DPUSUKA

VIK 519.633.6

KOH®UT'YPAIIUS 3AIIATHOM IIJIEHKA
IIPU KOHBEKTUBHO-IIVIEHOYHOM OXJIAKJIEHUN
IHJIACTUHBI

A.A. AxyHoB, 10.®. I'optbimios, A.JI. Tykmakos, H.A. TykmakoBa

[IpuBeneHsl pe3ynbTaThl YHUCIEHHBIX pPACYETOB KOHBEKTHUBHO- IUIEHOYHOIO OXJIAXKICHUSA
riactuHel. [Ipumensiercss HecraumoHapHast ruOpuaHas 2-D RANS martematnyeckass Mojenb
BSI3KOI'O C)KMMAaeMOI0 TEIUIONPOBOAHOIO ra3a cO CKOPOCTHBIMU M TEIUIOBBIMU MPUCTEHOUHBIMU
GYHKIMAMY UL pelIeHHs CONpPSDKEHHOW Ta30JMHAMHMYECKOM M TEIUIOBOW 3aJaduM.
BbImonHeHs! pacueThl TEIIOBBIX M CKOPOCTHBIX MOJIEH rasza, TeMIepaTypHOro Mojis IJIaCTUHBI,
OIIMCaHbl MAapaMeTPbl OXJaXJAIoIled IUIEHKH, CO3JaBacMON CTpyed HU3KOTEMIIEpPaTypHOTO
ra3a, MpOTEKAIOIIEro 4epe3 HAKIOHHBIM KaHal M CO3JAIOLIEr0 KOHBEKTUBHO- IUIEHOYHYIO
3aIUTY TIOBEPXHOCTHU IUTACTUHBI CO CTOPOHBI  BBICOKOTEMIIEPATYPHOr'O IMOTOKA.

KiioueBbie ciioBa: ypaBHeHusi HaBbe — Crtokca, cxema Mak-Kopmaka, MHOrocBsi3HbIe
00J1acTH, IPUCTEHOYHBbIE (PYHKIINH, KOHBEKTUBHO-IJIEHOYHOE OXJIAMKIEHHE.

PROTECTIVE FILM CONFIGURATION DURING
CONVECTIVE FILM COOLING OF THE PLATE

A.A. Akhunov, Yu.F. Gortyshov, A.L. Tukmakov, and N.A. Tukmakova

The results of numerical calculations of convection-film cooling of the plate are given. A non-
stationary hybrid 2-D RANS mathematical model of a viscous compressible thermally
conductive gas with velocity and thermal wall functions is used to solve the associated gas-
dynamic and thermal problem. Calculations of thermal and velocity fields of gas, temperature
field of plate are performed, parameters of cooling film created by jet of low-temperature gas
flowing through inclined channel and creating convection-film protection of plate surface from
the side of high-temperature flow are described.

Keywords: Navier-Stokes equations, McCormack scheme, multi-connected regions, wall
functions, convective film cooling/



VIK 536.24

OCOBEHHOCTH BJIUSTHUS BO3JEHCTBYIOIINX
DOAKTOPOB HA DO®EKTUBHOCTDb CUCTEM
IVIEHOYHOI'O OXJVIAZKIAEHUA

A.B. Liubunkos, B.B. TakmoBues, A.B. lllykun, U.A. ITonos,
A.A. KucesieB

AHanM3UpYOTCs 0COOCHHOCTY BIIMSHHMS BBITYKJIONH M BOTHYTOM OXJIa)KAaeMOM MOBEPXHOCTH Ha
(G PEKTUBHOCTh €€ IUIEHOYHOT'O OXJIXKICHUS B YCJIOBUSX YCKOPEHHS OCHOBHOTO ITOTOKA.
PaccMoTpeHbl  BapuaHThl  WCIIONB30BAaHHMs  BEEPHBIX  OTBEPCTUH B CPaBHEHHUH C
IWJIMHAPUYECKUMH  aHaJloraMH B YCJIOBHSX IIyJlbCHpyomlero BayBa. OOcyxIarorcs
O0COOCHHOCTH OpraHM3alld IUICHOYHOTO OXJIAXKJCHUS Ha TOPIEBBIX CTEHKaX COILIOBOTO
anmapara TypOuHBI.

KialoueBble cj0Ba: IUIeHOYHOE OXJAXKIECHHE, BeepHbIe OTBEPCTHA; MYJIbCAIUHU
OXJIAJKAAIOIIET0 BO3AyXa, KPUBH3HA 00TeKaeMoOli MOBEPXHOCTH, YCKOpPeHHe IOTOKa,
TopueBasi CTeHKa, coruioBoii annapar I'T/L.

THE INFLUENCE OF DIFFERENT FORCING FACTORS
ON THE EFFICIENCY OF FILM COOLING SYSTEMS

A.V. IPinkov, V.V. Takmovtsev, A.V. Shchukin, I.A. Popov, and
A.A. Kiselev

The effect of convex and concave cooling surface on film cooling efficiency of this surface is
analyzed in accelerated main flow. Application variants of fan-shaped holes are compared with
their cylindrical counterparts for the case of pulsed blowing. Film cooling implemented on the
end walls of the nozzle guide blades is discussed.

Keywords: film cooling, fan holes; cooling air pulsations, streamline curvature, flow
acceleration, end wall, GTE nozzle guide blades.



VIK 621.43; 631.37

COBPEMEHHBIE METO/IbI
KOHTPOJISA KAYECTBA MACEJI

A.K. CybaeBa, M.M. 3amaabaunos, U.P. Canaxyraunos, C.B. Ctpeiabuos,
A.A. T'imynienko

B nmanHoili pabote MccieayoTes MpoodieMbl paluoHAILHOTO UCIONB30BAHUS MOTOPHBIX Macell.
PexoMmeHyeMass TEepUOTUYHOCTh 3aMEHBI MOTOPHOI'O Macia, HM3MepsieMas B KHJIOMETpax
mpoOera WM MOTO-4 pPalOOThI, COOTBETCTBYET YCPEIAHEHHBIM YCIOBUSAM OKCILIyaTaIlMd
aBTOTPAHCIIOPTHOM TEXHUKU. B peaybHBIX YCIOBHSIX DKCIUTyaTaIlUs aBTOTPAKTOPHOH TEXHUKU
MOKET COIPOBOXKIATHCS OOJiee TSHKEIBIMU HArpy3KaMH, UTUTEIBHON pabOoTON Ha XOJOCTOM
xony, pabOTOH B CHJIBHO 3ambLICHHOH MECTHOCTH. JTO MPUBOJMT K YCKOPEHHUIO Mpolecca
CTapeHHss MOTOPHBIX MAacell U CHIDKCHHIO €0 3KCILTyaTal[MOHHBIX CBOMCTB. YUYHUTHIBAsI BO3PACT
aBTOTPAKTOPHOW TEXHHWKH U CJIOXHBIC YCIOBHS KCIUTyaTalllH, CTAHOBUTCS HEOOXOIHMMa €ro
000CHOBaHHAsI 3aMeHa.

KuawueBble ciioBa: MOTOPHOE€ MAacC/i0, KHHEMATHYE€CKYI0 BSA3KOCTb, IIECJI0YHOEC YYHUCIO,
3arpa3HEHHOCTb, TEMIEPaTypy BCHObLIIIKH, KHCJIOTHOEC HYMCJI0, AUIICKTPUYCCKaAA
NPOHUIAEMOCTb.

MODERN METHODS OF OIL QUALITY CONTROL

A.K. Subaeva, M.M. Zamaldinov, I.R. Salakhutdinov, S.V. Streltsov, and
A.A. Glushchenko

This paper examines the problems of rational use of motor oils. The recommended frequency of
engine oil change, measured in kilometers of mileage or hours of operation, corresponds to the
average operating conditions of motor vehicles. In real conditions, the operation of automotive
equipment may be accompanied by heavier loads, prolonged idling, and work in heavily dusty
areas. This leads to an acceleration of the aging process of engine oils and a decrease in its
performance properties. Given the age of automotive equipment and difficult operating
conditions, it becomes necessary to reasonably replace it.

Keywords: engine oil, kinematic viscosity, alkaline number, contamination, flash point,
acid number, dielectric constant.



VIK 621.43

MOIEJUPOBAHHUE TEIVIOOTAAYHA B INWJIMHAPE IBC
HA CTAAUU ITPOEKTUPOBAHUA

B.B. Pymsinues, B.A. Jlyuiexo

IIpuBonsaTcs pe3yapTaThl MOJAEIUPOBAHUS TEIUIOOTJAYM BO BHYTPULIMIMHAPOBOW 4YacTH
MOPIIHEBOI'0 KOMOWHHMPOBAHHOI'O JU3EIs C NPUMEHEHHEM KoMMepdeckoro makera AVL
BOOST Ha craguu npoekTHpoBaHUsl. Pe3ynbTaThl pacueTa CpaBHUBAIHCH C PE3yIbTaTaMH
CTCHIOBBIX wWcmblTanuii nusens POUH 13,2/15,8. PexoMenmoBaHbl ypaBHEHHS IOIO0MS
TETUIO0TAAYH JJISl pacueTa MOoTepy Teria B WIMHIPOIOPIIHEBON YacTH JAU3EIA.

