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The main features of the developed mathematical model and program complex designed on its basis that allows
calculating the parameters of no equilibrium vapor condensation for the channels of adjusted geometry, taking
into account volume condensation on both homogeneous and heterogeneous embryos are studied. It was found
that the change in absolute values of the pressures along the flow of the nozzle obtained by calculation is in good
coincidence with the experimental data. It is stated that a number of experimental studies to determine the effect
of heterogeneous condensation nuclei obtained by ionization of vapor on the steam flow parameters in superson-
ic nozzles are carried out for the first time. For this purpose experimental bench with different capacity of steam
generators were created; vapor ionizers of corona and barrier type were designed; convergent-diffuser super-
sonic nozzles with different Mach numbers were designed and manufactured. The possibility of reducing losses
from hypothermia and condensation jumps by vapor ionization that can help to improve the efficiency and com-
partment’s power of wet steam stages of full-scale turbines is shown. It is found that the ionization efficiency of
the steam is higher when pressure is higher and steam temperature is closer to its saturation line.

Keywords: steam turbine, mathematical model, ionization, nonequilibrium, condensation jump, experimental test
bench, efficiency.

Paccmompenvt ocnosnvle ocobennocmu paspabomantoi MamemMamuyeckolu Mooenu, Ha 6aze KoOmopou co30aH
NPOSPAMMHBI KOMIIEKC, NO360IIOUULL 8bINOJIHAMb PACYEnbl NAPAMEMPOE8 HEPAGHOBECHO KOHOCHCUPYIOWe20Csl
napa 6 KaHanax ¢ 3a0auHoU 2eomempueli ¢ y4emom 00bemMHOU KOHOeHCayuu KaK Ha 20MO2EHHbIX, MAaK U Ha 2e-
TNEPO2eHHBIX 3aPo0blUaX. YCmaHoBeno, Ymo usmeHenue adCcoaOmHbIX 3HaA4eHUll 0asleHull 6001b NPOMOYHOU
yacmu coniia, NOJy4eHHble PACYEMHbIM RYMEM, XOPOUO CO2NACYIOMCSL C IKCNEPUMEHMATbHLIMU OakHbiMU. Kon-
cmamupyemcsi, 4mo 6nepeble bINOIHEH Psi0 HKCNEPUMEHMATbHBIX UCCIe008AHULL N0 ONPeOeNeHUI0 GIUSHUSL 2e-
MEPO2EHHbIX 0ep KOHOCHCAYUl, NOJLYUEHHbIX NYMeM UOHU3AYUU Napd, HA NApamempul napoeo2o NOmoka 6
C8ePX38YKOBbIX conax. s amux yenei co30aHbl IKCHEPUMEHMANbHbIE CIEHObL C PA3HOU NPOU3BOOUMENbHO-
CMbIO RAPO2EHepPamopos, papabomansl UOHU3AMOPbL NAPA KOPOHHO20 U 6APbEPHO20 MUNOE, CRPOECKMUPOBAHbL
U U320MO6IeHbl KOHDY30PHO-0UDDY30pHbIEe CEEPX38YKO8ble CONIA C PA3IUYHBIMU 3HaYeHusMu yucen Maxa. Ilo-
KaA3aHA 803MOICHOCMb CHUJICEHUsL NOMEPb OM NEPEOXAAHNCOCHUs. U CKAYKO8 KOHOCHCAyuu 3a cuem UOHU3AYUU
napa, umo modcem cnocobcmeoséamv nogviuienuio KIIJ u mownocmu omceko8 61adCHONApO8uIX Cmyneneu
HamypHolX mypouH. Ycmanoeieno, 4umo 3QghexmusHocms UOHU3AYUU Napa mem evlule, YeMm evlile OaslieHue u
uem OaudCce e20 memMnepamypa K JUHUU HaACblujeHUsL.

Knrouesvie crnoea: naposas mypbuna, Mamemamuieckdas Mooeib, UOHU3AYUS, HePABHOBECHOCMb, CKAYOK KOH-
OeHcayuu, sKcnepumeHmanvHulil cmeno, KIIJ].
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Tertyishnyiy 1. N., Prilipko S. A. and Parafeynik V. P. Thermodynamic analysis issues of operat-
ing process efficiency of booster turbo-compressor packages with gas turbine drive. Part Il ................... 10-18

