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(I)yHI[aMeHTaJI])HBIe U NPUKJIAAHbIC IIpOﬁJIeMBI TEXHUKH U TEXHOJIOIHH

Kononka rinaBHoro pepakropa

[TozapaBnsieM ¢ 85-7eTHeM JOKTOpa TEXHUYECKUX Hayk,
npodeccopa CmonenneBa Bnaaucnasa [1aBioBuua

B.II. CwmomnenneB 3axkonumia B 1960 r. Kasanckuit
ABUALIMOHHBIA MHCTUTYT MO CHEUUATBbHOCTH «HXKeHep-MeXxaHuK
aBUALIMOHHBIX ABUrarenei». Hauano ero Tpy1oBoi 1esTeIbHOCTH
cesizaHo Kazanckum ¢wimmanom HUAT. Ero yuurensmu Oumu
npodeccop KAU Jlucos M.U.. akagemuk AH MCCP, na.1.H.
npodeccop Jlazapenko b.P., akamemuk AH MCCP, nr.H.,
npodeccop Ilerpos FO.H, a.1.H., mpodeccop Mwmis M.JL. u ap.

C 1969 no 1979 r. npodeccop CmonennieB B.I1. paGoran B
KazanckoM XHMHKO-TEXHONOrM4eckoM uHcTUTyre um. C.M.
Kuposa, ¢ 1979 r. muorme roael Brnamucna IlaBmoBuu -
BO3MIaBIsT Kadenpy TexHOJIOrus MalIMHOCTPOEHHS», padoTai
JNeKaHOM B BOpPOHEKCKOM TOCYHapCTBEHHOM TEXHUYECKOM
YHUBEPCUTETE.

[Ton HayuyHbIM pyKOBOICTBOM Ipodeccopa CmoieHIeBa
B.II. 3amutunu aucceprauuu 10 qokTopoB u 60 KaHAMAATOB HAYK.
VYuaenukamu npodeccopa Cmonennesa B.I1. sBisroTcs renepansubiid qupextop (o 2005 r.) GI'VIT
BM3 n.1.1H. npodeccop, 3aB. kadenpoii, ABax bl Jaypeat npemun [IpaButenscrBa YacoBckux A.U.,
3aM. riaBel aaMuHHUCTpauuu Boponexckoit obmactu KneiimenoB B.II., aupexkrop AO KBXA
Kosanes C.B., renepanbnbiii gupexrop (1o 2000 r ) THIIIT «T2XO», 3aB. kadeapoit KI'TY um
Tynonesa, Jlaypear npemuu P. I'. Cagpikos 3.b. u MHOTHE ApyTHeE.

[Tpodeccop Cmomnenties B.IT - aBTop u coaBrop cBeime 1000 mybnukaruii, kak u Poccun, rak
1 3a pyOexoM. B TOM yucie 25 MmoHorpaduit, yeTbipex yueOHUKOB, 18 yueTHbIX mocoowmii u 1p. Kpome
TOT0, OH UMeeT 0K0J10 200 aBTOPCKUX CBUAETEILCTB U MaTEHTOB.

K 0CHOBHBIM HamnpaBICHUSIM €r0 HAYYHOM JI€ATETbHOCTH OTHOCATCS CO3JJaHUE TEXHOJIOTUN 1
000pyIOBaHUs JIS AJICKTPOIPO3MOHHOM W DIIEKTPOXHUMHUYECKON 00pabOTKU JeTalieid, peMOHTa
JIETaTeNbHBIX allapaToB, a TAKXKE MOBBIIICHUE KAUYeCTBA U3JIEIHI B CAMOJIETOCTPOSHHUH, Pa3padOTKH
CPEICTB  TEXHOJOTMYECKOI'O OCHAIIEHHUsS TMPOU3BOJACTBA, YCTPOMCTB Uil  MEIHULMHCKON
npombilieHHOCTH. OH  sBAsE€TCA  CO3/JaTelieM  HOBOIO  HAyYHOTO  HAMpaBlIEHUS  TIO
ANEKTPOXUMUYECKON 00paboTKe JeTayiell HeXKECTKUMH 3JIEKTpoJaMu. DKOHOMUYECKUI 3PPeKT oT
BHEJIPEHUS €ro pa3pabOTOK COCTABHII AECATKH MUJUTMOHOB PyOIei.

Bnagucnas IlaBiaoBuu 3aHMMaeTCsi HayYHO-OPTaHU3ALIMOHHOW pabOTOM, SIBISIETCS YJIEHOM
[Ipesuanyma Beepoccuiickoro obmiectBa nzodperareneit u panuonanuzatopon. ['onosroro Cosera
HO MAalIMHOCTPOEHUIO PP, AEHCTBUTEIBHBIM YJIEHOM POCCHUHCKON aKaJIeMHUU KOCMOHABTUKH H
MexaynapoaHoi aKaJIeMUH UH(POPMATHUKH, YJICHOM-KOPPECTIOHIEHTOM Axanemun
TEXHOJIOTHYECKUX HayK P®, ydeHbIM cOBETHHKOM POCCHIICKONM MHXEHEPHOW aKaJeMHM, a TAKKe
coydpeuTeneM U 4iIeHOM MEXIyHapoIHON accolManuyd TO YHUCTOBOW 0OpaboTKe, YICHOM
KOMHCCHM TI0 MamuHOCTpoeHuto [lombckol akageMuu HayK. JEHCTBUTEIBHBIM YICHOM
HalMOHaJIbHOU akanemuu Hayk CIIIA.

B.II. CwmonenueB naypear npemuun IIpaButensctBa P®, HarpaxiaeH MenamaMmu <«3a
JNOOJNECTHBIN TPYA», HOCUT TMOYETHBIC 3BaHUS «3aCIHyKEHHBIH PaOOTHHK BBICHICH IIKOIBI POy,
«M3o6perarens CCCPy, «3acmyXeHHBIA CO3/1aTeh KOCMUYECKON TeXHUKU PDy» u nip.

B.II. CmonenueB sBiusercs [lodeTHeiM mpodeccopoM cpa3y Tpex TEXHUYECKUX BY30B
Poccun:  OpnoBckoro rocyaapCTBEHHOTO  YHUBEPCHTETa, bBpSHCKOrO  TrocyJapCTBEHHOTO
TEXHUYECKOTI'0 YHUBEPCUTETA, BOPOHEKCKOT0 roCyJapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA.

Konneru u ydeHUKH TO3IpaBISIIOT I00MIIIpa U KEJIaloT eMy 100poro 340pOBbsi, TBOPUECKHUX
YCIIEXOB M HOBBIX CBEPILICHMI!
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W.IT. TIOIIOB

OTBECHOE INAJEHUE TEJIA

AHHoOTauMs. 3adaua o cKopocmu, 8pemeHu U YCKOpeHuu NaoeHus meid HAd NOBEPXHOCMb NIAHembl Npu
omcymemeuu  ammocgepvl c800UMCA K peuieHuro ou@pepenyuanicHo20 YpasHeHus 6mopoco NopsaoKd, KOmopoe
pewaemcs cmanoapmuvim memooom. OcobeHHOCmbIO peuieHus A8aemcs opmanrbHoe UCNONb308aHUe MADIUYHO20
uHmezpana Ha npomedcymourom smane. Oxkasanocs, 00HAKO, YMo e20 opmyna HedoCmMo8epHda, a UMEHHO, NPOU3B00HASA
npagou uacmu He paeHA NOObLIHMEeZPANbHOMY ebipadceHuro. M3 smoeo ciedyem, 4mo 603MOJCHbIE CYUjeCmayoujue
pewieHuss Mol  3a0ayu, OCHOBAHHblE HA UCNOAL308AHUU VKA3AHHO20 MAOIUYHO20 UHMezpand, AeIAIMCs
HeKoppekmubiMu. B cmamve npedcmasiena KOppekmupogKa 3mo2o mabauiHo2o UHmezpand, Ymo A6Jsaemcs HOnymHuLM
pe3yibmamom ucciedoganus. B pabome nonyueno epemennoe ypaenenue O08UdNCEHUSs HOPMATbHO NAOAOWE20 Ha
HOBEPXHOCMb NIAHembl Meld Npu OMCYMCMEUU AMMOcepsl, a MaKice pemMenHble YPAGHEHUsl €20 CKOpOCmu U
yekopenust. Tlonyyennvie pesyiomamovl Mo2ym Oblmb NOAE3HbI NPU PACYEMAX NAOeHUs. OMPabOMAHHBIX DNIEMEHMO8
KOHCMPYKYULL KOCMUYECKUX annapamos.

KaroueBble c1oBa: nianema, meno, ypagHeHue 08UNCEHUs, CKOPOCMb, YCKOPEHUe, MAccd, PACCMOosAHUe.
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|.P. POPOV

SPEAR BODY FALL

Abstract. The problem of the speed, time and acceleration of a body falling on the planets surface in the absence
of an atmosphere is reduced to solving a second—order differential equation, which is solved by the standard method. A
feature of the solution is the formal use of the tabular integral at an intermediate stage. It turned out, however, that his
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formula is unreliable, namely, the derivative of the right—hand side is not equal to the integrand. It follows from this that
the possible existing solutions to this problem, based on the use of the indicated tabular integral, are incorrect. The article
presents the correction of this tabular integral, which is an incidental result of the study. In this work, the time equation
of motion of a body normally falling on the surface of the planet in the absence of an atmosphere, as well as the time
equations of its speed and acceleration are obtained. The results obtained can be useful in calculating the fall of spent
structural elements of spacecratft.

Keywords: planet, body, equation of motion, speed, acceleration, mass, distance.
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E.A. EOPEMOBA, b.11. KOBAJIbCKUIA, FO.H. BE3BOPO/IOB, B.3. OJIEMTHUK

PE3YJBbTATBI HCCJIEJAOBAHMUS BJIMAHUA
HNPOLHECCOB OKHNCJIEHUA HA BA3ZKOCTHO-TEMIIEPATYPHBIE
XAPAKTEPUCTUKN YACTUYHO CUHTETHYECKHUX
MOTOPHBIX MACEJI

AHHOTanMsA. MomopHoe MAacio s6ISemcst BAdCHBIM INEMEHMOM KOHCMPYKYUU O8Ueameiisi 6HYMPEHHEe20
CeOpaHUsL U Modicem 0becneuusams 3a0aHHbLL €20 Pecypc MOLbKO NPU COOMBEMCMEUL €20 COUCME MeM MePMUYECKUM,
MEXAHUYECKUM U XUMUYECKUM 6030€UCMBUSM, KOMOPbIM OHO NO08ep2aemcs 8 cucmeme CMA3KU U HA NOBEPXHOCMSX
demanneil, Hazpemvlx 00 8bICOKUX memnepamyp u 6 30ne mpenus. Ha ocnose ananuza memo0ooe KOHmMpOJis u nPoOYeccos,
NPOMEKAWUX 8 MOMOPHBIX MACAAX, OCHOBHbIMU NOKA3AMENAMU, XAPAKMEPUIVIOWUMU UX KAYeCMEO NPUHSIMbL
MepMOOKUCTIUMENbHAS CMAOUILHOCIb, MEMNePamypHas CHOUKOCMb, CMA3bIBAIOUWUE CEOUCMEA U 653KOCHIb, KOMOpble
onpedensiom pecypc momopHozo maciaa. OOHAKO dmu noxazamenu NPUMEHAIOMCA, 8 OCHOBHOM, NpU KOHMpoe
npou3eo0cmea Mdacei U He HAWLIU WUPOKO20 NPUMEHeHUs Npu SKChiyamayuu pasiuunou mexuuku. Kpome moeo,
HeO00CMAamoyHo U3yueHvl 80NPOCHL GIUAHUA NPOOYKMO8 OKUCAEHUS HA KUHEMAmU4ecKylo 8A3KOCMb, UHOEKC 6A3KOCML,
NPOMUBOUZHOCHBIE CBOLUICMBA U PecypC CMA3OYHBIX MACel, a 2lA8HOe MeXamusm O00pa308aHus HPoOyKmos
MepMOCmMamupo8anus Ux CmpyKmypa u SHepeoemMKoCs. HOIMOMY Yeablo OAHHBIX UCCAe008aAHUI ABIAemMCs OnpedeieHue
NOMEHYUATILHO20 pecypca pabomvl MOMOPHBIX MACE, d MAKHce GIUAHUE OKUCTUMENbHBIX NPOYECCo8 HA A3KOCMHO—
memnepamypHvle XapaxKmepucmuKu MOMOPHBIX Mdacel U 0DO0CHOGaHue Kpumepus ux oyeHku. B oaunoii pabome
npeocmasienbl pe3yibmanmvl UCCIe008AHUS GIUAHUSL OKUCIUMENbHBIX NPOYEeCco8 HA 6513KOCMHO—MEeMNepamypHbie
Xapakmepucmuxku 4acmuyHo cunmemuyeckux momopuwix macnen: Castrol Magnatec 10W—40 u Pocnegpmo Maximum
10W-40 SL/CF.npu memnepamypax mepmocmamuposarus 180,170 u 160°C. B kauecmee nokazamens 0ist 060CHOBAHUS
npeoenbHo 0ONYCMUMOU MeMnepamypsl pabomocnocoOHOCMU MOMOPHBIX MACeN NPEONOHCEH NOMEHYUATbHBII Pecypc U
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Kpumepuii 833K0CMHO—MeMnepamypHoUu XapaKxmepucmuxu, onpeoensaemsili npouzseoeHuem onmuieckoll niomHOCmuy Ha
UHOEKC BA3KOCTL.

KiaoueBble caoBa: onmuueckas
memnepamypHoU Xapaxkmepucmuxu.