KuarwueBble cjioBa: AU3€Jb, TETI0BOM pacuer, Temiiooraada, rojJoBka HIUJIHUHIPA,
NMOpUICHb, T'NJIb3A.

MODELING OF HEAT TRANSFER IN AN INTERNAL
COMBUSTION ENGINE CYLINDER
AT THE DESIGN STAGE

V.V. Rumyantsev and V.A. Lushcheko

The results of modeling heat transfer in the in-cylinder part of a reciprocating combined diesel
engine using the AVL BOOST commercial package at the design stage are presented. The
calculation results were compared with the results of bench tests of the POCHN 13.2/15.8 diesel
engine. The heat transfer similarity equations are recommended for calculating heat loss in the
cylinder-piston part of a diesel engine.

Keywords: diesel engine, thermal calculation, heat transfer, cylinder head, piston, sleeve.



MALUMHOCTPOEHUE U MALLMHOBEAEHUE

VIK 54.061

NAEHTUOUKALUA ITOJTNMEPHBIX
KOMITO3UIIMOHHBIX MATEPUAJIOB U3IEJINNI
ABTOMOBMJIECTPOEHUSA C UCITIOJTBb30OBAHUEM
COBPEMEHHBIX METOA0OB UCCJIEJOBAHUA

J.P. 'anumos, H.B. bukranosa, A.T. I'y0aiinyaann, M.A. Knadykos

B pabore mnpencraBieHbl pe3yabTaThl HCCIEAOBAHMN XHMHUYECKOIO COCTaBa 3aJHEr0 M
nepeTHero OPBHI3TOBMKOB aBTOMOOWMIIEH pa3HbIX MapoK ¢ IPUMEHEHHEM COBPEMEHHBIX METO/I0B
WCCIIEJIOBAHMs, TaKUX KakK: pPEHTTeHO(a30BBIi W PEHTreHO(IYOPECIeHTHBI aHaJIH3bI,
muddepeHmanbHO-TepMUUECKHH, TEPMOTrpaBUMETPHYECKUil aHamu3 W IuddepeHnnansHo-
CKaHUPYIOIAs KaJTOPUMETPHSL.

KialoueBble cjioBa: peHTreHo(a30BbI aHANU3, PeHTreHO(JIyOpeCUeHTHBI aHaIu3,
nuddepeHIUATBLHO-TEPMUYECKUI aHaJIu3, TepMOrpaBUMeTPHY eCKUii aHaJIN3,
nuddepeHIUATBHO-CKAHUPYIONIAS  KAJOPUMETPHUsl, KOMIO3UIUOHHbIE MAaTepHAaJbl,
OpBHI3rOBUKM.

MODERN RESEARCH METHODS OF POLYMER
COMPOSITE MATERIALS IDENTIFICATION

E.R. Galimov, N.V. Biktanova, A.T. Gubaidullin, and M.A. Klabukov

This research presents the results of the chemical composition of the rear and front mudguards
of cars using modern research methods, such as: X-ray phase and X-ray fluorescence analyses,
differential thermal, thermogravimetric analysis and differential scanning calorimetry.

Keywords: X-ray phase analysis, X-ray fluorescence analysis, differential thermal
analysis, thermogravimetric analysis, differential scanning calorimetry, composite
materials, mudguard.



VIK 678.743.22

NCCIIEJOBAHHME ITPOIIECCOB
CTPYKTYPOOBPA3OBAHUSA HAITOJIHEHHBIX

IMOJIUBUHWJIXJTOPUIHBIX KOMHO3I/IHI/Iﬁ
9.P. I'aaumos, I.0. lllapapyraunosa, H.5A. N'anumona, T.B. Bypankosa

ITpoBeneHo uccienoBaHUE MPOLECCOB CTPYKTYPOOOpa30BaHUS KOMIIO3UIIMOHHBIX MaTE€pUAJIOB
Ha OCHOBE TEPMOIUIACTHYHOTO  IOJMBHHHWIXJIOPU/AA,  HAIOJHEHHOTO  JIUCIIEPCHBIMH
HAIIOJIHUTENSIMH  OPTaHUYECKOH TPUPOJBI B BHAE JMTHUHCOAEPKAIIMX COEIUHEHHH C
UCIIONIb30BAaHUEM  CKaHUpYIOUIled  30HJOBOW  MHKpockomuu. M3ydena  mopdomorus
MOBEPXHOCTHOTO CIJIOS IUIEHOYHBIX OOpa3loB, IMOJTYYEHHBIX TEPMOIUIACTUKAIMEH METOIOM
BaJbLIEBAHUS TP  ONTHMAJBHBIX TEMIIEPATYpHO-BPEMEHHBIX pexumax. OrmnpezneneHs
0COOEHHOCTH MPOLECCOB CTPYKTYPOOOPa30BaHUA reTepo(asHOi CTPYKTYPhl KOMIO3UIIMOHHBIX
MaTEpHAJIOB B 3aBUCUMOCTH OT COAEPKaHHUS TUCIIEPCHBIX HATIOIHUTEINEH.

KawueBbie cj10Ba: MOJHBHHWIXJIOPHI, HANOJHEHHE, JUTHUHCOAEPKAIIME COCAMHEHH,
KOMIIO3UIIMOHHbIE  MATEPHAJbI, TEPMOILIACTHKAIMSA, TreTepoda3Hasi  CTPYKTypa,
Mopdoiiorusi, CTPYKTypooOpa3oBaHue.

STUDY OF STRUCTURE FORMATION PROCESSES

OF FILLED POLYVINYLCHLORIDE COMPOSITES
E.R. Galimov, E.E. Sharafutdinova, N.Ya. Galimova, and T.V. Burdikova

The study of structure formation processes of composite materials based on thermoplastic
polyvinyl chloride filled with dispersed fillers of organic nature in the form of lignin-containing
compounds using scanning probe microscopy has been carried out. The morphology of the
surface layer of film samples obtained by thermoplasticisation by rolling at optimum
temperature and time regimes has been studied. The peculiarities of heterophase structure
formation processes of composite materials depending on the content of dispersed fillers have
been determined.

Keywords: polyvinyl chloride, filling, lignin-containing compounds, composite materials,
thermoplasticity, heterophase structure, morphology, structure formation.



VIK 629.3.023.1

PACYETHO-3KCIHEPUMEHTAJIbHBIN METO/JI OIEHKH
HPOYHOCTHU HECYHIUX CUCTEM
TPAHCIHHOPTHBIX CPEJACTB

N . I'amumsinos, U.P. MasJieeB, A.IlL. I1aBiaenko, U.A. CanaxoB

AHHOTaHI/IH. B cratne pacCMaTpuBarOTCA MCETOABI TMPOCKTUPOBAHUA HECYIIUX CHUCTEM
TPAHCIIOPTHBIX CPEIACTB. Hpez[nomeHa MCTOAMKA OUHCHKH IMPOYHOCTHU U TOJITOBCUHOCTHU Y3JIOB
HECYHINX CUCTEM. B kauectBe ImpuMepa npeacTaBjI€H OAWH U3 PCKHUMOB pacueTa HAIIPSAKCHHO-
I[e(l)OpMI/IpOBaHHOFO COCTOsIHUA Hecymeﬁ CUCTEMBI, JId KOTOpOro ObLIN CMOJC/IMPOBAHbI
JIOHXKCPOHBI U IMOIIEPEYNHBI PaAMBI. B I[aHHOﬁ pa60Te H3JI0OKCHA PACYCTHO-OKCIICPUMCHTAJIbHAA
MCTOAHKA OLICHKU yCTaJ'IOCTHOﬁ JOJITOBCYHOCTH HECYHINX DJICMCHTOB TPAHCIIOPTHBIX CPCACTB.

KuarwueBble ciioBa: A0JTOBE€YHOCTDb, HECYIIasl CUCTEMA, UCIIBITAHUEC, HanyBO‘leIﬁ pE€KUM,
AMIUIMTY/IbI Hal’lpﬂmelﬂ/lﬁ, YCTAJTOCTHBIC ITOBPEKIACHUA.

