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V.P. TIKHOMIROV, O.A. GORLENKO, M.A. IZMEROV,
O.V. DOROFEYEV, S.N. ZLOBIN, A.N. EROKHIN

IDENTIFYING THE PATTERNS OF WEAR
OF THE SPHERICAL SLIDING BEARING

Abstract. The methodology of estimating wear amount of rough surface friction of the spherical sliding bearing
based on modified equations of Arcana with the definition of the coefficient of friction based on the fractal ideas about
the engineering of the surface and calculation of wear rate with physical and mechanical properties of the mating bodies,
contact and friction the way.

Keywords: spherical bearing, wear, friction coefficient, Archard equation, wear intensity.
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AUHAMUKA U [TIPOYHOCTb

YIK 629.12 DOI: 10.33979/2073-7408-2020-339-1-17-25

A.JL. CYXOPVYKOB, P.B. CJIVIIKUH

PE3YJIBTATBI BEPUOUKALINUN YUC/IEHHOI'O METOA
PACUYETA B3AUMOJENCTBUS INOJBOJHOI'O OFBEKTA
C JIEAOBBIM ITOKPOBOM

AHHOTanus. B pabome npogedena sepupuxayus YUcieHHO20 MeMo0oa pacyema 83aumooeiucmausi H0080OHO20
00beKma ¢ 1e008bIM NOKPOBOM HA OCHOBE AHATUMUYECKO20 PeleHlsl coomeemcmayiowel MooeavHol 3adayqu. Ilonyyena
AHATUMUYECKAsl OYeHKA npoeuba 1e006020 NOKPOBA NpU OUHAMUYECKOM 6030€liCBUU COCPeOOMOUYEHHOU HAPY3KU,
KOmMopasi makdice Modcem Ovlmb noaesHa O 6epUpUKAyUU  HYUCTEHHbIX Memod08 pacyema OUHAMUYECKO20
83aUMO0eUCmBUsL NOOBOOHO20 00BLEKMA C 1€008bIM NOKPOBOM.

KawueBble ciioBa: eepugurayus, uucieHHvle Memoobi, NOOBOOHbI 00beKm, 1ed08bll NOKPOS, Memoo
KOHEYHbIX INEMEHMOB
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A.L. SUKHORUKOV, R.V. SLUZKY

THE RESULTS OF VERIFICATION OF THE NUMERICAL METHOD
FOR CALCULATION OF INTERACTION BETWEEN UNDERWATER
OBJECT AND ICE COVER

Abstract. The verification of the numerical method for calculation of interaction between underwater object and
ice cover based on analytical solution of the corresponding model problem was performed in this work. The analytical
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approach for dynamic deflection of ice cover under concentrated load was obtained. It can be useful for verification of
the numerical methods for calculation of dynamic interaction between underwater object and ice cover.
Keywords: verification, numerical methods, underwater object, ice cover, finite element method.
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H.A. CAIIPEIKMHA, A.B. ITPOCKOKOB, A.A. CAITIPBIKNH

CHUHTE3 MEXAHU3MOB C KHHEMATUKOM TUIMA JIEJbTA

AHHOTamms. /leibma podomul HAX00AM WUPOKOe NpUMeHeHue NPy peuteHuu npomvluLieHHblx 3a0aq. Obnadas
BbICOKUM  OblcmpoOdeticmeuem, 0elbma—pooomyvl 3apeKoMeH0068aAU CeOsl Npu  COPMUPOSKe U NepeopueHmayuu
Hebonbuwux uzoenutl, ceapke, nuwegol npomviuiennocmu u m.0. Obnacmv NpUMEHeHUs MAHUNYISAMOPOS C
KUHeMAmuKou muna O0eibma NocmosHHO pacmem. Hecmomps Ha  YHUBEPCATbHOCMb UX  NPUMEHEHUs npu
NPOEKMUPOBAHUU HEOOX00UMO YUUMbIBAMb KOHKpemHuble 3a0auu U QYHKyuu 018 UX 8vbinoaHeHus. B nociednue 2o0v
VUeHble 3aHUMAIMCA CO30AHUeM ONMUMATLHOU KoHcmpykyuu 3D npummepa ¢ Kunmemamuxoi muna denvma. /s
yayuuenus PYHKYUOHATbHIX BO3MONMCHOCTEN HEOOX0OUMO ONMUMUBUPOBATb 2eoMempuiecKue, KuneMamuyeckue u
OuHAMUYECKUe XAPAKMepUCMUKY Manunyaamopos. lIpocmpancmeennulili cunmes ocmaemcs 2iaeHotl npooiemoti npu
npoexmuposanuu. B oannoii cmamve paccmompeno co3oanue makema 3D npunmepa ¢ KuHeMamuxol muna oenvma.
IIposeden cmpykmypuvlil ananu3 Mexauusma, onpeoeienvl KuHeMamuueckue napamempuvl 36eHbes Mexanusmd.
Cocmasneno eexmopHoe ypaeHeHue KUHeMaAmuyeckoll yenu oenvma—poboma. Paccmompenvt éonpocvl o enuanuu
KUHeMAMUu4eCcKux Xapakmepucmux Ha napamempuvl paboie2o npocmpancmed.

