DPUSUKA

VIK 533.6:533.6.011.5: 519.63

YUCJEHHOE MOJIEJTMPOBAHUE CBEPX3BYKOBBIX TEUEHUI
C HEPABHOBECHBIMUA XUMHNYECKUMHU PEAKIIUAMHU

A.M. MoauanoB, A.C. Msakounn, B.H. IlaneBun, C.FO. MecHAHKHH

Paspaboran HOBBIM 3((eKTUBHBIA HESBHBIN MOJTHOCTHIO CBA3aHHBIA YHCICHHBIH METOM LIS
pacyera TEpMOXUMHUYECKH HEPABHOBECHBIX TeueHU. [IpemmaraeMblii MeTO/ O3BOJISIET CBECTH
omepanuy ¢ OJOYHBIMH TPEXJUATOHAJIBHBIMH MATPHIAMH K OOpAIICHHIO MATpPHUIl S5X5 H
TPUBUAIHHBIM OIEpalUsIM YMHOXKEHUs MaTpuil. UYUCIeHHBIH METOA MPUMEHEH ]IS pacyuera
JIOTOpaHUs CTPYU M CBEPX3BYKOBOI'O TOPEHMS BOIOPOJIa B KaHAJIE.

KuarwueBble ciioBa: CBEPX3BYKOBO€ TE€YCHHE, HCPABHOBCCHBIC XHMHYECCKHE PEaAKIHUH,
KECTKHEC CUCTCMBbI ypaBHean/L

NUMERICAL SIMULATION OF SUPERSONIC FLOWS
WITH NONE-EQUILIBRIUM CHEMICAL REACTIONS

A.M. Molchanov, A.S. Myakochin, V.I. Panevin, and S.Yu. Mesnyankin

A new efficient implicit fully coupled numerical method for calculating thermochemical
nonequilibrium flows is developed. The proposed method allows us to reduce operations
with block tridiagonal matrices to inversion of 5x5 matrices and trivial operations of matrix
multiplication. The numerical method was used to calculate the afterburning of the jet and
for the supersonic combustion of hydrogen in the channel.

Keywords: supersonic flow, nonequilibrium chemical reactions, stiff systems of
equations.



VIK 536.3:535.34

MATEMATHYECKOE MOAEJINPOBAHUE _
PAJUAIIMOHHOI'O TEIINIOOBMEHA B IWJIMHIPUYECKOMU ITEYHU
METOAOM JUCKPETHbBIX OPIMUHAT

A.B. CaabIkoB

[IpuBeneHsl pe3yabTaThl aHANW3a BIUSHUS PA3IUYHBIX MPHUOIIDKEHUH MeETola TUCKPETHBIX
OpJIMHAT Ha TEIUIOBBIE XapaKTEPUCTUKU IMIMHAPUYECKOH TpyOuaToil meun. BHemHmii Terio-
MaccooOMeH B paJMaHTHOW KaMepe Ie4d MOJAEIUPYETCsl IBYMEPHBIMHU IU(depeHIHaTbHBIMU
ypaBHEHHSIMH SHEPI'HH, TIEpeHOCa U3ITyYEeHUs], IBM)KEHNUs1, HEpa3phIBHOCTH, k—&-MOJeIH TypOy-
JIEHTHOCTH, JIByXILIarOBOM MOJIENIN TOPEHHS METaHa.

KaroueBbie ciioBa: Temioo0MeH, H3Iy4eHUe, TpyoUaTas ne4b, paMaHTHAsA KaMmepa, rope-
HHe, TONOYHbIE Ta3bl, TEMIIEPATypa.

MATHEMATICAL MODELING OF RADIATION
HEAT TRANSFER IN A CYLINDRICAL FURNACE BY
THE METHOD OF DISCRETE ORDINATES

A.V. Sadykov

The results of the analysis of the influence of various approximations of the discrete ordinate
method on the thermal characteristics of a cylindrical tubular furnace are presented. External
heat and mass exchange in the radiant chamber of the furnace is modeled by two-dimensional
differential equations of energy, radiation transfer, motion, continuity, k—€ turbulence model,
two-step model of methane combustion.

Keywords: heat transfer, radiation, tube furnace, radiation chamber, burning, top
internal gases, temperature.



VIK 621.565.943.2

NHTEHCU®UKALIUA TEIINIOOBMEHA
B AIIITAPATAX BO3YHIHOI'O OXJIAKIAEHUSA

N.N. Xao6uoyun, /[.LH. larynos, K.T. Xalipernunosa

PaccMoTpeHbl OCHOBHBIE MHTEHCH(UKATOPHI TEINIOOOMEHAa M KOHCTPYKIMU alapaTtoB BO3-
JIYIIHOTO OXJIaXIEHUsI POCCHHCKOro IPOHM3BOACTBA. B Xone mccnemoBaHus co3/aH SKCIEpU-
MEHTaJIbHBIM 00pa3ell anmaparta BO3AYIIHOTO OXJIaXIEHUS Macia, MPOBeAeHb! ()yHKIHMOHATb-
HBIE U PECYPCHBIE UCIIBITAHUS, BKIIOYAIOIINE HAPaOOTKy aniapaTroB BO3AYIIHOTO OXJIaXKIACHHS
Maciia B aBToMaThdeckoM pexume Oonee 6500 u. [IpuBeneHsl cpaBHUTEIbHBIC TaHHBIE OIBIT-
HOW KOHCTPYKIIMHU amIapara BO3AYIIHOIO OXJIaXKACHUS U KOHCTPYKLUI aHAJIOTOB POCCUICKOI0
MIPOU3BOJICTBA.

