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KOHTpOJ’lb, AUArHOCTUKA, HCNIBITAHUA U YIIPABJICHUE KAY€CTBOM

TEOPETUYECKASA MEXAHUKA U EE lNPUJTIOXXEHUA

YK 517.97: 51-74: 621.865.8 DOI: 10.33979/2073-7408-2023-359-3-3-7

A.M. BOXOHCKUI, H.U. BAPMUHCKAS

MHMWHUMAJIBHOE BPEMSA OIITUMAJIBHOI'O HIEPEHOCHOT O
JABUKEHUSA YIIPYT'OI'O OBBEKTA

AnHoTanus. KoHcmpyuposanue OnmuMaibHblX YCKOpeHull (Ynpasienull) nepemeujeruem ynpyeux oovekmos
npU 3a0AHHOM BPEeMEHU U PACCOSHUL NPUBETIO K 0DOCHOBAHUIO PesepCUoHH020 npunyuna onmumaivhocmu (PI10O),
ompaxicawez0 MUHUMYM GOCCMAHOGIEHHO20 (DYHKYUOHANA-Kpumepus. Jlisi 6blcmpozo nepemewjeHust Ynpyeo2o
obvekma cyujecmeyen makoe MUHUMATIbHOE 6PeMsl, 3d KOMOpPoe OCYWeCmEUMO OBUINCEHUE U3 UCXOOHO20 COCMOSHUSL
NOKOs1 8 KOHEUHOEe COCMOSIHUE AOCOTIOMHO20 NOKOSL.

KaioueBble cioBa: Kowcmpyupyemoe YnpagneHue, NePeHOCHOe U OMHOCUMENbHOE OBUNCEHUS, KOPHU
MOMEHMHBIX COOMHOULEHUN (MPAHCYEHOCHMHBIX YPAGHEHUTL), MUHUMATLHOE 8PEeMSL OBUICEHUSL.
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A.l. BOKHONSKY, N.I. VARMINSKAYA

MINIMUM TIME OF OPTIMUM TRANSLATIONAL MOVEMENT
OF ELASTIC OBJECT



Abstract. The design of optimal accelerations (controls) for the movement of elastic objects at a given time and
distance led to the substantiation of the reversal optimality principle (RPO), which reflects the minimum of the restored
functional-criterion. For the fast movement of an elastic object, there is such a minimum time for which the movement
from the initial state of quiescence to the final state of absolute quiescence is feasible.

Keywords: constructed control, translational and relative motion, roots of moment relations (transcendental
equations), minimum movement time.
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B.JI. BAPAHOB, A.C. JIEBH

METO/bl MHOTOMEPHON MUHUMM3AIIUM HEJEBBIX ®YHKIIAN
ITPU AHAJIM3E U3I'MBHOI'O JE®@OPMHUPOBAHUSA
CTEPKXHEBBIX YIIPYTUX 9JIEMEHTOB AMOPTU3ATOPOB

AHHoOTanus. [Iposooumcs cpasHumenbublii anaius pe3yibmamos UCNOIb3068ANUS PAIUYHBIX PEANU3068aAHHbIX
8 PA3NUUHBIX NPOSPAMMHBIX UHCMPYMEHMAX YUCTEHHBIX MEMO0008 MUHUMUIAYUY YeTe8blX (PYHKYULL 8 npoyecce peuenus
ypasnenuii Diinepa-bepuynu s onpedenenus u3eUOHbIX deopmayuil KOHCOALHO 3aKPENICHHBIX CIEPIICHEBHIX YIPY2UX
anemenmos amopmuzamopog. ConpsasCeHHbIMU KPUMEPUAMU OYEHKU UX IPDEKMUSHOCIU ABTAIOMC MPYOOEMKOCHIb
pewenus 3a0ayu U MOYHOCMb NOLYHUAEMbIX Pe3yTbmamos.

KiroueBble c1oBa: ynpyeuil cmepoicHesot d1emMenm, aMOpmu3amop, cxema npuiodCceHus. 6HeuiHel Hazpy3sKu,
u3eud, MUHUMUZAYUSL.
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V.L. BARANOV, A.S. LEVIN

METHODS FOR MULTIDIMENSIONAL MINIMIZATION OF OBJECTIVE
FUNCTIONS IN THE ANALYSIS OF FLEXIBLE DEFORMATION ROD
ELASTIC ELEMENTS OF SHOCK ABSORBERS

Abstract. A comparative analysis of the results of using various numerical methods implemented in various
software tools for minimizing objective functions in the process of solving the Euler-Bernoulli equations to determine the
bending deformations of cantilevered rod elastic elements of shock absorbers is carried out. Associated criteria for
evaluating their effectiveness are the complexity of solving the problem and the accuracy of the results obtained.