KaroueBbie ciioBa: Oenvma—podoom, Mexawusm ¢ NAPALIENbHOU KUHEMAMUKOU, CMPYKMYPHbUL AHATUS,
kunemamuxa muna Delta, pabouee npocmpancmeo, 3amMKHymas KUHEMAMUYECKAas yenb, MAHUNYIAmop.
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N.A. SAPRYKINA, A.V. PROSKOKOV, A.A. SAPRYKIN

STRUCTURAL SYNTHESIS OF MECHANISMS
KINEMATICS-TYPE DELTA

Abstract. Delta robots are widely used in industrial applications. With its high speed, Delta robots have proven
themselves in sorting and reorientation of small products, welding, food processing, etc. the Field of application of
manipulators with kinematics Delta type is constantly growing. Despite the universality of their application, the design
must take into account the specific tasks and functions for their implementation. In recent years, scientists have been
creating an optimal 3D printer design with Delta kinematics. To improve the functionality it is necessary to optimize the
geometric, kinematic and dynamic characteristics of the manipulators. Spatial synthesis remains a major design
challenge. This article discusses the creation of a 3D printer layout with kinematics type Delta. The structural analysis
of the mechanism is carried out, the kinematic parameters of the mechanism links are determined. The vector equation of
the kinematic chain of the Delta—robot is made. Questions about the influence of kinematic characteristics on the
parameters of the working space are considered.

Keywords: delta robot, parallel kinematics mechanism, structural analysis, Delta kinematics, workspace, closed
kinematic chain, manipulator.
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B.A.T'OP/JIOH, I''A. CEMEHOBA

COBCTBEHHBIE U3I'MBHBIE KOJIEBAHUSA BAJIKHA,
YACTHYHO ONEPTON HA OCHOBAHUE NACTEPHAKA

AnHotaumsi. Paccmampusaemes mamemamuueckas Mooenb COOCMBEHHbIX U3LUOHBIX KONeOaHuti c80000HOU
banku, wacmuuHo ONEPMOil Ha ynpyeoe ogyxnapamempuuieckoe ocnoganue Ilacmepnaxa. Pewienue 3a0auu cobcmeenublx
KONeOaHUtl Cmpoumest MemooOoM HAYAIbHLIX NApamempos ¢ NpusiedeHuemM 6eKmopo8 COCMOHUL CeyeHull OanKu u
MAmMpuy 61USHUSL HAYAIbHLIX NAPAMEMPOS HA COCMOSHUE NPOU3BOTIbHBIX CeHeHULL.

KuaroueBsie ciioBa: ocnoganue [lacmepnaka, c60000nas banxka, Mampuya e1usHUsA, 6eKMOP COCMOSIHUSL
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V.A. GORDON, G.A. SEMENOVA

NATURAL BENDING VIBRATIONS OF THE BEAM, PARTIALLY
SUPPORTED ON THE BASE OF PASTERNAK

Abstract. Mathematical model of natural bending vibrations of free beam partially supported on elastic two—
parameter base of Pasternak is considered. The solution of the problem of natural vibrations is constructed by the method
of initial parameters with the involvement of vectors of beam section state and matrices of influence of initial parameters
on the state of arbitrary sections.

Keywords: base of Pasternak; free beam; matrix of influence, state vector.
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A.C. KOHOHEHKO, N.1O0. I'HATKHWH, T.A. KUJIBJIEEB

PEMOHT NPELU3UOHHBIX HOJINIHUKOBBIX COEJJUHEHUN
METAJVIOPEXYIHIUX CTAHKOB ITOJIMMEPHBIMUA MATEPUAJIAMHA

AuHOTamUsl. B cmamvbe 0000weHbvl  mpebosanus,  NpeovAsiieMble K WNUHOCTbHLIM  V3IAM
Memanioobpabamvisarowux cmankos. Paccmompenvt naubonee spgexmusnvie cnocobvl pemonma u ROGbIULEHUS
HAOEINCHOCMU NOCAOOUHbIX uleek wnunoenell. Ilokazano, umo nepcneKmueHbIM MemooOM PEeMOHMA USHOULEHHbIX
NOCAOOYHBIX NOBEPXHOCME SGNAEMCS CO30aHUe NOIUMEPHOU NPOCIOUKU MeNCOY GANIOM U GHYMPEHHUMU KOLbYaMU
NOOWUNHUKOS. DKCNEPUMEHMANbHO NOAYYEHAd HO8Asl NOAUMEPHAS. KOMNO3UYUSL C HOGBIUEHHLIMU NPOYHOCHIHLIMU
Xapaxmepucmukamu.

KuaroueBbie cjioBa: wnuHoebHblil y3ei, NOOUWUNHUKY, KIeU—2epMemuK, USHOC, NPOYHOCHb, JCECIKOCHb.
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A.S. KONONENKO, I.Yu. IGNATKIN, T.A. KILDEEV

RENOVATION OF METAL-CUTTING MACHINES PRECISION BEARING
CONNECTIONS BY POLYMERIC MATERIALS

Abstract. The article summarizes the requirements for spindle units of metalworking machines. The most
effective ways to repair and improve the reliability of the spindle landing surfaces are considered. It is shown that a
promising method of repairing of worn spindle landing surfaces is to create a polymer interlayer between the shaft and
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the inner rings of the bearings. A new polymer composition with improved strength characteristics was experimentally
obtained.
Keywords: spindle unit, bearings, adhesive—sealant, wear, strength, rigidity.
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A.B. I'HATOB, P.M. CYBXAHKVJIOB