The results of system analysis of operating process efficiency for booster turbo-compressor package (GPA)
TKA-C-6,34/77-4,37 modifications with power 6,3 MW based on gas turbine engine (GTE) of D-336 type de-
signed by ZMBK Ivchenko Progress and natural gas centrifugal compressor (CC) designed by Sumy NPO PJSC
are set out. The data on exergy loss in the package components are obtained that is the reason for its further up-
dating. It is shown that intermediate cooling of gas in two stage centrifugal compressor allows to reduce exergy
losses in compression sections, air cooling units and to provide the higher characteristics of GPA efficiency that
shows higher exergy efficiency and fuel gas saving while gas main pipeline running. The technology fundamen-
tals of operating process efficiency analysis of natural gas GPA, equipped with aircraft GTE, CC with single-
stage and two-stage compression, compressing gas cooling system based on air cooling unit as well as process
system and some auxiliary systems were presented in the | part of the work (see “Issues of Machine Building ”,
7.18, No.4/1, 2015). The analysis of the package operating process has been made using exergy method striking
mass, power and exergy balances. Exergy efficiency was used as system index of thermodynamic perfection of
GPA and its components. Exergy losses were determined as two components: exergy destruction and exergy
losses connected with thermal interference of analyzed component with environment.

Key words: turbo-compressor package, centrifugal compressor, exergy, exergy efficiency factor, destruction.

Ilpeocmaenensvt pezyromamel cucmemMHo20 aHAIU3A 3ppekmusHocmu paboue2o npoyecca MoOUDuUKAyULl
doxcumHoco  2asonepexauyusaoujeeo  azpecama  (I'TIA) TKA-1-6,34/77-4,37  mowmnocmero  6,3MBm,
co30agaemoeo Ha ocHoge 2azomypounnozo osucamens (I'T[]) muna [-336 xoucmpyrkyuu 3MKDB «Heuenko-
Ipozepeccy u yenmpobdexcnvix komnpeccopos (LK) npupoonozo eaza koncmpyrkyuu I1AO «Cymckoe HIIO». Ilo-
JIyHeHbl OanHble 0 NOMEPSX SKCePIUL 6 INeMEeHMax azpe2ama, Ymo A6IAemcs OCHOBOIU €20 OalbHellule20 cogep-
wencmeosanus. Ilokazano, umo 8gedeniie NPOMENCYMOUHO20 OXNAHCOeHUA 2a3a 6 08yxkackaonom LK nozeons-
em CHU3UmMb NOMepu IKCePIUl 8 CeKYUAX CHCAMUS, annapamax 8030YUIHO20 OXIAHCOeHUs U obecneuums Ooee
svicokue xapakmepucmuku 3¢pexmusnocmu I'TIA, umo nposigisiemcs 6 6oiee GbICOKOM IKCEPLEMUUECKOM KO-
apuyuenme u IKOHOMUU MONAUBHOLO 2aA3a NPU Pabome MAUCMPATIbHO20 2a30nposodd. B | vacmu pabomul
(cm. «lIpobaemvl mawunocmpoenusy, T.18, Nod/1, 20152.) b6vliu npedcmasienvl 0CHOGbL MEMOOUKU AHAIU3A
agppexmusnocmu paboueco npoyecca I'TIA npupoonozo easa, ochawennvix I'T/ asuayuonnozo muna, K ¢
OOHOKACKAOHBIM U 08YXKACKAOHBIM CHCAMUEM, CUCTEMOU OXIANCOeHUs KOMNPUMUPYEMO20 2a3d, cO30a8aeMoll
Ha OCHOBe annapamos G030YWHO20 OXAANCOCHUS, A MAKIHCe MEXHON02UHECKUM KOHMYPOM U pPA0oM
B8CNOMO2AMENbHBIX — cucmeM. Aunamuz pabouezo npoyecca azpeeama BbLINOJHAICA C  UCHONb308AHUEM
IKCepeemuuecko20 Memooda ¢ codmo0enuem Macco8020, MOWHOCMHO20 U IKcepeemuieckoeo barancos. B
Kauecmee CUCmemMHo20 noxKasamelis mepmoounamuieckozo cogepuencmea I'TIA u e2o snemenmos npumensics
axcepeemuyeckuil KIIJ[. [lomepu sxcepeuu onpeoensinucy 8 guoe 08yx CoOCMasIsaomux: 0eCmpykyus sKcepeut u
nomepu JKcepeuu, CEA3aHHble C HAAUYUEM MEenjio8o20 63aUMOOCUCMEUS AHANUZUPYEMO20 DNeMEHmd C
oKpydicaloweli cpedoll.