NIOMHOCMb,  NOMEHYUANbHbIL — pecypc,  Kpumepuii — 6A3KOCHHO—
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E.A. EFREMOVA, B.l. KOVALSKY, YU.N. BEZBORODOQV, V.Z. OLEINIK

RESULTS OF THE STUDY OF THE INFLUENCE OF OXIDATION
PROCESSES ON THE VISCOSITY-TEMPERATURE CHARACTERISTICS
OF PARTIALLY SYNTHETIC MOTOR OILS

Abstract. Engine oil is an important element in the design of an internal combustion engine and can provide a
given resource only if its properties correspond to the thermal, mechanical and chemical influences to which it is
subjected in the lubrication system and on the surfaces of parts heated to high temperatures and in the friction zone.
Based on the analysis of control methods and processes occurring in engine oils, the main indicators that characterize
their quality are thermal-oxidative stability, temperature resistance, lubricating properties and viscosity, which
determine the resource of the engine oil. However, these indicators are mainly used in the control of oil production and
are not widely used in the operation of various equipment. In addition, the influence of oxidation products on the kinematic
viscosity, viscosity index, anti-wear properties and service life of lubricating oils, and most importantly, the mechanism
of formation of temperature control products, their structure and energy consumption, are not sufficiently studied.
therefore, the purpose of these studies is to determine the potential service life of motor oils, as well as the influence of
oxidative processes on the viscosity—temperature characteristics of motor oils and to justify the criteria for their
evaluation. This paper presents the results of a study of the effect of oxidative processes on the viscosity—temperature
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characteristics of partially synthetic motor oils: Castrol Magnatec 10W-40 and Rosneft Maximum 10W-40 SL/CF. at
temperature control temperatures of 180.170 and 160°C. The potential resource and the criterion of the viscosity—
temperature characteristic determined by the product of the optical density and the viscosity index are proposed as an
indicator for justifying the maximum permissible temperature of the working capacity of motor oils.

Keywords: optical density, potential resource, criterion of the viscosity—temperature characteristic.
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I®. CAOMHA

COXPAHEHHUE YACTOT KOJIEBAHI:IFI BAJIKK C OCHOBAHUMEM
N3MEHEHUEM KECTKOCTEHU IIPY’KUH KPYUEHUSA
EE ITAPHUPHBLIX OIIOP

AHHOTanMsi: B cmambe npedcmaegienvl pe3yibmamvl peuenuss npsamol U 00pamHou 3a0au U32UOHBIX
KoeOanutl 6AIKU HA YNPY2OM OCHOBAHUL C YHEeMOM WAPHUPHBIX ONOP C NPYJCUHamu Kpyyenus. Hccnedosan u Haiioen
aneopumm peweHus obpamuou 3a0ayu udeHmuurayuu KodPOuyuenmos HcecmKocmu Onop Kpaes OAIKU NO
U38ECMHBIM 3HAYEHUAM O8YX CODCMBEHHbIX Yacmom ee koaebanuul. Tlonyyenvl ananumuieckue Qopmynvl 08 peuleHus
SPAHUYHOU  3a0auu, NOKA3bIBAUUEe O0BOUCMBEHHOCMb UOCHMUDUKAYUU UCKOMBIX HAPAMEMPO8  IHCECMKOCHU
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waprupHeix onop. Ilokazano npumeHeHue MeXHONO2Ull NOOOOPA COOMEEMCMEYIOWUX NAPAMEMPOE HCECMKOCMU K
npobaeme coxpaneHus 6e30nacHvix uacmom koaebanul 6anxku. IIpusedenst yucieHHble paciemu.

KiwoueBble ciaoBa: 6Oaika HA YNpYyeoM OCHOBAHUU, HYACMOMHOE YPAGHEHUe, ZSPAHUuHAs —3a0aud,
udenmugurayus, Ko3pHuyueHmol HceCmKoCmiu.
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G.F. SAFINA

MAINTAINING OSCILLATION FREQUENCIES OF BEAM WITH BASE
BY CHANGING TORSION SPRING STIFFNESS ITS HINGE SUPPORTS

Abstract: The article presents the results of solving the straight and reverse problems of bending vibrations of
the beam on an elastic base taking into account hinge supports with torsion springs. Algorithm for solving inverse problem
of identification of stiffness coefficients of beam edge supports by known values of two natural frequencies of its
oscillations was investigated and found. Analytical formulas for solution of boundary problem showing duality of
identification of required stiffness parameters of hinge supports are obtained. Application of technologies for selection
of appropriate stiffness parameters to the problem of preservation of safe frequencies of beam oscillations is shown.
Numerical calculations are given.

Keywords: elastic beam, frequency equation, boundary problem, identification, stiffness coefficients.
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I'.B. IA3YTKHH, K.B. bOAPOB, B.A. AHTUIIOB, B.JI. bEPECHEB, H.B. HASAPOBA

XAPAKTEPHBIE CJIYYAHU YIAPHOTI'O HAT'PYKEHUA
BUBPO3AIIUTHBIX CUCTEM AT'PEI'ATOB " Y3J10B
TPAHCHHOPTHBIX CPEJICTB

Annorauusa. C ucnonv3osanuem paspabomaHHoll panee Mamemamudeckol Mooenu SUOPoOU3oIAmopa C
VAPY202UCMEPESUCHBIM  IIEMEHMOM U3  MAMepuala MemallOpesuna U NOJLYYEeHHbIX NPUOIUICEHHBIX pPeuleHull
HeluHelHo2o ough@epenyuanvhozo ypasnenus osudxcenusi BC na 6aze memooos bBybomosa—Ianepxuna u manoco
napamempa 6vledeHbl 3a6UCUMOCU OISl NOCHPOCHUs.  YOAPOUSOIUPYIOWUX XAPAKMEPUCIUK OISl UMNYIBCO8
NPAMOY20AbHOU U NOLYCUHYCOUOATbHOU (popmbl. TIoKa3ano, 4mo ROSPEWHOCHb IMUX PEUEeHUll N0 CPAGHEHUIO C
MOYHBIMU PEULeHUSIMU OJIsl HEKOMOPBIX YAPY2UX XAPAKMEPUCTUK, 8 YACTHOCU C CYUWeCMBEEHHOU HeTUHEHOCMbIO 8 8Ude
Kybuyeckou napabonvl, ne npegviuaem 3,5%.

KaloueBble ciioBa: 6ubpou3onsimop, Memaniopesund, MAmemMamuieckas Mooeib, YOapHoe HazpyiceHue,
OOUHOYHBII UMNYTIBC, YDAGHEHUE OBUINCEHUSL, BUOPO3AUUMHAS CUCTNEMA, NPUOTUICEHHOE peuleHe, NOZPEUHOCTb.
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G.V. LAZUTKIN, K.V. BOYARQV, V.A. ANTIPOV, V.L. BERESNEV, N.V. NAZAROVA

TYPICAL CASES OF SHOCK LOADING OF VIBRATION-PROOF
SYSTEMS OF AGGREGATES AND COMPONENTS OF VEHICLES

Abstract. Using the previously developed mathematical model of a vibration isolator with an elastic—hysteresis
element made of metal-rubber material and the obtained approximate solutions of the nonlinear differential equation of
the aircraft motion based on the Bubnov—Galerkin methods and a small parameter, the dependences for constructing
shock—insulating characteristics for rectangular and semi-sinusoidal pulses are derived. It is shown that the error of
these solutions in comparison with the exact solutions for some elastic characteristics, in particular, with a significant
nonlinearity in the form of a cubic parabola, does not exceed 3.5%.

Keywords: vibration isolator, metal rubber, mathematical model, shock loading, single pulse, equation of
motion, vibration protection system, approximate solution, error.
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I'.B. JA3YTKUH, JI.I1. JABBIJIOB, K.B. BOSIPOB, B.A. AHTHUIIOB, B.A. JIOBI'Mi1

HNCCIEAOBAHUE OKOJIOPE3OHAHCHBIX PEXKUMOB
BBIHYKJIEHHBIX KOJJEBAHU BUBPO3AIIIUMTHBIX CUCTEM
C KOHCTPYKIIMOHHBIM JEMII®OUPOBAHUEM
INTPU TAPMOHHMYECKOM BO3BY KAEHUU

Annotamusi. C ucnoav3oeanuem paspaboOmanHol paHee MAmMeMamuyeckou MoOoenu Gudpou3onamopa c
VAPY202UCMEPe3UCHBIM INeMEHMOM U3 MAMEPUANA Memaiopesuna u Ha base memooa bybnosa — I'arepruna nomyuerno
pelieHue YpasHeHUs BbIHYHCOeHHbIX Kollebanuu eubposawumuslx cucmem (BC) npu eapmonuueckom 6030ysicoeHuu.
Ionyuennvie meopemuieckue pe3yabmamvl UCHOAb30BAHB 0N NOCMPOCHUA  0000UJeHHBIX — OUHAMUYECKUX
Xapakmepucmux SuOpOU30NAMOPOS ¢ KOHCMPYKYUOHHBIM OeMu@uposanuem, 6 HaCMHOCMU, 6UOPOUZ0IANOPOE C
Yapyzo2ucmepesucHvlM diemenmom usz mamepuana MP. B pesynomame nonyyen npocmoiul u 00Cmamouno oOuwul
nopAOoK pacuema 0o6oowjeHnbix eubpousoaupyrowux xapaxmepucmux BC ons ciyuas eapmonuueckoii auneapuzayu.

KiroueBble c/10Ba: subposawumuas cucmema, Mamemamuieckas Mo0eib, Memaniope3und, HeaiuHeluHoe
ypasHenue O08udcenus, NPUOTUNCEHHOe peuleHue, 2apMOHUYecKas Juneapusayus, o00600wjeHHvle OuHAMUYECKUe
XapakmepucmuKy, aHaIu3 pe3yibmamos paciemd.
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G.V. LAZUTKIN, D.P. DAVYDOV, K.V. BOYAROQOV, V.A. ANTIPOV, V.A. DOVGIY

INVESTIGATION OF NEAR-RESONANT MODES OF FORCED
VIBRATIONS OF VIBRATION-PROOF SYSTEMS WITH STRUCTURAL
DAMPING UNDER HARMONIC EXCITATION

Abstract. Using the previously developed mathematical model of a vibration isolator with an elastic — hysteresis
element made of metal-rubber material and on the basis of the Bubnov—Galerkin method, the solution of the equation of
forced vibrations of vibration protection systems (VS) under harmonic excitation is obtained. The obtained theoretical
results are used to construct generalized dynamic characteristics of vibration isolators with structural damping, in
particular, vibration isolators with an elastic-hysteresis element made of MR material. As a result, a simple and fairly
general procedure for calculating the generalized vibration—isolating characteristics of the aircraft for the case of

harmonic linearization is obtained.

Keywords: vibration protection system, mathematical model, metal rubber, nonlinear equation of motion,
approximate solution, harmonic linearization, generalized dynamic characteristics, analysis of calculation results.
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B.B. KVII, A.H. TPEUYXHUH, A.B. OJIELINILIKHI, A.C. TIPUBAJIOB, I1.C. IIIEPFAKOB

AJITOPUTM JIEJIEHUSI OFbEMHOM MOJIEJIA HA KPUBOJIMHEMHBIE
CJIOA JJIA 3D-TIIEYATHU

Annoranusi. Cmambsi noceéaujena paspabomie meopemuyeckux OCHO8 A0OUMUBHO20 GOPMO0OPaA308aHUs
uzoenuti no mexuonozuu FDM. [Ipogeden ananuz uccredosanuii 8 dannou obnacmu. Buisigneno, umo gopmuposanue
usoenuti no adoumusHou mexuvonocuu FDM, umerom cywecmeennvle HeOOCMamKu, ceA3aHHble, 8 NEp8yio 0yepeds, C
anuzomponuell QU3UKO—MeXaHUYecKux c8oUCms uzoenull 8 NPOOOIbHOM U NONEPEYHOM HANPABIEHUAX, YO OKA3bl8Aem
6IIUAHUE HA YPOBEHb IKCHIYAMAYUOHHBIX Xapakmepucmuk smux uzoenui. OOHUM U3 HANPAagIeHull peuieHus: npooiembl
00pa3z08anusi AHUOMPONUU, 4 MAK Jce ee YNpaeieHuem, A6NAemcs Qopmuposanue CmMpyKmypol uzoenus
NPOCMPAHCMBEHHBIMU KPUBOLUHEUHbIMU closimu. [[na obecneuenusi ghopmuposanus uzdeauil no mexwonrocuu FDM
HNPOCMPAHCBEHHBIMU KPUBOTUHEUHBIMU CLOSAMU, 8 CIAMbE NPEONONCEHbl AN2OPUMMbL OeleHUsl YUPpoeot Mooeiu Ha
Kpusonunelinvlie npocmpancmeaennvie ciou oasa 3—D neyamu. Ilpeocmasnensi pe3ynismamsl pearu3ayuu paspadomaHtbix
aAneoOpuUmMMOo8 OeieHus YuPposou Mooeiu Ha NPOCMpaHcmeeHHvle Kpugounetinvie ciou 0aa 3D nevamu. Ipumenenue
NPeONIONHCEHHBIX AN2OPUMMO8 HO3B0IUM POPMUPOBAMb NPOCMPAHCMBEHHble KPUBOIUHElIHble CIoU Oemaiell, NO8bluids
ux QpusuKo—mexanuyecKue ceolcmad.