Keywords: elastic rod element, shock absorber, external load application scheme, bending, minimization.
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A.A. TIOJUTYBHBII, B.A. TOPIOH

COBCTBEHHBIE IHOITIEPEYHBIE KOJIEBAHUS BAJIKHN
HA YIIPYT'OM OCHOBAHHMHU NTACTEPHAKA

Annortauus. [lpeocmagniena mamemamuueckdas MoOeab COOCMBEHHbIX HONEPEYHbIX Koebanul banku Jiliepa-
Bepuynnu, nonnocmoio onepmotii Ha ynpyeoe 0gyxnapamempuueckoe ocHoganue Ilacmepnaxa. Memooom HauanbHbix
napamempog CO8MeCmHO C BeKMOPHO-MAMPUYHbIM NPeOCMABIeHIeM COCMOSHUU NPOU3BOTbHbIX CedeHull OaIKu
UCCNIeOVIOMCsL  Wemblpe 6APUAHMA PEeUeHUll XApaKmepucmuieckux YpagHeHull COOCMBEeHHbIX KoleOaHuul 0anKu,
NOTYYEeHHbIX HA 0a3e pPA3IUYHLIX SUNOME3 O COOMHOWIEHUU UCKOMBIX COOCMBEHHbIX YACMOMmM KoNeOaHuil OanKu ¢
HCECMKOCTNHBIMU XAPAKMEPUCIMUKAMU CUCTNeMbl «OANKa-oCcHO8aHuey. Paccmampusaemcs 603MOMNCHOCMb peanu3ayuu
PA3IUYHbIX  8APUAHMOE ONA CUCMeM «DANKa-OCHO8AHUEe» C NAMbI0 KAHOHUYECKUMU 2PAHUYHLIMU YCOBUAMU
(3awjemnenuss, wWapHupsvl, KOHCOIU O8YX MUNOG U CBOOOOHBIE KOHYYL). [[Isl 8Cex 8apuanmos onpeoeneHvl cooCmeenHbvle
yacmoml, Kak yuxyuu napamempog Bunxnepa u [lacmepuaka, u coomgemcmsyiowjue hopmvi npoubo8 u u3ubaruux
MOMEHMO8.

KarwuesBble cinoBa: 6anixa bepnynnu- Diiepa, ochosanue [lacmepraka, useubnvie Konebanus, coOcCmeeHHble
yacmomul KoieOaHuil, YCIo8Hble 4acmompl, npo2ubbl, uzeudaroujue MOMeHmbl.
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A.A. PODDUBNY, V.A. GORDON

NATURAL TRANSVERSE VIBRATIONS OF THE BEAM ON AN ELASTIC
PASTERNAK FOUNDATION

Abstract. A mathematical model of natural transverse vibrations of an Euler-Bernoulli beam, fully supported
on an elastic two-parameter Pasternak foundation, is presented. The method of initial parameters, together with the
vector-matrix representation of the states of arbitrary sections of the beam, is used to study four options for solving the
characteristic equations of the natural vibrations of the beam, obtained on the basis of various hypotheses about the ratio
of the desired natural vibration frequencies of the beam with the stiffness characteristics of the «beam-base» system. The
possibility of implementing various options for «beam-base» systems with five canonical boundary conditions (pinchings,
hinges, cantilevers of two types and free ends). For all options, natural frequencies are determined as functions of the
Winkler and Pasternak parameters, and the corresponding forms of deflections and bending moments.

Keywords: Bernoulli-Euler beam, Pasternak foundation, bending vibrations, natural vibration frequencies,
conditional frequencies, deflections, bending moments.
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COBEPIHIEHCTBOBAHME YCTPOMCTBA JJIsS1 YITIPOUHEHUSI
BUHTOBBIX IUWJIMHAPUYECKHUX ITPY’KUH METO/IOM
KOMINVIEKCHOTI'O JIOKAJIBHOI'O HAT'PYKEHUA

AunHoTauusa. Koumaxmuoe 3amnesonusanue npyjicun Mmodicem Ovlmb O00HOBPEMEHHO YNpOUHsAOuel U
gopmoobpaszyioweli onepayuetl, Ymo nO360Jslem OMHECMU €20 K 0ehOPMUPOSAHUIO 8 YCAOBUSX KOMOUHUPOBAHHOO
KOMNJIEKCHO20  JIOKANbHO20 —HaepydceHus ouaea Oeopmayuu. Hzeecmuvie ycmpoucmea O KOHMAKMHOZ0
3AHEeBONUBAHUSL He 6ce20d NO380JAIOM 00eCneyums 6bICOKYI0 HAOEICHOCHb YApOuHsiemblx npycut. I[lpednoocena
KOHCIMPYKYUsi yempoucmea Ok YRPOYHEHUsT BUHMOBbIX YUIUHOPUHeCKUXx npyoicut. Ilpeumyuecmeo npeonosicenno2o
YCmpoucmea 3aKknouaemcss 6 OmMCYMCMEUU NOBPENCOeHUss ONOPHLIX GUMKOE8 npu ynpounenuu. IIpedcmaenenvl
pe3yibmamysl  UCHbIMAHUS — pazpabomanHozo  ycmpoucmeda.  Ycempoucmeo  mooicem — 6bimb  UCHONIB308AHO 6
MEXHOL02UHECKUX NPOYECCAX U320MOGLEHUS LU 80CCHAHOGLEHUSL NPYICUH.