Knioueswie cnosa: cazonepexauusaiowuil azpezam, yeHmpoOes CHbIl KOMAPECCOP, IKCEPIUS, IKCEPLEMUYECKUT
Koo Puyuenm nonesnozo Oelcmeus, 0ecmpyKyus.
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Heat Transfer in Engineering Constructions

Bozbiei L. S., Kostikov A. O. and Tkachenko V. I. Heat and mass transfer in the heated from be-
low free cylindrical elementary convection cell with a conical cavity bottom...........cccceovviviievviiieine 19-24

70

The problem of thermal convection of a viscous incompressible fluid in a cylindrical elementary convective cell
with a conical bottom and free boundary conditions is considered. The analytical solutions of a stationary linear
Rayleigh problem in the case of free boundary conditions as basic functions should be used. The spatial field dis-
tribution of the flow velocities in the cell with conical bottom was defined. Stokes’ functions are built in a cylin-
drical free convective cell with plane boundaries and in the conical cavity bottom as well. Current lines distribu-
tions in cells with different model functions are qualitatively alike; different model functions of current lines dif-
fer in the numerical value of their maximum. The distribution model Stokes’ streamlines temperature perturba-
tions in a cylindrical elementary convective cell with a conical bottom and free boundary conditions are ob-
tained based on the Fujiwara effect.

Key words: elementary convection cell, free boundary, convective processes, heat transfer, temperature gradi-
ent.

Paccmompena 3adaua o mennogoil KOHEEKYUU 653KO0U HEeCIHCUMAEMOU JHCUOKOCMU 6 YUIUHOPUHECKOU dNeMeH-
MAPHOU KOHBEKMUBGHOU sIUeliKe ¢ KOHUYEeCKU VeTyOLeHHbIM OHOM U C80O0OHBIMU SPAHUYHBIMU YCI08USIMU. B Kka-
yecmee 6A308bIX QYHKYUL UCNOAL30BANUCH AHAIUMUYECKUE PEUleHUsl CMAYUOHAPHOU TuHelHoU 3a0aqu Paes 6
cnyuae c80O0OHbIX 2PAHUYHBIX YCaosull. OnpedeseHo npoCmpancmeenHoe nojie pacnpeoeieHuss CKopocmetl no-
moKa 6 siueiike ¢ KoHuueckum onom. Ilocmpoenvt ynkyuu Cmoxca 8 yunuHopuueckoi c80000HOU KOHBEKMUG-
HOU s4eliKe ¢ NIOCKUMU SPAHUYAMU, 4 MAKdice 8 KOHUYECKOM yenyonenuu OHa sdetiku. Pacnpedenenus nunutl
MOKA 6 SUEUKAX ¢ PA3TUYHLIMU MOOETbHLIMU (DYHKYUSAMU KAYeCMEEHHO NOO0OHbL, pacnpedeneHus TUHUL moKa 6
AYEUKAX C PA3TUYHBIMU MOOETbHLIMU DYHKYUAMU OMAULAIOMC MAKCUMATbHOU genudunou Gyuxkyuu Cmoxca.
Ha ocnosanuu s¢ppexma @yosueapvl nonyuenvt mooenvhvle pacnpedeienus aunuti moka Cmoxca u 03myujen-
HOU memMnepamypbl 8 YUIUHOPUUECKOU dNeMeHMaPHOU KOHBEKMUBHOU AYeliKe ¢ KOHUYeCKU YeayOienHbIM OHOM U
CB0OOOHBIMU SPAHUYHBIMU YCOBUSMU.

Kniouegvie cnosa: snemenmapnas KOH6EKMUGHAS AUEUKA, CBOOOOHbIE 2PAHUYbL, KOHGEKMUBHbIE NPOYECCHl, Men-
JlonepeHoc, memnepamypHulii 2paoueHm
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Dynamics and Strength of Machines

Avramov K. V., Raimberdiyev T. P., Shehvatova Ye. M. Resonance subharmonic vibrations of
beam with breathing fatigue CraCk...........cooiieiii e 25-30

The vibrations of the beam with breathing crack are described by the partial differential equation with contact
parameter. The quasi linear dynamical system with finite degrees of freedom is obtained to analyze the beam
vibrations. In order to obtain this dynamical system the solution is expanded by eigenmodes. The Galerkin
method is applied to the partial differential equation, which is described the beam vibration. It is shown, when
the stiffness matrix of the beam with crack is symmetric and when it is asymmetric. The multiple scales method is
used to analyze the quasilinear dynamical system. The considered dynamical system contains the internal
resonance. The second main resonance is analyzed. The system of four autonomous differential equations is
obtained. The characteristic exponents of the linearized modulation equations are calculated to analyze stability
of the periodic motions. The frequency response at the second principal resonance is obtained. This frequency
response describes the system subharmonic vibrations.

Keywords: vibrations of beam with breathing crack, Galerkin method, finite degree of freedom dynamical sys-
tem, multiple scales method, principle resonance.