KnaroueBbie cjioBa: MHTeHCH(UKALMS, aNNapaT BO3AYUIHOIO OXJAa)KIeHHs Macja, opeo-
peHHasi TPy0a, MPOTOTHII, MOLYJIbHASI KOHCTPYKIHSI.

INTENSIFICATION OF HEAT TRANSFER
IN AIR COOLING APPARATUS

L.1. Khabibullin, D.N. Shatunov, and K.T. Khairetdinova

The main heat exchange intensifiers and designs of Russian-made air cooling devices
are considered. In the course of the study, an experimental sample of an oil air cooling device
was created, functional and resource tests were carried out, including the operating time of oil
air cooling devices in automatic mode for more than 6500 hours. Comparative data of
the experimental design of the air cooling apparatus and the designs of analogues of Russian
production are presented.

Keywords: intensification, oil air cooler, finned tube, prototype, modular design.



VIK 537.525

CHUHTE3 KAPBUJA KPEMHUSA
B DJIEKTPOJIYTOBOM APTOHOBOM IIJIABME

E.A. Dpaunraiite, H.I'. AuapeeBa, A.B. Eabuuiena,
P.P. llaiixarrapos, U.I'. I'anees, b.A. Tumepkaen

CoOpaHa 5KcriepuMeHTaNIbHas YCTAaHOBKA, M U3y4eH Ipoliecc 00pa3oBaHus KapOuaa KpeMHHUS B
aproHOBOM AyroBoM paspsiae. [lomoOpaHbl COOTBETCTBYIOIIME YCIOBUS, M IPOBEICHBI SKCIIe-
PUMEHTHI 1O CHUHTEe3y KapOuga kpemHus. Ha ocHOBe aHanmM3a Ha 3JIEKTPOHHOM MHKPOCKOIIE
YCTaHOBJIEHO, YTO IMOJYYEHHbIE 00pa3lbl SBIISIOTCS HAHOYACTHLAMHM U MHUKPOYACTUI[AMU Kap-
OMa KpEeMHHUS C aIMa30MoJ00HON CTPYKTYPOH.

KitioueBble cji0Ba: aproHoBasi 1yra, Kapouj KpeMHusl, MJ1a3MOXMMHYECKH A MeTO/] CHHTe3a,
aJMa3onoa00Hble CTPYKTYPbl, HAHOYACTHILI KApOUIa KpeMHHsl, MUKPOYACTHILI Kapou-
Ja KpeMHHUSI.

SYNTHESIS OF SILICON CARBIDE
IN ELECTRIC ARC ARGON PLASMA

E.A. Erlingaite, N.G. Andreeva, A.V. Elchishcheva,
R.R. Shaikhattarov, I.G. Galeev, and B.A. Timerkaev

An experimental setup was created and the process of formation of silicon carbide in an argon
arc discharge was investigated. Appropriate conditions were selected and experiments on
the synthesis of silicon carbide were carried out. Based on electron microscope analysis, it
was established that the resulting samples were nanoparticles and microparticles of silicon
carbide with a diamond-like structure.

Keywords: argon arc, silicon carbide, plasma-chemical synthesis method, diamond-like
structures, silicon carbide nanoparticles, silicon carbide microparticles.



MALLWWHOCTPOEHUE U MALLMHOBEOEHUE

VIK 621.43: 669.017

NCCIIEJOBAHUE KAYECTBA METAJUJIA ITAPOBOT'O COILJIA,
PA3ZPYHIEHHOI'O B OKCIUVIYATALIUHU

B.X. Adayniauna, ®.H. Kypraesa, E.B. Jlannnos, 3.U. Hyrymanosa

HccnenoBanbl CTPyKTypHBIE COCTOSTHHS MOBPEXIEHHOIO B IIPOIECCE KCILTyaTalluy MapOBOrO
coruia (hakeIbHOr'0 Or0JIOBKA ayCTEHUTHOW CTaU. BhIsBIIeHa CTPYKTYypa ¢ OpaKOBOYHBIMH MPH-
3HAKaMH JINTOH CTPYKTYpHI B CBSI3U C HEMPOBEACHHEM TpeOyeMOoil TepMHYeCcKOi 00padoTKy.

KuawueBble ciioBa: AYCTCHUTHAsI CTajJlb, PaCcTPeCKUBAHHEC II0 TI'PaHMIaM KPYINHbIX
KPUCTAJJIOB, TEPMUICCKUEC HANPIAKCHUS.

INVESTIGATION OF THE QUALITY OF THE METAL
OF A STEAM NOZZLE DESTROYED IN OPERATION

V.Kh. Abdullina, F.N. Kurtaeva, E.V. Danilov, and E.I. Nugumanova

The structural conditions of the steam nozzle damaged in operation of the flare head of austenitic
steel are investigated. The nature of damage to the cast structure in the areas of through holes
and outside them has been revealed. A structure with rejection characteristics of a cast structure
was identified due to the failure to carry out the required heat treatment.