KiaroueBble c1oBa: a0oumueHvle mexHoI02Uu, NOCAOUHbIN CUHMES, AHUZOMPONUS.
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V.V. KUTS, A.N. GRECHUKHIN, A.V. OLESHITSKY, F.S. PRIVALOV, P.S. SHCHERBAKOV

ALGORITHM FOR DIVIDING A VOLUME MODEL INTO CURVILINEAR
LAYERS FOR 3D PRINTING

Abstract. The article is devoted to the development of the theoretical foundations of the additive shaping of
products using the FDM technology. The analysis is carried out by research in this area. It was revealed that the formation
of products using the additive FDM technology has significant drawbacks. They are primarily associated with the
anisotropy of the physical and mechanical properties of products in the longitudinal and transverse directions. This
affects the level of performance of these products. One of the directions for solving the problem of the formation of
anisotropy, as well as its control, is the formation of the structure of the product by spatial curvilinear layers. Algorithms
for dividing a digital model into curvilinear spatial layers for 3—D printing are proposed here, namely, the layers are
divided into cylindrical, conical, spherical. This will provide the formation of products using the FDM technology with
spatial curved layers. The results represent the implementation of the developed algorithms for dividing a digital model
into spatial curved layers for 3D printing. The application of the proposed algorithms will improve the physicochemical
properties of products by forming spatial curvilinear layers.

Keywords: additive technologies, layer—by—layer synthesis, anisotropy.
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E.B. CMOJIEHLIEB, C.H. AIEHKO, M.B. KOHZIPATBHEB, B.I'. 'PULIOK, J.E. KPOXIH

CPABHUTEJIBHBIE IPEUMYIIECTBA METOJA OBPATHOI'O
TOYEHMS C TOYKHU 3PEHUA KOHEYHO-2JIEMEHTHOI'O AHAJIM3A

AHHOTAUMSI. B Hacmoswell cmambe ONUCAH HOBbIL MemoO MOKAPHOU 00pabomKy YUIUHOPUYECKOU
nogepxnocmu demanu 3a0Hell H0BEePXHOCMbIO pexcywell naacmunel. [Ipuseden cpagHumenbHbil AHAIU3 KIACCUHECKO20
MOYeHUs U Memooa «00PamHO20 MOYeHUs ¢ MOUKYU 3peHUs 001ACMU PAYUOHATLHO20 NPUMEHEHUS U KOMOUHUPOBAHHO20
ucnoavzoeanus. Ilpogeden KoneuyHo—sneMeHmuulll pacuem Oepopmayuti U 6HYMPEHHUX HAnpaXcenull Oa CpasHeHUs
Oeopmayuil u HANPANCEeHUL 8 cucmeme 0epIHCAsKaA—pPedCcyuds NIACmMUHa—0emarb.

KioueBnle clioBa: mouenue, obpamnoe moyenue, Primeturning, xowmeuno—snemenmuwliii ananus, obiacmu
npUMEeHEeHUs.

CIIMCOK JIMTEPATYPbI

1. Cmomnennes B.I1., Konres U.T., benmskur A.C. TexHonorus npon3BoACTBAa HAYKOEMKUX M3eanid. BecTHIK
Boponexckoro rocynapcTBeHHOro TexHHUeckoro yausepeuteta. 2011. T. 7. Ne 8. C. 163-166.

2. bapanuukos B.U., XKapunos A.B., FOnuna H.B., CansixoB A.W. [IporpeccuBHBIE pexyIIne HHCTPYMEHTHI U
pexumMbl pe3anust MetamuioB. CnpaBounuk. M.: Mammnoctpoenue, 1990r., 400 c.

3. JIysruaoB A.B., Tkauenko lO.C., Smenxko C.H. Hcmonp3oBaHHE TNPOTPECCHBHBIX METOIOB TOKapHOU
00paboTKH  CHOKHOTPOPHUIBHBIX JAeranei. [IpobmeMbl W TEpCHEKTHBH pealn3alliil  MEKIHCIUTUTMHAPHBIX
uccnenaoBanuit. Boarorpan 2020, ¢.20-24.

4. Marepuans! caiita www.sandvik.coromant.com.

5. Bonmeipes A.U., Cmonennies B.I1., Bomaeiper A.A., Manapeikun A.B. KomOunupoBanHas o0paboTka
MEPEXOAHBIX yYacTKOB JeTajed MamuH. BecTHHK BOpOHEXCKOTro rocyZapCTBEHHOIO TEXHHYECKOTO YHHBEpPCHUTETA.
2012.T. 8. Ne 11. C. 47-50.

6. MempaukoB B.I1., Cmonennies B.I1. HanpapieHuss TEXHOJOIHYECKOW MOJCPHU3AINKM HAYKOEMKHX OTpacieit
MAIIHOCTPOCHUS. BecTHIK BOpOHEKCKOT0 TocyaapcTBeHHOro TexHrdeckoro yauBepceuteta. 2013. T. 9. Ne 4. C. 69-73.

7. Konpparees M.B., Cmomnennies E.B. [1oBbImeHre H3HOCOCTOWKOCTH JIeTalleld HAHECEHHEM TOHKOIDICHOYHOTO
mokpeiTus. B cOopHuke: [IpobmeMbl W TEpCHEKTHBBI Pa3BUTHA MamMHOCTpoeHUs. COOpPHHK HaydYHBIX TPYIOB
MEXITYHAPOJHOW HAayYHO—TEXHHYCCKOW KOH(EepeHINH, MOCBAMEHHONH 60—etnto JIMmenkoro rocynapcTBEHHOTO
TexHn4Ieckoro yHusepcurera. A.M. KopHee (oTBeTcTBeHHBIH pepaktop). 2016. C. 143-146.

8. OnTuMm3anus mporecca HaHeCSHHS TUIa3MEHHBIX YIpovHsronx mokpeituid. Cmonennes E.B., Kageipmeron
A.M., Konapatses M.B., boopo E.C. ®yHnameHTaIbHbIE U IPUKIIAJAHBIE TPOOIEMbI TEXHUKH U TexHoJoruu. 2016. Ne
1 (315). C. 54-59.

9. Gritsyuk V., Smolentsev E., Kondratyev M. Combined process of forming an erosion—plasma wear—resistant
coating. Bcbopuuke: Materials Today: Proceedings. International Conference on Modern Trends in Manufacturing
Technologies and Equipment, ICMTMTE 2019. 2019. C. 2491-2494.

10. Cmonenues B.I1., Bongsipe A.U., Ctapos B.H. TexHonmormueckue MeTo 161 00ecreueHIe KauecTBa H3IeITHi
aBHaLMOHHO—KOocMHUYecKor TexHuku. Bectaux BI'TY. 2012. T. 8. Ne 2. C. 144-148.

Cwmonennes Esrennii Baaguciasosnu  Slnenko Cperiiana Hukosaesna Konaparses Muxani BauecsiaBoBuy

OI'bOY BO «Boponexckuit OI'bOY BO «BopoHnexckuit OI'bOY BO «Boponexckuit
roCyapCTBEHHBIN TEXHUYECKUI roCyJapCTBEHHbIN TEXHUUECKUI roCyIapCTBEHHbIN TEXHUUECKUI
YHHBEPCHUTET, T. BopoHex. YHHUBEPCHUTETY, T. BopoHex. YHHUBEPCHTETY, T. BopoHex.
IIpocdeccop, ZOKTOP TEXHUIECKUX Jorent, kaHauaaThu3—Mar. Jorent xadenpsr
HayK, Kadpenpa «TexHomorun HayK, Kadenpa «ABTOMAaTH3NPOBAHHOE 000PYIOBaHNE
MAaIIHHOCTPOCHHUSY. «ABTOMAaTH3NPOBAHHOE MaIInHOCTPOUTEIHHOTO
394006, r. Boponex, yi. 20 et obopymoBaHue TIPOU3BOJICTBAY», KAHIUAAT
OxTa6ps, 84 MaIIMHOCTPOUTEIBHOTO TEXHUUYECKUX HAYK.
Ten. (473) 253-09-73 MIPOU3BOJICTBAY. 394006, r. Boponex, yn. 20 et
E—mail: vgtukaftm@ya.ru 394006, r. Boponex, yi1. 20 ner Oxts0ps, 84

Oxts0ps, 84 Ten. (473)254-05-20

Temn. (473)246-19-77 E-mail: 540520@mail.ru

E—mail: kafedra—ao@mail.ru

I'puirok Bacuamii I'puropseBuy Kpoxun Imutpuii EBrenbeBnu




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TEXHUKH U TEXHOJIOTHHU

®OI'BOY BO «BopoHexckuit acnipanT Kadenapsl «TexHomornu
TrOCYAApCTBEHHBI TEXHUYECKUI MammHOcTpoeHns» ®I'BOY BO
YHUBEPCUTET», I'. BopoHex. Bopounexckoro

3aB. xa¢. «TexHomornu TOCYIapCTBEHHOTO TEXHUIECKOTO
MAaIIMHOCTPOSHU», KaHIUAAT YHHBEpCHUTETa, T. BopoHex.
TEXHUYECKUX HaYK. 394006, r. Boporex, yiu. 20 et
394006, r. Boponex, yu. 20 ner OxTts0ps, 84

OxTs16ps1, 84 Temn. (473) 253-09-73

Ten. (473) 253-09-73 E-mail: vgtukaftm@ya.ru

E-mail: vgtukaftm@ya.ru

E.V. SMOLENTSEV, S.N. YATSENKO, M.V. KONDRATYEV, V.G. GRITSYUK, D.E. KROKHIN

COMPARATIVE ADVANTAGES OF REVERSE TURNING METHOD
FROM THE POINT OF VIEW OF FINITE ELEMENT ANALYSIS

Abstract. This article describes a new method for turning a cylindrical surface of a part with the flank of a
cutting insert. A comparative analysis of the classic turning and the "back turning" method from the point of view of the
field of rational use and combined use is given. A finite element calculation of deformations and internal stresses was
carried out to compare deformations and stresses in the holder—cutting plate—part system.

Keywords: turning, back turning, prime turning, finite element analysis, applications.
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A.A. BACUJIBEB

BJIUAHUE KOJIMYECTBA KAPMAHOB BKJUIA/IBIIIA
T'HJPOCTATUUYECKOM OMOPHI C HEINOJHBIM YIJIOM OBXBATA
HA CTATUYECKHUE U IMHAMNYECKHUE XAPAKTEPUCTUKH

AnHoTauua. [Ipogeden CpasHUMeNbHbIL AHAIU3 GAUAHUSL KOHCMPYKINUBHO20 UCHOIHEHUs paboyell
HOBEPXHOCIU 8KLAOLIUUA 2UOPOCMAMUYECKOU ONOPbl C HENOAHbIM Y2IOM 00X6ama HA CMAamuiecKue u OUHAMU4ecKue
Xapaxmepucmuku onopuvl. B xavecmee KOHCMPYKMUBHBIX UCTIOTHEHUL PACCMAMPUBATIUCH NPSMOY20TbHbIE KAPMAHbBL C
mMpemsi 8apUAHMAaMU KOIUYECMBd KApMAHO8: 084, mpu u demvlpe. B xauecmee cmamuueckux xapaxmepucmux
PaccmMampusanucy: 2py30n00bEMHOCHb, NOMEPU MOWHOCMU HA NPOKAYKY U pacxo0 pabouell scuokocmu. B kauecmee
OUHAMUYECKUX XAPAKMEPUCMUK PACCMAMPUBATUCH: KOIDPuyuenmobl sHcecmrxocmu u demnuposanus. /s pacuema
XapaxmepucmuK UCHOIb308AIUCy MAMEMAMU4ecKue MoOeu paciema nojis OaeleHull, 0CHOBAHHOe HA COBMECHHOM
pewenuu mpéx OCHOBHBIX VPABHEHUl 2uOpoOUHamMuKku: ypasHeHuu Peiinonvoca, ypasnenuu mennogozo 6anawnca,
ypasHeHuu 0OanaHca pacxo0os U OUHAMUYECKAs MoOelb, paspabomaHHas Oas cXxemvbl «2UOKUL pomop —
2UOPOCMAMUYECKAst ONOPA C HENOJIHbIM Y2Il0M 00X8AMAy, BKIIOYAIOWAs 6 CeOsl pacuem OUHAMUYECKUX KO puyuenmos
u onpeodeienue 30Hbl YCMouuusol pabomsl ONoOpbi.

KaroueBble ciioBa: cuopocmamuyeckdas Onopa ¢ HeNnOIHbIM Y2IoM 00X6amd, 6KIAObIUL, YUCLO KAPMAHOS,
odaenenue nUMAanus, 2py30N00LEMHOCb, NOMEPU MOWHOCMU HA NPOKAYKY, pPACX00, Gi3KOCHb, HIOMHOCb,
JHcecmrocmo, demnuposanue.
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A.A. VASILIEV

INFLUENCE OF NUMBER OF THE HYDROSTATIC BEARINGS
WITH AN INCOMPLETE RANGE ANGLE POCKETS ON STATIC
AND DYNAMIC CHARACTERISTICS

Abstract. Comparative analysis of the design of the working surface of the hydrostatic bearings with an
incomplete range angle for the static and dynamic characteristics of the bearings. Rectangular pockets with two variants
of the number of pockets: two, three and four were considered as constructive designs. The following were considered as
static characteristics: load capacity, power losses for pumping and flow rate of the working fluid. As dynamic
characteristics were considered: stiffness and damping coefficients. For the models, mathematical calculation models
were used based on the joint solution of the basic equations of hydrodynamics: the Reynolds equation, the heat balance
equation, the flow rate equation and a dynamic model developed for the "flexible rotor — hydrostatic bearings with an
incomplete range angle" scheme, including the calculation of dynamic coefficients and the definition stable support work.

