approach to formation cost of the expected product ...........cceeceererierireerenieniereseeeee 10-16

A modern approach to determining the price of the desired product energy conversion system based on the use
of the apparatus of thermoeconomic which considers exergy flows as carriers of value and price of the final
product connects with each stage of the transformation of exergy. The thermoeconomic analysis allows to esti-
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mate the costs associated with the consumption of resources and thermodynamic irreversibility in the production
process as a whole, to identify ways to better use and conservation of resources. For this purpose a joint analy-
sis of the thermodynamic transformations and economic indicators. On the basis of the use of the concept of
negentropy has been proposed a new thermo-economic model of heat pump installation, allowing to carry out its
thermoeconomic functional analysis to determine the cost of exergy destruction in each element. The cost of ex-
ergy destruction in the elements is determined from the equations of cost balances, and not by assigning it the
value of "fuel" element. The proposed model allows for the first time to estimate the effect of the ratio of capital
and operating expenses for the cost of exergy destruction in each element of the installation. Hence we can fol-
low, at what stage the installation manual removal destruction exergy economically feasible due to the capital
costs, and in what - at the expense of the operating costs.

Key words: negentropy, thermoeconomic model, heat pump system.

Cospementblii NOOX00 K onpedeneHuro Yervl Yeneso2o npoOyKma dHep2onpeodpasyiowell cucmemsl OCHOBAH HA
UCNONb30BAHUU ANNAPAMA MEPMOIKOHOMUKU, KOMOPAsi PACCMAMPUBAaem NOMOKU IKCepeUU 8 Kavecmee HoCU-
meell CIouMoCmu, d yeHy KOHeYHO20 NPOOYKMA CEA3bI8AEM C KANCObIM IMANOM Npeobpazoeanus Kcepeuu.
TepmosxkoHoMuUeCKUll aHATU3 NO3BOJIAEM OYEHUMb 3aMpambl, C8A3aHHbIe ¢ NOmMpedaeHueM pecypcos u mepmo-
OUHAMUYECKOU HeOOPAMUMOCIIBIO 8 PAMKAX NPOU3BOOCMBEEHHO20 NPOYECCA 8 YENOM, BbIAGUMb nymu Ooee I¢h-
PekmueHo20 UCNOIL306aHUS U cOepedceHUst pecypcos. [l ImMo20 NUPMEHSIEMcs: COBMECHbIN aHAU3 MepMo-
OUHAMUYECKUX NPespaujeHull U IKOHOMUYecKux nokazameneti. Ha ocnoge ucnonv3o06anus nOHAmMus, He2OHmMpo-
nUU  NPeoNoANCeHa MEPMOIKOHOMUYECKAS MOOeNb MENIOHACOCHOU YCMAHOBKU, NO360AAI0WAs. ONpedenums
CMOUMOCTb OeCMPYKYUU IKCEP2UL 8 INEMEHMAX U3 YPAGHEHUL CMOUMOCIHbIX OANAHCO8, d He nymem HA3HAaue-
HUsL ee N0 CMOUMOCHU «MONIUBA» dleMeHma. B amom asmopwl ycmampusaiom snemenmol YHUBEPCATbHOCTU
PA3pabomanHol mepMOIKOHOMULECKOU MOOeIU MEeNIOHACOCHOU Ycmanosku. [Ipednodicennas mooenb no3eois-
em @nepevle OYEHUMb GIUAHUE COOMHOUWEHUS] KANUMATbHBIX U IKCHIYAMAYUOHHBIX 3AMpam Ha CMOUMOCMb Oe-
CMpYKYUU dKcepeuu 8 Kaxicoom snemenme ycmanosku. Ciedo8amenbHo, MOJICHO NPOCAeOUMb, HA KAKOM dmane
IKCHLYamayuy YCmMaHo8Ku YCmpanenue 0eCmpyKyuu dKCepeuy IKOHOMUYECKU YenecooOpasHo 3a cuem Kanu-
MATbHBIX, A HA KAKOM — 34 CYem dKCHIYAMAayUOHHbIX 3ampan.

Knroueswvie cnosa: HecoOHmponus, mepmodIKOHOMUYeCKas Mode/zb, menjoHacoCHasl yCmaHoeKa.
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Dynamics and Strength of Machines

Tkachuk N. N., Chepurnoy A. D., Litvinenko A. V., Scripchenko N. B. and Tkachuk N.A. Con-
tact of rectangular punch with rounded edges with a half-Space............cceevvevierieniinieniere e 1722

Rectangular shape with rounded edges of a punch interacting with an elastic half-space represents an important
case which is investigated in this paper. Boundary element method is applied for the analysis of contact interac-
tion. Peculiar distributions of contact pressures on the interface between the rigid punch and the elastic founda-
tion are obtained. Relation of the maximal value of contact pressure upon the punch geometry. In particular, the
size of the punch and edge rounding radii were varied. It has been discovered that the localization of the maxi-
mal contact pressure for the small rounding radii is observed close to the rounding edge. However contact pres-
sure rapidly drops to zero at the boundary of the contact spot. Meanwhile it has its minimal in the middle of the
punch. To the contrary with increasing rounding the contact pressure in the middle of the punch gradually
grows and becomes greater then in the rest of the contact spot. Furthermore, an elastic Winkler layer that mod-
els the rough interface is introduced. With the increase of its compliance the contact area grows, whilst the
magnitude of the contact pressure drops. The developed approach to the analysis of contact interaction can be
applied for bodies of various shape. Its formulation enables further extensions, since it is free from many essen-
tial limitations of traditional models of the mechanical contact.