Keywords: austenitic steel, cracking along the boundaries of large crystals, thermal stress



VIK 621.74: 669.018.2

METAJIJIOTPAOUYECKHUNA AHAJIN3
BBIABJIEHUA ITPUYHUH PAZPYHIEHUSA KOJTEHYATOI'O BAJIA
JABUT'ATEJISA BECITMJIOTHOTI'O JIETATEJIBHOI'O AIIITAPATA

M.A. KnadykoB

HpoaHaJ'II/I?)I/IpOBaHH H3JIOMBI pa3spylmi€eHHOI'0 KOJICHYATOr'o BaJla HA3€MHOI'O ABUTATC/IsA BHYT-
PEHHETO CropaHus, HCIOJb30BAHHOI'O B Ka4iCCTBC ABUTATCIIA CeNbCKOX035HCTBEHHOr0 Oec-
MMAJIOTHOT'O JIETATCJIBHOT'O aIllapara. Brimonaen MeTaJ'IJ'IOFpa(l)I/I‘IECKI/Iﬁ aHaJIN3 BBICOKOIIPOYHO-
T'O 4yr'yHa HCIIOBPECKIACHHOI'O KOJICHYATOI'O BaJla U paspyli€HHOI'o B ITPOILECCC DKCILTyaTalluu.
BrIsiBII€HBI 0COOEHHOCTH COCTOSTHHS CTPYKTYPBI B ITOKA3aTEIAX METAJJTMYECKON 1 I’pa(l)PITOBOﬁ
COCTABJIAIOMIMX. Y CTAaHOBJICHBI NpUYUHbI MTHIUACHTA — YCTAJIOCTHOI'O pa3spymicHus, — CBA3aH-
HbIC CO CTPYKTYPHBIMU OTJIMYHUAMU U Z[e(l)eKTHOCTBIO JIUTOr0 METaJlJIa U3YUYCHHBIX KOJCHYATBIX
BaJioB.

KiroueBble c10Ba: KoOJIeHYATHIH Bajl, BBICOKONPOYHBIH YyI'yH, aHAJIH3 H3JI0MAa M CTPYK-
TYpBI MeTaJuIa.

METALLOGRAPHIC ANALYSIS OF IDENTIFYING
THE CAUSES OF DESTRUCTION OF THE UNMANNED AERIAL
VEHICLE ENGINE CRANKSHAFT

M.A. Klabukov

The fractures of the destroyed crankshaft of a ground-based internal combustion engine used as
an engine for an unmanned aerial vehicle are analyzed. A metallographic analysis of
high-strength cast iron of an undamaged crankshaft and one destroyed in service
was performed. Features of the state of the structure in terms of metal and graphite components
have been revealed. The causes of the incident were identified — fatigue failure, associated with
structural differences and defects in the cast metal of the studied crankshafts.

Keywords: crankshaft, ductile iron, fracture and metal structure analysis.



VIK 338.49

O IPUMEHEHUWHU METO/IOB BEPEKJIUBOI'O ITIPOU3BOJICTBA
U MEHE/JJKMEHTA KAUECTBA B OPTAHU3AIIUN
IMPOM3BOJICTBEHHBIX ITIPOIIECCOB
HA AO «KKABAHCKHWM BEPTOJETHBIMN 3ABO/I»

B.1O. Medoabe, M.®. Cadaprauaues, O.E. 3uisaneBa

IIpencraBneHsl CpeicTBa COBEPIICHCTBOBAHUS IMPOIIECCOB OpPraHM3allMM MPOU3BOACTBA Ha
MIPEANPUSITHN — COKpaIlleHHue Opaka U OOHOBJICHUE MPOU3BOJICTBCHHOTO 00OPYIOBAHUS 33 CUCT
METOIOB CTPYKTYPHPOBaHUs (hYHKIMH KadecTBa B IMPOIECCE U3TOTOBJICHUS ACTajleh C IEIbI0
TOBBILIEHUST Tpou3BoAuTensHOCTU cTaHkoB UITY. IlpennoskeHO BHeApeHHE METO/Na «aHAIHU3
HU3MEPUTENBHBIX CUCTEMY» B MPOIEAYPhl KOHTPOJSI TEOMETPUUECKUX Pa3MEpPOB, MEXaHUMUECKUX
U DJICKTPUYECKUX XapaKTEPUCTHK MPOPUIIS AeTaICH.

KuarwueBble ciioBa: HpOI/ITSBOIlCTBEHHBIﬁ nmpouecc, opranv3anus 1mpou3sBoJacCTBa, 68[)8?!(.]'[1/1-
BO€ MPOM3BOACTBO, IPOU3BOACTBCHHOEC oﬁopynonanne.

ON THE APPLICATION OF LEAN MANUFACTURING
AND QUALITY MANAGEMENT METHODS IN THE ORGANIZATION
OF PRODUCTION PROCESSES AT KAZAN HELICOPTER PLANT JSC

V.Yu. Mefod’ev, M.F. Safargaliev, and O.E. Zilyaneva

The article presents means of improving the processes of organizing production at an enterprise:
reducing defects and updating production equipment through methods of structuring quality
functions in the process of manufacturing parts in order to increase the productivity of CNC
machines. It is proposed to introduce the method “analysis of measuring systems” into
the procedures for monitoring the geometric dimensions, mechanical and electrical characteristics
of parts, profiles of parts.