Keywords: hydrostatic bearing with incomplete range angle, liner, number of pockets, supply pressure, load
capacity, pumping power losses, flow rate, viscosity, density, stiffness, damping.
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P.P. ABZIVJIUH, B.A. IIOJIINBHEB, C.JI. CAMCOHOBHY

ONPEAEJIEHUE KOYPPUIUEHTA HEPABHOMEPHOCTH MEKIY
PAIJAMMU TEJI KAYEHUU B BOJIHOBOMU IIEPEJJAYE
C ITIPOMEXYTOYHBIMU TEJTAMU KAYEHUSA

AHHoOTanusi. Paboma noceswena akmyanibHol npobneme npoeKmupo8anus UCHOIHUMENbHBIX MEXAHUIMOS
8pawiamenbHo20 OeliCmeus Ha OCHO8e B60JHOB0U nepedauu ¢ npomexcymounvimu menamu xadenus (BIITK).
Ilpedcmaenenvr  meopemuyeckue 3a6UCUMOCMU, NO360JAIOWUE ONpedeums KOIPOuyueHm HepagHoMepHOCIU
pacnpeoenenusi HacpysKu mexncoy padamu men kauenutl 6 BIITK. Ilpueedemnvl pe3ynrbmambvl pecypCHbIX UCHbIMAHUL
BIITK u mooenuposanus KOHEUHO—31eMEHMHbIM MemoooM, Xapakmepuszyiowue HepasHOMepHOCMb PACnpeoeneHus
Hazpy3Ku medcoy paoamy men kavenuil. 1Ipeonodicena ymouHeHHas 3a6UCUMOCMb pacuema ouamempa mei Kavenuu 6
BIITK, noszeonawowas yuecms HepaGHOMEPHOCHb PACHPEOENeHUs HA2PY3KU MeJICOY PAOAMY Mell KAYeHU.

KaroueBble cioBa: 601H06as nepedaya ¢ menamu KayeHus, MHO2OPAOHble MeXahHuyeckue nepeoauu,
MHO20NOMOUHbIE MEXAHU3MbL, HEPAGHOMEPHOCMb PACNPEOEeHUs HAZPY3KU N0 PA0aM mesl KayeHul.
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R.R. ABDULIN, V.A. PODSHIBNEYV, S.L. SAMSONOVICH

DETERMINING LOAD DISTRIBUTION UNEVENNESS RATIO BETWEEN
ROWS OF ROLLING BODIES IN HARMONIC GEAR
WITH INTERMEDIATE ROLLING BODIES

Abstract. The work is devoted to the topical problem of designing rotary actuators based on harmonic gears
with intermediate rolling elements (HGR). The theoretical dependences are presented, which make it possible to
determine unevenness ratio of the load distribution between the rows of rolling elements in the HGRE. The results of
service life tests of the HGRE and modeling by the finite element method, characterizing the uneven distribution of the
load between the rows of rolling elements, are given. A refined dependence of the calculation of the diameter of the rolling
bodies in the HRGE is proposed, which makes it possible to consider the uneven distribution of the load between the rows
of rolling elements.

Keywords. Harmonic gear with rolling bodies, multi-row mechanical transmissions, multi-threaded
mechanisms, uneven distribution of the load over the rows of rolling elements.
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M.3. BOHAAPEHKO, A.B. CbITUH, H.B. TOKMAKOB, U.B. POAYEBA

JANHAMMNYECKASA MOJIEJIb POTOPA
HA YIIOPHBIX JIEIIECTKOBBIX HIOJAINUITHUKAX MUKPOTYPBHUH

AHHOTAUMsI. B pabome Kpamro U3N0NCEHO COBPEMEHHOE COCMOSIHUE CUCHEM PACIPEOesieHHOU IHeP2emuK,
KOMOPAst 6blcmynaem nepedosbiM NOCMASUWUKOM JJIeKMPUYECKOU U MENI080U IHEP2UU 8 MAJble 20p00d, NOCEIKU U
OdepesHU, NPOMbIULTEHHbLE NPEONPUUSL, HCUBOMHOBOOHecKUe hepmbl U m. 0. OCHOBHBIM PAOOYUM acpe2amom OAHHO20
MUNA CUCmem 8lCMynaiom MuKpomypOuHHble YCMano8Ku Mol MOuHoCmu. JIis OaHHbIX MUNO8 YCMAHOBOK Hauboiee
KpUMU4eckol U OMBemMCmMEeHHO YaACmblo AGNAEMCcs. POMOPHO—ONOpHLIL y3el. B cmamve paccmampusaemcs
OUHAMUYECKAsL O8YXMACCO8ASL MOOENb POMOPHO-ONOPHO20 V3Id GKIIOYAIOWe20 POMop U YNOPHLIL JIenecmKoeblil
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nOOWUNHUK. B modenu yumenvl maccol pomopa u ynpyeux 21eMeHmos, npusedersvl pe3yiomanbsl MOOeIUpO8anus npu
2aPMOHUYECKOM U UMNYTbCHOM 8030YAHCOEHUU.
KioueBble c1oBa: pomop, mooensb, OUHAMUKA, NOOWUNHUKOBbILIL Y3el, MUKPOMYPOUHA.

Boiue npeocmaenennvie mamepuansl noayuensl npu pabome nHao npoekmom 6 pamkax Ilocmanoenenun
Ilpasumenvcmea P® Ne218 «Co3oanue uyugpoeoii cucmemvt MOHUMOPUH2A, OUAZHOCIMUKU U RPOZHO3UPOGAHUA
COCMOAHRUA MEXHUYECKO20 000PYO0BAHUA C NPUMEHEHUEM MEXHOI02UU UCKYCCIMEEHH020 UHMeeKma Ha aze
omeuecmeeHHbIX ANNAPAMHBIX U RPOZPAMMHBIX CPEOCME», 002080p coemecmno ¢ 3A0 «Inekmponpueoo u Cunoean
nexmponuxa» Ne4869-2081.
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M.E. BONDARENKO, A.V. SYTIN, N.V. TOKMAKOV, I.V. RODICHEVA

JUSTIFICATION OF THE DESIGN SEQUENCE
COMBINED SUPPORTS WITH VARIABLE CHARACTERISTICS

Abstract. The paper briefly describes the current state of distributed energy systems, which acts as a leading
supplier of electric and thermal energy to small cities, towns and villages, industrial enterprises, livestock farms, etc. The
main working unit of this type of systems is low—power microturbine installations. For these types of installations, the
most critical and critical part is the rotor—bearing assembly. The article discusses a dynamic two—mass model of a rotor—
bearing assembly including a rotor and a thrust paddle bearing. The masses of the rotor and elastic elements are taken
into account in the model, and the simulation results are given for harmonic and pulse excitation.
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Keywords: combined support, variable characteristic, calculation sequence, diagram, switching process,

dynamic characteristics.
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A.B. KOPHAEB, I0.H. KA3AKOB

HNOJIINIHUK CKOJbXEHUSA C U3MEHSIEMOM TEOMETPUEN
3A30PA: PACYET 'MAPOANHAMUNYECKHUX CHJI

AnHotanusi. Cmamvsi noceésujena pazpabomke u eepupurayuu Mamemamuyeckou MoOeiu KOHUYECKO20
NOOWUNHUKA C 0CeBol nooayel cmazounoeo mamepuana. OcobeHHOCMbIO KOHCMPYKYUU NOOWUNHUKA S1851emcs
3A6UCUMOCb CPEOHe20 3a30PA OM 0CeB020 CMEUeHUsl POMOopd, 4mo Oeidem 603MONCHbIM NPUMEHEHUE NPOCHbIX
akmyamopog OJisi YNpasieHusi C8OUCMBAMU HCeCMKOCMU U 0eMNPUPOSAHUS CMA304H020 clos. Modenb ocHosana Ha
0bobwenuu ypasnenus Petinonvoca, nymem uHmespuposanusi YRpOUeHHbIX YPAGHEHUL OBUNCCHUS U HePA3PbIBHOCTU 8
yuaunopudeckux roopounamax. Yucnennmoe peuwenue 0600wennozco ypasnenus Petinonvoca memodom KoHeumwix
PA3HOCMeEll NOKA3AL0 XOpouiee CO2LACO8ANUe C Pe3Ybmamamiu Opy2ux aémopos.
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KuroueBble ciaoBa: cuopoounamuueckuil d¢hghekm cmaszxu, KOHUYECKUll NOOWUNHUK HCUOKOCTNIHO2O MPeHUsl,
VPAaBHeHUsT MameMamuyeckoll Qu3uUKu 8 KpUBOIUHENHbIX KoopouHamax, ypaeuenue Peiinonrvoca, memoo koneumvix
pasHocmell.

Aemopckuii exnao. A.B. Kopnaes: nocmanoska 3adauu, blO0p Memooos, alcopumm YUCIEHHO20 pPeuleHUs.
ypasHernusi Petinonvoca, obuee pykosoocmeso pabomoil. FO.H. Kazakog: 6v1600 00600ujennozo ypasnenus Peiinonvoca 6
YUTUHOPUYECKUX KOOPOUHATAX, PA3pabOmKa npospammyl U YucieHHoe peuteHue 060ouennozo ypaenenus Peiinonvoca,
CcpagHeHue NOIY4eHHbIX Pe3YIbmamos ¢ pe3yibmamamit Opysux agmopos, n0020Mo6Ka PYKONUCU Cmamboi.

Hannaa paboma evinonnena npu noooeprcke Munucmepcmea nayku u gvicuie2o oopazosanus Poccuiickoit
@Deoepayuu 6 pamkax cpanma Ilpezudenma Poccuiickoui @edepayuu Ne MD -129.2020.8. Aemopwst c
051a200aPHOCHBIO RPUSHAIOM IMY NOOOEPHCKY.

MATLAB&SIMULINK License: 40944936
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A.V. KORNAEV, Yu.N. KAZAKOV

VARIABLE CLEARANCE SLIDE BEARING: CALCULATION
OF HYDRODYNAMIC FORCES


https://booksee.org/g/%D0%9A%D0%BE%D1%87%D0%B8%D0%BD%20%D0%9D.%D0%95.
https://booksee.org/g/%D0%9A%D0%BE%D1%87%D0%B8%D0%BD%20%D0%9D.%D0%95.
https://booksee.org/g/%D0%9A%D0%BE%D1%87%D0%B8%D0%BD%20%D0%9D.%D0%95.

(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁJ'leMbI TCXHUKH U TCXHOJOI'MA

Abstract. The article is devoted to the development and verification of a mathematical model of a tapered
bearing with axial lubricant supply. A feature of the bearing design is the dependence of the average clearance on the
axial displacement of the rotor, which makes it possible to use simple actuators to control the properties of rigidity and
damping of the lubricant layer. The model is based on a generalization of the Reynolds equation by integrating simplified
equations of motion and continuity in cylindrical coordinates. Numerical solution of the generalized Reynolds equation
by the finite difference method showed good agreement with the results of other authors.

Keywords: hydrodynamic effect of lubrication, conical bearing of fluid friction, equations of mathematical
physics in curvilinear coordinates, Reynolds equation, finite difference method.
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JL.A. CABHUH, JI.JI. KO3bIPEB, A.B. 'OP1H

YIPABJISAEMBINA JEMII®EP CYXOI'O TPEHUSI
KAK OJIEMEHT MEXATPOHHOHU CUCTEMbI

AHHOTanMs1. B cmamve npedcmasner Kpamxuii ananus ynpasisemvix oemnghepos. Ilpusedenvl ocHogHbvle 8Udbl
ynpasnsemvix demngepos cyxoco mpenus. Ilpusedena ux xiaccugpukayusi CULOBbIX CUSHANO08 68 OeMnpepax cyxo2o
mpenust. [Ipedcmasnena QyHkyuonanvbHas cxema MexampoHHOU Ynpagusiemozo oemngepa cyxozo mpenus. Onucan
aneopumm pabomuvl mexamponnozeo demngepa cyxozo mpenus. Coenanvl 66186006l U NPUBLOEHbI PEKOMEHOAYUU O
opmuposanuio ancopumma pabomul QpuryUorHo2o demngepa.
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L.A. SAVIN, D.L. KOZYREV, A.V. GORIN

CONTROLLED DRY FRICTION DAMPER
AS AN ELEMENT OF A MECHATRONIC SYSTEM

Abstract. The article presents a brief analysis of controlled dampers. The main types of controlled dry friction
dampers are presented. Their classification of power signals in dry friction dampers is given. A functional diagram of a
mechatronic controlled dry friction damper is presented. An algorithm for the operation of a dry friction mechatronic
damper is described. Conclusions are drawn and recommendations are given on the formation of the algorithm for the
operation of the friction damper.

Keywords: friction damper, vibration protection, link suspension, relaxation, control, mechatronic system.
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A.10. POOUYEB, P.H. IIOJISIKOB, A.B. TOP1H, M.A. TOKMAKOBA

NCCIEJOBAHUE XAPAKTEPUCTHUK
JIEIECTKOBOI'O NOAIIUITHUKA C IINIEHOYHBIM
AHTHOPUKIIMOHHBIM ITIOKPBITUEM

AHHoTanusi. Cmamus codepoicum KpamKull aHanu3 nPUMEeHAeMblX NAeHOYHbIX AHMUPPUKYUOHHBIX NOKPLIMULL
npuMeHsemMbIX 6 mawunocmpoenuu. Ilpeocmaesnena pacuemuas cxema 1enecmk08020 NOOUWUNHUKA C NACHOYHBIM
anmuppukyuonnvim nokpeimuem. Ilokazan mamemamuyeckuti annapam Ousi MOOEIUPOBAHUS pAOOUUX NAPAMEMPOS
JIenecmKo8020 NOOWUNHUKA C NIEHOYHLIM AHMUGPUKYUOHHBIM NnokpbimueMm. [Ipedcmasnenvl pe3ynbmamul paciema
HEKOMOPbIX PAbOUUX PEXHCUMO8 U NAPAMEMPOs JeNecmKo80e0 NOOWUNHUKA C NIEHOYHLIM AHMUPPUKYUOHHBIM
noxpvimuem. Jlanvl pekomenoayuu no OarvHeuwemy UCHOTb308ANUIO NIeNeCMKO08020 NOOWUNHUKA C HIAEHOYHbIM
anmu@PpUKYUOHHLIM NOKPLINUEM.