Keywords: the contact interection, punch with rounded edges, the boundary element method.

Baowcnvim sapuanmom ceomempuyeckoti hopmvl NYAHCOHA, 83AUMOOELCMBYIOUe20 ¢ NOLYNPOCMPAHCINEOM, 516~
JISLeMCst NPSIMOY2OIbHASL 8 NAHe CO CKpy2aeHusMu no nepumempy. Mccnedyemces e3aumooelicmaue npsamoy2onib-
HO20 6 NAAHe NYAHCOHA CO CKPY2IEeHHLIMU KPASMU C NOIYAPOCMPAHCMEOM. [[Isi aHanu3a pacnpeoeienusi KoH-
MAKMHO20 0AGIEHUs NPUMEHEH MemOo0 SPAHUYHBIX dlieMenmos. [lonyuenvl xapakmepHvle pacnpeoeienusi KOH-
MAKMHBIX 0A6IeHUL 8 COYEMAnULU NYaHCOHA ¢ NOLYNPOCMPAHCMBOM. YcmanosieHvl 3a8UCUMOCIU MAKCUMATTb-
HbIX KOHMAKMHLIX OAGIeHULl Om paouyca 3aKkpyeienus Kkpaes. B uacmnocmu, nposapwuposansl pazmepvt no-
00WBbL NYAHCOHA U PAOUYC CKPY2AEHUS. YCmanoseneHo, 4mo npu Maslx paouycax CKpyeieHusi MaKCumymol KOH-
MAKMHBIX Oasllenuil docmuealomest onudice Kk Kpomke nyancoua. Ilpu smom 6 30He CKpyereHusi KOHMAaKmubvie
0aBNeHUsl YMEHLUUAIOMCS 00 HYNe8020 3HAYEHUs. B yenmpe nodowesl nyancona 00Cmueaemcst MUHUMYM KOH-
maxmuuix dasnenuil. Ilpu ygenuuenuu paouyca cKpyaienusi 3HAYeHus: KOHMAaKmMHbIX 0aseHUil 8 YeHmpe noooul-
8bl NYAHCOHA 803PACMAIOM, CIMPEMSICh K Makcumymy. Kpome moeo, ucciedogano euusiHue nooamiueocmu ynpy-
2020 BUHKNIEPOBA CILOSI, KOMOPBI UMUMUPYEM CILOU WepOoX08amoCcmu. Npu y8eaudeHuy nooamaueoCmu Rioudaob
30Hbl KOHMAKMA 803pacmaem, a KOHMAKMHbIX 0deleHull — cHudxcaemcs. Paspabomannuiii nooxoo K peulenuro
KOHMAKMHOU 3a0ayu Modcem Oblmb NPUMEHEH K UCCAe008AHUIO 63AUMOOCUCMBUsL Mell PA3HO00PA3HOU (popMbl.
Dmomy cnocobcmeyem ucxoOHAsi NOCMAHOBKA 3a0adl, KOMOpPAas C60000HA OM MHO2UX 02PAHUYEHUT MPaouyu-
OHHBIX MOOeel.

Knrwueswie cnosa: konmaxmuoe 63611/LMO()€MVCH’[6M€, NYAHCOH CO CKPY2NEeRHbIMU KPAAMU, Memoo CPAHUYHbIX ]IEMEHMOE.

References

1. L.A. Galin. Contact problems of the theory of elasticity and viscoelasticity. - M .: Nauka, 1980 - 303 p.

2. Popov G.Y. Contact problems for linearly deformable base / G.Y. Popov. - Kiev-Odessa: Vishcha School,
1982. - 168 p.

3. Tkachuk N.N., Movshovich L.J., Tkachuk N.A., Skripchenko N.B., Litvinenko A.V. Analysis of the contact
interaction of smooth and rough-body by boundary element method: models and resolving equations //
Forging and Stamping Production. Material Working by Pressure. - M .: Ltd. "Tiso Print", 2014. - No 3 - P.
3-10.

4.  Tkachuk N.N., Movshovich L.J, Tkachuk N.A., Skripchenko N.B., Litvinenko A.V. Analysis of the contact
interaction of smooth and rough-body by boundary element method: models and resolving equations //
Forging and Stamping Production. Material Working by Pressure. - M .: Ltd. "Tiso Print", 2014. - Ne 4 — P.
3-8.

5. Crouch S. Boundary Element Methods in Solid Mechanics. / C. Crouch, A. Starfield. - M .: Mir, 1987. -
328 p.

6.  Tkachuk N.N. Analysis of contact interaction complex sheped elements of engineering structures with kin-
ematical surfaces: diss ... Cand. tehn. Sciences: spec. 05.02.09. -Harkov, 2011. - 203 p.

ISSN 0131-2928. Ilpooa. mawunocmpoenus, 2014, T. 17, Ne 4 67



ABSTRACTS AND REFERENCES

7. Johnson C. Contact mechanics / C. Johnson. - M .: Mir, 1989. - 509 p.

Akhundova P. E. Optimum displacement function of external contour points of contact pair hub
taking into account the thermal stresses and roughness INNEr CONtOUT ........cceervererierierierieneeiere e 22-30

Based on the model of friction rough surface and the equal strength principle theoretical analysis on the defini-
tion of displacement function of external contour points of contact pair hub carried out taking account the tem-
perature difference in the details of the contact pair. Force calculation scheme most corresponds to physical na-
ture of actual loading is used. According to this scheme, in the place of shaft and bushing contact the normal
distributed loads and the corresponding to loads friction forces act. The friction forces are arising in work proc-
ess and not known in advance. The friction forces to be determined from the solution of the problem of shaft and
bushing contact interaction, taking into account the roughness of real friction surface, frictional heat generation
and surface wear of the contact pair parts. The minimization of the stress state of the contact pair bushing is
carried out by using of the equal strength principle. The obtained displacement function of external contour
points of the bushing provides increase of load bearing capacity of the bushing contact pair. As an example the
calculation of the contact pair applied to downhole sucker rod oil pump is considered.