KaloueBble cJI0Ba: KOMNIEKCHOE JNOKAbHOE HASPYICEHUe, YCMPOUCMEO OAsi YRPOYHEHUsT NPYICUH,
KOHMAKMHOE 3aHe8ONIUBAHUe, NIACMUYLeCKOe YNPOUHEeHUe.

Paboma evinonnena npu noooeprcxe Cosema no cpanmam Ilpesudenma Poccuiickoii @edepayuu (npuxas
Munoopuayxku Poccuu om 26 aneapa 2021 200a Ne 54, npoexm CII1-3658.2021.1).
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Abstract. Springs contact hardening can be both a strengthening and shaping operation, which allows it to be
attributed to deformation under conditions of deformation focus combined complex local loading. Well-known devices
for contact hardening do not always allow for high reliability of hardened springs. The design of device for strengthening
helical cylindrical springs is proposed. The advantage of proposed device is the absence of damage to support coils
during hardening. The test results of developed device are presented. The device can be used in technological processes
of manufacturing or restoring springs.

Keywords: complex local loading, device for strengthening springs, contact hardening, plastic hardening.
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A.C. CEMHUH, A.C. TAPAITAHOB

YIPABJIEHUE JE3BUMHON OBPABOTKON IMJINHAPUYECKHX
KOJIEC C KPYT'OBBIM 3YBOM HA OCHOBE KOMILJIEKCHOI'O
AHAJIN3A

AnHoTauus. Cmamovsi nocéawena NPOeKMUPOSAHUI0 Memooa YNPAGIeHUs JNe36ULUHOU  00pabomKu
YUTUHOPUYECKUX KOJAeC. YCMAaHOoGIeHO, HMO Yyumvléasi mMpyoOeMKOCmb (hopMooOpa308anusl, yeiecooopasHo
UCNONBL308AMb  GUPMYATbHBIE MOOEIU U KOMWIEKCHbIL Memoo0 AHAMU3A U YNPAGIeHUsl JIe36UliHOl  00pabomKu.
Hcnonvzosanue cogpemennbix MexHOL02Ull U MeMO008 NO3BONUNO CO30AMb MOOEIb C PA3TUUHLIMU YPOBHAMU AHAIU3A U
BU3VATUZUPOBATND CEA3U MEINCOY INEMEHMAMU CUCTEMbL, YO 6 NEPCReKmuge Oenden 03MONCHbIM NPOSHOZUPOBAHUE
MOYHOCIU U CUTbL PE3aHUs NPU 0OpabomKe YUIUHOPUHECKUX KONEC C KPY2o8biM 3V00M.

KaroueBble ciaoBa: kpyeoeot 3y0, yuiuHOpuueckue 3yOuamele Kojdecd, nepeMeujenue npopuis,
mMamemamuyeckoe omoodpadicenue, SUPMYAIbHOe Npedcmasienue npoyecca 00pabomKu, CMPYKMYpHuL aHAIU3,
napamempbol YnpaeieHusl.
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A.S. SEMIN, A.S. TARAPANOV

BLADING CONTROL OF CYLINDRICAL WHEELS WITH CIRCULAR
TOOTH ON THE BASIS OF COMPLEX ANALYSIS

Abstract. The article is devoted to the design of a control method for blade processing of cylindrical wheels. It
has been established that, given the complexity of shaping, it is advisable to use virtual models and a comprehensive
method for analyzing and managing blade processing. The use of modern technologies and methods made it possible to
create a model with different levels of analysis and visualize the relationships between the elements of the system, which
in the future makes it possible to predict the accuracy and cutting force when machining cylindrical wheels with a circular
tooth.

Keywords: circular tooth, spur gears, profile movement, mathematical display, virtual representation of the
machining process, structural analysis, control parameters.
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AHHOTaIMsL. Paccmompena 603MONHCHOCTb 6e30edopMayuoHHOI uKcayuy 3a20Mo6oK Ha MEMAnIOPENCyUux
CMAHKax ¢ NOMOWbIO NOAUMEpHbIX Komnosuyull. IIposeden awnanuz meopuil adeesuu. Ilpueedena memoouxa
UCCNeO006aHUsL A02e3Ull NOJUMEPHBIX COCMABO8 K CMAU, KOHCMPYKYUOHHbIM NIACMUKAM, ATIOMUHUCEHIM U MEOHBIM
CRIABAM NO HOPMANLHBIM paspyuiaiowum Hanpscenusm. Tlpeocmasienst pe3ynomanolt uccied08aHUs A02E3UOHHONU
NPOUHOCMU U NPOBEOECH AHANU3 XAPAKMEPA PA3PYULCHUS ROTUMEDHOO0 COA.