Keywords: production process, production organization, lean production, production
equipment.
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METAJIJIOTPAOUYECKHUNA AHAJIN3
IODOEKTUBHOCTU PEMOHTA JIMTOM 3AJIBUKKHA
3ABAPKOM ITPONU3BOJCTBEHHBIX JE®PEKTOB

®.U. Myparaes, A.P. Ky3ees, E.B. /lanusios

KomrmiekcHpIMU HccnenoBanusMu (ppakrorpadueii, Metauiorpadueii) onpeneieHbl MeXaHu-
YeCKUe M TEXHOJIOTHYECKHE CBOWCTBAa METAJUIA JINTOTO KOPITyca TOJICTOCTEHHOH 3a/IBUKKH, OC-
HOBHBIC NIPUYHHBI €T0 PACTPECKUBAHUS BIOJH (hJIaHIA C OTBEPCTHAMHU. Y CTAHOBJICHO, YTO 3a-
BapKa JINTCHHBIX ME(PEKTOB B YCIOBUSIX MPOM3BOJCTBA MPHBETIa HE K YIYYIICHHIO, a YXY/IIIe-
HUIO CITY)K€OHBIX CBOWCTB MeTajlla KOpIyca. BBISABICHBI BHIBI OYaroB 3apOXKICHUS pa3pyliie-
HUS, O0YCIIOBJICHHBIC HU3KUM Ka4eCTBOM JIUThS M HAPYIICHHEM pErilaMeHTa PEMOHTHOH TeX-
HOJIOTMHY 3aBapKH JINTCHHBIX E(PEKTOR.

KuroueBble ciioBa: aurtas 3aaBukka craau 20J1 ¢ 3aBapkoii nedekToB, HapylieHue Tex-
HOJIOTHH, pa3pylleHne, MeTauIorpag usi.

METALLOGRAPHIC ANALYSIS
OF THE EFFICIENCY OF REPAIR OF CAST GALVE
BY WELDING PRODUCTION DEFECTS

F.I. Murataev, A.R. Kuzeev, and E.V. Danilov

Comprehensive studies (fractography, metallography) determined the mechanical and
technological properties of the metal cast body of a thick-walled valve, the main reasons for its
cracking along the flange with holes. It was established that welding of casting defects under
production conditions led not to an improvement, but to a deterioration in the service properties
of the body metal. Types of sources of initiation of destruction caused by low casting quality
and violation of the regulations for repair technology for welding casting defects have been
identified.

Keywords: cast valve 20L steel with welding of defects, violation of technology,
destruction, metallography.



VK 004.94

HCCJIEAOBAHUE BJIUSHUS OPUEHTAIMNA AHU3O0TPOITHbBIX
YIVIEPOAHBIX HAITIOJIHUTEJIEHN B HUOJII/IMEPHOI?'I MATPUIE
HA SJIEKTPOITPOBOJAIIME CBOUCTBA KOMITIO3UTOB

A.C. CrenamkunHna, E.A. I'ymmuna

HpOBeZ[EH aHaJIM3 BJIUAHUA OPUCHTAIMU aHU3O0TPOINHBIX YaCTUIl B KOMIIO3UIITMOHHOM MaTcpua-
JIC Ha JJICKTPOIPOBOAAIINEC CBOMCTBa MaTtepuaia. HOJ'Iy‘IeHBI PE3YIbTATHI 3HAYEHUI OCEBOr0
COOTHOMICHUA YaCTUIl HAIIOJHHUTEIIA, IIPU KOTOPBIX BEPOATHOCTH OGpaSOBaHI/IH TICPKOJIATNOH-
HOT'0 KJ1IaCTE€pa 3HAYUTCIBHO BO3pACTacCT.

KuawueBble ciioBa: AHU30TPONHBIC YaCTHIbI, IMEPKOJIALMSA, HepKOJ’lﬂHHOHHLIﬁ KJ1acrep,
0CE€BO€ COOTHOLLICHHEC.

STUDY OF THE EFFECT OF ORIENTATION OF ANISOTROPIC
CARBON FILLERS IN A POLYMER MATRIX ON THE ELECTRICAL
CONDUCTIVE PROPERTIES OF COMPOSITES

A.S. Stepashkina and E.A. Gushchina

The paper analyzes the influence of the orientation of anisotropic particles in a composite
material on the electrically conductive properties of the material. The results of the values of
the axial ratio of the filler particles are obtained, at which the probability of the formation of
a percolation cluster increases significantly.