COMPUTATIONAL AND EXPERIMENTAL METHOD FOR
ESTIMATING THE RESOURCE
OF VEHICLE LOAD-BEARING SYSTEMS

L.D. Galimyanov, I.R. Mavleev, A.P. Pavlenko, and LI. Salakhov

The article discusses the methods of designing load-bearing systems of vehicles. A method for
assessing the strength and durability of components of load-bearing systems is proposed. As an
example, one of the modes for calculating the stress-strain state of the bearing system is
presented, for which the spars and crossbars of the frame were modeled. In this paper, a
computational and experimental method for evaluating the fatigue life of the load-bearing
elements of vehicles is presented.

Keywords: durability, load-bearing system, testing, load conditions, stress amplitudes,
fatigue damage.



VIK 004.655.3

INPOEKTUPOBAHME BA3bI JAHHBIX
HOJMMEPHBIX KOMITIO3UTHBIX MATEPHUAJIOB

E.A. I'ymuna

PaccmatpuBaercs 3Tambl IPOSKTUPOBAHMS 0a3bl JAaHHBIX KOMIIO3UTHBIX MAaTEPHAJIOB, CO3/IaHUC
CTPYKTYPBI, HAITMCAHUE TPOrPAMMHOT0 KO JUTS CO3aHMs TaOJIHII.

KuoueBbie cioBa: 6a3a nanubix SQL, npoekTupoBanue 6a3bl JaAHHBIX, CTPYKTYpa 0a3bl
JAHHBIX, MOJIMMePHbIE KOMIIO3UTHbIE MaTePHATbI.

DESIGNING A DATABASE
OF POLYMER COMPOSITE MATERIALS

E.A. Gushina

Annotation: the stages of designing a database of composite materials, creating a structure,
writing program code to create tables are considered.

Keywords: SQL database, database design, database structure, polymer composite
materials.



VIK 629.3.018

UCCJIEJJOBAHUE NEPEXO/JHBIX TPOLIECCOB
B IPEOBPA3OBATEJISIX HATIPSI)KEHUSI
YJEKTPUOUIITPOBAHHBLIX TPAHCIIOPTHBIX
CPEJCTB

II.K. Keppes, K.E. Kapnyxun

Ilenp wuccnemoBaHMS — aHaJIM3 ONBITa B 00JACTM MAIIMHOCTPOEHHSA IO pa3paboTke
npeoOpa3oBaTenell HANPSHKEHHS, YIYYIICHHIO WX XapaKTePUCTHK W HM3YYEHHIO BIIMSHHS
MePEXOJHBIX MPOIIECCOB HA IOBECHUE AIEKTPUPHUIIUPOBAHHBIX TPaHCIOPTHBIX cpeacT (DTC).
BeimosiHeH aHanMM3 HAyYHBIX TPYAOB 10 KCCIENIOBAHUIO IEPEXOMHBIX IPOIECCOB B
npeoOpa3oBaTessIX HaNpsHKEHHUs U CTereHb pa3pab0oTaHHOCTH TeMbL. IIpemioikeHa sKcepTHO-
aHaJUTHYECKasl OLIEHKA IOIXO/0B M ONTHMAJIFHBIX METONOB HAIIPaBJICHHBIX Ha YMEHbIICHUE
3aTpaT pecypcoB TAroBOH akkymyisitopHod Oatapen (TAB) Ha mpeoOpa3oBaHue sHEpruu B
OTC.

KnrouyeBble ci10Ba: TPAHCIOPTHOE CPEICTBO, JIEKTPONPHBON, JJIEKTPU(PUIIMPOBAHHOE
TPAHCIIOPTHOE  CPEACTBO, JHEepProd(peKTHBHOCTH, CUJIOBBIE  Npeodpa3oBaTesiu,
NepexoHbIe MPOLECCh, HCCIEA0BAHNE MPeodpa3oBaTelieil HANPSIKeHHs.

STUDY OF TRANSIENT PROCESSES IN VOLTAGE
CONVERTERS OF ELECTRIFIED VEHICLES

P.1. Zherdev and K.E. Karpukhin

The purpose of the study is to analyze the experience in the field of mechanical engineering in
developing voltage converters, improving their characteristics and studying the influence of
transient processes on the behavior of electric vehicles. An analysis of scientific works on the
study of transient processes in voltage converters and the degree of development of the topic
was carried out. An expert-analytical assessment of approaches and optimal methods aimed at
reducing the resource consumption of a traction battery for energy conversion into electric
vehicles is proposed.

Keywords: vehicle, electric drive, electrified vehicle, energy efficiency, power converters,
transient processes, research of voltage converters.
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VIK 004.925:621.438:536

INPUMEHEHME TEXHOJIOI'NHA
CEJIEKTUBHOI'O JIABEPHOI'O CHEKAHUA AJIA
BBINIOJIHEHU S CJIOKHOIMPO®UJIBHBIX OTBEPCTHI
B CUCTEMAX OXJVIAKIEHUSA

T.A. HibunkoBa, A.B. MibuHKOB

IIpencraBneHsl pe3ynbTaThl HCCIENOBAHUN IO HCIIOJB30BAHUIO TEXHOJOTMH CEIEKTUBHOIO
JIa3epHOTr0 CIIEKaHHUs MOPOIIKOBOro ciuiaBa MHkoHe s 718 st U3TOTOBIEHUS T€OMETPUIECKU
CIIOKHOW MOJICTTH DJIEMEHTAa TYpOWHHOWH JIomaTku. lVccimemoBaHa MHUKPOCTPYKTypa U
MHKpPOTBEPJOCT,  Mojnenu. I[IpencraBieHa oOleHKa pa3MepHOM TOYHOCTH  OTBEPCTUM
SKCIIEPUMEHTANILHBIX Mojlefied. B 3akimioyeHuu cjefnaHbl MPEAoKEHUs IO CO3/IaHHUI0
KOMOWHHUPOBAHHOM TEXHOJOTMH U3rOTOBIICHUs jonatok TB/I.

KunroueBble c10Ba: MojIeJIM MeJIKOKAHAJIBHBIX BEEPHBIX 0TBEPCTHIL, pa3MepHasi TOYHOCTh;
ceJIeKTHBHOE JIa3epHoe CIieKaHHe. MUKPOCTPYKTYPa, MUKPOTBEPIOCTh.

APPLICATION OF SELECTIVE LASER SINTERING
TECHNOLOGY FOR MAKING
COMPLEX-PROFILE HOLES IN COOLING SYSTEMS

T.A. IPinkova and A.V. I’inkov

The results of research on the use of selective laser sintering technology of Inconel 718 powder
alloy for the manufacture of a geometrically complex model of a turbine blade element are
presented. The microstructure and micrihardness of the model was studied. An assessment of
the dimensional accuracy of holes of experimental models is presented. In conclusion,
proposals are made for the creation of a combined technology for the manufacture of high-
pressure turbine blades.

Keywords: models of small-channel fan holes, dimensional accuracy; selective laser
sintering. microstructure, microhardness.



VIK 532.55:621.43.06

BJINAAHUE PACITAPAJVIEJIMBAHUA IIOTOKOB HA
IHNPOTUBOIJABJIEHUE B CUCTEME BBIITYCKA U
HEWTPAJIM3AIIUU OTPABOTABIIINX TA30B
JABUT'ATEJIA SKOJIOI'MYECKOI'O KJIACCA 6
MAI'HNCTPAJIBHOTI'O ABTOMOBMJISA KAMA3

N.X. Ucpaduios, A.T. 'anuaxéapos, A.B. boaabipes, C.B. boaabipes,
N.®. I'ymepos, JI.U. ®apaees

B pamkax WcHonb30BaHUS ONHOMEPHOH Ta30AMHAMUYECKONH MaTeMaTHYeCKOW MOJeNn
nporpammbl AVL BOOST paccuntana 3aBUCHMOCTh MacCOBOI'O Pacxoia 0Tpa0dOTaBIINX ra3oB
OT Tiepenaia JaBJIeHUH B CUCTEME BBIITYCKa W HEHTpaU3aluy Ha Pa3JIMYHbBIX PeKUMax paboThl
JIM3ETILHOTO JIBUTATENsl HSKOJOTMYEcKOro Kiacca 6 MarucrpanbHoro aBTomoOmiss KamA3.
PaccMoTpeH BapuaHT pacnapajielMBaHHs IOTOKOB OTpaOOTAaBIIMX Ta30B B KaTajlu3aTope
OKHCIEHMS W cakeBoM (QWIbTpe TIyHIMTeNs-HeWTpanuzatopa. B  Xome duCIeHHOro
MOJICTTMPOBAHHMS TEUEHHsI Ta30B Ha TEX )K€ PEeKUMax pabOThl CHCTEMBI 110 Nepenany AaBiIeHHUH
BBISBJICHO YBEIUYCHUE MACCOBBIX PACXOIOB OTpaboTaBImMX ra3oB Ha 16,3...33 %, T. e.
KOCBEHHO ITOJTBEPIK/I€Ha BO3SMOKHOCTb CHU)KEHHSI IPOTHUBOAABIICHHUSL.