AJITE3UBHASI CBOPKA MHOTI'OCJIOMHBIX U3JIEJINUIA
INEPEMEHHOT'O CEYEHHU S

AHHOTAUUS. [Ipeonodicena opusuHaibHas, He UMeouds NPSMbIX AHALI0208 8 MUpe, MeXHON02US A02e3UEHOU
COOPKU MHO20CIOUHBIX UB0CTUL NEePEMEHHO20 CEYECHUs. U3 NOJUMEPHBIX KOMNO3UYUOHHBIX Mamepuanos. Texnono2us
no3eonsem 000UMU HeOOCMAMKU CYUeCMEVIOWUX U 3HAYUMEIbHO PACUUPUIND BO3MONCHOCIU NO NPUMEHEHUIO
COBDEMEHHBIX — NONUMEPHBIX — KOMNO3UYUOHHBIX — MAMEPUaloe npu  CEPUliHOM — U320MOGNCHUU  NPOOYKYUU
6bICOKOMEXHONIOZUUHO20 MAUWUHOCMPOCHUS. Hauboiee CLOJICHOU 2eomempuyeckol opmol. [Ipedcmasnenvt pesyivmamol
9IKCHEPUMEHMATbHBIX UCCLe008AHULl NO pa3pabomKe MemoouKu HO YAPAGIEHUN) OCHOGHBIMU MEeXHOJI0SUYeCKUMU
pedicumamu 8 npoyecce 0OECKOHMAKMHOU 6bIKIAOKU U30eTUll U3 NOTUMEPHLIX KOMNOZUYUOHHLIX Mamepuanos. B
pe3yibmame Meopemuyeckux U 9KCHEPUMEHMANIbHBIX UCCIe008AHULL OPUSUHATIBHO2O Memood 0OeCKOHMAKMHOU
BbIKIAOKU:  BbISIGNIEHbL PEKOMEHOYeMble MEXHOIOSUYECKUE PEdNCUMbL, NO360JsIouUe YAPAGISAMb MEXHOL0SUYECKUM
NPOYECCOM € Yenbio OOCMUICEHUS. MPehyeMo20 Ka4ecmed U CHUNCEHUsT MPYOoeMKOCHU, HOJIYYeHbl IMAUPUHECKUe
3A6UCUMOCIU, NO3GONAIOUUE PACCUUMBIEAMb MEXHOL0SUYECKUE DENCUMbl OECKOHMAKMHOU 6bIKIAOKU 6 DPAMKAX
Paspabomanto20o OPUSUHALLHO20 MeMo0d, U NO3BONSIOUUE NPOSHOZUPOBATND MEXHUKO—IKCHIYAMAaYUOHHbLE NOKA3AMenu
MHO2OCTOUHBIX U30eNUL NEPEMEHHO20 CeHeHUsL.
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A.V.IGNATOV, RM. SUBKHANKULOV

ADHESIVE ASSEMBLY OF MULTI-LAYERED PRODUCTS
WITH VARIABLE SECTION

Abstract. The paper provides an original technology for the adhesive assembly of multilayer products with
variable cross—section made of polymer composite materials. The technology allows circumventing the shortcomings of
existing and significantly expanding the possibilities for the use of modern polymer composite materials in the serial
production of high—tech industry products of the most complex geometric shapes. The results of experimental studies on
the development of methods for managing the main technological modes in the process of non—contact laying out of
products from polymer composite materials are presented. As a result of theoretical and experimental studies of the
original method of contactless calculation: the recommended technological modes have been identified that allow you to
control the process in order to achieve the required quality and reduce the complexity, empirical dependences are
obtained that allow one to calculate the technological modes of contactless calculation within the framework of the
developed original method and allow one to predict the technical and operational characteristics of multilayer products
of variable cross section.

Keywords: adhesive assembly, pre—production, polymer products, adhesive composition, hardening material,
profile products, shell, blade, screw
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B.M. JIUIIKA, FO.JI. PAITALIKHI, C.M. BPATAH