Key words: contact pair, hub, shaft, friction rough surface, temperature, minimizing of bushing stress state.

Ha ocnose modenu wiepoxosamoti nOGepXHOCMU MPeHUst U NPUHYUNA PAGHONPOYHOCHU NPOGEOeH meopemuye-
CKULL AQHATU3 NO ONPeOeNeHUI0 QYHKYUU CMEeUeHUl MOYEK HAPYICHO20 KOHMYPA 6MYIKU KOHMAKMHOU Napbl ¢
yuemom nepenaoa memnepamypvl 6 0emaisix KOHMaxKmHou napwl. Hcnonv3yemcs pacuemnas cuiogas cxemd,
Haubonee OIUKO OMBEUAIOWAsT PUUYECKOU CYUHOCTIU OelcmeumensHo2o nazpysicenus. Co2nacrno 3moi cxeme
6 Mecmax KOHMAKma 6ana u 6MyaKu Oelcmeylom pacnpeoesenible HOPMAIbHble HASPY3KU U COOMBEMCMEYIo-
wue um 3apanee Heuzeecmuble CUIbl Mpenusl, 803HuKaowue 8 npoyecce pabomoi. Cubl mpenust noOLexHcam on-
peoeneHUI0 U3 peuleHus: 3a0a4u 0 KOHMAKMHOM 83aUMOO0elCmeuU 8aid U 6MyJKU, ¢ Y4emom uepoxosamocmu
PeabHOU NOBEPXHOCIU MPEHUsl, MeNnI000pa306anUs NPU MPeHUuU U U3HOCA NOBEPXHOCMU Oemaneil KOHMAaKm-
Hotl napwl. [Iposedena MUHUMUZAYUSA HANPSIICEHHO20 COCMOSHUS 6MYIKU KOHMAKMHOU Napbl ¢ NOMOWbIO NPUH-
yuna pasnonpounocmu. Haiidennas (yHKkyus cmeujeHull mouex HeuiHe20 KOHmMypa emyiku obecneyusaem no-
sbllleHUe Hecywell CHOCOOHOCIU 6MYNIKU KOHMAKMHOU napuvl. B kawecmee npumepa paccmompern pacuem Oisi
KOHMAKMHOU NAPbl RPUMEHUMENTBHO K CKEANCUHHBIM UMAH208bIM HeDMSHbLIM HACOCAM.

Knroueeswie cnoea: xonmaxmnas napa, emyJjakd, 6djl, wepoxosamasi NOBEPXHOCMb MpeHUs, memnepamypda, mMu-
HUMU3ayusl HANPANCEHH020 COCMOAHUS 6MYIKU.
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68

A new approach to modeling of contact interaction of bodies is proposed. Parameterization methodology was
developed to provide variativity. It covers all stages of the research. In particular, the results of stress-analisis
for a system of three bodies are presented as an example for die equipment. @opma nyancona bviia évlopana 6
8Ude YUIUHOPA, 3020MOBKU — KPY2IOl NIACIMUHbL, MAMPUYa — ROJbLI YUTUHOP ¢ YMOLWEHUEM Ha KOHYe.

The shape of the punch was chosen as the cylinder blank - circular plate matrix - a hollow cylinder with a thick-
ening at the end. The problem is solved in axisymmetric formulation based on an axial symmetry of the construc-
tion, loads and boundary conditions. Calculation scheme of the problem was constructed, that was calculated in
the software ANSYS. To describe the behavior a linear elastic material model is used, and a stuff is defined for
each of the elements. Generalized parametric modeling approach is adapted to provide a variation of investi-
gated objects —all the varied factors of the model of the investigated process or condition considered as general-
ized parameters. The set of these parameters generates a generalized parametric space, each point of that identi-
fies the analyzed model. Defined in the parameter space for a discrete set of points, it is possible to organize the
process of numerical studies, working in automated mode. Using the proposed approach stress-strain state in-
vestigation of the elements of the system "matrix - material - punch" were held.
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Ilpeonazaemcs HOBbIU NOOX0O K MOOETUPOBAHUIO KOHMAKINHO2O 83AUMOOCUCMBUs cucmemsl men. J[is obecne-
YeHuUsl GapuUAMuUeHOCmu paspabomana memooonozus napamempuzayuy. Ona oxeamvlgaem 6ce dmManvl UCCLe00-
sanuil. B wacmnocmu, na npumepe s1eMeHmMo8 WMamMnosol OCHACMKU NPOUTIOCHPUPOBAHbL PE3VIbMANbl Pac-
4emoe HanpPsANCeHHO-0ehoPMUPOBAHHO20 COCMOAHUSL cucmeMbl u3 mpex mei. Popma nyancona Oviia vlOpana 6
8Ude YUIUHOPA, 3a20MOBKU — KPY2noll NAACHUHbL, MAMpuya — NOAbII YuiuHop ¢ ymonujenuem na konye. C yue-
MOM 0CeBOU CUMMEMPUY KOHCMPYKYUU, HAZSPY30K U SPAHUYHBIX YCI08UL 3A0a4d peuaemcs 6 ocecumMmemput-
Hou nocmanoeke. I[locmpoena pacuemnas cxema 3a0ayu, KOmopas Oblld paAcCUUMAaHA 8 NPOSPAMMHOM KOM-
naexce Ansys. [isi onucanusi nogeoenuss Mamepudaid UCHOIb3yemcs IUHelHds ynpyaas MoOeb, d Oisl KAHCO020
U3 INEeMEHmMOo8 3a0aemcsi ceol mamepudi. /s obecneyenus 6apuamusHOCMu UCCiedyemblx 00beKmos adanmu-
POBAH NOOX00 000OUEHHO20 NAPAMEMPUYECKO20 MOOETUPOBAHUsL — 8Ce 8apbupyemble (PaKmopsbl Mooeau uccie-
0yeMo20 npoyecca Ui COCMOSIHUSL paACCMAmMpUBaiomcs Kax 0boduwennvle napamempwvi. COGOKYNHOCHb IMUX
napamempos opmupyem 0600ujeHHOe napamempuieckoe nPOCMpPAHCME0, KANCOds MOUKA KOMOPO20 UOeH-
mughuyupyem uccredyemyio moodenv. Onpedensisi 6 napamempuyeckom nPOCMpaHcmee HeKomopoe OUCKPEemHoe
MHOICECMBO MOYEK, MONCHO OP2AHUZ08ANb NPOYECC YUCTIEHHBIX UCCIe008AHUL, pabomarowuil 6 agmomamusu-
posannom pesicume. C UCTIONLIOBAHUEM NPEOTONCEHHO20 NO0X00ad NPOGEOEHbl UCCIe008AHUL HANPAICEHHO-
0ehopMUPOBAHHO20 COCMOAHUS JJIEMEHMO8 CUCTEMbL ,, MAMPUYA — MAMEPUAT — NYAHCOH ", KOHMAKMUPYIOUJUX
Medicdy coboul.