Keywords: anisotropic particles, percolation, percolation cluster, axial relation.
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MULTIFACTOR PARAMETRIZATION OF ADHESIVE STRENGTH

10

MHOI'O®AKTOPHASA NAPAMETPU3ALIIUA
AAI'E3NOHHOMU ITPOYHOCTH MOJIUMEPHBIX
IMOPOIIKOBBIX MOKPBITHM

B.JI. ®easieB, J.P. I'anumoB, A.B. bensies,
JI.B. Cuporknna, M.A. Knadykos

PaccmartpuBaroTcs BONPOCH! OLIEHKU aAre3MOHHON MPOYHOCTH MOJUMEPHBIX MOPOLIKOBBIX I10-
KPBITUH C y4€TOM 3aBHCHUMOCTH ar€3MOHHOM MPOYHOCTU OT COBOKYIHOCTH BHYTPEHHUX, TE€X-
HOJIOTUYECKMX M BHENIHWX (IKCIUTyaTallMOHHBIX) (PaKTOpOB. B Kakmol Tpyriie BBIIENSIOTCS
OCHOBHBIE, XapaKTEPU3YIOIIUE UX ITapaMeTphl, OCYIIECTBISIETCS epexo K Oe3pasMepHbIM Be-
JIMYMHAM, 3aIHCHIBAETCs B O0IIEM BUJIE BBIpaKEHUE ISl Oe3pa3MepHOM aJre3MOHHON MPOYHO-
CTH Kak (DyHKIIMM COOTBETCTBYIOIIMX Oe3pa3MepHbIX mapamerpoB. C HCHONB30BaHHEM HMEIO-
LIMXCSl B HAYYHO-TEXHHYECKOH JIUTEpaType NaHHBIX, (PU3NIECKUX 3aKOHOMEPHOCTEH MOTy4YeHBI
COOTHOIIIEHUS AJIs1 OLEHKH aAre3uy MOKPHITUH B 3aBUCUMOCTH OT IIEPOXOBATOCTU IOBEPXHO-
CTH TOAJIOXKH, TEMIEPaTyphbl KHIKOrO aJre3uBa Npu (OPMUPOBAHUM TOKPHITUS, NOMOIHH-
TENBHOTO JaBJIECHU, a TAK)KE TOJNIIUHBI TOKPBITHUSL.

KuawueBble cioBa: MNOJUMEPHBIC TIOPOMIKOBLIC IIOKPLITHUSA, aATr€3MOHHAsi ITPOYHOCTD,
3aBUCUMOCTDb OT BHYTPE€HHHUX, TEXHOJIOTMIECKUX, IKCILTYaTAIIMOHHBIX (l)aKTOpOB.

OF POLYMER POWDER COATINGS

V.L. Fedyaev, E.R. Galimov, A.V. Belyaev, L.V. Sirotkina,
and M. A. Klabukov

The issues of assessing the adhesive strength of polymer powder coatings are considered.
The fact that adhesive strength depends on a combination of internal, technological and
external (operational) factors is taken into account. In each group, the main parameters
characterizing them are identified, a transition is made to dimensionless quantities, and
an expression for dimensionless adhesive strength is written in general form as a function of
the corresponding dimensionless parameters. Using the data and physical laws available in
the scientific and technical literature, relationships were obtained to evaluate the adhesion of
coatings depending on the roughness of the substrate surface, the temperature of the liquid
adhesive during the formation of the coating, additional pressure, and the thickness of the coating.

Keywords: polymer powder coatings, adhesive strength, dependence on internal,
technological, and operational factors.



NMPUBOPOCTPOEHUE, METPOJIOINA
N AHPOPMALIMOHHO-U3SMEPUTEJIbHbLIE MPUBOPbLI U CUCTEMbI

VIK 621. 438: 004.032.26

OB30P METOJ0B MAIHINMHHOI'O OBYYEHUA
JJIA ITPOT'HO3UPOBAHUSA TEXHUYECKOI'O COCTOAHUA
T'A30TYPEUHHBIX IBUTATEJIEN

A.U. Myxamenxanos, U.1. Xa0OuOyuinn

PaccMoTpeHBl HEKOTOPBIE MPOOIEMBI, BOSHUKAIOIIHME TIPU SKCIUTyaTaI[K Ta30TypOUHHBIX JIBH-
rateiel, METoIbl MOHUTOPUHIA, MTUATHOCTUKU PAa0OOTHI Ta30TYpOMHHOIO JBHIATeNsl MPH DKC-
IUTyaTallid ¥ METOJBI NPOTHO3MPOBAHUS PaOOThl HA OCHOBE aHAJIM3a JAHHBIX, MAIIMHHOTO U
riryookoro odoyduenus. [IpuBegeH KpaTkuii 0030p METOMIOB MAIIUHHOTO OOYYCHHUS IS ITPOTHO-
3UPOBAHUSA TEXHUYECKOTO COCTOSHHUS Ia30TypOUHHBIX JBUTATCIICH.

KiioueBble ciioBa: ra3oTypOMHHBIN ABUraTeNb, 0€30MACHOCTH IKCILIyaTALMHU, TPOOIEeMbI
IKCILIYyaTAIlMd, MAIIIMHHOE O0yYeHHUe, IIy00Koe o0ydeHHe, NCKYCCTBEHHbIE HelipOHHBbIE
CeTH, MPOrHO3HPOBAHNE TEXHHYECKOTO COCTOSTHUSI, TMATHOCTHKA, MOHHUTOPHHT .

OVERVIEW OF MACHINE LEARNING METHODS FOR PREDICTING
THE TECHNICAL STATE OF GAS TURBINE ENGINES

A.l. Mukhamedzhanov and 1.I. Khabibullin

This article discusses some of the problems that arise during the operation of gas turbine
engines, methods of monitoring, diagnostics of the operation of a gas turbine engine during
operation and methods of forecasting work based on data analysis, machine and deep learning.
A brief overview of machine learning methods for predicting the technical state of gas turbine
engines is given.