KnrodeBble ci10Ba: ienecmko6bill NOOWUNHUK, NIEHOYHOe NOKpblmue, paboduill napamemp, paciemuas cxema,
anmugpuxyuonHvle ceolicmaa.
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omeuecmeeHnbIX ANNApPamHublX U NPOZPAMMHBIX CPEOCH 8», 002060p coemecmno ¢ 340 «Inekmponpusod u Cunosan
nekmponura» Ne4869-2081.
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A.Yu. RODICHEV, R.N. POLYAKOV, A.V. GORIN, M.A. TOKMAKOVA

STUDY OF THE CHARACTERISTICS OF THE FLAP BEARING
WITH FILM ANTI-FRICTION COATING

Abstract. The article contains a brief analysis of the applied film antifriction coatings used in mechanical
engineering. The design diagram of a petal bearing with an antifriction film coating is presented. The mathematical
apparatus for modeling the operating parameters of a petal bearing with an antifriction film coating is shown. The results
of calculating some operating modes and parameters of a petal bearing with an antifriction film coating are presented.
Recommendations are given for the further use of a petal bearing with an antifriction film coating.

Keywords: petal bearing, film coating, operating parameter, design diagram, antifriction properties.
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A.B. KOPHAEB, JI.A. CABUH, 10.H. KA3AKOB

MOJIIUITHUK CKOJIB)KEHUSA C UBSMEHAEMOM 'EOMETPUEN
3A30PA: MOAEJIMPOBAHUE CUCTEMBbI YIIPABJIEHUSA

AHHOTAUMA. B cmamve paccmampusaemcs paspabomka UMUMAYUOHHOU MOOenu OJs KOHUYECKO20
NOOWUNHUKA HCUOKOCIH020 mpeHust. Paboma sxniouaem 6 cebs 0CHOGHbLE 2Manbl MOOEIUPOBAHUSL HCUOKOCHHOU NILEHKU
6 NOOWUNHUKOBOM Y3ie, MOOeIUuposanue OuHamuxu pomopa. Ilpedcmaegnen cnocobd meepoomenbHo20 MOOeaUpOBaAnUs
o6vexkmos 6 cpede Simulink. IIpeocmasnenvr pezynvmamer no annpoxcumayuu peuwenusi ypaswenus Peiinonvoca
UCKYCCMBEHHBIMU HEUPOHHIMU CemsaMu. B kauecmee pe3yismamog Mooenuposanus npedcmasienvl 2papuru O8UINCeHUs.
POmopa a maxaice 3aUMOCE3U MOMEHMA MPEHUsL U 0CEB020 CMEUeHUsl 8Ad.

KaioueBble €lI0Ba: KOHUUECKUU NOOWUNHUK JICUOKOCIMHO20 MPEHUs, MAMeMAmuyeckoe MoOeiuposanue,
MOOenUposane pOmopHsIX CUCHEM, ONOPbL C UIMEHAEMOU 2eoMempuel.

Jlannas paboma evinonnena npu noooepicke Munucmepcmea nayku u evicuiezo oopasosanusn Poccuiickoii
@Deoepayuu 6 pamkax cpanma Ilpezudenma Poccuiickoui @edepayuu Ne MD -129.2020.8. Aemopwst c
071a200apHOCMbIO RPUZHAIOM INLY NOOEPIHCKY.

MATLAB&SIMULINK License: 40944936

Asmopcxkuii exnad. A.B. Kopnaes: pazpabomka aneopumma OUHAMUYECKOU CUCTeMbl ¢ YApasieHuem, oouee
pykosoocmeo uccredosanuem. Casun JLA.: paspabomka KOHyenyuu ynpasisiemozo KoHuueckoeo noowunuuxa. FO.H.
Kaszakoe: paspabomka moodenu noowunnuxa ¢ cpede SIMULINK, nposedenue mecmos mooenu, paspabomra cucmemsi
ynpasnenust na ochose DQN-learning, noozomosxa pyxonucu cmamou.
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A.V. KORNAEV, L.A. SAVIN, Yu.N. KAZAKOV

VARIABLE CLEARANCE SLIDING BEARING:
SIMULATION OF A CONTROL SYSTEM

Abstract. The article discusses the development of a simulation model for a tapered bearing of fluid friction.
The work includes the main stages of modeling a liquid film in a bearing assembly, modeling the dynamics of a rotor. A
method for solid modeling of objects in the Simulink environment is presented. The results of the approximation of the
solution of the Reynolds equation by artificial neural networks are presented. As the simulation results, the graphs of
the rotor movement as well as the relationship between the friction torque and the axial displacement of the shaft are
presented.

Keywords: hydrodynamic effect of lubrication, conical bearing of fluid friction, simulation of rotor systems,
variable geometry bearings, DQN-learning.
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A.B. PYCCKHMH

KOMIUVIEKC ITPOI'PAMMHO-AIIITIAPATHBIX CPEJICTB
ABTOMATU3AILIUU ITPOIIECCOB HIBEMHOI'O MIPOU3BOJICTBA

AHHOTAUMA. B cmamvbe npedcmasiien no0xXo0 K CO30AHUI0 ABMOMAMUUPOBAHHO20 NPOSPAMMHO—ANNAPAMHO20
KOMAAEKCA KOHMpOasi U 06pabomku OaHHbIX Ol GbINOJHEHUs (QYHKYUUl NIAGHUPOBAHUS U  YNPAGIeHUs
NPOU3BOOCMEEHHBIMU — NPOYECCamu  HA — npeonpusmuu  weeunou  npomviuiennocmu. Coop — Oaumbix ¢
ABMOMAMUZUPOBAHHBIX PAOOUUX MeC, YUEM UHOUBUOYATLHBIX XAPAKMEPUCTIUK MPYO08OU OesimelbHOCMU PAOONMHUKOS8
npeonpusimus, YeHMpPAIU308aHHAsi 00PAOOMKA OAHHBLX, NO3GOJISLIOM OCYUWECMESIMb KOWMPOILb 3d (DYHKYUOHUPOBAHUEM
NPEOnpUsSIMUsL 8 PeNCUME PEedlibHO20 GPEMEHU U BbINOHAMb NPOSHOZUPOSAHUE CPOKOS U CHOUMOCHU U320MOGIIeHUS.
HOBBIX U006 U30EU.

KiwueBble ¢JI0Ba: un@OpMayUOHHO—UMEPUMENbHASL CUCMEMA, bICOMHbLIL NOAEm, UHOUKAMOP PEe3ePEHO20
8peMeHU, asUayuoHHoe 000pyO08aHue, be30nACHOCMb GbICOMHO20 NOJIemd.
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A.V. RUSSKIN

A SET OF SOFTWARE AND HARDWARE TOOLS FOR AUTOMATING
SEWING PRODUCTION PROCESSES

Abstract. The article describes an approach to creating an automated software and hardware complex for
monitoring and processing data to perform the functions of planning and managing production processes in the enterprise
of the clothing industry. Data collection from automated workplaces, taking into account the individual characteristics
of the working activity of the companys employees, centralized data processing, allow you to monitor the functioning of
the enterprise in real time and to perform forecasting of terms and cost of manufacturing new types of products.

Keywords: flexible industrial systems, automation of digital production, production automation software and
hardware complexes, automated systems of technological preparation of production, automated working place.
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JA.U. CYPXKIUK, O.P. KY3UYKUH, I'.C. BACUJIBEB, M./I. BAKHHH, E.C. IAHbKMHA

PETUCTPALIIMA TEOAUHAMNYECKHUX ITPOINECCOB
OASOMETPUYECKUM METOJAOM B CUCTEMAX JIOKAJIBHOI'O
I'EODKOJIOTTHYECKOI'O MOHHUTOPHUHT A

AHHOTamMs. B cmamve paccmompenvl npunyunvl 00pabOmMKu pesUCmpupyemvix CUSHAN08 6 CUCIeMAaX
JIOKANIbHO20 ~ 2€09KOJIO2UYECKO20 MOHUMOPpUHeAd ONsl  (POPMUPOBAHUA  (PA306bIX UZ0OPANCEHU 2e00UHAMUYECKUX
npoyeccos. Ommeuena 6aicHOCHb HENPEPLIEHO20 HADIIOOEHUs U KOHMPOJIA 30 6TUAHUEM 2€00UHAMUYECKUX NPOYECCO8
Ha NPUPOOHbIE Pecypchbl U UHPPACMPYKMYPHbIE UHIICEHEPHO—MeXHUYeCKUe 00beKmbl 8 npoyecce Ux 63aumMooeicmeusl.
Toxasano, ymo 3pghexmusnbIM 86apUaHMOM OCYUeCMBNIeHUA TOKATLHOZ0 260IK0I0ULECKO20 MOHUMOPUHEA 34 OAHHBIMU
npoyeccamu A61Aemcs NPUMeHeHUue CO8PEMEHHBIX CUCIEM, OCHOBAHNBIX HA UCHONb308AHUU 2e0ITeKMPULECKUX MEMOO08
KOHMPOJA, 001aA0AIOWUX bICOKOU UYBCMBUMETLHOCBIO K USMEHEHUAM DJIeKMPUYECKUX CBOUCME KOHMPOIUPYEMbIX
obvexmos. Hapaoy ¢ docmouncmeamu OaHHbIX Memo0o8 omMmeueHbl U Ux HeOOCMAmKy npu KOHmMpoie amniumyo, 8
YACMHOCU, CAONCHOCMb PeuleHUs MOHUMOPUHEO08bIX 3a0ay NPU HATUYUU DeSYTAPHbIX NOMEX08blX 8030elicmeull,
UBMEHEHUAX KIUMAMUYECKUX (PaKmopos u eapuayusx napamempos KOHKPemHoU usMepumenbHoll YCmano8Ku, 8 Ceés3u ¢
YeM NOKA3AHA NEPCHeKMUGHOCMb NPUMEHEHUs Memodd HAd OCHO8e KOHmMpOJsA ¢asvl, obnadaroujeco Ooiee 8blCOKOl
YYECMBUMENLHOCIBIO U HOMEXO3AWUWEHHOCIbIO. [ano Mamemamuyeckoe Onucanue dazomempuieckoco memood,
paspabomanvl CMPYKMYpHule cxemvl U DYHKYUOHATbHbIE MOOEIU, KOmopvle Mo2ym Oblmb UCHOAb308AHbL Ol
NPAKMUYecKoll  pearusayuy UMepUumenbHuiX MpPAKmosg Cucmem JOKAIbHO0 2e0IK0I0UUECK020 MOHUMOPUH2d
DA3TUYHBIX 2e00UHaMuiecKux npoyeccos. IIpeonazaemviii no0xo0 Obll YCHEWHO IKCNEPUMEHMATLHO ANPOOUPOSAH 8
npoyecce Ucc1e008anus. Makema GazomMempuyecko UMepumenvol cucmemsvl 01 KOHMPONS 2e00UHAMUYECKUX
Kapcmoguix npoyeccog 6 npubpescnoii 3one ozepa Ceamo Hudwcecopodckoil obracmu, noxazaguieco e2o 8biCOKYIO
YYECIMBUMENLHOCb K peucmpayuy  usmeHeHutl azoevix usobpadxcenuti OiA KpatHe MATbIX 2e00UHAMUYECKUX
npoYeccos ecmecmeeHHO20 U UCKYCCIMBEHHO20 NPOUCXOHCOEHUS.

KinloueBble ClI0Ba:  2€09K0N02UYECKULl  MOHUMOPUHS, — 2€0INEKMPUKA,  (DAZOMEMPUYecKuil  Memoo,
DYHKYUOHATbHOE MOOETUPOBAHIE, KAPCIMOBbIe NPOYECChl.

Paboma evinoinena ¢ pamkax ebtnoinenus zocyoapcmeennozo sadanus FZWG —-2020-0029 ""Paspabomxka
MeopemuuecKux 0CH08 NOCMPOCHUA UHPOPMAUUOHHO—AHATUIMUYECCKO20 00eCREUeHUs MENCKOMMYHUKAUUOHHBIX
cucmem 2e0IK0N0ZUNECKO20 MOHUMOPUH2A HPUPOOHBIX PECYPCO8 6 CEbCKOM Xo3siicmee.
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REGISTRATION OF GEODYNAMIC PROCESSES
BY THE PHASOMETRIC METHOD IN LOCAL GEOECOLOGICAL
MONITORING SYSTEMS
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Abstract. The article discusses the principles of processing recorded signals in local geoecological monitoring
systems for the formation of phase images of geodynamic processes. The importance of continuous monitoring and control
over the influence of geodynamic processes on natural resources and infrastructure engineering and technical objects in
the process of their interaction is noted. It is shown that an effective option for local geoecological monitoring of these
processes is the use of modern systems based on the use of geoelectric control methods, which are highly sensitive to
changes in the electrical properties of the monitored objects. Along with the advantages of these methods, their
disadvantages in controlling the amplitudes were noted, in particular, the complexity of solving monitoring problems in
the presence of regular interference influences, changes in climatic factors and variations in the parameters of a specific
measuring installation, in connection with which it is shown that the application of the method based on phase control is
promising. higher sensitivity and noise immunity. A mathematical description of the phase—measuring method is given,
structural diagrams and functional models are developed, which can be used for the practical implementation of
measuring paths of systems for local geoecological monitoring of various geodynamic processes. The proposed approach
was successfully experimentally tested in the process of studying a model of a phase—measuring measuring system for
monitoring geodynamic karst processes in the coastal zone of Lake Svyato, Nizhny Novgorod region, which showed its
high sensitivity to recording changes in phase images for extremely small geodynamic processes of natural and artificial
origin.