Knwuesvie cnosa: mamemamuuecxas Jl/lan/Zb, napamempuudeckas Man/'lb, cucmema npusmamudeckux mei, KOH-
maxkmroe 83aumooeticmeaue.
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Bomba A. Ya. and Safonyk A. P. Modelling the water treatment process with the clarification filter
with the layer of hanging Up SEAIMENT.........ccc.eiiiiiiiiiiiiiie et e et e e sb e e s re e eeaeeeseeeabeeens 36-43

In preparation of drinking water from natural sources of centralized water supply system is used, consisting of
illuminator and filter devices. These devices are compact incorporated in setting with the floating filter loading,
that showed positive results. However, for today, not enough attention is paid to the development of the theory of
processes of water purification by settings with floating loading, mathematical description of corresponding
processes is practically absent in particular , so as, obviously in general case difficult processes can not be ade-
quately enough described by elementary methods. Coming from it, in this work the mathematical model of water
treatment is formed and analysed in the illuminator with the layer of hanging up sediment taking into account in-
fluence of dose of reagent and irreversible coagulation of impurity particles. The algorithm of the numerical-
asymptotic approaching of decision of corresponding model small nonlinear spatial problem was built for sys-
tems of differential equations as "convection-diffusion-mass transfer." On this basis, a computer experiment is
conducted. Calculation dependences of concentrations of impurities, flakes and substances for making flakes in
filtration flow with the aim of engineering prognostication of dependence between production inputs of filter-
illuminator and the degree of efficiency.

Keywords: model clarification water, the task with delay, spatial model , asymptotics decision, convection-
diffusion-mass transfer, perturbation.

IIpu nodzomoske numveso 600bl U3 €CMEeCmMEEeHHbIX UCIOYHUKOS YEeHMPATU308AHHO20 6000CHADIICEHUA UC-
NOAL3YeMCcs cucmema, KOmopas coCmoum u3 oceemumenei U QuIbmpylowux ycmpoucme. dmu ycmpoicmea
KOMNakmHo 06vbeduHeHsvl 8 yYCmanoske ¢ niasaroweli Quismpyloujel 3azpy3kotl, Komopas noKa3and nouiodcu-
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menvhvie pesyrvmamol. OOHAKO HA Ce200HAWHUL OeHb HeOOCNAMOYHO BHUMAHUSL OMBOOUMCS PA3BUMUIO Teo-
PUU BPOYeCccos OYUUeHUst 600bl YCMAHOBKAMU C NAABAIOWEll 3ACLINKOL, 8 YACMHOCIMU, NPAKMUYEeCKU OMCYMCn-
gyem mamemamuieckoe ONUCAHUe COOMEEeMCmMEYIOWUX NPOYeccos, Max KAk, 04e6UOHO, 8 0buem cayuae ciodic-
Hble npoyeccol He Mo2ym Oblmb 00CMAMOYHO AOEKEAMHO ONUCAHLL dNeMEeHmapHbiMu memodamu. Hcxods uz
9moeo, 6 0aHHOU pabome cHOPMUPOBAHA U NPOAHATUIUPOBAHA MAMEMAMUYECKAST MOOEIb OUUCIKU 600bl 8 OC-
eemumenie CO Cl0eM 3AGUCLUE20 OCAOKA C YHemOoM GIUsHUL 003bl Peazenma U HeoOpamumMou Koazyasyuu npu-
mecubix wacmuy. [locmpoen aneopumm YUCIEHHO-ACUMNIMOMUYLECKO20 NPUOTUNCEHUS] PEULEHUsT COOMBENICI-
syroujeti MOOEIbHOU MAloll HEeUHEUHOU NPOCMPAHCMEEHHOU 3a0ayu 0isl cucmemvl Oupeperyuanvrbix ypas-
HeHUll muna «KOHGeKYusi-Oupysus-naccooomeny. Ha smoil ocnoee nposeden KoMnblomepHlil IKCHePUMEHM.
Honyuenvt pacuemmvle 3a6UCUMOCU KOHYESHMPAYUL NpUMeceli, Xionbes u eeuecmes Oisk CO30aHUsl XI10Nbes 6
DUILMPAYUOHHOM MEYEHUU C YETbl0 UHICEHEPHO20 NPOSHOZUPOSAHUSL 3AGUCUMOCTNU MEJCOY 3ampamamu Ha
npou3e00Cmeo Puibmpa-oceemiumensi U Cmenenvio dghpekmusnocmu e2o pabomol.