MATEMATHYECKOE MOJIEJIMPOBAHUE
N AHAJIN3 ITPOIECCA IIVMINM®OBAHUSA PE3bBbI
HA 3AT'OTOBKAX PE3bBOHAKATHBIX POJIMUKOB

AnHotaumsi. Hccnedyemes npoyecc wiiugogaHus pe3vbOO8bIX KAHABOK HA  3A20MOBKAX  POJUKOS,
NPeOHA3HAYEHHbIX O/ HAKAMbIGAHUS HAPYXICHBIX pe3bbd Ha  08YXPOIUKOBbIX pe3vbOoHaxkamuvlx cmankax. K
Pe3bOOHaAKAMHBIM POIUKAM NPEOBABTAIOMCS BbICOKUE MPEDOBAHUSL NO MOYHOCMU U CIMOUKOCMU, KOMOpble MO2Yym Oblib
BbINOJIHEHbL NPU YCI08UU NOTYYEHUS HAPYIICHOU pe3bbbl Ha Hux pesvoouinugosanuem. Haumenvuue noepewmocmu
Gopmel u pazmepos pezvOvl Mocym Oblmb NOYYEHbI NPU WAUDOBAHUU 3A20MOBOK DPe3bOOHAKAMHBIX POIUKOS
OOHOHUMOYHBIM KPY2OM, HO NpoOIeMOl s8asemcsi obecneyenue cmabuibhol Gopmsl pe3bh068020 NPOGuUs, a maxdice
npeoomsepaujeHue nPUNCo208 U WaUGoeounvlx mpewun. /s obecnevenus kawecmsa u cmabuibHol Gopmul pe3bh068020
npoguns paspabomar cnocod nosvlueHUs cmaburbHOCmuy NPouia Kpyed 3ad cyem Y8eiuyeHus UuHoca Kpyea Ha
OOKOBbIX YyYaCmKAX Hymem Y8eluueHus Ha Hux 2iyOuHel pe3anus. [[na peanuzayuu npeorodHCeHHO20 cnocoda
paspabomana u GepuuUUUPOBAHA MamemMamuieckas Mooelb npoyecca waugosanus pezvovi, odecneuusaroueco
coxpanerue npoguns kpyea. Ilpednoscena u 060CHOBAHA ANNPOKCUMAYUSA CLOHNCHO2O NPOQuUis pe3bbo8oll KAHABKU,
obecneuugaiowjeco cmaburbHOCMb NpouUas Kpyea 6 npoyecce e20 usHoca, 0yeou oxpyscrnocmu. Ilonyyennvie
pesyiomamosl  aKmMyanbHvl 0N CHEYUAIUCMO8 6 00IACmU Npou3Bo0Cmed U GOCCMAHOGIEHUS pPe3bOOHAKAMHbIX
UHCMPYMEHMOS.

KaioueBble cioBa: uapyocnas pezvba, pe3vOownugosanue, mMamemamuieckas MoOeb, HAOEHCHOCMD,
NnpouU3800UMENbHOCINb MEXHOI02ULEeCKO20 npoyeccd
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V.M. LYPKA, Yu.L. RAPATSKIY, S.M. BRATAN

MATHEMATICAL MODELING AND ANALYSIS OF THE PROCESS
OF THREAD GRINDING ON THE WORKPIECES
OF THREAD ROLLING ROLLERS

Abstract. The process of grinding of threaded grooves on work pieces of rollers intended for rolling of external
threads on two—roller thread rolling machines is investigated. Thread rolling rollers are subject to high requirements for
accuracy and durability, which can be performed subject to obtaining the external thread on them by thread grinding.
The smallest errors in the shape and size of the thread can be obtained when grinding work pieces thread rollers single—
thread circle, but the problem is to ensure a stable shape of the threaded profile, as well as the prevention of burns and
grinding cracks. To ensure the quality and the stable shape of the threaded profile, a method has been developed to
increase the stability of the circle profile by increasing the wear of the circle on the side sections by increasing the cutting
depth on them. To implement the proposed method, a mathematical model of the thread grinding process was developed
and verified, which ensures the preservation of the circle profile. The approximation of a complex profile of a threaded
groove providing stability of a profile of a circle in the course of its wear by a circle arc is offered and proved. The results
obtained are relevant for specialists in the field of production and restoration of thread rolling tools.

Keywords: external thread, thread grinding, mathematical model, reliability, productivity of technological
process.
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KOMIIOHOBKN MEXAHU3NPOBAHHBIX OBBEKTOB
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AHHOTAIMSI. B cmambe paccmompenst 60npocsl HAUGOJee CIOICHO2O U MPYOOEeMKO20 IMANA NPOEKmMupO8aHus.
MEXAHUBUPOBAHHBIX 0OBLEKMO8 — IMANA ONpedeneHUs PAYUOHATbHOU KOMIOHOBKU NPOU3B0OCMEA, BKIIOUAIOWe20 6 cebs
onpedenenue KOHGueypayuu u pazmepos o0vbeKma, a makice ONMUMAIbHO20 PACNONIONCEHUs. 8 HeM MEXHOL02UUECKO20
000py0osanus.

KaroueBble €I0Ba: nepedsudichoil MeXaHuUpoBaAHHbIl KOMAACKC, KOMHOHOBKA, ONMUMU3AYUS, Ueledas.
PYHKYUS, ABMOMAMUIAYUSL.
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R.R. ABLAEV, A.R. ABLAEV

STATEMENT OF THE PROBLEM THE OPTIMAL RESOURCE-
EFFICIENT LAYOUT OF MECHANICAL OBJECTS

Abstract. The article deals with the most complex and time—consuming stage of designing mechanized facilities—
the stage of determining the rational layout of production, including the definition of the configuration and size of the
object, as well as the optimal location of technological equipment in it.