Keywords: geoecological monitoring, geoelectricity, phasometric method, functional modeling, karst
processes.
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AJIT'OPUTM KOPPEKIIMU MOJEJIU TEOTEXHUYECKOW CUCTEMBI

AHHOTanMsl. B cmamve paccmampueaemcest aneopumm ROJYYEHUss UHOUBUOYATbHOU MOOENU 2e0MEXHUYECKOU
cucmemvl Ha ocHoge ee 06a30601 mooenu. Koppexyus 6a30680u Mooenu oCywecmensiemes no pesyibmamam OYeHKu
UHGOPMAMUBHOCTNU NAPAMEMPO8 2eOMeXHUYECKOU CUCmeMbl HA OCHO8e Helupocemego2o nooxoda. B cmamove
npUBOOUMCs.  ONUCAHUE CYWECMEYIOWUX HEeUpOCemessblX alcopummos omoopa UHGOPMAMUBHBIX —NPUSHAKOS.
Ilpednazaemviii netipocemegol aneopumm OCHOBAH HA Pe3yIbMamax npeosapumenbHol Crmamucmuieckol oopabomxu
OAHHBIX, CHOPMUPOBAHHBIX NAPAMEMPAax Mooeiu 00beKma YRpAaeieHus, U NoJyYeHHbIX napamempax ougyprayuu. Ilo
pesyrbmamam pabomol npeorazaemozo Aleopumma 603MONCHO ONPedeieHIe KIIOUesblX MO4eK pasmeujenus 0amuuKos
cucmembl cHopa, KOppeKkyusi napamempos coopa u UHOUBUOYAILHOU MOOeNU 2e0MeXHUUeCKol cucmemvl. B cmamove
Makdice NPUBOOUMCs: NPAKMUYECKasi anpobayus paspabomanno20 al2opumma npu 2e0MexHUYecKOM MOHUMOPUH2E
MPexamanicHo20 30anus. Pezyiomamol nposepku nokazwleaiom nosvlileHue Kauecmeaa pabonivl CUCHEMbl MOHUMOPUH2A
3a cuem Oonee paHHe2o GbIsGNIEHUsL 0eCMPYKMUBHBIX NPOYECCO8.

KaioueBble cl10Ba: MOHUMOPUHZ, HEUPOCEMESOl ANCOPUMM, UHOUSUOYATbHASL MOOENb, 2e0MeXHUUecKas
cucmema, 06vexm cmpoumenbCmad.
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ALGORITHM FOR CORRECTING
THE GEOTECHNICAL SYSTEM MODEL

Abstract. The article considers an algorithm for obtaining an individual model of a geotechnical system based
on its basic model. The correction of the basic model is carried out based on the results of the evaluation of the informative
value of the parameters of the geotechnical system based on the neural network approach. The article describes the
existing neural network algorithms for selecting informative features. The proposed neural network algorithm is based
on the results of preliminary statistical data processing, the generated parameters of the control object model, and the
obtained bifurcation parameters. Based on the results of the proposed algorithm, it is possible to determine the key
placement points of the sensors of the collection system, correct the parameters of the collection and the individual model
of the geotechnical system. The article also provides a practical approbation of the developed algorithm for geotechnical
monitoring of a three—story building. The results of the audit show an improvement in the quality of the monitoring system
due to earlier detection of destructive processes.

Keywords: monitoring, neural network algorithm, individual model, geotechnical system, construction object/
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H.A. MAPKOB

NHOOPMAIIMOHHO-UBMEPUTEJ/IbHASL CUCTEMA MOHUTOPHUHTI'A
PE3EPBHOI'O BPEMEHU COXPAHEHUA CO3HAHUSA TACCA’KUPAMU
BO3YHIHBIX CYJIOB B BLICOTHOM ITIOJIETE

AHHOTAUMsA. B cmamve paccmompena uH@OpMayuOHHO—UMEPUMETbHASL CUCIEMA MOHUMOPUH2A Pe3ePEHO20
8peMeHU COXPAHEHUs CO3HAHUS NACCANCUPAMU 8030VULHBIX CYO08 8 8bICOMHOM NoJieme, OCHO8Y KOMOPOU cOCmasisem
UHOUKATOD Pe3ePEHO20 8peMeHU COXPAHEHUSI COZHAHUS YellO8eKOM 8 8bICOMHOM noJleme, obecneuusarowull paciem
OYEHKU Pe3ePB8HO20 8PeMeHU 8 PedsibHOM 8PeMeHU.
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N.A. MARKOV

INFORMATION AND MEASUREMENT SYSTEM FOR MONITORING
THE RESERVE TIME OF CONSCIOUSNESS PRESERVATION
BY AIRCRAFT PASSENGERS IN HIGH-ALTITUDE FLIGHT

Abstract. The article considers the information and measurement system for monitoring the reserve time of
consciousness retention by aircraft passengers in high—altitude flight, which is based on the indicator of the reserve time
of consciousness retention by a person in high—altitude flight, which provides the calculation of the reserve time estimate
in real time.

Keywords: information and measurement system, high—altitude flight, reserve time indicator, aviation
equipment, high—altitude flight safety.
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A.UM. CYPXKUK, O.P. KY3UYKHUH, I'.C. BACHUJIBEB, M./I. BAKHHH, E.C. IAHbKMHA

OBHAPYXEHUE YTEYHEK HEOTEIIPOAYKTOB HA OBBEKTAX
AT'POITPOMBIINIVIEHHOTI'O KOMIIVIEKCA HA OCHOBE
PASOMETPUYECKUX I'EOSJIEKTPHYECKHUX CUCTEM

AHHOTAaUMsA. B cmamve paccmompen nOOX00 K OOHAPYIICEHUIO YmeueKk Hehmenpooykmos Ha 00beKmax
A2PONPOMBIUNEHHO20 KOMNAEKCA O pe3yabmamam 00pabomxu hazosvix u306paxcenuii 2e00UHAMULECKUX NPOYeccos
npU  JOKATLHOM 2€09KO0N02UYeCKOM MoHumopunee.Illokasano, 4mo coepemeHHblli azpOnpoMbIUIEeHHbIY KOMIIEKC
npedcmagisiem coboli COBOKYHHOCMb HECKOAbKUX PAIUYHBIX Ompaciell IKOHOMUKU, Kauyecmeo u 0e30nacHocmb
npPoOyKYuLU KOMopsix 0Jisi nompebumeieli 60 MHO2OM 3a8UCUM OM IPHeKMUeHOCMuU peuteHus: NPoOIeMbl HOOOEPHC AHUS
IKON02UYECKOU 6e30NACHOCIU UCHONb3YeMbIX Y200Ull, a Maxice KOHMPOJA UX COCMOAHUA, PAHHE20 OOHAPYICEHUs U
NPeOynpedcOeHUs B03MONMCHLIX 3A2PAIHEHUI, K YUCTY KOMOPLIX OMHOCAMCA A8apuliHble YmeuKu He@hmenpooyKmos ¢
NIOWAOHBIX 0OBLEKMO8 UX XpaHeHus u nepepabomu. /s HabIO0eHUs U KOHMPOJIsL 3d COCMOAHUEM OAHHBIX 00beKmMOos
NPeONIOACEHO UCIONB306AMb  2€0IKOIOUNECKULl MOHUMOPUHE HA OCHOBE (QA30MEMPUYECKO20 2e0INEeKMPULEeCKO20
Memooa KOHMpOs, 001a0aiowe20 NOGbIUEHHOU YY8CIEUMENbHOCIbIO U NOMEXO3AUUEHHOCIBIO NO CDABHEHUIO C
amnaumyonsimu  memooamu. Ha eco ocnoge paspabomana cmpykmypHas cxema u QYHKYUOHATbHAA MOOelb
0BYXKAHALHO20 — OOHApyJcumens 2e00UHAMUYECKUX codbimull (¢ 08yMsa  pewarwumy  YCmpoucmeamu u
MpexanbmepHamueHoll 2unome3ou 0 Kaxico02o), 3PpekmusHocms QYHKYUOHUPOBAHUS KOMOPO20 NOOMEEPAHCOeHd
pe3yIbmamami IKCNePUMEeHMaAIbHbIX UCCAE008AHUL ¢ UCTIONb308AHUEM CREYUATbHO PAPADOTNAHHOU MOHUMOPUH20601
cucmemul U MaKema—mooenu nIouaoHo20 00beKMa MONIUSHO—IHEPLEMULECKO20 KOMNIEKCA.

KiloueBble  CJI0BA:  acponpoMbluiaeHHbIl  KOMIAEKC,  2e03KONOSUYECKUl  MOMUMOPUHZ, — YMeuKu
Hepmenpooykmos, 2e0dieKmpuKa, hazsomempuyeckuti Memoo, 0OHAPYICUMeENU CUSHALO08, KOPPETAYUOHHBLI NPUEMHUK.

Paboma evinonnena npu noodepicke zpauma PODOH 19-38-90261 '"Hccnedosanue u paspabomka
cucmembl KOHMPONA HEPMEWIAMOBBIX NPOSIUBOE PAZOMEMPULECKUM 2€0INEKMPUYECKUM Memodom'" u é pamKkax
svtnonnenus 2ocyoapcmeennozo 3adanus FZWG —2020-0029 "Pazpadomka meopemuueckux 0CHO8 HOCHPOCHUS
UHPOPMAYUOHHO—AHATUMUYECKO20  00ecneYyeHUss  MEeNeKOMMYHUKAYUOHRBIX — CUCHIEM  2€0IK010ZUYECKO20
MOHUMOPUH2A RPUPOOHBIX PECYPCOE 8 CEIbCKOM Xo3siicmee’'.
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D.I. SURZHIK, O.R. KUZICHKIN, G.S. VASILIEV, M.D. BAKNIN, E.S. PANKINA

DETECTION OF OIL PRODUCT LEAKS AT THE OBJECTS
OF THE AGRO-INDUSTRIAL COMPLEX ON THE BASIS
OF PHASOMETRIC GEOELECTRIC SYSTEMS

Abstract. The article discusses an approach to the detection of leaks of oil products at the facilities of the agro—
industrial complex based on the results of processing phase images of geodynamic processes during local geoecological
monitoring. It is shown that the modern agro—industrial complex is a combination of several different sectors of the
economy, the quality and safety of products of which for consumers largely depends on the effectiveness of solving the
problem of maintaining the ecological safety of the lands used, as well as monitoring their condition, early detection and
prevention of possible pollution, including include emergency leaks of oil products from on-site storage and processing
facilities. To monitor and control the state of these objects, it is proposed to use geoecological monitoring based on the
phase—metric geoelectric control method, which has increased sensitivity and noise immunity compared to amplitude
methods. On its basis, a structural diagram and functional model of a two—channel detector of geodynamic events (with
two solvers and a three—alternative hypothesis for each) have been developed, the efficiency of which is confirmed by the
results of experimental studies using a specially developed monitoring system and a mock—up model of an areal object of
the fuel and energy complex.

Keywords: agro—-industrial complex, geoecological monitoring, oil product leaks, geoelectrics, phase—metric
method, signal detectors, correlation receiver.
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S.H. TYCEHULIA, O.A. LIUPSIMOB, JI.C. BYPBIi1

AJI'OPUTM MOJEJIMPOBAHUSA CIIEKTPAJIBHOI'O
KO®OPUIIMEHTA ITPO3PAYHOCTU ATMOC®EPDBI
B UH®PPAKPACHOM JINAITA3OHE JIJIMH BOJIH
ITPU ADPOHABJIIOJEHNN HASEMHBIX OBBEKTOB HA OCHOBE
HHTEPITIOJIALINU SMIIMPUYECKUX TAHHBIX

AHHOTanMsl. B cmamve npedcmagien ancopumm  MOOEIUPOBAHUSL CHEKMPAIbHO20 KOI(DPuyuenma
NpO3PAYHOCMU aMMOCpepsl 8 UHPPAKPACHOM OUANA30He ONUH 60JH NPU AIPOHAOIIOOEHUs. HA3eMHbIX 00beKmo8 Ha
OCHOBe UHMEPRONAYUU IMIUPUYEcKUX Oannbix. [Ipednazaemviii aneopumm omaudaemes: Om Cyuwecmeylouux mem, Ymo
00veduHsiem 6 cebe aHATUMUYecKUe BbIPAANCEHUS U IMIUPUYECKU OaHHble, KOMOpble MO2Ym Oblmb UCNOIb308AHbL 0I5
UHMEPNOAAYUU 3HAYEHUST KOIPDuyuenma no2nowenus UHQPaKpacHo2o usydeHust napamu 600bl U YIeKUCIbIM 2A30M.
B pabome npusedenvi meopemuueckue pacuenul NO2LOWEHUSL U PACCEUBAHUSL UHPPAKPACHO 20 UZTYYEHUs AMMOCHepotl,
Ha KOMOPbIX OCHOBAH npediazaemvlil areopumm. [Ipedcmasnenst pesyiomamol anpobayuu areopumma 6 Xxo0e JenHo—
9KCNEPUMEHMATLHOU PAbOmbl.

KuaroueBble ciioBa: asponabuiooenue, unghpakpacnoe uziyyenue, npo3pasHoCcms ammocgepol.
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Ya.N. GUSENITSA, O.A. SHIRYAMOV, D.S. BURYJ

ALGORITHM FOR MODELING THE SPECTRAL TRANSPARENCY
COEFFICIENT OF THE ATMOSPHERE IN THE INFRARED
WAVELENGTH RANGE IN AERO OBSERVATION OF GROUND
OBJECTS BASED ON INTERPOLATION OF EMPIRICAL DATA

Abstract. The article presents an algorithm for modeling the spectral transparency of the atmosphere in the
infrared wavelength range for aerial observation of ground objects based on the interpolation of empirical data. The
proposed algorithm differs from the existing ones in that it combines analytical expressions and empirical data that can
be used to interpolate the value of the absorption coefficient of infrared radiation by water vapor and carbon dioxide.
The paper presents theoretical calculations of the absorption and scattering of infrared radiation by the atmosphere, on
which the proposed algorithm is based. The results of testing the algorithm in the course of flight experimental work are
presented.