KilodeBblie cjioBa: 4HMCJeHHOe MOAeTHPOBAHME; CHCTeMa BBINYCKAa W HelTpajau3anmu;
pacnapaJieJiMBaHue MOTOKOB; MPOTUBOJABJIEeHNE; TU3eIbHbII IBUTaTE/b.

THE INFLUENCE OF FLOW PARALLELIZATION
ON THE BACK PRESSURE IN THE EXHAUST GASES’
EXHAUST AND NEUTRALIZATION SYSTEM
OF THE ENGINE OF 6TH ENVIRONMENTAL CLASS IN
THE KAMAZ LONG-HAUL VEHICLE

L.Kh. Israphilov, A.T. Galiakbarov, A.V. Boldyrev, S.V. Boldyrev,
L.F. Gumerov, and L.I. Fardeev

Using a one-dimensional gas-dynamic mathematical model of the AVL BOOST program, the
dependence of the mass flow of exhaust gases on the pressure drop under various operating
modes of the exhaust and neutralization system of a diesel engine of the 6th environmental class
in the KAMAZ long-haul vehicle was calculated. A method for parallelizing exhaust gas flows
in the oxidation catalyst and the particulate filter of the muffler-neutralizer is considered.
During the numerical simulation of gas flow at the same pressure drops in the system, an
increase in the mass flow rate of exhaust gases by 16.3..33% was detected, that is, the
possibility of reducing back pressure was indirectly confirmed.

KiioueBble cioBa: numerical simulation; exhaust and neutralization system; flow
parallelization; back pressure; diesel engine.
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VIK 621.791

NCCIEJOBAHUE ITPOUHECCA U3I'OTOBJIEHUS
OCHACTKHA METOJAOM AJAUTUBHBIX TEXHOJIOI'NAN

A.B. Kanssmmna, B.B. Mopo3os, /I.E. beres, F0.H. CmupHos

JlanHOE MccnenoBaHUE MOCBSAIICHO NMPOLIECCY W3TOTOBJIEHUSI OCHACTKM METOJOM aJIUTUBHBIX
TEXHOJIOTHI. 3aXBaTHOE YCTPOMCTBO SIBIISETCS BaXKHBIM DJIEMEHTOM MPOMBIIUIEHHOTO po0oTa U
K HEMY INpEIbsBISIIOTCS OIpeAeieHHble TpeboBanus. B maHHOM pabore ObUT CIPOEKTHPOBAH
JIBYXKYJIAYKOBBI MEXaHHUUYECKHH 3aXBaT C OJJACTUYHBIMH CXBATHIBAIOIIUMH DJIEMEHTAMHU U
IUIaHeTapHbIN penykrop. MopenupoBanue mnpoBoguioch B cpere AutoDesk Fusion 360.
Wznenue 6buto MarorosieHo ¢ nmomouibto FDM npunrepa monenu «Elegoo Neptune 3 Proy,
KOTOpBIH paboTaeT MpPaKTHYECKH C JIOOBIMH THNAMH IutacTuka. Jlias mccienoBanus Obun
BbIOpanbl Tpu Tumna miactuka PLA, PETG, TPU. U3 nmepBoro miactuka ObUIM HarleYaTaHBI
OCHOBHBIE MEXaHHYECKHE YaCTH KOHCTPYKIMHU KOpIyca 3aXBAaTHOI'O YCTPOWCTBA M PEIyKTOpA.
3axBaTHas 4acTh Obuta m3rorosieHa u3 miactukoB PETG u TPU. B mpouecce nsrotoBneHus
BO3HHMKAIM TPOOJIEMBI, KOTOpble OBUIM HCCIEIOBAHBI, HANIEHO peIIeHne, pe3yJbTaThl
TIPE/ICTaBIICHBI B BUJIE TAOIUIIBI

KuarwueBble ciioBa: MO€/JIMpOoBaHuE, 3D-He‘laTb, AJJAUTHBHBIC TEXHOJOI'MM.

RESEARCH OF THE MANUFACTURING PROCESS
OF EQUIPMENT USING
THE ADDITIVE TECHNOLOGY METHOD

A.V. Kalyashina, V.V. Morozov, D.E. Betev, and Yu.N. Smirnov

This study is devoted to the process of manufacturing tooling using additive technologies. The
gripping device is an important element of an industrial robot and certain requirements are
imposed on it. In this work, a two-jaw mechanical gripper with elastic gripping elements and a
planetary gearbox were designed. Modeling was carried out in the AutoDesk Fusion 360
environment. The product was manufactured using an FDM printer model “Elegoo Neptune 3
Pro”, which works with almost any type of plastic. Three types of plastic PLA, PETG, TPU
were chosen for the study. The main mechanical parts of the gripper body and gearbox structure
were printed from the first plastic. The gripping part was made of PETG and TPU plastics.
During the manufacturing process, problems arose that were investigated, a solution was found,
the results are presented in table form

Keywords: modeling, 3D printing, additive technologies.



VIK 536: 536.1: 629.7.02

OCOBEHHOCTHU ASPOJANHAMMUKHU
KECTKOKPBLIBIX HACEKOMBIX

A. B. Kocapes

B cratee paccMOTpeHBI 0COOEHHOCTH a3pOJMHAMHKH IOJETa HKECTKOKPBUIBIX HACEKOMBIX, HE
HaxoJsume oObsCHeHUs1 B pamkax teopuu JKykoBckoro - Kyra. IlpemioxeHo oObsicHeHHE
MIOBBIIIEHHON TPY30MOABEMHOCTH U BEPTHKAJIBHOIO B3J€Ta M IOCATKU KECTKOKPBUIBIX
HACEKOMBIX Ha OCHOBE 3aKOHOMEPHOCTEH TeIIO(PU3UKH.

KuawueBble cioBa: ajdpoaIuHaMHUKa, MalCKuii AKYK, PpacnpeaejaceHnue MaKcCBeJlIa,
TEMIIEpaTrypa, 1aBJICHUE, HAAKPBIJIKH, BEPTOJIET.

FEATURES OF THE AERODYNAMICS
OF COLEOPTERA INSECTS

A.V. Kosarev

The article considers the features of the aerodynamics of the flight of coleoptera insects, which
cannot be explained within the framework of the Zhukovsky - Kut theory. An explanation of the
increased load capacity and vertical takeoff and landing of coleoptera insects based on the laws
of thermophysics is proposed.

Keywords: aerodynamics, May bug, Maxwell distribution, temperature, pressure, slats,
helicopter.
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VIK 621.45:621.822.1

METOJIUKA PACUETA NOJBEMHOM CHUJIBI
MACJIAHOI'O KVIMHA TOAHIMNITHUKA CKOJIBKEHUA
JJIA BBICOKOCKOPOCTHOI'O POTOPA
HEPCIIEKTUBHOI'O I'A3OTYPBUHHOI'O IBUT'ATEJIA
HA OCHOBE NTPOLHECCOB KUHETHUKH
N T'NAPOANHAMMUKHU POTOPA

B.B. Kyaaanaes, II.A. CBoaun

Pacuer OMNOpHBIX MOALIMIHUKOB CKOJBXEHHUA YCIOXKHAETCS B ClIydae pealu3aliuu
TypOyJICHTHOTO peXUMa TEUEHHSI )KUAKOH CMa3KH BHYTPH MacisTHOTO 33a30pa, YTO XapaKTEpPHO
JUISL  BBICOKOCKOPOCTHBIX ~POTOPOB  COBPEMEHHBIX M  IEPCIEKTUBHBIX  ABHAIIMOHHBIX
ra3oTypOUMHHBIX JaBUTaTened. B paboTe mnpemiokeH HOBBIA IMOIXON K pacdeTy paboumx
THIPOAMHAMHUUYECKUX TTapaMeTpOB IMOIIMITHUKA CKOJIbXKEHHS, OCHOBAaHHBIM Ha TMIIOTE3€, YTO
Ha YCTAaHOBUBIIUXCS peXHMax pabOThl CHIOBOW YCTAaHOBKH, OOECIIEUMBAIOIIUX PEXHUM
YCTOMYMBOTIO HUIKOCTHOTO TPEHHs, TUAPOAMHAMUYECKHE IIPOIECChl B MACISHOM 3a30pe
OJHO3HAYHO OIpEIEIAI0T KHHETUKY poropa. Ha ocHOBaHMM NpENIOKEHHONO METOAA
c(OpMYIMPOBaHbI PacUETHHIE 3aBHCHMOCTH MOABEMHOW CHJIBI MACISHOTO KIMHA M JIPYTHUX
THIPOANHAMHUYECKUX apaMeTPOB CUCTEMBI.