Keywords: gas turbine engine, operational safety, operational problems, machine learning,
deep learning, artificial neural networks, prediction of technical state, diagnostics,
monitoring.



VIK 504.064.38

PA3PABOTKA METOIUYECKHUX IPUEMOB
11O OHEHKE TOKCUYHOCTH NIOJIUMMEPHBIX KOMIIOHEHTOB
COJIHEYHBIX ITAHEJIEN

M.HN. CemenoBa

PaccMoTpeHbI pe3ynbTaThl MPOBENEHUSI UCCIEOBAHHS 110 ONPECICHUI0 TOKCUYHOCTH ITOJIH-
MEpHBIX KOMIIOHEHTOB TOJUKPUCTAIIMYECKUX maHened (atwnenBuHmianerat (EVA) n nonu-
BuHwidropuy (Tedlar®)) B nensx pa3pabOTKH HOBBIX METOANYECKHUX IIPHEMOB I10 OLIEHKE TOK-
CHYHOCTH METOIaMH OHOTeCTHpOBaHMs. B pesynbrare pa®oThl ObUIM BBISBIEHBI 3HAYUMBIE
(baxTOpHI, BIUSIONINE HA H3MEHEHHE UHJIEKCa TOKCUYHOCTH MOJIMMEPHBIX MaTEepHaJIOB, a TAKXKe
MOJTYYEeHbI MOJIENH, OTpaKalollue N3MEHEHHE TOKCHYHOCTH B 3aBHCUMOCTH OT TEMIIEPaTypHI,
BpPEMEHH SKCTParupoBaHus M MPUPOJBI SKCTpareHTa. OnpeneseH BHUI 3aBUCUMOCTH M M3MEHe-
HHE XapakTepa MOBEACHHS HCCIENyeMbIX MaTepHajoB MpPH TOMAAaHUH HX B OKPYKAIOIIYIO
cpeny. IIpennoxkeH METOMUYECKUI MPUEM, B OCHOBE KOTOPOT'O JIEKUT UcTojb3oBaHue 1 %-ro
pacTBopa aleroHa B KayecTBE DKCTpareHTa Ha JTamne MpoOONOATOTOBKH, YTO CIIOCOOCTBYET
YCKOPEHHOMY HM3BJICYEHHIO TIOTEHIIMAIBFHO OMAaCHBIX BEUIECTB Ul OKpYXKarolel cpeibl B aHa-
JIU3UPYEMBIH pacTBOp.

KnroudeBble ci10Ba: MOTUKPHCTA/UIMYECKHE COJIHEUHbIe INAHeJIH, TUJICHBUHWIALETAT,
NoTUBHHII(TOPHI, OoTecTHpOoBaHue, Paramecium caudatum, cpena 3xcTparupoBanmus,
TeMIepaTypa IKCTPAKTa, BpeMsl BBIIEPKKH IKCTPAKTA.

DEVELOPMENT OF METHODOLOGICAL TECHNIQUES
FOR ASSESSING THE TOXICITY OF POLYMER COMPONENTS
OF SOLAR PANELS

M.I. Semenova

The article discusses the results of a study to determine the toxicity of polymer components
of polycrystalline panels — ethylene vinyl acetate (EVA) and polyvinyl fluoride (Tedlar®), in
order to develop new methodological techniques for assessing toxicity by biotesting methods.
As a result of the work, significant factors affecting the change in the toxicity index of polymer
materials were identified, and models reflecting the change in toxicity depending on temperature,
extraction time and the nature of the extractant were obtained. The type of dependence and
the change in the behavior of the studied materials when they enter the environment
are determined. A methodical technique is proposed, which is based on the use of a 1% acetone
solution as an extractant at the sample preparation stage, which contributes to the accelerated
extraction of potentially hazardous substances for the environment into the analyzed solution.

Keywords: polycrystalline solar panels, ethylene vinyl acetate, polyvinyl fluoride, bioassay,
Paramecium caudatum, extraction medium, extract temperature, extract holding time.

12



VIK 629.7.054.44: 629.7.05.61

WCCJIEJJOBAHUE MOTPEINIHOCTEM YJIBTPA3ZBYKOBOM CUCTEMBI
BO3YUIHBIX TAPAMETPOB ABUXEHUA
JIETATEJBHOT O AITIITAPATA

B.M. Coanarkun, .. Mudraxos, A.B. Hukutuun, B.C. ConzaTtkun

OTMeualoTcss 0COOEHHOCTH MOCTPOSHHSI U OIPaHUYEHHUS] N0 MPUMEHEHUIO Ha MaJlopa3MEepHBIX
JIETaTeNIbHBIX amllapaTax TPaJAWLHUOHHBIX JUI1 CaMOJIETOB CHUCTEM BO3JIYIIHBIX MapaMeTpoB,
MIEpPCIIEKTUBHI Pa3pabOTKH YIIBTPa3ByKOBOW CHCTeMBI. Pa3paboTaHbl MOJIENH, IPUBEICH aHAJIH3
HWHCTPYMEHTAJIBHBIX U METOJUYECKUX MOTPEIIHOCTEN U3MEPUTENBHBIX KAHAJIOB CUCTEM.