Keywords: aerial observation, infrared radiation, atmospheric transparency
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A.B. HEMEHKO, M.M. HUKUTUH

JTUATHOCTHUKA PAHHEMN CTAJUH YCTAJOCTH
BPAINAIOIIUXCHA JETAJIEM MALINH

AHHoTauust. [Ipednooicen memoo pauHell OUASHOCMUKU YCMATOCMU, OCHOBAHHBIU HA 0COOEHHOCMAX N0
HanpsiceHutl, 8bix00sue2o Ha nogepxnocms demanu. OCHOBOU Memooa A6AAeMCA Npeocmasienue noJist HanPIXCeHull 6
8UOe KOMNIEKCHOZHAYHOU (DYHKYUU KOOPOUHAM U 6bIYUCTICHUE UHMe2PAld OM He20 N0 GHEUHeM) KOHMYPY CeueHusl
demanu, Ha KOMOPOM MU HANPNCEHUSL MONCHO PUULECKU USMEPUMb C NOMOWbIO 0amUUKos. B ciyuae omcymemeus 8
ceueHuu mpewur, 3Mom UHMe2pal PaseH HY0, NPU HATUYUY SHYMPU KOHMYPA MpewjuHsl, cooepicaujell 0ba ceoux
KOHYA, UHmMe2pail CKaukooOpasHo NPUHUMAem HeHYIesoe 3HAUeHUEe 6He 3A6UCUMOCTU OM (YaKmuueckozo pasmepa
mpewunbl.

KarwueBble c1oBa: HauanvHas cmaous paspyuleHust, pauHss OUAZHOCMUKA, YCMAI0CMb, KACAMebHble
HANPSIICEHUsl, MPEWUHO0OPA3068aHUE, MPEUWUHOCTNOUKOCD.
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DETECTION OF FATIGUE CRACKS EARLY STAGE IN ROTATING
MACHINE PARTS

Abstract. A method for early diagnosis of fatigue based on the peculiarities of the stress field emerging on the
surface of the part is proposed. The method is based on the representation of the stress field in the form of a complex—
valued function of coordinates and the calculation of the integral from it along the outer contour of the section of the
part, on which these stresses can be physically measured using sensors. If there are no cracks in the section, this integral
is equal to zero, if there is a crack inside the contour containing both its ends, the integral abruptly takes on a non-zero
value regardless of the actual size of the crack.
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3.A. I'O/IXXAEB, B.B. LIEXOBILOB, M.B. JIIIIEHKO, A.1. UCKAJIMEB, 111.51.3. SDHPUKEC

CHUXEHUE JJMHAMUYECKOM HATPY)KEHHOCTUA TPAHCMUCCHH
TATOBO-TPAHCIIOPTHOI'O CPEACTBA 3A CYHET 3JIEMEHTA
C YIIPABJIIEMBIMHU YIIPYT'O-IUCCUIMIATUBHBIMU CBOMCTBAMUA

AHHOTaNUsI. B cmambe onucvlgaemcsi NpeodniodiceHHoe asmopamy mexHuyeckoe peulenue ynpy2ou mygmol,
NPEOHAZHAYEHHOU 051 CHUIICEHUSI OUHAMUYECKOU HAZPYIHCEHHOCHU MPAHCMUCCUU MA2080—MPAHCROPMHO20 CPEOCMEd 6
WUPOKOM OUANA30He AMIAUMYO U CHeKmpe 4acmom OeliCmEyIoWux nepemMenHblx Hazpy3ok. B kauecmee ynpyeoco
alemMenma 6 My@me UCNOAb306AHA 3MECBUOHASL NPYICUHA C NPOSPECCUBHOU HEIUHEIHOU YNPY2oU Xapakmepucmurou. 3a
cuem ee ynpyaux Ce0UCmE 00eCneyusaemcs CHUNCeHUe OUHAMUYECKOU HASPYICEHHOCMU MPAHCMUCCUU M2080—
MPAHCROPMHO20 CPEOCMBA HA PENCUMAX HAPYICEHUS C 8bICOKUM KOIPDUYUEHMOM OUHAMULHOCIMU, KO20d HA2PY3KA HA
yuacmrke mpaHcCMUCCul CywecmeeHHo Npesbliiaent HOMUHANbHYI0 pacuemmuylo. Kpome npozpeccugnoil nmenuneiinou
VApY2OU  Xapakmepucmuku, Mmygma obradaem OUCCUNAMUGHBIMU CEOUCMEAMYU, KOMOPble MAK’Ce HEeNUHEUHO
603pACMAIOM NPU YEENUUEHUU AMIIUMYO NEPEMEHHBIX HA2PY30K, OelUCMBYIOWUX HA YYACHKe MPAHCMUCCUL, HA KOMOPOM
yemanosnena mypma. Ipu eospacmanuu amniumyo NepemMenHbiX HASpY30K AGMOMAMUYECKU YEeTULUBACMC sl YUCLO
3a0etiCMBOBAHHBIX NAP MPEHUsL DNEMEHMO8 MYDNbl U yeeauyusaencs oowas noeepxHocms mpenus. Taxum obpazom, 3a
cuem KOHCmMpYKyuu Myghmul 06ecnevuaemcs asmomamuyeckoe ynpasieHue ee ynpyeo—0ucCunamu@HbLMy CGOUCMeami,
adanmueHo NPUCnOCABIUBAIOWEEC K PENCUMY HASPYIICEHUs. U obecnedusaiowee 3a cyem 9Mmo20 MAKCUMATbHOE
CHUDICEHUE OUHAMUYECKOU HASPYHCEHHOCIU MPAHCMUCCUU.

KaroueBble cioBa. Tpancmuccusi mse080—mpancnopmuo2o cpeocmed, Kpymuibhvle KONeOanus, CHUdMiCeHue
OUHAMUYECKOT HASPYICEHHOCTU, YNpY2dsi My@ma, Ynpagienue ynpysumu u OUCCUNAMUEHbIMU CEOUCMEAMU
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Z.A. GODZHAEV, V.V. SHEKHOVTSOV, M.V. LIASHENKO,
A.l. ISKALIEV, S.J.E. ENRIQUEZ

REDUCING OF DYNAMICAL LOAD IN VEHICLE TRANSMISSION
BY THE PART WITH CONTROLLED ELASTIC-DAMPING
CHARACTERISTICS

Abstract. This paper describes the technical solution of the elastic coupling proposed by authors. This coupling
is designed to reduce dynamic load in a vehicle transmission into wide amplitudes range and specter of variable loads.
The coupling uses the serpentine spring with progressive nonlinear elastic characteristic as the elastic element. The
elastic characteristic provides reducing of dynamic load in transmission of a vehicle at loading regimes with high dynamic
factor. Acting load at transmission parts sufficiently exceeds a nominal calculated load at these regimes. Besides
progressive nonlinear characteristic the coupling has damping features which also increase nonlinearly at increasing of
variable loads amplitudes in the transmission part where the coupling is installed. Increasing of amplitudes of variable
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loads leads to automatic increasing of number of used friction pairs in the coupling and total friction area. Thus the
coupling structure provides the automatic control of its elastic-damping characteristics which adaptively changes in
accordance with load regimes. This feature provides maximal reducing of transmission dynamic load.

Keywords: vehicle transmission, torsional vibrations, dynamic loading reduction, elastic coupling, control of
elastic and damping characteristics.
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3.A. I'O/IXXAEB, B.B. LIEXOBIOB, M.B. JEIIIEHKO, A.1. UCKAJIMEB, I1.B. IOTAIIOB

CTEHJ JIJIsI UCIIBITAHU BUBPOU30JIITOPOB KABUHBI
TPAHCIIOPTHOI'O CPEACTBA

AHHOTaUUsl. B cocmag KOHCMPYKYuu COBPEMEHHbIX MPAHCHOPMHBIX —CPeOCmE 6X00Um  CUCHeMd
noopeccopusanus Kabumwl, 6 KOMOPYIo GKIOHAIOMCSL PA3Hble NO KOHCMPYKYUU U NPUHYUNY 0eliCmEUs 6UOPOU30IsImopbl,
Mo ecmb MeXaHuyeckue, 2UOPasIUecKue, NHEGMAmMuIecKue U KOMOUHUPOBAHHbLE YCMPOUCMEA, HA3HAYEHUEM KOMOPbIX
SABNAEMCSL YMEHbUEHUE AMNIUMYO KOACOAMENbHbIX 8030€UCMEULl HA KAOURY U, NO O3MOJICHOCIU, NO2OWEHUE YACmU
Konebamenvrou snepeuu. CnocobHOCmb GUOPOU3OTIIMOPOE 6 MEHeHUEe HOPMAMUBHO20 CPOKA IKCIIYAMAYUU CHUICAMb
00 HeobX00UMO20 YPOBHS AMIIUMYObl G030€UCMEUL HA KAOUHY CO CMOPOHbL PAMbL BO3MONCHO OYECHUBAMb O
Pe3yIbmamam ux pecypchvlx CmeHO008bIX ucnvimanutl. B nacmosiwyeii cmamoe npedcmagieno onucamue coO30anHo20 8
Bonel TV mexnuueckoeo pewienusi cmeHoa O peCypcHblX UCIbIMAHUL UOPOU30IAMOPOE KADUHbI MPAHCHOPMHO20
cpeocmea. B oxcnayamayuu 6ubpousonsimopsl KabuHbl MpAaHCHOPMHO20 CPeOCmEd UCHBIMbIBAIOM HAZPYHcarouue
6030€liCBUst OM 6EPMUKATbHBIX, NPOOOILHO— U NONEPEUHO—Y2NI0bIX KOACOAHUI KaOUHbL, NpUeM 8ce Hazpyicaiouue
6030€liCBUst OMAUYAIOMC AMIIUMYOAMU U XAPAKMEPOM NPOMEKAHUSL 80 8peMeHu. Bozmoaicnocms socnpoussedenus 6
CMEHO0BbIX YCIOGUSX IKCIIYAMAYUOHHBIX PENCUMOE HASPYICEHUSL SUOPOUZOISMOPOE 6 NPEONONCEHHOM ABMOPAMU
MEXHUYECKOM PeUeHUU cnmeHoa 00ecneuueaemcs. mpems OpUeHMuUPOSAHHLIMU 6 BEPMUKATIbLHOM, NPOOOTIbHO—0CEE0M U
NONepeuHO—0Ce80M HANPABIEHUSX INEKMPOOSULAMENSIMU C PEYIUPYEMOTl HaACMOMOU 8PAUYEHUS. U YCIMAHOGIEHHBIMU HA
UX 6ANAX KYIAUKOBLIMU IKCYCHMPUKAMU C OOUHAKOBLIM UNU DPA3TUYHBIM NPODUIeM, 63AUMOOCUCHMEYIOUWUMU C
Haepyszounou niamgpopmoi. Taxkum obpazom obecneuugaemcsi 603MOAICHOCIb BOCHPOU3BEOCHUsT HA UCHBIMYEMOM
BUBPOUZONSIMOPE HASPY3OK IKCHIYAMAYUOHHO20 XAPAKMEPA OM 8ePMUKATILHBIX, NPOOOIbHO— U NONEPEUHO—Y2N06bIX
KoneOanutl KabuHbl ¢ PA3HLIMU AMAIAUMYOAMU, HACTNOMAMU U XAPAKMEPOM HPOMEKAHUsl 60 6PEMEHU KaAHCO020
Hazpyscarwezo 6030eicmelsl, Ymo nosbluiaen 00CnoBePHOCHb Pe3YabMmamos UCHbIMAHULL.
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Z.A. GODZHAEV, V.V. SHEKHOVTSOV, M.V. LIASHENKO, A.l. ISKALIEV, P.V. POTAPOV

TEST STAND FOR VIBRATION ISOLATORS
OF VEHICLE CABIN SUSPENSION

Abstract. Modern vehicles includes a cabin suspension that provides reducing of amplitudes of vibration
impacts on the cabin and if possible absorption of vibration energy portion. The cabin suspension includes vibration
isolators which have various constructions and operation principles: mechanical, hydraulic, pneumatic and combined
mechanisms. Stand tests provides evaluation of vibration isolators ability to reduce amplitudes of impacts on the cabin
from the vehicle frame down to a necessary level during normative lifetime. This paper presents the description of the
tests stand for life tests of a vehicle cabin suspension created in VSTU. Vibration isolators of a vehicles cabin suspension
are impacted by loads from vertical, longitudinal- and lateral-angular cabin vibrations during exploitation. At this all
load impacts have various amplitudes and time profiles. Proposed test stand provides reproduction of operational load
regimes for vibration isolators testing by scheme of the loading device. This device consists of three controlled electric
motors which are oriented in vertical, longitudinal and lateral axial directions and cam eccentrics mounted on motors
shafts. These eccentrics may have different or similar profiles and provides impact on the loading platform. So it is
possible to reproduce operational loads from vertical, longitudinal— and lateral-angular cabin vibrations on tested
vibration isolators at that vibrations may have various amplitudes, frequencies and time profiles for every load impact to
increase reliability of the test results.