KiwoueBble ciioBa: [uanakpurammuulii noaumep, aoee3usi, HAHOKOMNO3UYUS, HAHOPA3MEPHble NOPOUIKU,
bezdedpopmayuonnas uxcayusi.
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INVESTIGATION OF ADHESION OF CYANACRYLATE ADHESIVES
TO VARIOUS MATERIALS DURING DEFORMATION-FREE FIXING
OF WORKPIECES ON METAL CUTTING MACHINES

Abstract. The possibility of deformation-free fixation of workpieces on metal-cutting machines using polymer
compositions is excluded. The analysis of adhesion theories is carried on. A technique for studying the adhesion of
polymer compositions to steel, aluminum, copper alloy, structural plastics by normal gradual stress is given. The results
of a study of adhesive strength are presented and an analysis of the nature of the destruction of the polymer layer is
carried out.

Keywords: Cyanoacrylate polymer, adhesion, nanocomposite, nanopowders, deformation-free fixation.
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A.IO0. POJMYEB, A.B. TOPUH

COBEPHIEHCTBOBAHUE IPOLIECCA IPUMEHEHUS AJIJ/IMTUBHOM
TEXHOJIOI M ITPU TEXHTYECKOM OBCJIY 2 KUBAHUN 1 PEMOHTE MALLIMH

AHHOTAaIMS. B cmamve npeocmasneno ucciedoganue napamempos 3D newamu Ha MmoyHOCHMb U KA4eCmMeo
useomosneHnbIX uzdenuti. bviiu npoananusuposansvi 603MOdiCHbIE CHOCOObLI U PACCMOMPEHbL ONMUMALbHbIE NYMU UX
peuienus, 8 pesynomame ye2o 8videnenvl 08a Haubonee akmyanvhuix Oegexma, osnuxuiue npu 3D neuwamu. [ns
yempaneHusi Smux O0eghekmos ovlia npousgedeHa MoOepHU3AYUs annapamuol U npocpamMmuol yacmu 6azosoco 3D
npunmepa. Ilocne uezo Ovinu nPogedensl mecmogvie IKCnepUMeHmyl, KOmopuvle NOOMEepOUNU NPABUILHOCIb NPUHAMBIX
proudeti.

KioueBnle cnoBa: 3D neuams, mounocms, a00umueHvie mexHon02Uul, Kauecmeo nogepxXHocmu, napamempsl
newamu, HACMpPOUKU, U320MOGIEHUE.
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IMPROVING THE PROCESS OF APPLYING ADDITIVE TECHNOLOGY
IN THE MAINTENANCE AND REPAIR OF MACHINES

Abstract. The article presents a study of 3D printing parameters for the accuracy and quality of manufactured
products. Possible methods were analyzed and the best ways to solve them were considered, as a result of which the two
most relevant defects that arose during 3D printing were identified. To eliminate these defects, the hardware and sofiware
of the base 3D printer were upgraded. After that, test experiments were carried out, which confirmed the correctness of
the accepted ruffles.
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G.V. BARSUKOV, V.S. SHORKIN, L.Y. FROLENKOVA,
T.A. ZHURAVLEVA, 0.G. KOZHUS, E.A. PRASOLOV

INVESTIGATION OF THE HARDNESS OF AN ABRASIVE WITH A
DIFFUSION LAYER OF SILICON CARBIDE FOR WATERJET CUTTING
BY SURFACE ENERGY VALUES

Annotation. The article considers a method for controlling the mechanical properties of copper slag particles with a
synthesized silicon carbide layer, based on the values of surface energy, which characterizes the hardness and strength
of the abrasive material, has a significant impact on its mechanical characteristics. The dependences of the modulus of
elasticity and the surface energy of the diffusion layer of a copper slag particle are given, which makes it possible to
calculate the energy state of molecules on the surface of the particle by the value of the wetting edge angle and determine
the hardness of the synthesized abrasive material for waterjet cutting.