Keywords: mobile mechanized complex, layout, optimization, objective function, automation.
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C.M. BPATAH, A.O. XAPYEHKO, E.A. BJIAJIELIKA

CTOXACTHUYECKASI CUCTEMA YIIPABJIEHUS ONEPALIUEHA
IIVIOCKOI'O IIVIMPOBAHUA

AHHOTaNMsl. B cmamve paccmampugaiomcst BORPOCsl CMOXACMUYECKO20 YNpasieHus onepayuel uwaugosanus
¢ OuHamuyeckou cmabuiusayuel napamempos yukia oopabomxu. Ilpedcmasniennas agmomamudeckas cucmema
ocywecmensiem ynpasieHue onepayuell Wiuosanus nymem cmabumuzayuy 2nyoutvl pe3anus Ha NPOmsiCeHUU 6Ce2o
YUKNA WAUDOBAHUSL C NPUMEHEHUEM CReYUanbHoll cmpamezuu pe2yauposanus. OCHOB0U cucmembl s61semcst 66edeHue 8
namsimos  ynpaeuisiioujeri. IBM  O0annblx, Komopvle ROIYUAIOM NpuU pacueme YUKI08 € NOMOWbIO MeopemuKo—
BEPOSIMHOCMHOU MOOETU U MEMOOA OUHAMULECKO20 NPOSPAMMUPOo8anus. [Ipu ucnonb306anuu npeodroICeHHOU CUcmembl
VApasneHus. npouzsooumenbHocms obpabomku yeenuyusaemcs 6 1,2 paza npu 00HOBPEMEHHOU CMabUnU3AYUU
napamempog Kauecmea Oemaiell.

KoueBble ciioBa: onepayust wnugosanus, mexHoi02uieckas CUCMeMd, YUKI WaAudo8aHus, CmoxacmuiecKkas
cucmema  ynpaeienus,  meopemuKo—6epoOSMHOCMHAS  MOOENb, Memo0  OUHAMUYECKO20 — NPOSPAMMUPOBAHUS,
cmadbunu3ayust napamempos Kaiecmaa.
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S.M. BRATAN, A.O. KHARCHENKO, E.A. VLADETSKAYA

STOCHASTIC FLAT GRINDING OPERATION CONTROL SYSTEM

Abstract. The article discusses the issues of stochastic control of grinding operation with dynamic stabilization
of processing cycle parameters. The presented automatic system controls the grinding operation by stabilizing the cutting
depth throughout the entire grinding cycle using a special regulation strategy. The basis of the system is the introduction
into the memory of the control computer of the data, that are obtained in the calculation of cycles using the probability—
theoretical model and the dynamic programming method. When using the proposed control system, processing
productivity increases by 1.2 times while stabilizing the quality parameters of parts.

Keywords: grinding operation, technological system, grinding cycle, stochastic control system, probability
theory model, dynamic programming method, stabilization of quality parameters.
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AHHOTauusl. B Oannou cmamve paccmMampugaemcsi onpoc 00  YAPAGIeHUU  IIeKMPONPUEOOaAMU
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A.S. MARTINEZ LEON, S.F. JATSUN, O.V. EMELYANOVA

CONTROL OF THE ELECTRIC DRIVES OF A MULTIROTOR SYSTEM
TYPE CONVERTERTIPLANE

Abstract. The paper discusses the issue of controlling electric drives of a multi—rotor system, identifies the
advantages and disadvantages of existing UAV control methods, a digital complementary filter for processing signals
from an inertial module MPU-6050 has been developed, an algorithm for controlling electric drives of an unmanned
aerial vehicle (UAV) such as a quadcopter using a PID controller has been proposed, a program code has been written
using Arduino IDE based on Arduino Nano microcontroller.

Keywords: Unmanned aerial vehicles (UAVs), UAV electric drive control, MPU-6050 inertial module, PID
controller for UAVs.
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P.P. ABAAYJIVH, B.A. IIOJIINBHEB, C.JI. CAMCOHOBH1Y

OBOCHOBAHUWE IPUHITUIIA JEVMCTBUS BOJTHOBOU INEPEJAYM
C MPOMEXYTOYHBIMHU TEJIAMUA KAYEHU S
KAK CJIIEJAIINEN CUCTEMBI

AnHotauusi. Paboma noceswjena axkmyanvHou npobieme paspaboOmKu MexaHusMo8 HA OCHO8e B0JIHOBOU
nepeoauu ¢ npomexcymounvimu menamu xadenus (BIITK), obradaroweli gvlcokumu yoenbHbIMU Macca—2adapumHsimu
NOKA3amMensiMy, 4mo 0COOEHHO 8AJICHO, Ol ee UCHONb308AHUS 6 NPUBOOHBIX CUCTNEMAX JeMaAmenbHblX annapamos.
Jeticmeue BIITK npedcmasneno 6 ude oeticmeust ciiedsiujell CUCHeMbl, Y KOMOPOU MAAdAsl YeHMPATbHASL OCb CUMMempuu
ogana, npoxoosweu uepe3 YeHMpul Mel KA4YeHUs, OMCIeHCUsaem noaiodiceHue CyMMApHO20 6eKMopa YCUius,
€030a6aemoz0 80IHO0Opazoeamenem, aHAI0SULHO OetiCIBUI0 B0IHOB0I nepedayu ¢ 2ubKum Konecom. Pewena sadaua o
pacnpeoeieHuy KOHMAKmuvix cui mexcoy menamu xadenus 6 BIITK. Iloxazano, umo éenuduna yaia paccoenacosanus
3a6UcUm Om HONONCEHUSA mel KauyeHUs OMHOCUMENbHO MANOU YeHMPAIbHOU OCU CUMMEmpuu 680IHO0Opasosamens,
KOMopoe MOMCHO CPABHUMb C U3MeHeHueM Qopmbl 2uOK020 Kojleca 8 3y0uamotl 0nHO80U nepedaue. Benuyuwna
CYMMAPHO20 8eKMOpA YCUNUsL CKIAObIBAEMC s U3 8eKMOPO8 CUNL NepeddsdaeMblx om B0JHO0bpazosamels uepes meid
Kayenus K J4CecmKomy Koaecy npu 0CMaHosleHHoM cenapamope. 3a 00un 060pom 801HO00PA308AMENS GENUYUHBL IMUX
BEKMOPOB UBMEHAIOMCSA NePUOOUYECKU OM MAKCUMATLHO2O 3HAYEHUs 00 MUHUMAnbHO20. Maxcumanvroe 3Ha4eHus.
BEKMOpA umMeem Mecmo y mend KayeHusi, PAccONONCEeHHO20 HA OCU CUMMEMmpPUU 6NAOUHbL JCECMKO20 Kolecd, d
MAKCUMATbHOE 3HAYEHUe NPU PACHONONCEHUU MeNd KadeHus 60U3U OCU CUMMEMPUU GbICIMYNA JHCECMKO20 Kojecd.
Onpedenena eruuuHa MOMEHMA pa3eusaemozo Ha dcecmkom konece. CoCmasieHHyl0 Mamemamuieckyro Mooeib
npunyuna oeticmeuss BIITK 1eobxo0umo ucnoavb3o8amv npu amaiuze OUHAMUYECKUX XaAPAKMepUucmukx NpusoOHbIX
cucmem Ha ocrose BIITK.