Konebanusi 6anku ¢ Oviwawgeni. mpewjunol ORUCLIBAIOMCSL  YPAGHEHUSIMU 6 HACTHLIX NPOU3BOOHBIX C
napamempom Kowmaxma. J{isi ucciedosanusi Koirebanuii 3mou 6aiKu noiy4eHa KeA3UNUHEUHAs. OUHAMUYECKAsL
cucmema ¢ KOHeUHbIM YUCIOM cmenenel c60600bl. [l 8b1800a HMOU CUCHEMbl PEULEHUsl PACKIAObIBATUCL HO
dopmam nuneiinvix Konebanuu. Memoo I[anepkuna npuMeHsIcs K YPAGHEHUIO 8 HACMHLIX NPOU3BOOHDIX,
onucwisarowemy Korebanus oanku ¢ mpewunou. Iloxazano, 8 KaKux Cay4asx mMampuya jHcecmxocmu OaiKu ¢
MPEeWUHOU ABISIEMCS CUMMEMPUYHOU, A 8 KAKUX — HecumMmempuunou. s ucciedosanus Kea3uluHetuHou
OUHAMUYECKOT CUCTNEMbL NPUMEHSLICS. MEMOO MHO2UX Macumabos. Paccmampusaemas OUHAMUYECKAsL CUCeMA
cooepoicum 6HympeHnuti pesonanc. Ommemum, Ymo awaiu3y noogepeaemcsi 6mopou OCHOGHOU pe3oHaHc. B
pe3yibmame NOLYHeHA CUCTNEMA Yemblpex A8MOHOMHBIX MOOYVISYUOHHBIX YPAGHEHUT, ONUCHIBAIOWAsl KOIeOAHUs
cucmemol. s uccnedogamus — YCMOUHUBOCMU — NEPUOOUHECKUX — KONeOAHULU  PAcCCUumvléaromcst
Xapaxmepucmudeckue NOKA3AMen JIUHEAPU308AHHOU Cucmembl MOOYISAYUOHHbIX ypasHenull. [lonyuena
AMIIUMYOHO-YACMOMHKASL XAPAKMEPUCMUKA 8 001ACmu 8Mopo20 O0CHO8H020 pesonanca. Ona onucvieaem
cybeapmoHuyeckue Koiebanusi CUCeMbl.

Knrouesvte cnosa: ypasnenue konebanuii 6anku ¢ oviwawel mpewurou, memoo byonosa—I anepkuna, ounamu-
YecKas MoOeb ¢ KOHEUHbIM YUCTIOM CmeneHel c60600bl, MEMoO MHO2UX MACUMAO08, OCHOBHOU Pe30OHAHC.
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Applied Mathematics

Safonyk A. P. and Targoniy I. M. The computer modeling of aerobic processes wastewater treat-

72

The work is devoted to the problem of wastewater treatment from various impurities. To avoid corrupting
influence of anthropogenic factors using various treatment system filters the most common of which are
biological. There are a number of problems that require deep study or interpretation despite the large number of
works devoted to this subject. In particular, the works of the biological treatment is considered as a process and
believe that the quality of treatment affect the basic geometric dimensions of structures. Some authors describe
processes in manufacturing facilities in the biological purification of waste water only partially, not including
all mutual influences. According to the research of process of aerobic wastewater treatment, the mathematical
model was developed. It describes the processes of changing the concentration of bacteria, organic and
biological materials and includes the interact of these parameters with each other. Based on calculations the
influence of the main parameters of the efficiency of biological treatment were considered. The influence of
oxygen concentration and sludge on the quality of the cleaning process was shown.

Keywords: mathematical model, aerobic treatment, reverse effect, asymptotics, waste water, active sludge.