Keywords: vehicle cabin suspension, vibration isolator, stand tests, load device.
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H.1. BAPMHWHCKAZA

BJIUSHMUE MMOT'PEINIHOCTEN UCXOJIHBIX TIAPAMETPOB
HA YHIPABJIAEMOE JABUKEHUE OBBEKTA

AHHOTanus. Paccmompenul pasnuunvle 6u0bl YNPAGIEHUL NEPEHOCHBIM J8UdICeHUeM ynpy2o2o oovekma. Ilpu
aHnanuze OUHAMUKU 0OEeKMa 8 OMHOCUMENbHOM OBUINCEHUU 0OPAUEHO GHUMAHUE HA BO3MONCHOCHTb CHUIICEHUSL YPOGHSL
KONeOaHUll 3a cuem 6blbOpa NPUEMIEMO20 8PEMEHU NePeHoCHo20 dgudicerust. TIokazano, umo nozspewHocmu 3a0aHus.
UCXOOHBIX NAPAMEMPO8 VAPAGNEHUs GIEKYM 3HAUUMENbHbIE OMKIOHEHUs. OM JCENAeMO20 KOHEYHO20 COCHOSHUSL
obvexma. [papuueckoe npedcmasnenue OUHAMUKU OMHOCUMENLHO20 OBUMNICEHUsL NO360JILeM OYESHUMb GIUSHUE
OMKIIOHEHUI 8 OOCMUNCEHUU NPOEKMUPYEMO20 KOHeUH020 cocmosiHus. Ipapuku nepenocHo2o u 0mHOCUMENbHO2O
OBUIICEHUSL OMPAXCAIOM XAPAKMEPHble 0COOEHHOCMU OUHAMUKY YNPY2020 00beKma.

KiwueBble caoBa: onmumaivhoe Ynpasienue, OMHOCUMENIbHOE U NEPEeHOCHOe OBUMICEHUe, NOZPEULHOCMb
UCXOOHBIX napamempos, Koaebanus oovexma.
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N.I. VARMINSKAYA

INFLUENCE OF INITIAL PARAMETERS ERRORS
ON THE CONTROLLED OBJECT MOTION

Abstract. Various types of motion controls for the elastic object are considered. When analyzing the dynamics
of an object in relative motion, attention is drawn to the possibility of reducing the level of oscillations due to the timing
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of the translational movement. It is shown that inaccuracies in setting the initial control parameters entail significant
deviations from the desired position at the end of the motion. The graphical representation of the relative motion dynamics
allows one to assess the effect of deviations in achieving the projected final state. The graphics of the translational and
relative motion reflect the characteristic features of the elastic object dynamics.

Keywords: optimal control, relative and translational motion, initial parameters error, object oscillations.
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A.O. XAPYEHKO, 10.K. HOBOCEJIOB, A.A. XAPYEHKO

BBIPABOTKA KPUTEPUSA DOPEKTUBHOCTH _
TP OITUMM3ALIUU CTPYKTYP CTAHOYHbBIX MOJAYJEN

AHHOTaUUs. B cmamve paccmompen npoyecc 8ublpabomiu Kpumepus dGexmusHocmu npu peuenu 3a0ay
cuUHme3a CMpYKmyp CmaHouyHulx Mmooyieu. Ilpu pewenuu 3a0au cuwmesa CmMpyKmMyp HA HAYALbHLIX 3MANAX
PEKOMEHOYemcs. NPUMEHSIMb Memoo0 MOPQPONI02UYECK020 AHANU3A, OCHOBAHHBIL HA UCNOJb308AHUU MOPPONIOUU
00beKmMOo8 U NO360II0OUULL OPSAHUZ08AMb U CUCEMAMUYECKU AHATUZUPOBAMb NPOCMPAHCMBO ux usmerenutl. Hapsoy
C DPeanvbHO BOZMOICHBIMU KOMOUHAYUSAMU XAPAKMEPUCUK Memood odaem 001biioe KOAULeCME0 HeCoMeCTnUMbLX
6apuUanHmMo8, O00bLEKMUBHASL OYEHKA IPOEKMUSHOCMU — KANCO020 U3 KOMOPHIX — 3ampyoOHena. s oyeHku
NPeOnoYMUmMenbHO20 8APUAHMA MOOYISL NPU  AGMOMAMUZUPOSAHHOM NPOEKMUPOSAHUU He0OX00uMa 6blpabomKa
Kpumepusi  ONMUMATbHOCMU, — YHUMbIBAIOWE20  BEPOSIMHOCU  O30MKA3HOU U OecnepeHanadouol  pabonvl
mexnono2udeckol cucmemuvl. Onpedenena wacmuas yenesas (QYHKyusi onmumusayuu, O OYeHKU ONMUMALTbHOCU
pewieHuil npu evibope U3 CONOCMABUMbIX 8aAPUAHMOE NPedIONCEH UHMEeZPANbHbII Kpumepuil bojliee 8blCOK020 YPOBHS,
KOMOPOblL 6 S6HOM GUOE CES3bIBAC CYMMAPHYIO 20008Yi0 d(dekmuenocms om KCHIyamayuu 060py008aHusi npu
6bINOJHEHUL MPeOOSAHULl K Kauyecmey NPOOYKYUU ¢ CYMMAPHOIMU 3AMPAmMamMy HA €20 CO30aHue U 3KCHILYamayuro.
Onucanvt Memoouxa 6v1060pa MeXHOLO0SUYECKUX INeMEHMO8 000PYO08aHUsL U NOOX00 K OYeHKe NPeonoumumenbHo20
sapuanma Mooyis npU A6MOMAMUIUPOBAHHOM NPOEKMUPOBAHUL.

KaioueBble clioBa: cunmes cmaHo4HbIX MOOYIell, UHMESPANbHAL OYEHOYHAsL YYHKYUSL, NOMOK OMKA308, HOMOK
nepenanaoxu, PAYUOHAIbHbIL BAPUAHI MOOYJISL.

CIIUCOK JIMTEPATYPbI

1. Novoselov, Yu.K., Kharchenko A.O. Choice of the Optimal Structure of a Flexible Production Cell / Novoselov,
Yu.K., Kharchenko A.O. // Soviet engineering research, 1987. — 7(2), P. 48-52.

2. HaxanersH E.I'. [lmarHoctipoBanue 00OpyIOBaHUsI TMOKOrO aBTOMaTH3MpOBaHHOTO mpousBojctBa / E.I.
Haxanersiv. — M.: Hayka, 1985. — 224 c.

3. Xapuenko A.O. AHaJM3 U CHHTE3 CTPYKTYP COBPEMEHHBIX MHOTOOIIEPAIIMOHHBIX CTAHKOB: MpakTukym / A.O.
Xapuenko, C.M. bparan, E.A. Baaneuxas, C.1. Pomynkun. — M.: Llentpkatanor, 2018. — 144 c.

4. Iym B.3. ABromatnueckue cranouHsle cuctemsl / B.3. ITym, B.JI. Coconkun. — M.: MammHOcTpoeHwme, 1982.
-319c.

5. Joarun B.I1. HanexxHocTs TexHudeckux cucrem: y4eb. mocoowe / B.IIL. Jlonrmn, A.O. Xapuenko. — M.:
Bysosckuit yuebnnk: MTHOPA-M, 2015. — 167 c.

6. Xapuenko A.O. AHaJn3 1 UCCIIEJOBAHNE SKCIUTYaTAIl[MOHHOM M TEXHOJOTHYECKON Ha/Ie)KHOCTH 000PY/I0BaHUS
JUTsl BHYTpPEHHEH Menkopa3smepHol pe3bboobpadotkn / A.O. Xapuenko, E.A. Brmagenkas // dyHnameHTajdbHBIE U
MIPUKJIaHBIE TIPOOIeMbl TeXHUKU 1 TexHosoruu. — Open: ®I'BOY BO «OTI'Y umenu U.C. Typrenesay, 2021. Ne 3 (347). —
C.30-39. DOI: 10.33979/2073-7408-2021-346—2-30-39.

7. Xapuenko A.O. AHamM3 ¥ HCCIENOBaHHME IIEPEHANAKUBAEMOCTH OOOpYIOBaHUS JUISl BHYTPEHHEH
MeJIKopa3MepHoO# pe3rboobpadotku / A.O. Xapuenko, A.A. Xapuenko // @yHamMeHTanbHbBIE U NIPUKIIAIHbIE TIPOOIEMBI
TexHUKU U TexHosorun. — Open: ®I'BOY BO «OI'Y umenn WN.C. Typrenesa», 2021. Ne 2 (346). — C.93-99. DOI:
10.33979/2073-7408-2021-346—2-93-99. ISSN-2073-7408.

Xapuenko Asexcanap Oneropuy  HosocesioB ¥Opuii Koncrantunosuy XapueHko AHApeil AJIeKCAHAPOBUY
DOI'AOY BO «CeBacTOOIbCKHI DI'AOY BO «CeBacTonoIbCKHi DOI'AOY BO «CeBacTOIOIbCKHII
TOCYAAPCTBEHHBIA YHUBEPCUTETY, rOCYAApCTBEHHBIA YHUBEPCUTETY, TrOCYAapCTBEHHBI YHUBEPCUTETY,
r. CeBacTomnoib r. CeBacTonoib r. CeBacTomnoib

Kanaunat TeXHUYEeCKHUX HAYK, JIOKTOp TEXHHUYECKUX HAYK, Kanaunat TeXHUYECKUX HAYK,
npodeccop kadenps! «TexHomorust  mpodeccop kapeapsl «TexHOIOTHS JOLIEHT Kadeaps
MAaIIHHOCTPOCHUS MAaITHHOCTPOSHUS «ABTOMOOWMITLHBINA TPAHCIIOPT»
299053, r. CeBacToI10b, 299053, r. CeBacToI101b, 299053, r. CeBacToImos,

yiI. YHUBEpCUTETCKAs, 33 yiI. YHUBepcUTETCKas, 33 yII. YHUBEpCUTETCKAs, 33




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TEXHUKH U TEXHOJIOTHHU

Ten. +7 (8692) 41-77-41-(11-50)  Ten. +7 (8692) 41-77-41-(11-50) Ten. +7 (8692) 54-35-70
E-mail: khao@list.ru E—mail: UKNovoselov@sevsu.ru E-mail: a.a.kharchenko@sevsu.ru

A.O0. KHARCHENKO, Yu.K. NOVOSELOV, A.A. KHARCHENKO

DEVELOPMENT OF EFFICIENCY CRITERION FOR OPTIMIZING
THE STRUCTURES OF MACHINE UNITS

Abstract. The article discusses the process of developing an efficiency criterion when solving problems of
synthesizing the structures of machine modules. When solving problems of the synthesis of structures at the initial stages,
it is recommended to apply the method of morphological analysis based on the use of the morphology of objects and
allowing to organize and systematically analyze the space of their changes. Along with the actually possible combi—
nations of characteristics, the method gives a large number of incompatible options, an objective assessment of the
effectiveness of each of which is difficult. In order to evaluate the preferred module option for automated design, it is
necessary to develop an optimality criterion that takes into account the probabilities of trouble—free and commis—sion—
free operation of the technological system. A particular objective optimization function is determined, to evaluate the
optimality of solutions when choosing from comparable options, an integral higher level criterion is proposed, which
explicitly associates the total annual efficiency of equipment operation when meeting the require—ments for product
quality with total costs for its creation and operation. Describes the method of selection of technological elements of
equipment and the approach to the evaluation of the preferred option module with computer—aided design.

Keywords: synthesis of machine modules, integral evaluation function, failure stream, conversion stream,
rational module variant.
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A.A. BOXKOB

MO/JIEJIb TOUEHUSI ®ACOHHBIX IOBEPXHOCTEN
C OHITO3UTHbBIM PASMEIINEHUEM PE3L1OB

AHHoOTanus. [Iposeden anamusz mexHoI02U4ecKou cxembl 08yPe3yo6020 PACOHHO20 MOUEHUsS. C ONNOSUMHBIM
pasmewenuem pe3yos. Paccmompena neycmouuueas opma Koarebanuii cucmemvl pesey — 3d20MosKa 6 npoyecce
moyenus. Ilpeocmaenenvl 3a8UCUMOCIU NO3GONAIOWUE OYEHUMb 6eIUdUNbl Konebanuli npu obpabomxe u pso
IKCNEPUMEHMATIbHBIX UCCIE008AHUT NOOMBEPIHCOAIOWUX MeopemutecKie NPeonoa0HCeHUSL.

KiroueBble cj10Ba: 06ype3yogoe mouenue ¢ ONNO3UMHbIM pasmeujeHuem pes3yos, paconHdas noeepxHocmy,
KOe0aHUs, Kauecmeo NogepxHocmu, moienue, dg@dekmusnocms npoyecca.
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A.A.VOZHZHOV

TURNING MODEL FOR SHAPED SURFACES WITH OPPOSITE CUTTERS

Abstract. The analysis of the technological scheme of double—cutter shaped turning with opposed placement of
cutters is carried out. An unstable form of oscillations of the cutter — workpiece system during turning is considered.
Dependences are presented that allow estimating the magnitude of oscillations during processing and a number of
experimental studies that confirm theoretical assumptions.

Keywords: double—cutter turning with opposed cutters, shaped surface, vibrations, surface quality, turning,
process efficiency.
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TEIIVIOOBMEHHBIX AIIITAPATOB CUCTEM OBECIIEYEHUA
TEIIJIOBOT'O PE:JKUMA SGHEPI'OYCTAHOBOK
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A.R. ABLAEV, R.R. ABLAEV

EVALUATION OF THERMAL EFFICIENCY WHEN DESIGNING HEAT-
EXCHANGING DEVICES OF SYSTEMS FOR PROVIDING THERMAL
REGIME OF POWER INSTALLATIONS

Abstract. A method is given for assessing the thermal efficiency of heat exchangers using a computational
experiment based on a refined model of thermal and hydrodynamic calculation.
Keywords: heat exchanger, efficiency, heat transfer, hydraulic resistance.
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