KiiioueBble clI0Ba: 801H08As nepedaua ¢ NPOMENHCYMOUHbIMU MelamMu KaueHus, NPUHYUN 0eliCmaus 60J1H080U
nepeoauu, CUi080U AHAIU3 B0THOBOU NEPeoayu.
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R.R. ABDULIN, V.A. PODSHIBNEV, S.L. SAMSONOVICH

SUBSTANTIATION OF THE ACTION PRINCIPLE OF A HARMONIC
GEAR WITH INTERMEDIATE ROLLING BODIES
AS A SERVOMECAHISM

Abstract. The work is devoted to the urgent problem of developing mechanisms based on harmonic gear with
intermediate rolling elements (HGRE), which has high specific mass—dimensional parameters, which is especially
important for its use in aircraft actuator systems. The action of HGRE is presented in the form of the action of a
servosystem, in which the small central axis of symmetry of the oval passing through the centers of the rolling bodies
tracks the position of the total force vector created by the wave former, similar to the action of wave transmission with a
flexible wheel. The problem of the distribution of contact forces between rolling bodies in HGRE. It is shown that the
value of the mismatch angle depends on the position of the relatively small central axis of symmetry of the wave former.
The general common effort comes down to the fact that everything is moving forward. Wave formation has a value that
periodically changes from the minimum value. The maximum value that takes place is the vibrations located around the
axis and the symmetrical protruding hard wheels. A certain amount of torque developed on a hard wheel. It is necessary
to use a mathematical model of the principle of operation of the HGRE when analyzing the dynamic characteristics of
actuator systems based on the HGRE.

Keywords: harmonic gear with intermediate rolling bodies, action principle of the harmonic gear,, power
analysis of harmonic gear.
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BJIUAHUE MACCOBBIX CUJI HA TEYHEHUE HEHbIOTOHOBCKHX
AKNUIKOCTEHN B TOHKHUX KAHAJIAX

AHHOTaMs1. B cmambe npedcmasienvl pe3yibmambl bl4UCTUMETbHO20 IKCREPUMEHMA NO GIUSHUIO 00BEMHBIX
CUTL DTIEKMPOMAZHUMHOU NPUPOObL HA XAPAKMEPUCIMUKY MEUeHUsl HEHbIOMOHOBCKOU JHCUOKOCIU MENHCOY NAPALIETbHBIMU
nracmunamu. Ilpusedeno cpashenue pesyiomamos paciema HA OCHO8e 0000WEHHO20 BaAPUAYUOHHO20 NPUHYUNA
Jlaepanoica ¢ pe3yrbmamamu AHATUMUYECK020 peeHUs yPasHeHUtl 2UOPOOUHAMUKY U C Pe3VIbMAMU MOOETUPOBAHUS 8
npoepammnoi cpede ComSol.
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peutenue.
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A.V.KORNAEV, A.S. FETISOV, M.V. BOBYR

EFFECT OF MASS FORCES ON THE FLUID FLOW BETWEEN
PARALLEL PLATES

Abstract. The article presents the results of a computational experiment on the influence of volume magnetic
forces on the characteristics of a non—Newtonian fluid flow between parallel plates. The results of the variational
approach based on the modernized Lagrange variational principle, the results of the analytical solution of the equations
of hydrodynamics and the simulation results in ComSol are compared.