KaroueBnle cioBa: 01'[0pr1]7] MNOAIIMIITHUK CKOJbKECHHHA, PpacueT HO}I'LeMHOﬁ CHJIBI
MAaCJIsIHOI0 KJIMHA, THAPOIMHAMHKA POTOPAa, KUHETHUKA PpOTOpa, pacHeT NOAUIMITHHKA
CKOJIb’KCHHUSA .

METHOD FOR CALCULATING
THE LIFTING FORCE OF THE OIL WEDGE
OF A SLIDING BEARING FORA HIGH-SPEED ROTOR OF
A PROMISING GAS TURBINE ENGINE BASED ON
THE THEORIES OF ROTOR KINETICS
AND HYDRODYNAMICS

V.V. Kulalayev and P.A. Svodin

The calculation of journal bearings becomes more complicated in the case of a turbulent flow of
liquid lubricant inside the oil gap, which is typical for high-speed rotors of modern and future
aircraft gas turbine engines. The work proposes a new approach to calculating the operating
hydrodynamic parameters of a sliding bearing, based on the hypothesis that in steady-state
operating conditions of the power plant, providing a stable fluid friction regime, hydrodynamic
processes in the oil gap uniquely determine the kinetics of the rotor. Based on the proposed
method, the calculated dependences of the lifting force of the oil wedge and other
hydrodynamic parameters of the system are formulated.

Keywords: journal support bearing, calculation of the lifting force of an oil wedge, rotor
hydrodynamics, rotor Kkinetics, calculation of a sleeve bearing.



VIK 681.516.32

BbBIBOP APXUTEKTYPbBI CUCTEMBbI YIIPABJIEHUSA
BECIIMJIOTHBIM TPAHCIHHOPTHBIM CPEJACTBOM JJIAA
ABU/KEHUS 110 3AKPBITBIM TEPPUTOPUAM

N.B. Jlo6ayeB, M.A. Pbikenko, I'.A. ApyTionsin, A.C. MypasbeB,
AM. AyOMHKHH

[Ipennaraercs apxWTeKTypa CHUCTEMBI YIPABIECHUs JUisi OECIMIOTHOTO TPAaHCIIOPTHOTO
Cpe/CTBa, MPEAHA3HAUEHHOTO ISl SKCIUTyaTalluyd Ha 3aKpPBITHIX TeppuTOpusax. OmnuchIBaeMBbIi
MOAX O TIpeTHa3Ha4YeH ISl OCYIIECTBIICHUS ABWKEHHSI B OIMCAHHBIX MPOCTPAHCTBAX C YIETOM
pa3MeTKH, 3HAKOB, MpPEISITCTBUH M TpaHun jgopord. OnpeneneH OOIIMA BUI KOHTYpPOB
YIIpaBJCHUS TPOJOIBHBIM M OOKOBBIM JIBH)KEHHWEM. BBbIsBIEH mepeueHb HWH(OpMAaIUH,
MOJy4aeMbli C JaTYMKOBOW ammapaTypbl. PaccMoTpeHbl cpenbl Iuisi 0OpaOOTKH MOKa3aHWi
JIATYMKOB M (hOPMUPOBAHUS YIpaBISIONMX BozaericTBuid. O0ocHoBaH BbIOOp ROS2 mis 3amau
OECIMIIOTHOTO IBU)KEHHUS 110 3aKPHITHIM TEPPUTOPHSIM.

KialoueBbie ciaoBa: o0pa0oTka mNoOKa3aHWi NaT4YNKOB, OOHApY/KeHHe NpPensiTCTBH,
CHCTeMa YNPpaBJeHUs] NPOIOJBHBIM JIBHKEHHEM TPAHCIOPTHOIO CpeICTBa, CHCTEMAa
ynpaBJ/ieHUsl 00KOBbIM JBH:KEHHEM TPAHCIOPTHOTO CPeICTBA.

SELECTION OF ARCHITECTURE
OF AN UNMANNED VEHICLE CONTROL SYSTEM FOR
DRIVING IN CLOSED TERRITORIES

L.V. Lobachev, M.A. Ryzhenko, G.A. Arutyunyan, A.S. Muravyov, and
D.M. Dubinkin

The paper proposes an architecture of the control system for an unmanned vehicle intended for
operation in closed areas. The described approach is intended to carry out movement in the
described spaces, markings, signs, obstacles and road boundaries taken into account. The
general view of the longitudinal and lateral movement control loops has been determined. A list
of information received from sensor equipment has been identified. Environments for
processing sensor readings and generating control actions are considered. The choice of ROS2
for tasks of unmanned movement in closed areas is justified.

Keywords: processing of sensor readings, obstacle detection, vehicle longitudinal
movement control system, vehicle lateral movement control system
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VIK 621.438

NCCIIIEJOBAHUE XAPAKTEPUCTHUK
PA3JIMYHBIX TOIIJIUB I'T /]

T. Maii, b.I'. MuHrazon

Tema CHIWKEHHS yriiepo/ia B MPOMBIIUICHHOCTH SIBJISETCS aKTYaJbHON U CBA3aHO C TJI00aIbHON
POOJIEMOI OXpaHbl OKpY)KalolIel cpeabl. M3BECTHO, YTO TPU KCIOIB30BAHUH Pa3IMIHBIX
TOIUIMB JBHUraTeIH IPOM3BOIAT pPa3sHOC KOJMYECTBO 3arps3HCHWil. B maHHOW pabote
paccMaTpuBaeTCsl BO3MOXKHOCTH IMPHMEHCHHMS HOBBIX BHJOB TOIUIMB B Ta30TypOMHHBIX
meurarensax (I'TJ]) ¢ menblo cHKeHHS BpeOHBIX BBIOpocoB IlyreM aHanm3a pe3yinbTaToB
TEOPETUYECKUX PACUETOB XaPAKTEPUCTUK TOPEHUS U DKCIEPUMEHTAIBHBIX JaHHBIX MyTeM HX
CpaBHEHUsI TTOKA3aHO MPEUMYIIECTBA U HEJJOCTATKU MPUMEHEHUS pa3InYHbIX BUJOB TOIUIUBA B
I'TH.

KiroueBbie cisioBa: mnporpamma CHEMKIN, Bomopona, MeTraH, MeTaHOJ, KePOCHH,
JIaMUHAPHAsI CKOPOCTH IUIaMeHH, ainadaTHYeCKasi TEMIIEPATypa CropaHus.

STUDY OF THE CHARACTERISTICS
OF VARIOUS GAS TURBINE ENGINE FUELS

T. Mai and B.G. Mingazov

The topic of carbon reduction in industry is relevant and is associated with the global problem
of environmental protection. It is known that engines produce different amounts of pollution
when using different fuels. This paper examines the possibility of using new types of fuels in
gas turbine engines (GTE) in order to reduce harmful emissions. By analyzing the results of
theoretical calculations of combustion characteristics and experimental data by comparing
them, the advantages and disadvantages of using different types of fuel in GTEs are shown.

Keywords: CHEMKIN program, hydrogen, methane, methanol, kerosene, laminar flame
speed, adiabatic combustion temperature.



VIIK 629113

HEPCIIEKTUBBI HPUMEHEHUA DJIEKTPOBYCOB HA
IOPOACKHUX MAPHIPYTAX POCCHUH

N.B. MakapoBa, M.M. I'anues, I'.P. MaBasiyrauHoBa, JI.M. I'aG6caanxosa

Hcnonb3oBaHye HKOIOTUYHBIX BUAOB B CEKTOPE FOPOJICKOIO TPAHCIIOPTa UMEET 3HAUNTEIbHBIN
MOTEHIMAJ JJIsl COKpPAIIEHUs] BPEHBIX BHIOPOCOB 3arpsi3HAIONIMX BEUIECTB. B mociemnHue roms
HaOmroaercs OBICTPBI POCT PpBhIHKA O3JIEKTPUYECKUX TPAHCHOPTHBIX CPENCTB, 3apsiTHOM
UH(PACTPYKTYPBI, aKKyMyJSTOpOB. PaccMoTpena Mapo4Hasi CTPYKTypa Iapka 3JeKTpoOycoB B
Poccun, Hambonblliee KOIMYECTBO KOTOPBIX COCPENOTOYEHO B MOCKBE. YCTaHOBJIEHO, YTO
pasBUTHE 3apsIHON M OOCIyXHBalomeld HHPPACTPYKTYPHI SIBISIETCS Ba)KHBIM IIPHU OLEHKE
ciepKUBatoInX (haKTOpOB U NMEPCIIEKTUB Pa3BUTHUS PHIHKA AIIEKTPoOycoB B Poccun.