Keywords: abrasive, copper slag, waterjet cutting, diffusion coating, high temperature treatment, carburetion.
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A.B. IIOJIOM

BJIMSIHUE IMJIOTHOCTHU U BSI3BKOCTHU MACJISTHBIX
CMA30YHO-OXJAKIAIOLUX )KUJIKOCTEN
HA UX OXJIAJKIAIOIIAE XAPAKTEPUCTUKH

AHHOTAUMA. B pabome paccmampueaiomes OXiaxcoaouwue Xapakmepucmuky MACHAHbIX CMA30YHO-
OXNANCOAIOWUX HCUOKOCIEU 80 83AUMOCEA3U C UX NIOMHOCMbIO U 83K0Cmbl0. TIOKA3aHa 603MONCHOCIb ONPEOeNeHUs.
oxnaxcoarowux xapaxmepucmux COX na ycmanoexe Y3C-2, uzeomosenennot no mpebo8anusim menscoyHapoOoHbIX
cmandapmog ISO 9950, ASTM D6200 - 01 u ASTM D6482 — 06. B cmamve ycmaHosneno euusnue niomHocmu u
B53KOCMU ~ CMA30HYHO-OXAANCOAIOUUX  HCUOKOCMEU HA UX  OXAAXNCOaowue Xapakmepucmuky U 803MONCHOCMb
UCNONBL306AHUS CO30AHHOU YCMAHOBKU 08 oyeHnku oxaaxcoarowux ceovicme COJK, npumensemvix 6 npoyeccax
Memaniooopabomiu.

KiloueBble cioBa: ycmanogxa, CMAa304HO-0XAAANCOAIOUAST IHCUOKOCIDL, OXNAANCOAIOWAST CNOCOOHOCHD,
Ha2py3Ka C8apusaHus, UsHOC.
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A.V. SHOLOM

INFLUENCE OF DENSITY AND VISCOSITY OF OIL LUBRICANTS ON
THEIR COOLING CHARACTERISTICS

Abstract. The paper considers the cooling characteristics of oil lubricants in relation to their density and
viscosity. The possibility of determining the cooling characteristics of coolant on the UZS-2 installation, manufactured
according to the requirements of international standards 1SO 9950, ASTM D6200 - 01 and ASTM D6482 — 06, is shown.
With the help of the installation for determining the cooling characteristics of technological media, the relationship
between the cooling and tribotechnical characteristics of lubricants is established.

Keywords: installation, coolant; cooling capacity, welding load, wear.
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A.B. HEMEHKO, M.M. HUKUTUH

ONTUMM3ANUA ITPOU3BOACTBEHHOI'O KOHTPOJIA
HPU ®OPMOOBPA3ZOBAHUUA U3JIEJINUU
C HAPABOJIMYECKUMMU ITOBEPXHOCTSAMU BPAILIEHUA

AHHOTaUMsA. Paccmompena 3a0aua onmumuzayuu npou3800CMEEHHO20 KOHMPOJTs NPU U320MOGIeHUU U30eTUll
¢ noeepxwocmamu napaborouda epawjeHus u napabonuveckoeo mopa. Ilpednoowcena eecoeas yHkyus O
UHMEZPANLHOU MePbl OMKIOHEHUN (PaAKMU4eCKol NOSEPXHOCIMU OM 3A0AHHOU HA MeKyujeM mane u32omosieHus. B
Kauecmee 6eco8ol DYHKYUU UCHOb3YEMCsi AOCONIOMHA 6EIUNUHA PACCMOSHUS MENCOY CPEOHUM PAOUYCOM U MeM
paouycom, Ha KOMOPOM OOCHU2Aemcs Hauboavilee OMKIOHeHUue Xopowl om obpasyioweu. Iloxazano, ymo 0as
nogepxnocmet 3mux 08YX KIACCO8 NOKANbHbIL MUHUMYM GDEMEHU U320MOBIEHUsI MONCHO 0becneuumv, CKAHUupys
6€C08YI0 (QYHKYUIO NO 8bIOPAHHOMY PAOUYCY U320MABIUBAeM020 uzdenus. [Ipeumywecmseamu npeodiazaemozo nooxooa
makdice AGNAEMCsl HYlegoe OMKIOHEHUEe UHMESPATbHO MEPbl NPU MOYHOM COGNAOEHUU NOBEPXHOCMU C 3A0AHHOU, U



B03MOJICHOCTNG  KOHMPOIUPOBAMb KPOME NApAbOIUYecKUx makce Mmopoudanbhble NOBEPXHOCMU C ONMUYECKOTU
MOYHOCMBIO.

KaroueBrble ciioBa: uruuinas obpadbomxa, napabonrouo epaujerus, napaboruyeckull mop, npou3eo0CcmeeHHbll
KOHMPOJIb, KpUmepuii Kauecmsa.
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A.V.NEMENKO, M.M. NIKITIN

OPTIMIZATION OF QUALITY TESTS IN SURFACE FINISHING
OF PARABOLIC SURFACES OF REVOLUTION

Abstract. The problem of production control optimization in the manufacture of surfaces of a paraboloid of
revolution and a parabolic torus is considered. A weight function is proposed for the integral measure of deviations of
the actual surface from the given one at the current stage of manufacture. As a weighting function, the absolute value of
the distance between the average radius and the radius at which the greatest deviation of the chord from the generatrix
is reached is used. It is shown that for surfaces of these two classes, a local minimum of manufacturing time can be
provided by scanning the weight function along the selected radius of the manufactured product. The advantages of the
proposed approach are also the zero deviation of the integral measure when the surface exactly coincides with the given
one, and the ability to control, in addition to parabolic, also toroidal surfaces with optical accuracy.