Keywords: magnetic force, functional, variational Lagrange principle, analytical solution
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NCCIEJOBAHUE XAPAKTEPUCTHUK 'HBPUTHOI'O TOAIHUITHUKA
CT'A30BOU CMA3KOHU

AHHOTanus. Muozue 6b1COKOCKOPOCHHbIE POMOPHbIE azpe2anmbl pabomaiom HA 3aKpUMuYecKux 4yacmomax,
umo o03Hauaem, uyMoO 6 npoyecce pazeoHad pomopa 00 pabouel HaACmombl EPAUEHUs. HEU3DENCHO BOZHUKAIOM
HedicenamenvbHbie KONebanus 6ciedcmeue nepexooa yepes OaHHvle Kpumuueckue yacmomvl epaujenus.. Kpome moco,
pabouue uacmomur nopaoka 100000 obopomoe 6 mumymy u Oonee mpebdyIOmMm HOBbIX KOHCMPYKMOPCKUX U
MEXHONOSUMECKUX peulenul, obecneyusarouue 3a0aHHble NOKA3amenu OblCmpoXoOHOCHU, YCMOUMUBOCHU USHOCA
onopuvix nogepxnocmei. OOHUM U3 HANPAGICHUL COBEPUIEHCMBOBAHUSL ONOPHBIX Y3108 AGIACMC COBMeWeHUe
NOOWUNHUKO8 KAYEHUsl U JIeNeCMKOBbIX NOOUUNHUKOE CKOIbIICEHUSL C 2430601 CMA3KOU 8 KOMOUHUPOBAHHYIO ONOPY C
AKMUBHBIM YNPABTEHUEM, YMO NO360sem NOBbICUMb HADEICHOCTL U 00JI208€4YHOCMb ONOPbI U azpe2ama 6 Yeiom 3d
cuem pazoeneHust u OYOIUPOBaHUs. QYHKYUL NOOWUNHUKO8 HA PA3TUYHbIX pedcumax pabomsl. B cmamve npedcmasnen
00wull NOOX00 K NOCIMPOEHUIO MAMEMAMUYECKOU MOOelu 2UOPUOHO20 NOOUUNHUKA C AKMUGHBIM YNPAGIEHUEM U €20
paboyue xapaKxmepucmuKu.

KnioueBble ciaoBa: cubpuonvlli  NOOWURHUK, — JIENECMKOGLIL  NOOWUNHUK,  NOOWUNHUK — KAYeHUs,
2PY30N00BEMHOCHTb.
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MOHUMOPUH2A U NPOMOMURA RPOZPAMMHO—ANRAPAMHO20 KOMNIEKCA 0e30naACHOCU 00beKm06 IHepZemuiecKozo
komnaekca" @I "Hccnredosanus u paspabomku no NpuopumemHvIM HANPAGIEHUAM PA3GUMUA HAYYHO —
mexHonozuueckozo komniaexca Poccuu na 2014-2020 20001" (ynukanvuvlit udenmuguxamop coz2nawieHus
RFMEFI60719X0303).
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R.N. POLYAKOV, M.E. BONDARENKO, A.V. GORIN

STUDY PERFORMANCE HYBRID BEARING GAS LUBRICATION

Abstract. Many high—speed rotor units operate at supercritical frequencies, which means that undesirable
oscillations inevitably occur during acceleration of the rotor to the operating frequency of rotation due to transition
through these critical rotational frequencies. In addition, operating frequencies of the order of 100 000 revolutions per
minute and more require new design and technological solutions that provide the specified indicators of speed, stability
and wear of bearing surfaces. One of the ways to improve bearing units is to combine rolling and air—lubricated foil
bearings into a hybrid bearing with active control, which improves the reliability and durability of the unit as a whole
due to the separation and duplication of bearing functions in various operating modes. The article presents a general
approach to the construction of a mathematical model of a hybrid bearing with active control and its performance.

Keywords: hybrid bearing, spade bearing, rolling bearing, load capacity.
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3KCHEPUMEHTAJIbHBIA CTEH AJI51 UCCIAEIOBAHUA BJIUSHUA
MATHUTOPEOJIOT'HYECKHUX CMA30YHbIX MATEPHUAJIOB
HA XAPAKTEPUCTHUKHU PABOTHBI OITIOPBI CKOJIB’)KEHUA
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AHHOTAUMA. B  cmamve  paccmompena — KOHCMPYKYUs  ONOPbl  CKONBICEHUS,  CMA3bl8AeMOll
Maenumopeonocuveckumu  ocuoxocmamu. OcobeHHocmvio  0aHHOU KOHCMPYKYUU  SGIAEMCS  NpUMeHeHue 08yx
INEKMPOMAZHUMHBIX akmyamopos. TIpuseden pacuem macnumnou yenu. Onpeoenenvl XapaxmepucmuKku MAeHUMHO20
nos 8 00AACMU 3A30PaA ONOPbI CKOLbICEHUSL

KiaroueBsie ciaoBa: OnopHulii y3en, pomopHas MAWUHA, MASHUMOPEOI0SUHeCKAsl HCUOKOCb, NOOUWUNHUK
CKOJIbIHCEeHUS, MACHUMHASA YeNb, JIeKMPOMASHUMHbLIL AKMYamop

Hacmosawee uccnedosanue 6bin0JIHEHO 8 PAMKAX 6bln0IHeHUA npoekma PO DU Ne 18—-38-00465.
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A.S. FETISOV, A.Yu. BABIN, V.O. TYURIN

EXPERIMENTAL STAND FOR RESEARCH OF THE INFLUENCE
OF MAGNETOREOLOGICAL LUBRICANTS ON THE OPERATION
CHARACTERISTICS OF THE SLIDING BEARING

Abstract. The article describes the design of a sliding support lubricated by magnetorheological fluids. A feature
of this design is the use of two electromagnetic actuators. The calculation of the magnetic circuit is given. The
characteristics of the magnetic field in the region of the clearance of the sliding support are determined

Keywords: support unit, rotor machine, magnetorheological fluid, sliding bearing, magnetic circuit,
electromagnetic actuator
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A.B. CBITHUH, P.K. 3APELIKUIA, H.B. TOKMAKOB