Paboma noceswyena axmyanvHoti npodieme oHucmKu CIMo4HbIX 600 OM PA3HO20 poda npumecei. [l npedomspa-
WeHust 2yOUmenbHO20 GIUSIHUSL MEXHONIOSUYECKO20 (hakmopa UCNONb3YIOm PA3TUYHbIE CUCHEMbL OYUCTIHBIX (Dulb-
MpOs, CaMbIMU pAcnpOCpPAHEHHbIMU U3 KOMOPBIX A61810mcst buonocuyeckue. Hecmomps na bonvuioe konuvecmeo
pabom, nOCEAUeHHbIX OAHHOU meme, echb psi0 3a0ay, KOmopsle mpedyiom yenyOieHHO20 U3YUeHUsT UTU PeUEHUS.
Hanpumep, 6 yacmu pabom 6uoio2uueckas 04UCmKa paccmampueaemcsi KaK mexHoIo2ULecKutl npoyecc u cuuma-
emcs, Umo Ha Ka4ecmeo OHUCHIKU OCHOBHbIM 00PA30M GIUSIION 2e0Mempuieckue pamepsvl Koncmpykyutl. Hexomo-
pble asmopbl ONUCHIBAIOM NPOYECCHl, NPOUCXOOSUUE 8 MEXHOIOSULECKUX 00BEKMAX NPU OUOTOSUYECKOU OYUCTIKE
CIMOYHBIX 800, JIUULL YACHMUYHO, He YYUMbIEAs. 6CeX 63aUMMbIX GIUsHULL. Mcxo0s us 9mo2o Ost ucciedosanus npo-
yecca adpOOHOU OUUCHKU CIOYHBIX 800 NOCHIPOECHA MAMEMAMUYECKAs MOOeIb, ONUCHLBAIOWAs NPOYECChbl UBMEHEe-
HUsL KOHYEHMpayuti 6axmepuil, OpeaHu4ecko2o U OUOIOSUYECKU HEOKUCIUMETbHO20 6eUieCmE U YUUmMbléaoudsl 63d-
umooeticmaue Mux napamempos mexicoy cooou. Paspaboman ancopumm pewienuss coomeemcmeyiouei MoOeIbHOU
3a0auu, HA OCHOBe KOMOPO2O NPOBeOeH KOMIbIOMEPHDBIL IKCHEPUMEHM CPEOCEAMU NAKemMd NPUKIAOHbIX NpPO-
epamm MatLab. Ha ocnoge pe3ynbmamog pacuemos paccmompeHo GnusiHue 0CHOBHbIX NApaMempos Ha dhdexmue-
HOCMb OUONIO2UHECKOT OHUCKU, d MAKICE NOKA3AHO GIUSHUE KOHYEHMPAYUU KUCI0POOA U AKMUEGHO20 Wld HA Kade-
CMB0 Npoyecca OYUCHKU.

Kniouesvie cnosa: mamemamuueckas mooeinb, adpooHas OYUCMKA, 0Opamuoe rusHue, aCUMNMOMUKA, CMoU-
Hble 800bl, AKMUGHBIU UL.
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Budanov V. E., Budanov O. V. and Suslov N. N. On the energy of a magnetostatic field.................... 37-43

Certain facts cast some doubt upon the ‘plus’ sign of the term for the energy flux of a magnetostatic field in the
Poynting formula. To cite an example, consider two equal point charges moving uniformly with equal velocities.
Generally the electric repulsive forces act on the charges, being directed along the line connecting them. At the
same time, components of the magnetic attracting forces act along the same line, and so the work required to
bring the charges together is smaller than if magnetic interaction were absent. This fact motivates the hypothesis
that the energy of a magnetostatic field is negative. A force action of electrostatic and magnetostatic fields
localized in a uniformly moving ellipsoidal layer on a point charge moving synchronously outside the layer is
discussed using the virtual work principle. It is shown that in order to avoid violation of the principle of the
conservation of energy (as well as of the relativity principle) the energy of a magnetostatic field must be
negative. In our proof we are dealing with the energy of ‘co-occurrence’ of two simplest objects of classical
electrodynamics — the point charges gr and qc. The entire space around the charge qc may be considered as
subdivided into spherical (or ellipsoidal) layers; for each of these layers the theorem on negativity of the energy
of a magnetostatic field is proved.

Keywords: magnetostatic layer energy, principe of a virtual work, ellipsoidal layer.

Commenust 6 00CMOBEPHOCIU 3HAKA «NIIOCY, CINOSIUE20 neped C1azaemMbiM 05l NIOMHOCIU IHEPSUU MASHUMOCMA-
muueckozo noas 6 opmyae llotinmunea, credyem, nanpumep, uz maxkozo gpaxma. Ecau 63amv 06a 00UHAKOBbIX MO-
YeYHbIX 3apsA0d, PAGHOMEPHO OBUNCYWUXC C OOUHAKOBLIMU CKOPOCHIAMU, MO 8 0bujeM ciyyae Ha 3apadvl 6yoym
Oelicmeosams CUbl NEKMPULECKO20 OMMAIKUBAHUS, HANPAGILeHHble 800b NPSMOl, Ux coeounsowel. Ho edons
MO Jice IUHUY OYOYym Oelicmeoeams COCMAasAIWUe CUl MACHUMHO20 NPUMAICEHUs, MAK YMO 051 COMUNCEHUS
3apsa008 Oydem 3ampadeHa paboma, MeHbuas mou, Ko20a 6bl MASHUMHOE 83aUMOOeliceue omcymcemaeosano. 1
amom gaxm obycroenusaem gblOgUICEHUE 2UNOMe3bl 00 OMPUYAMETLHOCU IHEPSUU MACHUTNOCIAMUYECKO20 NO-
a. C ucnonv3osanuem npuHyuna SUpmyaibHol pabomsl pacCMOMpPeHo CUN060e G030elCmeue CImamu4eckux 21eK-
MpU4ecKo20 U MASHUMHO20 NOJel, JOKANU306AHHBIX 6 PAGHOMEPHO OBUIICYUEMCA INNUNCOUOANLHOM ClI0€ HA CUH-
XPOHHO C HUM OBUIICYWULICS 6He clos moyeuHblll 3apso. [lokazano, umo 6o usbedcanue Hapyulenus NPUHYUNA cox-
paunenus suepeuy (PAeHo Kaxk u NPUHYUNA OMHOCUMENbHOCU) CIMAMUYEecKoe Ma2HUMHoe noje 00dICHO obaadams
OMPUYAmMenbHolL dHep2Uel.