KutioueBble ciioBa: 3J1eKTPoOyC, 001eCTBEHHBIH TPAHCIIOPT, IKOJOTHYHOCTb.

PROSPECTS FOR THE APPLICATION OF ELECTRIC
BUSES ON CITY ROUTES IN RUSSIA

L.V. Makarova, Ganiev M.M., G.R. Mavlyautdinova, and
L.M. Gabsalikhova

The use of sustainable modes in the urban transport sector has significant potential to reduce
harmful pollutant emissions. In recent years, there has been rapid growth in the market for
electric vehicles, charging infrastructure, and batteries. The brand structure of the electric bus
fleet in Russia is considered, the largest number of which is concentrated in Moscow. It has
been established that the development of charging and maintenance infrastructure is important

when assessing the limiting factors and prospects for the development of the electric bus market
in Russia.

Keywords: electric bus, public transport, environmental friendliness.
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VIK 656.1; 656.07

COBEPIHIEHCTBOBAHUME KOHIEIIINHN CUCTEMbI
ABTOHOMHOI'O YIIPABJIEHUA TEXHOJOI'NYECKUM
TPAHCIHOPTOM

N.B. Makaposa, .M. Myxametrauno, A.C. bapunos, U.B. Xansinun

B craTthe aHanmuzupyercss BO3MOXKHOCTD HCIOJIb30BAHUS BCEX TEXHOJIOTMUECKHUX MPEUMYIIECTB
KOMMyHasbHOM Mamuabel BKM-2020 npu o0opynoBaHMM €€ CHCTEMOH aBTOHOMHOI'O
ynpapieHus. PaccmaTpuBaeTcss HECKOJIbKO KOHIENTYaIbHO Pa3IMYHBIX BAPHAHTOB MOIXO/IOB K
MIPOEKTUPOBAHUsI aBTOHOMHOM CHCTEMbI ympaBieHus. llepBas 3akirodaercs B OCHAIICHUH
TEXHUKA MAaKCUMAJIbHBIM KOJMYECTBOM COBPEMEHHOI'O BBICOKOTOUHOrO 00OpymoBaHus. [Ipu
9TOM JIJIs B3aUMOJICHCTBHUS C OKPYKAIOIICH Cpeloil 00bEeKTaMU Pa3HBIX THIIOB HCIOIBb3YIOTCS
LiDAR-natunku, MW kamepbl, a TakKe BBICOKOTOYHBIC MOIY/IM Hapurarmu. CucTema
AHAIM3UPYET CUTYAIlMI0 HAa OCHOBaHUM HWH()OPMAIMM C JATYUKOB M, B COOTBETCTBHU C
CUTyallMel, MPUHUMAET PElICHUs. BTopoil BapwaHT moapasymeBaeT paboTy B «HMICATBHOMN
cpene, B KOTOpoH oTcyTcTByloT mnomexu. CyTh 3aKilodyaercs B CO3JIaHUH BHUPTYaJbHOIO
«penbcay JUI IBUKEHUS TEXHUKU. B 3TOM ciydae yrnpaBiieHUE OCYIIECTBISETCS 10 3aIaHHOMY
alTOPUTMY, B COOTBETCTBHM C KOTOPBIM JUISi TEXHUKH MPEIyCMOTPEH CTPOTUH MapIipyT,
OTKJIOHATKLCS OT KOTOPOTO OHA He JO/DKHA. [Ipu TakoM BapuaHTe HEOOXOIMMO CO31aTh YCIOBUS
JUTSE KOPPEKTHOH pabOoThl aBTOHOMHOM CHCTEMBI: 3TO KacaeTcsi HH(PaCTPYKTYphl 30HBI
WCIIONIb30BAaHUsl TEXHUKH, a TaKkKe MPUHATHS Mep MO MNPEJOTBPAIICHUIO BO3JEHCTBUS Ha
CHUCTEMY BHEIIHUX (DaKTOPOB.

KiarwueBble c/IoBa: TEXHOJIOTHYECKUH TPpaHCIoOPT, 0ecnuJIOTHbIE aBTOMOﬁl/I.T[l/I, CHUCTEMBI
ABTOHOMHOI'0 YIIPABJCHUSA TPAHCIIOPTOM.

IMPROVING THE CONCEPT OF AN AUTONOMOUS
CONTROL SYSTEM FOR TECHNOLOGICAL TRANSPORT

I.V. Makarova, E.M. Mukhametdinov, A.S. Barinov, and 1.V. Khalyapin

The article analyzes the possibility of using all the technological advantages of the VKM-2020
municipal machine when equipping it with an autonomous control system. Several conceptually
different options for approaches to designing an autonomous control system are considered. The
first is to equip the equipment with the maximum amount of modern high-precision equipment.
At the same time, LiDAR sensors, Al cameras, and high-precision navigation modules are used
to interact with various types of surrounding objects. The system analyzes the situation based
on information from sensors and makes decisions according to the situation. The second option
involves operating in an “ideal” environment where there is no interference. The essence is to
create a virtual “rail” for the movement of equipment. In this case, control is carried out
according to a given algorithm, according to which a strict route is provided for the equipment,
from which it should not deviate. With this option, it is necessary to create conditions for the
correct operation of the autonomous system: this concerns the infrastructure of the area where
the equipment is used, as well as taking measures to prevent the impact of external factors on
the system.

Keywords: technological transport, unmanned vehicles, autonomous transport control
systems.



VIK 2.3.3

ABTOMATHU3UPOBAHHAS CUCTEMA
®OPMUPOBAHUS AJTBTEPHATUBHBIX
TEXHOJIOTMYECKUX NPOIIECCOB
KY3HEYHO-ILITAMIIOBOYHOT' O ITPON3BO/JICTBA
ABTOMOBWIEHN

J.JI. [Tankpartos, JI.A. CumonoBa, A.M. Baiues, JI.M. HuzamoBa

Hpe}]CTaBJ’IeHa CUCTEMA, KOTOpasA MO3BOJHUT OCYIIECTBJIATE MHTCIICKTYAJIbHYIO TOAACPKKY 1O
MO CKY UMCIOIIUXCA T'OTOBBIX peH.IeHPIﬁ, COOTBCTCTBYIOIIUX 3a/IaHHBIM ITapaMETpaM.

KialoueBble cioBa: aBTOMaTH3alMs, HepapXuyecKas CTPYKTypa, HHTeJUIEKTyaJbHasi
NOJ/IeP’KKA, TEXHOJIOTHYECKHUI mpouece, ropsiyasi 00beMHasi IITAMIOBKA, ce0eCTOUMOCTD,
Ka4ecTBO.

AUTOMATED SYSTEM FOR THE FORMATION OF
ALTERNATIVE TECHNOLOGICAL PROCESSES FOR
FORGING AND STAMPING PRODUCTION OF CARS

D.L. Pankratov, L.A. Simonova, A.M. Valiev, and L.M. Nizamova

The paper presents a system that will allow for intellectual support in the search for available
ready-made solutions corresponding to the specified parameters.

Keywords: automation, hierarchical structure, intellectual support, technological process,
hot stamping, cost, quality.
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VIK 656.136

IMPUMEHEHUWE MYJIbTUATI'EHTHBIX TEXHOJIOI U
JJIA YIIPABJIEHUA BECITMJIOTHBIM TPAHCITOPTOM

J.JI. llankparoB, U.®. IOnycos., A.H. Wmoxun, .M. MyxaMeTIUHOB,
A.JA. IlankpaToB

B cratee paccMOTpeHBI BOIPOCH! MO YIPABICHUIO JOCTAaBKOM IPOM3BOACTBEHHBIX IPY30B
OECIMIIOTHBIMU TPAHCIIOPTHBIMU CPEACTBAMH C IPUMEHEHUEM MYJIbTHAT€HTHBIX TEXHOJOTHH.
B cratse npoBeneH 0030p M aHAJIM3 CYLIECTBYIOIIMX CUCTeM ympaBieHus. Ilo pesynabraram
aHaJIu3a CYIIECTBYIOIIMX Pa3paboTok chopMUpOBaHBl TPeOOBaHUS U CTPYKTypHas cxema
CHCTEMBl IO YIPABJICHUIO JIOTHUCTUKOH MEPEBO30K C HCIIOIb30BAaHMEM OECHHIOTHOTO
TpaHCIopTa B JOrucrudeckoM kopuaope M-11 «Hesay.

KiiroueBble cjioBa: 0ecnuJIOTHBII TpaHCHoOpT, transport management system (TMS),
MYJIbTHATE€HTHBIE TEXHOJIOTHH.