MEXATPOHHOE YCTPOMCTBO JIJIsI U3IOTOBJEHUS JENIECTKOB

AHHOTAIMSl. B cmamve npedcmagieno ycmpoucmeo 0N U320MOBNEHUs JeNecmKo8 2a300UHAMUYECKO20
noowunnuxa. Ilpusedena npunyunuanehas cxema MAalbMULCKO20 MeXAHUZMA, NO360NAOUE20 GbINOJHAMb PEe3Ky
MoHK020 aucmoso2o mamepuana. Onpedenenvl naowaou u mpebyemvle Culbl pe3anus Ol GbINOTHEHUS PA3IUYHBIX
Jlenecmkos. Bvisignen ciyuail 015 MaKxcumManibHo2o ycunus peanus Paccuumansl napamempbl MatbmMuicKo2o Mexanusma.
Ilpedocmasnenvr nenecmku  2a300UHAMUYECKO20 NOOWUNHUKA CKONbICEHUS. PA3IUYHO20 GUOA, GbINOIHEHHblE C
npumeHeHuem npeoCmasieHHo20 YCmpoucmaa.

KaroueBble cioBa: cazoounamuieckuti ROOWUNHUK, IENeCHKU, Pe3aK, MALbMUUCKUL MEXAHUIM.
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A.V.SITIN, R.K. ZARETSKIY, N.V. TOKMAKOV

MECHATRONIC DEVICE FOR MANUFACTURING PETALS

Abstract. The article presents a device for the manufacture of gas—dynamic bearing petals. A schematic diagram
of the Maltese mechanism, allowing the cutting of thin sheet material. Determined the area and the required cutting forces
to perform various petals. The case for the maximum cutting force is revealed. The parameters of the Maltese mechanism
are calculated. The petals of a gas—dynamic sliding bearing of various types, made using the device presented, are
presented.

Keywords: gas—dynamic bearing, petals, cutter, maltese mechanism.
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M.B. CYXAHOBA

AHAJIMTUYECKHHA OB30P MNOoAXO0A0B K MATEMATHYECKOMY
MOIEJUPOBAHUIO B3AUMOIENCTBUA OIITUYECKOT' O
N3JIYYEHUSA C PACTUTEJIBHOU TKAHBIO
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RESEARCH OF HEAT TRANSFER PROCESSES IN BATTERIES
OF SOLAR ENERGY

Abstract. Heat transfer processes are investigated on a model of a seasonal solar energy accumulator. An
algorithm for calculating temperatures at the interface is presented. Equations are obtained for determining the
temperature at the phase boundary.
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STANDARDS USED IN THE DEVELOPMENT OF POWER AND CONTROL
EQUIPMENT FOR NUCLEAR POWER PLANTS

Abstract. The justification of the development of peaceful nuclear technologies is proved. The type of equipment
is indicated. The main standards used by manufacturers of power and control equipment for nuclear power plants in the
Russian Federation are shown. Significant differences in the principles and features of assembly and installation when
working according to national and foreign standards are proved.
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A.B. CEJIUXOB, B.B. MUIIIMH, O.A. BOPOHHHA, K.B. IOIMACTEPBEB,
N.A.JIOCKVYTOB, 1.1. XAUPYTINHOB

OLHEHKA JOCTOBEPHOCTHU JUAT'HOCTHYECKOI'O ITAPAMETPA
HUB ITPU JTUCKPETHOM NNPEJACTABJIEHUU
JAUATHOCTHYECKOI'O CUT'HAJIA

AHHOTAUUA. [{aHHas cmamus noCeaueHa ONUCAHUI0 NPUHYUNA NOTYYeHUs OUCKPEMHO020 3HAYeHUsA napamempd
HUB, nocmanoske sxcnepumeHmanbHbiX UCcie008anull 01 NPo8epKU A0eK8AMHOCMU €20 UCNOAb308AHUs, VCI08UAM
nposedeHUs OUCNEPCUOHHO20 AHANIU3A, PE3VIbIMAMAM OYEHKU CIMENeHU GIUAHUS AKMOPO8, GAUSIOWUX HA EXHUYEeCKOe
CcOCMOosiHUe ROOUWUNHUKA KaYeHusl, Ha OUAZHOCMUYecKUull napamemp.

KaioueBslie cioBa: noowunnux, onopa mpenus, cmasounslii npoyecc, HUB, sanexmpuueckoe conpomusnenus,
npubopocmpoenue.
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A.V.SELIKHOV, V.V. MISHIN, O.A. VORONINA, K.V. PODMASTERYEV,
[.LA. LOSKUTOV, LI. KHAIRUTDINOV

ASSESSMENT OF THE RELIABILITY OF THE DIAGNOSTIC
PARAMETER OF NIV AT THE DISCRETE REPRESENTATION
OF THE DIAGNOSTIC SIGNAL

Abstract: This article is devoted to the description of the principle of obtaining the discrete value of the NIV
parameter, the setting up of experimental studies to check the adequacy of its use, the conditions for the analysis of
variance, the results of assessing the degree of influence of factors affecting the technical condition of the rolling bearing
on the diagnostic parameter.

Keywords: bearing, friction support, lubrication process, NIV, electrical resistance, instrumentation.
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