Knrouesvte cnosa: suepeusi MacHUmMoOCMamu4Ho2o clos, NPUHYUR SUPMYATbHOU padomvl, 3MAUNCOUOATbHBIL
croil.
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Khlud O. M. Solving the problem of optimal packing of homothetic ellipsoids into a container of
MINTMAT VOIUIMIE ...t bbbt bbb sb bbb e e st et e ettt st et b 44-49

74

The paper studies the packing problem of homothetic the same oriented ellipsoids into a container of minimal
volume. The container can be a rectangular parallelepiped or an ellipsoid. We formulate the model in the form
of a nonlinear programming problem. To constract the non-overlapping and containment constraints using of
phi-function technique. We propose the efficient algorithm, which employes a homothetic transformation of
ellipsoids and the optimization procedure Local Optimization with Feasible Region Transformation (LOFRT),
which allow us to reduce considerably the dimension of the problem and computational time. Our algorithm also
involves generating a number of random starting points. We choose the best local minimum as the solution of the
problem. Our model can be realized by the current state-of-the art local or global solvers. A several
computational results are provided.

Keywords: optimal packing, homothetic ellipsoids, phi-functions, starting point, non-overlapping, containment,
nonlinear optimization, iterative procedure, LOFRT procedure.

Paccmampusaemcs 3a0ava onmumuzayuu ynakoeKu 20MOMEMuHbIX 0OUHAKOBO OPUCHINUPOBAHHBIX JILTUNCOUO08 8
KOHMelHepe MUHUMATbHO20 00bema. Cmpoumcst Mamemamuieckds Mooeb 8 Uoe 3a0a4u HeIUHEIH020 NPopam-
muposanus. Ozpanudenus HenepeceveHus IAUNCOUO08 U UX GKIIOUEHUs] 8 KOHMELHEP NOCMPOEHbL € UCNONb306AHU-
em memooa phi-pynkyuil B kauecmee kommeiinepa paccmampusaemcs b0 npsamoyeoiibHulil napaiienenuned ne-
PEMEHHOU ONUMbL, WUPUHBL U BbICOMbL, TUOO IIIUNCOUO C NepeMeHHbIM Kodpduyuenmom comomemuu. Ipeonaza-
emesi aneopumm NOUCKA JOKAIbHO ONMUMATLHBIX PEUEHU. ¢ UCNOIb308aHUEM 2OMOMEMUYECKUX npeobpaszoeanuil
LIURCOUO08 U ONMUMUSAYUOHHOTL NPOYEOYPbL, NO3GOTIOUEI CEECIU 3a0ady ¢ DONLUUM YUCTOM HEPABEHCME K NO-
C1e0068aAMENbHOCIU 340aY C MEHLULUM YUCTIOM HepaseHcms. [lisk NOUCKA JIOKAbHBIX MUHUMYMOG 3a0ayu UCNONb3Y-
emcsi n00X00, 8 OCHOBE KOMOPO20 AEHCUM MEMO0 MyIbMUCMApma U ONMUMUAYUOHHAS. NPOYedypd, GKIIOYAIOWAs]
HOUCK OONYCIUMBIX CIAPMOBLIX MOYEK U TOKAIbHYIO ONMUMU3AYUIO. B Kauecmee 10KaibHo-onmumMansHo2o peute-
HUSL 8bIOUPACTICSL HAUTYYUUTL U3 NOTYYEHHBIX TOKATIbHbIX SKCmpemymos. C yelvl0 MUHUMUZAYUY YUCTA HETUHELIHbIX
HepaseHcms, Qopmupyouux obaacms 0onycmumslx pewienull, npedaodcena npoyedypa LOFRT, komopas no3gons-
em 3HAUUMENbHO COKPAMUMb GbI4UCIUMENbHBIE pecypcbl. TIpusodamcs pe3yibmanvl YUCIEHHbIX IKCHEPUMEHIOB.