Knrouesnle cnosa: modenv oceeujenus 600bl, 3a0a4a ¢ ONO30AHUEM, NPOCMPAHCIMBEHHAS. MOOENb, ACUMNINOMU-
yeckoe peulenue, KOH8eKYUSA-OUDDY3UL-MACCOOOMEH, BO3MYUJCHUSL.
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Goroshko A. V. and Royzman V. P. Parametric tolerance synthesis as multiple inverse problem of
providing complex engineering System OPerability.........cccccciririiiiciieeiiiecieeciie e e eeee e 43-50

70

The paper considers the current state of the problem of parametric tolerances synthesis for complex technical
systems. Given the shortcomings of the existing methods to search the area of efficiency, using the Monte Carlo
method, in particular a significant amount of computation required and the lack of information on patterns of
random processes, variations of system parameters. A formalization of parametric synthesis of tolerances as the
inverse ensure efficiency of complex technical systems. This task should be carried out with the use of modern
approaches to the solution of inverse problems in general and the particular parametric synthesis. Requested to
provide tolerances as hyper parallelepiped. To construct the field of technical efficiency of the system suggested
to solve the problem of incorporating sound tolerances as hyper parallelepiped to performance using criterion
value, solving vector optimization problems with constraints. The requirement for a minimum cost of
manufacturing the product replaced in some sense equivalent to the requirement of maximizing all tolerances.
Based recommendations on the choice of the optimization method. It is shown that the approximation to clarify
the area of efficiency field tolerances effectively use irregular grids as a modification of the method of matrix
test and parametric synthesis method according to the criterion of efficiency of stock. Introduced in the approach
to the parametric synthesis of tolerances provides a region of system performance at lower cost and is not
limited to the normal distribution changes the output parameters.

Key words: tolerances, parametric synthesis, operability, inverse problem.
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Paccmompeno coepemennoe cocmosinue npobiemvl napamempuyecko2o CUHme3a 00nyCKo8 CLOJCHbIX MeXHuYe-
ckux cucmem. Ilpugedenvl HeOocmamku Cyuwecmsyrouux mMemooos noucka obracmu pabomocnocooHocmu, uc-
noav3ytowux memoo Monme-Kapno, 6 uacmnocmu 3Hauumenvusiti 00vem HeoOX0OUMbIX GbIYUCACHUL U OMCYM-
cmeue UHGOpMayuu 0 3aKOHOMEPHOCMU CLYYAIHBIX NPOYeccos eapuayuu napamempos cucmemsl. Ilpednosicena
@opmanuzayus napamempuiecKkoeo CuHmesa 0OnycKo8 Kak oopamuou 3a0auu obecneyenuss pabomocnocooHo-
CMU CIOJNACHBIX MEXHUYeCKUx cucmem. Pewenue smoui 3a0auu 001CHO 0Cywecmenrssmovcsi ¢ UCHOIb308AHUEM CO-
BDEMEHHBIX N00X0008 K PeuleHur) 0Opamuvlx 3a0ay 6 YeioMm U NApaMempuyecKkoz0 CUHme3d 8 4aCHHOCHIU.
Ipeonooiceno npedcmasnams nojisi 00NYCKo8 8 guoe eunepnapaiieienunedos. /s nocmpoenus obnacmu pabo-
MOCROCOOHOCIU MEXHUYECKOU CUCHEMbL NPEON0ICEHO Peutams 3a0aiy 000CHOBAHHO20 GNUCHIBAHUSL NOISL 00~
nycKko8 6 ude 2unepnapaiieienunedd 6 0oaacms pabomocnoCOOHOCMU ¢ HOMOWBIO KPUMEPUsi CIOUMOCU,
pewas 3a0auy 6eKMOpHOU ONMUMUZAYUY NPU HATUNUYU o2panudeHull. Tpebosanue MUHUMATLHOU CIOUMOCIU
U320MOBNICHUSL U30CTUsL 3AMEHEHO 8 ONPEOeNeHHOM CMbICAE PABHOCUTIbHLIM MPebOsaHueM MAKCUMU3AYUU 6CeX
donyckog. ObocHO8aHbI pekomeHOayuu no 8vloopy memooda onmumuzayuu. Iloxazarno, ymo 01 ymouHeHus an-
npoxkcumayuu 0oaacmu pabomocnocobHoCmu nojem 00NYCK08 3PPHeKmMuUeHO UCNONIb308AHUE HEPESYISIPHBIX Ce-
MOK KaK MOOUDUYUPOBAHHO20 MemoO0d MAMPUYHLIX UCHLIMAHUL U Memood Napamempuyecko20 CUHmesa no
Kpumeputo 3anaca pabomocnocobnocmu. Ilpedcmasnennviti 6 pabome nooxo0 K nApamMempuiecKkomy CUHmMesy
00nyCcK08 N0360J1em NOLyYUms 001acmb pabomocnocoOHOCMU CUCIEMbL C MEHLUUMU 3AMPAMamul, He 02PaHuU-
YUBASICL HOPMATILHBIM 3AKOHOM PACHPeOeNeHUst USMEHEHUS GbIXOOHbIX NAPAMempos.