KuarwueBble ci10Ba: JieTaTeabHbII anmapart, ABM;KCHHE, MapaMeTpbl, U3MEPEHUE, YIbTpPa-
3BYKOBasi CHUCTEMA, 0006BHHOCTH, METOAUYECCKHUE U HHCTPYMEHTAJIbHLIC NMOIPEIIHOCTH,
HU3MEPUTEJIbHBIC KaHAJIbl, MOAEJIN, pa3paﬁoTKa, aHaJ/In3.

RESEARCH OF ERRORS IN THE ULTRASONIC SYSTEM
OF AIR PARAMETERS OF AIRCRAFT MOTION

V.M. Soldatkin, B.I. Miftakhov, A.V. Nikitin, and V.S. Soldatkin

Features of the design and limitations on the use of air parameters systems traditional for
aircraft on small aircraft are noted, as well as prospects for the development of an ultrasonic
system. Models have been developed and an analysis of instrumental and methodological
errors in the systems’ measuring channels is given.

Keywords: aircraft, movement, parameters, measurement, ultrasonic system, features,
methodological and instrumental errors, measuring channels, models, development,
analysis.



VIK 629.7.054.44:629.7.05.69

OCOBEHHOCTHU ITOCTPOEHMUA,
OOPMUPOBAHUE U OBPABOTKA UH®OPMAIINN CUCTEMbI
BO3YHUIHBIX CUT'HAJIOB CAMOJIETA
C ®IO3EJIAKHBIMU ITPUEMHUKAMU TAPAMETPOB
HABETI'AIOHIETI'O TIOTOKA

B.M. Coapatkun, B.B. Coagarkun, P.B. Ko3nosckuii, I'.B. Ko3ioBckuii

PaccmartpuBaroTcs HEIOCTaTKU TPAAULIMOHHON I caMoJIeTa CUCTEMBI BO3AYIIHBIX CUI'HAJIOB C
pacIipe/ielieHHBIMU 110 IIPaBOMY U JIeBOMY OopTaM (Qro3enshka aBTOHOMHBIMHU IPUEMHUKAMH U
JaT4yuKaMu MHGOpPMAalMK O MapaMeTpax HaOeraroliero BO3AYIIHOTO IOTOKA, CBS3aHHBIMHU C
O60opToBBIM BhryHciuTeNneM. C IIENbl0 yCTpaHEHHs HENOCTATKOB PACKPBIBAETCS BO3MOXKHOCTh
MIOCTPOEHHSI CUCTEMBI HA OCHOBE (PIO3EISDKHBIX PUEMHHUKOB MIEPBUYHOIN MH(pOpMAaIHH, ee mpe-
00pa3oBaHust 1 00PaOOTKH BO BCTPOSHHOM BBIUUCIIHTENE, (OPMHUPYIOIIEM BBIXOAHBIE CHTHAIIBI
CHUCTEMBI I10 NPEATIOKEHHBIM aHATUTUYECKUM MOAETISIM.

KuarwueBble ciioBa: CaMo0JI1€T, BO3AYIIHbIC CUTHAJIBI, CUCTEMA, Haﬁeramumﬁ NnOTOK, mapa-
M€ETPHbI, (l)l{):{e.l'[ﬂ)lﬂlble NPUEMHUKH, npeoﬁpawnanne, 06p360TKa, BCTpOQHHLIﬁ BbBIYHC/IA-
T€JIb, KOHKYPCHTHbBIC IIPpEUMYyLIIECTBA.

PECULIARITIES OF CONSTRUCTION, SIGNAL FORMATION
AND INFORMATION PROCESSING OF AIRCRAFT AIR DATA SYSTEM
WITH FUSELAGE RECEIVERS OF PARAMETERS ONCOMING FLOW

V.M. Soldatkin, V.V. Soldatkin, R.V. Kozlovskii, and G.V. Kozlovskii

The disadvantages of the traditional for aircraft air signals system with distributed on the right
and left sides of the fuselage with autonomous receivers and sensors of information about
the parameters of the incoming air flow, connected with the onboard calculator are considered.
In order to eliminate them, the possibility of building the system on the basis of fuselage
receivers of primary information, its transformation and processing in the built-in calculator,
forming the output signals of the system according to the proposed analytical models
are disclosed.

Keywords: aircraft, air data, system, oncoming flow, parameters, fuselage receivers,
transformation, processing, built-in calculator, competitive advantages.
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AHTEHHbBI BECIIMJIOTHBIX JIETATEJIBHBIX AIIITAPATOB
C UCIIOJIB30BAHUEM METAMATEPHUAJIA

H.A. Tyrpspos, I0.E. Ceaenbnuxon

PaccMoTpeH Bompoc yiaydlleHus] XapaKTepUCTUK HAaIlpaBJIEHHOCTH OOPTOBBIX aHTEHH paluo-
JIOKAIIMOHHBIX OTBETYMKOB YCTAHOBKOW JOMOJIHHUTENBHBIX DJIEMEHTOB, HE TPEOYIOIIMX dJIeK-
TPUYECKOTO coeJMHeHus ¢ puaepom u kopmycoM ammapara. C nenbio popMupoBanus Tpedye-
MOH JiMarpaMMbl HalIpaBJIEHHOCTH CITa0OHAIPABICHHON aHTEHHBI OECIIMIIOTHOTO JIETATEILHOTO
amnrmapara IpeJylaraeTcsi UCIoIb30BaHNe JOMOHUTENFHBIX BCTABOK, BBIMIOJIHEHHBIX M3 MaTepH-
aja c OTpUIATENFHOM MarHUTHOM ITPOHUIIAEMOCTBIO.