Kniouegvle crosa: onmumanvhas ynakogkd, 2o0Momemuunvle JIUNCcoudslt, phi-gynxyuu, cmapmose mouxu, He-
nepeceuenue, KI0YEHUe, HETUHENHOE NPOSPAMMUPOBAHUE, UmepayuonHas npoyedypa, npoyedypa LOFRT.
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Sergienko I. V., Lytvyn O. M., Lytvyn O. O., Tkachenko O. V. and Gritsay O. L. Building and
research of operator approximation of functions of two variables with preservation of class C'(R) for
traces of derivatives to a fixed order in the specified liNe ........c.ccooviiiiie i 50-57

The problem of constructing a function with preservation of differentiability class has very important
applications in the theory and practice of solving boundary value problems in which the boundary conditions
are expressed by differential operators of the first, second and higher orders. In particular, in the solution of the
biharmonic equation, if the boundary conditions are not uniform, the structural method for solving boundary
value V. L. Rvachev’s problems this problem is one of the most important. If the first derivative with respect to
the normal to the boundary of the region in one or more points is a continuous or once differentiable function of
one variable, the existing methods for constructing structures of boundary value problems will be automatically
carry these qualities into the domain of integration. At the same time the classical methods of solving boundary
value problems continue to monitor the solution inside the domain while preserving infinitely differentiable. In
this article construction and research of an operator of approach of functions of 2 variables with preservation of
a class C'(R%) with help these tracks and tracks these derivations of the fixed order on given curve. Development
of the methods of the recovery of the functions of two variables with preservation of the class C'(R?) in the
neighborhood curve of the class C'. The methods using the tracks the functions and tracks these derivations until
of the fixed order on given curve.

Keywords: preservation of differentiability class, function traces, the traces of the derivatives on the line, Taylor
polynomial in one variable.

Ilpobrema nocmpoenust @ynkyuu ¢ coxpamenuem Kiacca OuggepeHyupyemocmu umeem O4eHb BaXCHbie
NPUMEHEHUs. 6 MeopuU U NPaKmuKe peweHus Kpaegblx 3a0ay, 6 KOMmopvix epanuyHble YCI08Us GbIPAICAIOMC
oupepenyuanvubimu Onepamopamu nepeoco, 6mopo2o u 0oiee 6biCOKUX Nopsadkos. B uacmuocmu, npu
peuwenuu  Ou2apMOHUYECKO20 VPAGHEHUS, €eClU 2PAHUYHbIE YCIO08USL SGISIOMC HEOOHOPOOHbIMU, MO 8
CMPYKMYpHOM Memooe peuieHust Kpaeegwlx 3aday B. JI. Peauesa sma npobiema s6isemcst 00HOU U3 BANCHEUUIUX.
Ecnu nepsasi npou3600uas no Hopmaiu Ha 2panuye o61acmu 8 0OOHOU UL HECKOJbKUX NMOYKAX S6JISLeMCsl IUllb
HenpepvleHOU Ul 00UuH paz oug@epenyupyemoli pyuKyuel 00HOU NepemMenHOl, Mo Cywecmsyouue memoosl
HOCMPOEHUsL CMPYKMYD KPAeblX 3a0ad asmomamudecku 0yOoym smu Ce0UCmea NepeHocums eHympb ooaacmu
unmezpuposanusi. B mo oice epems Knaccuweckue Memoobl peuleHus Kpaesblx 3a0ay NpoOOdCAiOn cleod
pewenus GHymps obracmu ¢ coxpaneHuem Oeckoneunou Oughgepenyupyemocmu. B Oannoii  pabome
NPEeONoACcenbl U UCCIeO08AHbI MEMOObl NOCMPOEHUsT ONepamopos8 B0CCMAHOGLEHUsT Oughpepenyupyemvix
yHKyuii 08yx nepemennvix 6 okpecmuocmu enadkoti aunuu I': (X, y) =0 @ € C'(R?), komopwie coxpansiom
Kaacc oughgpepenyupyemocmu Cr(RZ). Memoowl ucnonv3yiom 0711 ROCMPOEHUs. YKA3AHHBIX ONepamopos Cieobvl
B80CCMAHABIUBACMOU PYHKYUU U €€ YACMHBIX NPOU3BOOHBIX HO OOHOU NEPEMEHHOU 00 3A0aHHO20 NOPSIOKA HA
VKA3QHHOU TUHUU.