Knroueewie cnosa: oonycku, napamempuieckuil CUHmes, pabomocnocobHoCmy, 00pamuas 3a0ayd.
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Kravchenko O. V. and Glinko A. I. Application of ultrasound in activation technology preflame
COMPOSIEE TUCLS ....viieviietieiieieite ettt ettt et e st e et e eb e e bt e st e teestaestbeesbeesbeasseasssessesssessseasseessaesseenssenssenssennns 51-55

72

The article is devoted to experimental studies to determine the feasibility and appropriateness of applying ultra-
sound for activation preflame dust fuels. In order to determine the effectiveness of ultrasound on the fuel compo-
sition (including powdered), created an experimental stand, which investigated the effect of ultrasonic oscilla-
tions on pulverized coal. Found that ultrasound disperses the pulverized coal fuel, providing the maximum effect
on the fraction size of which ranges from 140 to 640 microns. These results show that sonication under certain
conditions leads to the increase in the specific surface area of the pulverized fuel, its mechanochemical activa-
tion. This effect is suggested to use in devices preflame activation and atomization of fuel in order to improve
energy and ecological indicators of thermal generation plants. An experimental stand and describes a method
allowing to carry out comparative studies of all construction materials, including multi-layer, in order to deter-
mine their ability to transmit ultrasonic vibrations with minimal losses.

Keywords: composite fuel, before the fiery activation, ultrasound.

Cmambs nocesaujena sKCHepUMENmManbHblM UCCIe008aHUAM NO ONPEOeNeHUI0 803MOICHOCHU U Yeneco0dpa3Ho-
cmu npuUMeHeHUs YIbmpaszeyKa 05 NPeoOnIamMenHol akmusayuu noviiesuonvlx monius. C yenvio onpeoenenus
aghpexmugHocmu 8030elicmsus yibmpaseyKa Ha KOMIO3UYUOHHbIe MONIUBA (8 MOM YUC/Le NbLIeGUOHbIE) CO30AH
IKCNEPUMEHMATIbHBILL CMEHO, HA KOMOPOM NPOBEOeHbl UCCLe008AHUS GIUAHUA KONeOAHUU YIbmpa3gyKogol
YaACmomsl Ha NbLIEY2ONIbHOE MONIUBO. YCMAHOGIeHo, Ymo YIbmpasgyK OUCNepeupyem NuliegUOHOe Y2OlbHOe
MONIUBO, OKA3LIBAA MAKCUMATbHOE 8030€liceue Ha Ppakyuio, pazmep KOMOPou HAXooumcs 6 OUanazoHe om
140 0o 640 wmxm. Ilonyuennvie pe3yrbmamsl HOKA3LIBAIOM, YMO VIbMPA38YKO8oe 8o3delicmeue npu
ONpeOeNeHHbIX PedHCUMAx NPUBOOUm K yBeaudeHur0 y0eabHou niouwaou nogepxHoCmu nulieguoHo20 MONIusd,
eco mexanoxumuyeckou axmusayuu. [annvlii s¢pghexm npednazaemcs ucnonb306amy 8 yCmpoucmeax npeonia-
MEHHOU aKmuayuy U pacnvliugaHus MONIUs C Yeabio YIyuuleHus IHeP20IKON0ULEeCKUX noKasameinell mennoze-
Hepupyiowux ycmarnosok. Co30aH IKCHePUMEHMANbHBIL CIMEHO U npusedena Memoouxd, no3goasaouue npoeo-
Oumbs cpasHumenvHble UCcIe006aHus MoOblX KOHCMPYKYUOHHBIX MAMEPUANO8, 8 MOM YUCTe MHO2OCTOUHbIX, C
yenvio onpedenenus ux cnocobHoCm K nepeoaye Y1ompasgyKosbix KOneOanuli ¢ HaUMeHbUWUMY NOMepPAMU.

Knrwueswvie cnosa: KOMNO3UyuoOHHble Monjiuea, npednﬂaMeHHaﬂ akmueayus, yi1bmpa3e)K.

References

1. Kravchenko O. V., Suvorova I. G., and Kholobtsev S. S. (2008) Nonconventional Methods of Producing
Artificial Composite Liquid Fuels. Vestn. SevNTU. Ser. Mekhanika, energetika, ekologia. Sevastopol:
SevNTU, Issue 87, 34-38.

2. Kravchenko O. V., Tarasenko L. V., Basteev A. V. and Forfutdinov V. V. (2007) Substantiating the Effec-
tiveness of Using Suspension Fuels in Industrial Power Plants. Aviats.-kosmich. tekhnika i tekhnologia,
No. 7(43), 44-48.

3. Kravchenko O. V. (2007) New Hydrocavitation Technologies in the Processes of Effective Production and
Usage of Hydrocarbon-Containing Energy Carriers. Visn. Nats. Tekhn. Un. Kharkiv Polytechnic Institute.
Kharkiv: NTU KhPI, No. 2, 171-178.

4. Kravchenko O. V., Suvorova I. G., Smirnov Y.V. and Kholobtsev S. S. (2006) Unconventional energy
technologies for efficiently producing and using artificial composite liquid fuels. Scientific and technical
journal NAU “HAI”. Aviats.-kosmich. tekhnika i tekhnologia. Xaprkos:, No. 10(36), 91-97.