KuawueBble ciioBa: amarpamma  HalnpaBJ€HHOCTH, OTPHHIATEJIbHas JTHIICKTPHYCCKasA
NpoOHMIAEMOCTDb, METAMATEPHUAJI, 0eCUJIOTHBIM JleTaTeJIbHbII amnmapar.

ANTENNAS OF UNMANNED AERIAL VEHICLE
USING METAMATERIALS

N.A. Tut’yarov and Yu.E. Sedel’nikov

The issue of improving the directional characteristics of the onboard antennas of radar
responders by installing additional elements that do not require an electrical connection with
the feeder and the body of the device is considered. In order to form the required directional
pattern of a weakly directional antenna of an unmanned aerial vehicle, it is proposed to use
additional inserts made of a material with negative magnetic permeability.

Keywords: radiation pattern, negative permittivity, negative magnetic permeability,
metamaterial, unmanned aerial vehicle.
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MOJEJIHUPOBAHHUE U USMEPEHHUE BJIMSHUA MJIOCKOM BOJIHBI
HA JIMHEUHO U HEJIMHEUHO 3AT'PYKEHHBIE OJJHOIIPOBO/HBIE
JIMHUU JIEKTPOIIEPEJIAYHA

E.1O. ®enopos, A.B. ®epenen, I'.C. Xaiipy/uiuna

HpOBOZ[I/ITCH HU3MEPCHHUEC U aHAJIM3 HABCACHHOI'O HAIIPSXKCHUA BO BpeMeHHOﬁ XapaKTCPpHUCTHUKE B
OZ[HOHpOBO[[HOﬁ JIMHUU T10[ BOSﬂeﬁCTBHeM QJICKTPOMArHuTHOI O 10JIA, Hpe}lCTaBJ’IeHHOﬁ KakK
IJIOCKas BOJIHA.

KiiioueBble c10Ba: JIeKTPUYECKUI MPOBOIHUK, JIEKTPOMATHUTHOE MOJie, JIeKTpoMar-
HHUTHAsI BOJIHA, MOJeJIMPOBAHNE, U3MEPEHHeE.

MODELING AND MEASUREMENT THE INFLUENCE
OF A PLANE WAVE ON LINEARLY AND NONLINEARLY LOADED
SINGLE-WIRE POWER LINES

E.Yu. Fedorov, A.V. Ferenets, and G.S. Khairullina

The induced voltage is measured and analyzed in the time characteristic in a single-wire line
under the influence of an electromagnetic field, represented as a plane wave.

Keywords: electrical conductor, electromagnetic field, electromagnetic wave, modeling,
measurement.
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YJIbBTPA3BYKOBOM KOHTPOJIb
I'TYBUHBI JEPEKTOB TUIIA «CKJIIAAKA»
B U3JIEJIUAX U3 CTERKVIOIIJIACTUKA

.. Yyakos, A.B. Tepexun, A.M. Jlymanckuit

[pennoxeH crocod onpeneneHus rIyOHHBI 1eEKTOB THIIA «CKIIAIKa» B CIOKHONPO(UIEHBIX
U3JICNTUAX U3 CTEKJIOIUIACTHKA YAbTPa3ByKOBBIMH BOJHAMHU C TIOMOIIBIO pa3paOOTaHHBIX U H3-
TOTOBJICHHBIX OPUTHMHAJBHBIX YIBTPAa3BYKOBBIX MbE303JEKTPUUSCKUX Tpeodpas3oBarteneii ¢ Ko-
HUYECKMMH BOJHOBOJaMH. [IpoBeieHa SKCIepHMEHTATbHAS OTPabOTKa MPEIIOKEHHOTO CITo-
coba ompezeneHus ITyOHHBI 1e()eKTOB THIA «CKIAJKa» U CPAaBHEHHE PE3yIIbTaTOB YIBTPa3BY-
KOBOTO KOHTPOJISI C Pe3y/IbTaTaMH PEHTTCHOBCKOH KOMIIBIOTEPHON TOMOrpadHu.

KitioueBble ci10Ba: yJbTPa3ByKOBOii KOHTPOJIb, INIy0OuHAa e eKTOB, CKJIATKH.

ULTRASONIC CONTROL OF THE DEPTH OF DEFECTS
OF THE “FOLD” TYPE IN GRP PRODUCTS

D.I. Chulkov, A.V. Terekhin, and A.M. Dumanskii

A method is proposed for determining the depth of defects of the “fold” type in
complex-shaped products made of fiberglass using ultrasonic waves using original ultrasonic
piezoelectric transducers with conical waveguides designed and manufactured. Experimental
testing of the proposed method for determining the depth of defects of the “fold” type and
comparing the results of ultrasonic testing with the results of X-ray computed tomography
was carried out.

Keywords: ultrasonic control, depth of defects, folds.
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