APPLICATION OF MULTI-AGENT TECHNOLOGIES TO
CONTROL UNMANNED VEHICLES

D.L. Pankratov, LLF. Yunusov, A.N. Illyukhin, E.M. Mukhametdinov, and
D.D. Pankratov

The article discusses issues related to managing the delivery of industrial cargo by unmanned
vehicles using multi-agent technologies. The article provides a review and analysis of existing
control systems. Based on the results of an analysis of existing developments, the requirements
and structural diagram of a system for managing transportation logistics using unmanned
vehicles in the M-11 Neva logistics corridor were formed.

Keywords: unmanned vehicles, transport management system (TMS), multi-agent
technologies.



VIK 621.793.182

HOBBIIEHUE EMKOCTHA
KOHJEHCATOPOB TATOBOH FATAPEH
3A CHET BHEAPEHHUSA OCTPOBKOBBIX
TOHKOIIJIEHOYHbBIX HAHOCTPYKTYP

N.E. [Tumenos, C.B. Cuagopona

B pabGore mpemiokeH cmocod (GOpMUPOBAHHMS OCTPOBKOBOTO IOKPBITHS  METOIOM
MarHEeTPOHHOI'O PACIBUIEHUS W3 KOMOHHHUPOBAHHON MuIeHH. OCTPOBKOBYIO TOHKYIO IUIEHKY
IpejiaraeTcss HaHOCUTh Ha OOKJIaJKd KOHAEHCATOpAa IS IOBBIIEHHS eMKOCTH. IIpuBeneHbI
BapHaHThl KCIOIHEHHUS KOMOWHHPOBAHHON MHUIICHH W3 JUAJIEKTPUUYECKOrO0 MaTepuaia C
BCTaBKaMU U3 MPOBOAHHUKA. [IpelcTaBiieHbl Pe3yabTaThl MOJCIHPOBAHUSA M pacyera eMKOCTH
KOHJ/ICHCATOPA C OCTPOBKOBBIMH CIIOSIMU Ha OOKJIAIKaX.

KiaioueBble cj10oBa: THATOBBIN AKKYMMYJIATOpP, THAroBasi 6aTapeﬂ, BBICOKOBOJIbTHadA
CHUCTEMA, NMPpUBOJ aBTOMOﬁHJ’[ﬂ, BaKYyYMHbI€ TE€XHOJIO0IuM, HOHHO-IIJIA3BMCHHBIC
TEXHOJOI'iHd, HOHHOE TPABJI€EHUE, OCTPOBKOBbLIC IIVICHKH, KOHICHCATOPbI.

INCREASING THE CAPACITANCE OF TRACTION
BATTERY CAPACITORS BY INTRODUCING ISLAND
THIN-FILM NANOSTRUCTURES

I.LE. Pimenov and S.V. Sidorova

The paper proposes a method of forming an island coating by magnetron sputtering from a
combined target. The island thin film is proposed to be applied to the capacitor linings to
increase capacitance. Design variants of the combined target made of dielectric material with
conductor inserts are presented. The results of modeling and calculation of capacitance
of a capacitor with island layers on the linings are presented.

Keywords: traction battery, traction battery, high-voltage system, car drive, vacuum
technology, ion-plasma technology, ion etching, island films, capacitors.
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VIK 678

PA3BPABOTKA METOJUKU UCITBITAHUN
MATEPHUAJIOB JJIAA FDM INIEYATHU, IPUMEHAEMBIX
JJIA U3I'OTOBJIEHUSA ABTOKOMIIOHEHTOB

JLLH. llladpurynaun, A.T. 'aoapaxmanos, H.B. Pomanosa, U.A. Hacbipos,
B.C. Camun, A.M. COTHHKOB

B cratbe mpencraBieHa MeToAMKa UCHBITAHUN MaTepuanoB s FDM nedatu, npuMeHseMbIX
JUTsI  W3TOTOBJICHHWS ABTOKOMIIOHEHTOB. [IpWBENEHBI pEe3yabTaThl HCIBITAHUNA  (U3UKO-
MEXaHHYeCKUX CBOWMcTB obOpasmoB w3 PLA, ABS, PAI12, PETG, HIPS d¢unamenros,
MU3TOTOBJIEHHBIX B PAa3HbIX HampaBleHWsX nedyaTd. [lomydeHbl BBIBOABI O 3HAYUTEIHLHOM
BJIUSIHUM HATPABJICHUS TeYaTh Ha (hU3UKO-MEXAHHUYECKUE MOKa3aTenu. J[aHbl peKOMEHIaIuu
10 MPUMEHEHHUIO METOJUKH B HH)KEHEPHOU MPaKTHKE.

KiroueBbie ciaoBa: FDM-neuatb, ¢QuiaMeHTbl, (U3NMKO-MeXaHMYECKHEe CBOICTBA,
aBTOKOMIIOHEHThI.

EVELOPMENT OF TESTING TECHNIQUES FOR FDM
PRINTING MATERIALS USED FOR THE MANUFACTURE
OF AUTO COMPONENTS

L.N. Shafigullin, A.T. Gabdrakhmanov, N.V. Romanova, I.A. Nasyrov,
V.S. Salin, and A.M. Sotnikov

The article presents a methodology for testing materials for FDM printing used for the
manufacture of automotive components. The results of testing the physical and mechanical
properties of samples made of PLA, ABS, PA12, PETG, HIPS filaments, manufactured in
different printing directions, are presented. Conclusions were drawn about the significant
influence of printing direction on physical and mechanical properties. Recommendations are
given for the application of the methodology in engineering practice.

Keywords: FDM printing, filaments, physical and mechanical properties, auto
components.



NMPUBOPOCTPOEHUE, METPOJIOIUA
N AH®OPMALIMOHHO-U3MEPUTEINbHBIE MPUBOPLI U CUCTEMbI

YIK 629.7.05.67

NCCJEJOBAHUE NOTPEINHOCTEN JATUUKA
IMAPAMETPOB OKPY KAIOIEN BO3AYIITHOMN CPE/IbI
MOJABUKHBIX OBBEKTOB C UHTEI PUPOBAHHBIM
HEBBICTYHAIOIIIUM NPUEMHUKOM HABETAIOIIETO
BO3IYIIHOI'O TIOTOKA

E.C. E¢ppemona, B.B. Connarkun, B.C. Coagarkun, B.A. FOmkoBa

PaccmarpuBaercss MEpCIEKTUBHOCTh Pa3pabOTKM  JaTYMKa I[apaMeTpoB  OKpYyXKaromieit
BO3IYIIHOW CpeJbl C WHTETPUPOBAHHBIM HEBBICTYMAIONMM [PUEMHHKOM HaOeraromero
BO3YIITHOTO TIOTOKA, TIPOBOAUTCS HCCICOBAHUE MOTPEITHOCTEH €ro H3MEPUTENbHBIX KAHAIIOB.
IMomy4eHbl aHATUTHYECKHE MOJCTM WHCTPYMEHTATBHBIX W METOAMYECKUX MOrPEUIHOCTEH H
OIpe/IeNICHBI HANIPABJICHHS 00ECIICYCHNST TOYHOCTH PACCMaTPHBAEMOro aTIHKA.

KawueBbie ¢jI0Ba: MOABMKHBIN 00bEKT, OKPY:KAIOUIAsA Cpeda, mapaMeTpbl, U3MepeHue,
JAATYMK, HHTETPUPOBAHHBIH HEBBICTY AN PUEMHHK, MOTPELUIHOCTH, AHATUTHYECKHE
MOJIeJId, OIIEHKA, yMeHbUICHHE.

RESEARCH OF ERROR SENSOR SENSOR
OF AMBIENT AIR ENVIRONMENT PARAMETERS
OF MOVING OBJECTS WITH
AN INTEGRATED NON-PROJECTING INCIDENT
AIR FLOW RECEIVER

E.S. Efremova, V.V. Soldatkin, V.S. Soldatkin, and V.A. Yushkova

The prospects of developing a sensor for environmental air parameters with an integrated
non-protruding receiver of the oncoming air flow are considered, and the errors of its measuring
channels are studied. Analytical models of instrumental and methodological errors are obtained
and directions for ensuring the accuracy of the sensor under consideration are determined.