5. Patent UA79,617. IPC (2006) C10G 15/00. Method of Cavitation Hydrogenation and Hydrolysis of Hydro-
carbons and a Device Therefor / 1.I. Miroshnichenko, Yu.M. Matsevity, I.I. Miroshnichenko, O.V.
Kravchenko, A.A. Tarelin; applicant and patent holder A.N. Podgorny Inst. Problems in Mechanical Engi-
neering NAS of Ukraine. — No. a2005 00188; filed 10.01.2005; publ. 10.07.07, Bull. No. 10.

6. Application UA Ne 2005 10753 Ukraine, IPC BO1F 7/00, C 10 G 7/06. Method of processing heavy oil and
rotary-cavitation dispersant for its implementation / I.I. Miroshnichenko, I.G. Suvorova, Yu.M. Matsevity,
0.V. Kravchenko, A.O. Tarelin, I.I. Miroshnichenko

7. (Ukraine). — field 14.11.05.

8. Hmelev V.N. and Popova O.V. (1997) Multifunctional ultrasonic devices and their application in small in-
dustries, agriculture and at home: a scientific monograph. Alt. gos. Tehn. Univ. im. L.I. Polzynova. Barnayl:
AItGTU, 160.

9.  Yrazovskiy S.S. and Polockiy I.G. (1940) About dispersed by ultrasound. Colloidal. g., 6, 9, 779.

10. Agranata B.A. Ed. (1974) Ultrasonic technology. Moscow: Metallurgy.

ISSN 0131-2928. Ilpoba. mawunocmpoenus, 2014, T. 17, Ne 4



ABSTRACTS AND REFERENCES

11. Gershgal D.A. and Fidman V.M. (1974) Ultrasonic technology hardware. Moscow: Energy.

12. Markova A L. Ed. (1975) Application of ultrasound in the industry. Moscow: Mechanical engineering.
13. Characteristics of PZT-19. http://www.elpapiezo.ru/generalpurpose.shtml. [On the Internet]

14. Koshkin N.N. and Shirkevich M.G. (1976) Handbook of elementary physics. Moscow: Science, 256.

15. Kikoin LK. (1976) Tables of physical quantities. handbook Moscow: Atomizdat, 1008.

16. Kylemin A.V. (1978) Ultrasound and diffusion in metals. Moscow: Metallurgy, 199.

17. Characteristics of anthracite. http://centrcoal.com/products/anthracite/. [On the inteernet]

18. Characteristics of anthracite. http://www.ecosystema.ru/O8nature/min/2_5 2 21 2.htm. [On the internet]

Popovich A. N., Klimash A. A. and Soloviev G. I. Development of catalytic stabilized burners for
implementation of high teMPETature PrOCESSES ........eeuteruiruirieriiriieierte ettt ettt sttt st s 55-59

This article is devoted to development and experimental investigation of catalytically stabilized burners with new
design of catalyst. Two working prototype catalytically stabilized burners with directional infrared radiation are
presented in this work. The main difference between this device is the catalyst unit. The first type of catalytic unit
intended for use in smelting furnaces, where the operating temperatures ranging from 1000 ° C to 1600 ° C, a
second type of unit - as a "light" heater. The refractory ceramic fibers "ALSIFLEX KT-1600" were used as a
catalyst carrier. The refractory spinel of chromate and aluminate magnesium was used as a catalyst. As a result
of development the burners has been achieved improvement technological, environmental, economic
performance. Namely, has been achieved increase coefficient of efficiency up to 95% , reducing the flow of
natural gas to 15% through the use of the catalyst and recovery of the exhaust gases, increase the thermal load
to 55W / cm?2 through the use of refractory fiber, reducing to a minimum the content of CO and NOx, an
increase in the proportion infrared radiation due to the developed surface of the catalytic unit, increasing
reliability and safety of the burners for the work on the lean-burn, reduced capital costs..

Key words: oxide catalysts, methane combustion, mineral fiber, catalytically - stabilized burner.

Cmamws nocssiwena papabomxe u KCHEPUMEHMATLHOMY UCCIE008AHUIO KAMATUMUYECKU-CMAOUTUIUPOBAH-
HbIX 20PEOK ¢ HOGbIM OU3aUHOM Kamanuzamopa. B pabome npedcmasnenvt 06a paboyux npomomuna Kamanu-
MUYECKU-CINAOUTUZUPOBAHHBIX 20PENIOK ¢ HANPABGIEeHHbBIM UHpparpacHvim uziyyenuem. OCHOGHOE omauyue me-
2COY HUMU — DO YCMPOUCME0 Kamanumuyecko2o oioka. Ilepsuviii mun kamaiumuiecko2o 610Kka npeoHasHaveH
0711 pabomul 6 NIABUNIBHLIX neuax, 2oe pabouue memnepamypol 6 npeoeiax om 1000 oo 1600°C, emopoi mun
onoxka — 6 Kavecmee «ceemnozo» obozpesamens. B xauecmee nocumens xamanuzamopa ucnonvb3yemcs ozHe-
ynoproe kepamudeckoe 8010kH0 «ALSIFLEX KT-1600», a 6 kauecmee kamaniuzamopa — my20n1aeKas WnUHeIb
xpomama u anromMuHama maznus. B pesynomame npogedennou pabomet 6wino ysenuueno KIIJ{ 0o 95%, cruoicen
pacxoo npupoonozo 2aza na 15% 3a cuem uCnonb308aHUs KAMAIUIAMOPA U PEKYRePAyUuU Omxo0suyux 2da308,
yeenuvena mepmuieckas Hazpy3ka 00 S5SBm/ci’ 3a cuem ucnonb308anus 02HEYROPHO20 BONOKHA, CEEOEHO K Mil-
Humymy cooeposcarue CO u NOx, ygeauuena 0018 UHPPAKPACHO20 U3NYYEHUs 3 CUem pa38umoil No8epXHOCmuU
Kamanumuyecko2o 610Kd, NOBbIUEHbl HA0EICHOCb U 6E30NACHOCMb Pabomyl 20penoK Ha 00COHEHHbIX CMeCsIX,
VMeHbUenbl Kanumanvhvle 3ampamol. [lonyuennvle pesyromamvl c8UOEMeNIbCMBYION 0 UenecooOpasHocmu
NPUMEHEHUsT KAMaiumu4ecKu-Cmabuiu3upo8aHHo20 20penust yeie6000po0H020 MONIUBA KAK NePCHeKMUBHOU
3amenvl OeCnIaMEHHOMY NOBEPXHOCHHOMY CIHCULAHUIO MONAUBA, NOCKOJbKY VIYYUAIOMCs IKCHIYAMAYUuoHHble,
mexHon02UYeCKUe U IKOIOSUYECKUe NOKA3AMENU.