Keywords: finishing, paraboloid of revolution, parabolic torus, production control, quality criterion.
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AWM. BOXOHCKMUI, H.1. BAPMUHCKAS

YIIPABJIEHUE JIBUKEHUEM OBBEKTOB
HA POBOTHU3UPOBAHHOM TEXHOJIOT'HYECKOM YYACTKE

AHHOTanMsl.  Ynpasnenus, Hati0enHble C NPUBTEYEHUEM DEBEPCUOHHO20 NPUHYUNA — ONMUMATLHOCHU,
npuMeHeHbl Oid  Op2aHU3AYUY ONMUMANILHO20 OBUJICEHUSI O00BEeKMO8 NO  HA3HAYAEMbIM MPAEKMOPUIM HA
POOOMUUPOBAHHOM MEXHOJIO2UYECKOM YUacmKe (6 uoe npsamoll u Yacmu OKpPYJICHOCHU). YCKOpeHus peanusylomcs ¢
UCNOIb306AHUEM NHEEMONPUBOOOE C YNPAGIAEMbIM OPOCCENUPOBAHUEM.

KaioueBble c10Ba: pesepcuoHHo KoHcmpyupyemoe ynpasienue, mpaekmopus O8UICeHUsl, YCULUsSL 8 RPUBOOAX,
POOOMU3UPOBAHHBIT MEXHONOUYECKUTL YHACTOK.
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A.I. BOKHONSKY, N.I. VARMINSKAYA

OBJECTS MOVEMENT CONTROL IN A ROBOTIZED
TECHNOLOGICAL SECTION

Abstract. Controls found on the basis of the reversive principle of optimality are used to design the optimal
movement of objects along assigned trajectories (in the form of a straight line and part of a circle) in a robotic
technological section.

Keywords: reversivly constructed control, motion trajectory, forces in drives, robotic technological section.
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B.1. ITAXAJIIOK, A.M. II0OJISIKOB

NCCIEOJOBAHUE TPUBOJIOT U TIOBEPXHOCTH CBMIID ITOCJIE
HAIIBIVIEHUSA OKCUJA I'PAOEHA

AnHoTanust. Cmamus nocésauena ucciedo8anuio npoyecca Yayyenus mpuboiocuieckux Xapakmepucmux
NOBEPXHOCMU NAEHOK U3 C6EPXEbICOKOMONEKYaApHo20 noaudsmunena (CBMIID) nymem nanvinenus na HUX cios okcuod
epaghena u3z 600HO-CRUPMOBOT CyCheH3UU. AKMyanbHOCMb UCCIe008AHUS CEA3AHA C WUPOKUM UHMEPECOM UCHONbI0BAHUS
CBMIID 6 meduyumne 6 KOHCMPYKYUSAX MOMAIbHLIX IHOONPOME308 KOAEHHO20 U MA300€0PEeHH020 CYCMABOs.
Paspabomana mexnonozus npu2omoeieHus CyCneH3uu U HaHeceHus NOKpbvlmusa Ha nogepxrocms obpaszyoe CBMIID.
Iocne nanvinenus cnos oxcuda epagena Ha nO8epXHOCMb 00pazya, 01 CMabuIU3aAYUY U CULUBAHUSA HAHECEHHO20 C05,
obpasey obpabamvieanu 6 niasme 2eiusi Npu NOHUNCEHHOM OAGAeHUU. IKCNEPUMEHMATbHO NOKA3AHO, YMO HAHeceHue
NOKpbIMUs U3 OKCUoa epagena Ha NOBepXHOCMb ¢ nociedyoujell niasmenHou oopabomrkou CBMIID bonee uem 6 mpu
pasza cHudicaem OuHamuueckutl kodg@uyuenm mpenus ckoavdicenus (¢ 0,092 0o 0,027) oomako cyujecmgenHozo
VeenuyeHus aoee3uu NOKPulmusi 8C1e0Cmeue NidsmeHHoU 06pabomKu He HabOaLoCh.