Keywords: moving object, environment, parameters, measurement, sensor, integrated
non-protruding receiver, errors, analytical models, evaluation, reduction.
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AJITOPUTMBI HIOBBIINEHU A
IMOMEXOYCTOMYNUBOCTH U3MEPUTEJBHBIX
KAHAJIOB CUCTEMBbI BO3YIIHBIX CUT'HAJIOB
OJHOBHUHTOBOI'O BEPTOJIETA C HEITIO/IBUKHBIM
INPUEMHHUKOM ITOTOKA

E.C. E¢ppemona, K.B. Congarkuna

PackpsiBaeTcsi HEOOXOIUMOCTh HMH(DOPMAIMU O BO3AYIIHBIX CHUTHAIAX JIBMKCHUS BEPTOJIETA
OTHOCHTENFHO OKPYXAIOIIEH Cpeibl U 3aTPyIHEHHUS €€ TOMyUYeH s, 00YCIIOBICHHBIE TTOMEXaMHK
M3-32 Mylbcalliii HMHAYKTHBHOIO TIOTOKA OT HECYIIEro BHHTa W  aTMOC(epHOM
TypOyJAEHTHOCTBIO.  PacKphIBAlOTCS ~ aJTOPHUTMBI  IIOBBIMICHUAS  [TOMEXOYCTOHYHUBOCTH
U3MEPUTENBHBIX ~ KAHAJOB  KOHKYPEHTOCIIOCOOHOM  CHCTEMBbI  BO3IYIIHBIX  CHUTHAJIOB
OJHOBHHTOBOT'O BEPTOJIETA C HEMOABMKHBIM IPUEMHUKOM HH()OPMAIIUK adpOJHHAMHYECKOTO
TOJIS BUXPEBOM KOJOHHBI HECYIIEro BUHTA. [IpUBOASTCSA MOIeaH HH(OPMATHBHBIX CUTHAIIOB U
MOMEX, AJTOPUTMbI (PUIBTPAIIMH [TOMEX W OCTATOYHBIX MOTPEHIHOCTEH CHCTEMBI HA MPUMEPE
KaHaJla I3MEPEHUS] HICTUHHOMN BO3IYIITHON CKOPOCTH.

KuawueBble ciioBa: OHHOBHHTOBOﬁ BEPTOJIE€T, BO3AYUIHBIC CHUIHaJ/Ibl, H3MEPECHHUC,
CJ'[y‘lai;IHbIe BO3MYIICHUSA, MOAECTIH, AJITOPUTMbI q)I/IJIpraIIl/Il/I, OCTATOYHBIC MOI'PEIIHOCTH.

ALGORITHMS FOR IMPROVING THE NOISE IMMUNITY
OF MEASURING CHANNELS
OF THE AIR SIGNAL SYSTEM
OF A SINGLE-ROTOR HELICOPTER
WITH A FIXED FLOW RECEIVER

E.S. Efremova and K.V. Soldatkina

The necessity of information about the helicopter’s air movement signals relative to
environment and difficulties of obtaining it due to interference due to pulsations of inductive
flow from the main rotor and atmospheric turbulence are revealed. Algorithms for increasing
the noise immunity of measuring channels of a competitive air signal system of a single-rotor
helicopter with a fixed receiver of information of the aerodynamic field of the rotor vortex
column are disclosed. Models of informative signals and interference, algorithms for filtering
interference and residual errors of the system are presented using the example of the true
airspeed measurement channel.

Keywords: single-rotor helicopter, air signals, measurement, random disturbances,
models, filtration algorithms, residual errors.
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O NPOBJIEME OIIEHKU HEJIMHENHBIX U
JTUHAMMNYECKNX XAPAKTEPUCTHK
ONTUKO-JIEKTPOHHOU KOMIIOHEHTHOM BA3bI
B COCTABE PAIMO®OTOHHBIX TPAKTOB

A.A. Ky3nenos, K.A. JIunaruukos, A.A. CujianrbeBa,
H.J. CmupHoB

B pa60Te OMMCAaHBl OCOOEHHOCTH OIpCACTICHUA JIMHEMHBIX JUHAMHUYCCKUX XapaKTCPUCTUK
OHTPIKO-Z)J'ICKTpOHHOﬁ KOMIIOHEHTHOM ©0a3e B cocTaBe paI[I/IO(l)OTOHHI)IX BCKTOPHBIX
AHAJIM3aTOPOB. Ha MIpUMEPE KOMIIbIOTCPHBIX Moz[eneﬁ IIOKa3aHoO, 4YTO 0a3oBEIe MCTOAUKH,
MPUMEHACMBIC UIA PAAUOTEXHUICCKUX TPAKTOB, HC MOT'YT OBLITH B ITOJIHOM MEpE aACKBATHBIMU
n3-3a CCPLE3HOI0 pPaA3IUYUA AWMHAMHWYCCKHUX XapaKTCPUCTUK MOIAYJIUPYIOUIEro KacCckKala H
(l)OTOHpI/IeMHI/IKa. B cBs3u ¢ aTuUM MPEAJIOKEHBI U UCCIICAOBAHbI NMOAXOAbBI K (l)OpMI/IpOBaHI/I}O
CIICHHUAJIBHBIX ITIO CcBOEH CTPYKTYPE 3O0HAUPYIOUMIUX H3JIYUCHHUA JIA MUHHUMU3ALIHUKU JAaHHOI'O
BIIMSTHUA.

KiroueBble cjioBa: K03(p(UIMEHT HeJUHENHHBbIX NUCKAKEHUH, TMHAMHYECKMI qUANA30H,
SFDR, OIP3, panuodoronnka, monyasitop Maxa — llannepa, ¢poronuosa, paauohoTroHHbIi
BEKTOPHBII aHAIU3ATOP.

ON THE PROBLEM OF ESTIMATING THE NONLINEAR
AND DYNAMIC CHARACTERISTICS
OF THE OPTOELECTRONIC COMPONENT BASE
AS PART OF MICROWAVE PHOTONIC LINKS

A.A. Kuznetsov, K.A. Lipatnikov, A.A. Silanteva, and N.D. Smirnov

The paper describes the features of determining the linear dynamic characteristics of an
optoelectronic component base as part of radiophoton vector analyzers. Using the example of
computer models, it is shown that the basic techniques used for radio engineering paths cannot
be fully adequate due to the serious difference in the dynamic characteristics of the modulating
cascade and the photodetector. In this regard, approaches to the formation of special sounding
radiation in their structure to minimize this effect are proposed and investigated.

Keywords: nonlinear distortion coefficient, dynamic range, SFDR, OIP3, radiophotonics,
Mach-Zander modulator, photodiode, radiophoton vector analyzer.
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MOJIEJIA U AHAJIN3 IOT'PENTHOCTEM
KAHAJIOB HCTUHHOM BO31YIITHOM CKOPOCTH
U VIJIA CKOJBbXEHUS CAMOJIETA
CHUCTEMBI BO3IYIIHBIX CUTHAJIOB
C ®IO3EJISI)KHBIM TIPUEMHHUKOM HABETAIOIIET O
BO3IYIIHOI'O TIOTOKA

B.M. Coapatkun, B.B. Coanarkun, P.B. Ko3nosckuii, I'.B. Ko3noBckuii

PaCCMOTpeHI)I npeuMynieCTBa CUCTEMbI BO3AYHIHBIX CUT'HAJIOB C (1)}036J'I$I)KHBIM MMPUEMHHUKOM
Ha6eraI0mero IIOTOKa. PaCKpHTa MCTOAMKA W  IIOJTYYCHBI AaHAJIUTHYCCKHUE MOACIU
HWHCTPYMCHTAJIbHBIX HOFpeIJ.IHOCTeﬁ U3MCPUTCIIbHO-BBIYUCIIUTCIIbHBIX KaHAaJIOB MCTUHHOM
BO3I[yIHHOI>i CKOpPOCTH M YyTIJjla CKOJBXCHHUA CaMoOJICTa. PaCKpBITBI IpUYUHBI W TIOJTYYCHBI
AHAJIUTUICCKHUE MOACIN MCETOAUYCCKUX  adpOAMHAMHUYCCKUX HOFpeIJ.IHOCTeﬁ KaHaJlioB,
PacCMOTPEHBI HAITPABJICHUA UX YMCHBIICHUA.

KuarwueBble cJjioBa: CaMoJI€T, CUCTEMAa BO3AYHIHBIX CHUIHAJI0B, HUCTHHHas BO3AYyIIHas
CKOpPOCTD, yroJia CKOJIbKCHUSA, H3MEPEHUE, HHCTPYMECHTAJIBHBIC, METOAUYIECCKHUEC,
MOrpemHoOCTH, AHAJIUTHICCKUE MOICJIN.

MODELS AND ERROR ANALYSIS OF TRUE
AIRSPEED AND GLIDE ANGLE CHANNELS OF
AIRCRAFT AIR SIGNAL SYSTEM WITH FUSELAGE
RECEIVER OF INCOMING AIRFLOW

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

The advantages of the air signal system with fuselage receiver of the incoming flow are
considered. The methodology is disclosed and analytical models of instrumental errors of
measuring and computing channels of true airspeed and glide angle of the airplane are obtained.
The reasons are disclosed and analytical models of methodical aerodynamic errors of channels
are obtained, the directions of their reduction are considered.

Keywords: airplane, air signal system, true airspeed, glide angle, measurement,
instrumental, methodical, errors, analytical models.