Knrouegvle cnoea: oxcuonvie Kamanuamopovl, CHCUSAHUE MEMAaHd, MUHEPATbHOE B0JIOKHO, KAMAanUmu4ecKu-
CMAadUIU3UPOBANHAS 20PeTKa.
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In the paper the problem of modeling of ionic implantation as the technology of influence on the surface
properties of materials is solved. On the basis of existing physical models computer program "RIO" is
developed. Capabilities of the software allow us to calculate the penetration depth of the ions in the target
material, the formation of the deposited film and the sputtering surface. Program "RIO" takes into account the
surface microgeometry, that allows to build profiles and to calculate the cross-sectional surface roughness,
length of the profile, the average tilt angle, etc. Comparison of the results obtained using this model with the
microanalytical data confirmed the accuracy of the developed program. For the purpose of modeling the
behavior of the entire surface was investigated possibility of using neural networks. Analysis of micrographs
showed high prediction accuracy relief ion-implanted surface modeling method using neural networks. The
similarity values of Ra shows that the neural networks reliably reproduce the ratio of the height of the peaks and
valleys of the surface. Accumulation of the results increases the accuracy of the simulation, and thus allows to
control the textural characteristics of the implants. The results of research shows perspectivities for application
of the developed methods for the design of heat exchangers and catalytic devices, precision and tribological
pairs, etc.

Keywords: ionic implantation, a computer model, implants, neural networks.

B pabome pewena npobrema modenuposanusi npoyecca UOHHOU UMNIAHMAYUU KAK MEXHOL02UU 8030eUCmEUs
Ha nogepxHocmuule colicmea mamepuanos. Ha ocnose cywecmeyrowux gusuieckux mooenel pazpabomana
Komnvromepras npoecpamma "RIO". Bosmodxcnocmu 0aHHO20 NPOSPAMMHO20 NPOOYKMA HO3BONAIOM PACCHUMbL-
eamv 21yOUHy NPOHUKHOBEHUS Yee8blX UOHO8 8 MAMepual, obpazoeanue 0CaicOeHHol NIeHKU U PACIblileHue
nogepxrnocmu. Ilpoepamma "RIO" yuumvieaem muxpoceomempuio noGepXHOCHU, YMO NO360ISAEM CIMPOUMb
nPOPUIU NONEPEUHO20 CeYeHUsi U PACCUUMbIBAMb ULePOX08AMOCMb, ONUHY NPOQDUIs, CPEOHULL Y20l HAKIOHA U
m.n. Cpaguenue pe3yivsmamos, Noay4eHHbIX ¢ NOMOWbIO OAHHOU MOOEIU, ¢ OAHHBIMU MUKPOAHANU3A NOOMEED-
OUJIO BbICOKYIO MOYHOCHb paspabomannol npocpammbl. C yeavio MOOETUPOBAHUsL XAPAKMEPUCMUK NO GCell No-
BEPXHOCMU UCCNIEO08ANU 803MOICHOCHIL NPUMEHEHUSL MeMoOd HeUpoHHbIX cemel. Ananus mMukpogomozpaghuil
NPOOEMOHCIMPUPOBAT BbICOKYIO MOYHOCMb NPOSHOZUPOBAHUSL PeNbehd UOHHO-UMNIAHMUPOBAHHOU NOBEPXHOCMU
MEMOOOM MOOETUPOBAHU C NOMOWbIO HelpouHwlx cemell. Cxoocmeo 3uauenuil Ra ceudemenvcmeyem, umo
Helpocemu 0OCHOBEPHO 80CHPOU3BO0SNT COOMHOUIEHUSL 8bICOM NUKO8 U 6NA0UH nosepxnocmu. Haxonnenue pe-
3YIbMAMO8 NOGbLUUAE MOYHOCHb MOOCIUPOBAHUSL, A 3HAYUM, NO360JIEeN KOHMPOIUPOBANb MEKCMYpPHble Xd-
PAKMEPUCMUKY UMNIAHMamos. Pezynbmambl ucciedoganus Omkpuleaiom nepcnekmuesl OJisi NPUMEHEHUst Pa3-
PabomanHHbIx Memoo08 npu NPOeKmMupOSAHUY MenI100OMEHHbIX U KAMATUMUYECKUX YCMPOUCNE, NPEYUSUOHHbIX
u mpubonocsuieckux nap u m.o.

Knroueswie cnosa: uonnas UMnianmayusl, KOmMnbvromepHas Moaeflb, umnianmanisl, Hel;pOHHble cemu.
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