KoaroueBble ciioBa: oxcuo epagena, CBMIID, naazma Hu3ko2o 0agieHus, momaibHoe dHOONPOmesuposanue
mazobedpeHHo20 Cycmasd, U3HOCOCMOUKOCMb, KO @uyuenm mpeHus..
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V.I. PAKHALIUK, A.M. POLIAKOV

STUDY OF THE UHMWPE SURFACE TRIBOLOGY AFTER GRAPHENE
OXIDE DEPOSITION

Abstract. The article is devoted to the study of the process for improving the tribological characteristics of the
films surface made of ultra-high molecular weight polyethylene (UHMWPE) by sputtering a layer of graphene oxide on
them from a water-alcohol suspension. The relevance of the study is associated with a wide interest in the use of
UHMWRPE in medicine in the design of total knee and hip replacements. A technology has been developed for preparing
a suspension and applying a coating to the surface of UHMWPE samples. After deposition of a graphene oxide layer on
the sample surface, to stabilize and cross-link the deposited layer, the sample was treated in helium plasma at reduced

Ne 3 (359) 2023 29




KOHTpOJ’lb, AUArHOCTUKA, HCNIBITAHUA U YIIPABJICHUE KAY€CTBOM

pressure. It has been experimentally shown that the deposition of a graphene oxide coating on the surface followed by
UHMWRPE plasma treatment reduces the dynamic coefficient of sliding friction by more than three times (from 0.092 to
0.027), but no significant increase in coating adhesion due to plasma treatment was observed.

Keywords: graphene oxide, UHMWPE, low-pressure plasma, total hip replacement (THR), wear resistance,
coefficient of friction.
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C.M. TTIOTTJIEP, A.M. IIOJISIKOB, B.H. ITAXAJIIOK, II.A. bYT'AEB

N3YYEHUME NU3HOCA KOEITAKTHOP'I ITAPBI TUITA CTAJIB/CTAJIb
CO COEPUYECKOHU A IIVIOCKOMU ITOBEPXHOCTAMHA

Annotanusi. OOHa U3 akmyanbHuIx 3a0a4 mpudoI0cUL COCMOUM 8 U3YYEHUU NPOYECCO8 USHOCA MAMEPUATLO8 U
oyeHKe axmopos, OKaA3bIEAWUX GIUHUE HA UX UHMEHCUsHOCmb. OCHOBHASI NPOOIeMa, CMOSAWAs HA NYMU ee PeuleHus]
3aKTOHAEMCsT 8 MOM, YMO UBHOC 3A6UCUM OM MHONCECMEAd (AKmopos u e20 nposigienue mModlcem Obimb 8ecbma
PAazHoobpasubiM, YmMo NOOMBEPIHCOACMCs  Pe3VIbIMAMAMU  IKCNEPUMEHMATbHBIX UCCICO08AHUL U  NPAKMUKOU
axcnayamayuu mexuuyeckux cucmem. OOHAKO usyyeHue GIUsHUS KOHKPEMHO20 (haxmopa, onpeoensiomezo Gopmy
NpOsAGIeHUsT USHOCA, MOJIcem ObliMb GbINOIHEHO NPUOTUINCEHHO C UCNONb306AHUEM, TAK HA3LIBAEMbIX, MOOEIbHbIX
ucnvimanuil. L{eavio dannotl pabomel s1651emcst U3yHeHue Ha OCHOBE MOOETbHBIX UCHBIMAHUL UZHOCA KOHMAKMHOU NApbl
MUna cmany/cmaib co chepuveckoll u NAOCKoU nosepxHocmamu. B xauecmee xonmakmuvix men co cgepuueckumu
NOBEPXHOCHSIMU UCHOLL3VIOMCSL CMATIbHbLE YUTUHOPUHECKUE 00pa3ybl CO CHeputecKUMU 20108KAMU, A 8 Ka4ecmee mej
€ NIOCKUMU NOBEPXHOCMAMU — CIIOWHbIE CIMATIbHBIE NPAMOY20TbHble npoghuau. OcHo8HOe BHUMANUE 8 UCCIeO08AHUSX
VOeNsLemcst U3yHeHuIo CKOPOCHU U3HOCA CIMAJIU 8 3A8UCUMOCTU OM KOHMAKMHO20 0AGIeHUsL U USMEHEHUsl NOBEPXHOCHEl
KOHMAKMHBIX 30H, 3A6UCAUUX OM NPOUOEHHO20 NYMU MPEHUSL.

KuaroueBble cinoBa: Tpubonocus, mpeHue, U3HOC, CKOPOCHb UZHOCA, MOOEIUPOSAHUE U3HOCA, 3aKOH Patis-
Apuapoa-Xpywesa.

Aemopul svipadxcarom npusHamenvbHOCHb 3agedyloujemy nabopamopueii «/Junamuka cucmem u uzuxu
mpenusny bepnunckozo mexunuueckozo ynueepcumema u HAYUHOMY DYKOG0OUMEN) A6MOpA OAHHOU CHAmMbU
T'ommanepa ILI.M. 0.m.n. npogheccopy Ilonogy B.JI. 3a évicokonpogheccuonaivnvle KOHCYTbMAUUU U 803MOIHCHOCHb
UCNOJIb308AHUS  UCHBIMAMENbHOZ0 000PY00SAHUA J1abopamopuu 01 NpoeedeHus IKCHEPUMEHM ANbHOZ0
uccneo0oeanus, npeoCmasieHHozo 6 OAHHOIU padome.
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S.M. GUETTLER, A.M. POLIAKOV, V.I. PAKHALIUK, P.A. BUGAYOV