Knroueswvte crosa: coxpanenue kiacca oupgepenyupyemocmu, cieovl QyHKyuu, ciedbl npou3e00HbIX HA TUHUL,
noaunom Teiinopa no 00HOU nepemeHHOU.
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High Technology in Mechanical Engineering

Kanyuk G. I, Babenko I. A., Mezerya A. Yu., Kozlova M. L., Suk I. V. and Serdyuk A. V. Uni-
fied structure of the precision high-speed energy system and resource-saving automatic control and
(=10 (] =14 ] BTSSRSO 58-67

76

It is considered one of the main problems of saving energy and resources, namely the creation and introduction
of new efficient technologies and technological systems in all fields of technology and industry. As a solution to
this problem is proposed use of mechatronic systems with electrohydraulic servo actuators (EHSA), which are
currently considered as electro-hydraulic servo system (EGSS). Their use is justified by the fact that they com-
bine a high specific energy characteristics of the electro-hydraulic mechanisms with intelligent control and in-
formation capabilities of microprocessor electronics and allow a high degree of accuracy and speed of playback
control actions, that vary in the an arbitrary, including and previously unknown laws. The algorithm for select-
ing the optimal circuit design of electrohydraulic drive EHD. On the basis of this algorithm is chosen the most
effective typical version of the concept for use in high-speed precision EGSS - EHD single-channel version with
separate volume-throttle speed control. With the direct participation of the author of this paper conducted a cy-
cle of research and development activities in the course of which two sizes of part-turn hydraulic motors have
been created. Challenge definition of introducing energy-saving of automatic systems of technological objects
and processes. It is proposed as an effective management solution, based on the methods of system analysis and
mathematical modeling.

Keywords: mechatronic systems, resource saving, electro-hydraulic servo system, electrohydraulic drive, auto-
matic control system.

Paccmompena oona uz ocHognvix npobiem sHepeo- u pecypcocoepedcenus, a UMEHHO, cO30anue U BHeOpeHue
HOBLIX 3PDEKMUBHBIX MEXHONO2UL U MEXHOLOSUHECKUX CUCTNEM B0 BCEX OMPACIAX MEXHUKU U NPOMbBIULIEHHO-
cmu. B kauecmese peutenust 9mou npoonemvl nPeooAHCeHO UCONbI0BAHUE MEXAMPOHHBIX CUCEM CO CeOAUUMU
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INEKMPOSUOPABIUYECKUMU UCHOTHUNETbHLIMU MEXAHUIMAMU, KOMOPbLE 8 HACMOsUjee 8PeMsl PACCMAMPUBAIO N~
ca Kak anexkmpoeudpasiudeckue cieoaugue cucmemvt (' CC). Hx ucnonvsosanue 000CHOBAHO meM, 4MO OHU
cosmewarom @ cebe blCOKUE YOCIbHbLE IHEPeMUUECKUe XAPAKMEPUCTUKU IeKMPOSUOPABTUYECKUX MEXAHU3-
MO8 ¢ UHMELIeKMYAIbHbIMU U UHDOPMAYUOHHBIMU 803MONCHOCHSMU YAPAGISIOUEl] MUKPONPOYECCOPHOU INEK-
MPOHUKU U NO3GOJSIONL C BbLCOKOL MOYHOCHBIO U CKOPOCMbIO 60CHPOU3E00UMb YNPAGISIOWUe 8030€UCmEUsl,
KOMOpble USMEHSIOMCSL N0 NPOU3BOTbHBIM, 6 M. Y. U 3apaHee Heu3eeCmHbIM 3aKoHam. Paspaboman ancopumm
8b100PA ONMUMATLHO20 CXEMHO20 peuleHus nekmpoaudpagiuieckozo npueoda (AI'TI). Ha ocnosanuu dannozo
aneopumma evlopan Haubonee 3QHeKmusHvltl MUNOGOU APUAHM NPUHYURUATLHOU CXeMbl /il UCHOIb308AHUSL 6
ovicmpooeticmayiougux npeyuzuonnvix II'CC — oonokananehviii DT pazdenrvbno2o ucnonneHuss ¢ 06veMHO-
opoccenvHbiM pezyauposanuem ckopocmu. [lpu nenocpedcmeenHom yuacmuu aemopa HAcmosujel cmamvu
npo6edeH YUK HAYYHO-UCCIeO08AMENbCKUX U ONBIMHO-KOHCMPYKMOPCKUX pabom, 8 xooe Komopozo Ovliu co-
30aHbl 084 MUNOPA3MEPA HENOIHONOBOPOMHBIX cudpodsueamenei. Packpvima npobiema enedpenus snepeocoe-
pe2aruux cucmem agmoMamuyecko20 YnpasieHus mexHoIo2uieckumu obvexmamu u npoyeccamu. Ipeonooice-
HO peuteHue 6 uoe 3hexmusHo2o ynpasieHnus, OCHOBAHHOE HA MemMoOax CUCHEMHO20 AHANU3A U MATNeMamu-
YeCK020 MOOENUPOBAHUSL.

Knroueswvie cnosa: MexampoHHble CUCMeEMDbL, pecypcoc6epe:>iceﬂue, QﬂQKMPOZMaPGBﬂMUQCKa}l C]le()ﬂu;aﬂ cucme-
ma, 3ﬂekmpoeudpa6ﬂuqecmuft npueod, cucmema aemomamu3upoearnHoco ynpaeienus.
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