STUDY OF WEAR OF CONTACT PAIR TYPE STEEL/STEEL
WITH SPHERICAL AND FLAT SURFACES

Abstract. One of urgent tribology tasks is to study the processes of materials wear and to evaluate factors
influencing their intensity. The main problem standing in the way of its solution is that wear depends on many factors
and its manifestation can be very diverse, which is confirmed by the results of experimental studies and the practice of
operating technical systems. However, the study of the influence of a particular factor that determines the form of
manifestation of wear can be performed approximately using so-called model tests. The aim of this work is to study the
wear of a steel/steel type contact pair with spherical and flat surfaces on the basis of model tests. Steel cylindrical samples
with spherical heads are used as contact bodies with spherical surfaces, and solid steel rectangular profiles are used as
bodies with flat surfaces. The main attention in the research is paid to the study of the wear rate of steel depending on
the contact pressure and changes in the surfaces of the contact zones, depending on the friction path traveled.

Keywords: Tribology, friction, wear, wear rate, wear modeling, Ray-Archard-Khrushchev law.
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AN. TOPIIKOB, E.H. ' PUBAHOB, O.11. MAPKOB, 3.P. OCKOTCKAA, U.B. POAMYEBA

MOJIYYEHUE IOKPBITUI HA OCHOBE AJTIOMOCWUJINKATOB
JUIA BAINUTBI MEXATPOHHBIX Y3J10B

AHHOTaUMs. B pabome npogeden s1ekmpoxumuieckuti CUHme3 3auumuo20 amoMoCUIUKATNHO20 NOKPbIMUS Hd
ANIOMUHUY 8 INEKMPOIUMAX, COOEPIHCAWUX MEMACUTUKAM HAMPUL U 2UOPOKCUO HAMPUST PA3TUYHOU KOHYEHMPAYUU.
Memodamu penmeeHOCneKmpanbHO20 aHAIU3A, UHPPAKPACHOU CREKMPOCKONUU, MEMANIozpapuu U amomMHO-CUIOB01
MUKDOCKORUY U3YYeHa Npupooa u MOop@onocusi NOBEPXHOCMU NOIYYEHHbIX NOKpbImMuULl. Ycmanosiena 3a6ucumocmo
Xapaxmepucmux no8epxXHOCmuU Om KOHYEHMPAayuu weiod 8 pacmeope 2NeKmpoiuma u om eaudunsbl NPUILOHCEHHO20
nanpsxcenus. Ilpeonooicen mexanusm npoyecca HAHECEHUs 3AUWUMHO20 NOKPLIMUL HA NOBEPXHOCMb  ANIOMUHUSA.
Tonyuennvie 3awummnule NOKpvimusi 001a0ar0M OOCMAMOUHOU MEXAHUYECKOU NPOYHOCHIb U NOBBIUAIOM YCTNOWYUBOCHIb
amoMunusa K azpeccuguvim cpedam. Ilonyuennvie OanHble NPeOCMAsIAIOM UHMepeC 8 MeXAmpOHUKU NPU YEerudeHun
UBHOCOCMOUKOCMU 0emdaJiell MexampOoHHbIX V3/108.

KiroueBble c10Ba: 3awummusie NOKPbIMuUs, MeXampoHHblil Y3ei, AToMOCUTUKAMbL, JNeKMPOTU3.
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A.I. GORSHKOV, E.N. GRIBANOV, O.I. MARKOV, E.R. OSKOTSKAYA

OBTAINING COATINGS BASED ON ALUMINOSILICATES TO PROTECT
MECHATRONIC ASSEMBLIES

Abstract. The electrochemical synthesis of a protective aluminosilicate coating on aluminum in electrolytes
containing sodium metasilicate and sodium hydroxide of various concentrations was carried out in the potentiostatic
mode. X-ray spectral analysis, infrared spectroscopy, metallography and atomic force microscopy have been used to
study the nature and morphology of the surface of the obtained coatings. The dependence of the surface characteristics
on the concentration of alkali in the electrolyte solution and on the magnitude of the applied voltage is established. The
chemistry of the process of applying a protective coating to the surface of aluminum is proposed. The resulting protective
coatings have sufficient mechanical strength and increase the resistance of aluminum to aggressive environments. The
data obtained are of interest in mechatronics with an increase in the wear resistance of parts of mechatronic assemblies.

Keywords: protective coatings, mechatronic node, aluminosilicates, electrolysis.
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A.B. CbITHUH, C.A. BTJACOBA, A.B. TOPUH, A./l. CEPEBPEHHHKOB

IMNPUMEHEHUE BUMOP®HBIX YIIPYT'UX 9JIEMEHTOB
JJI1 OBECIIEYEHUSA MUHUMAJIBHOT'O U3HOCA PABOYEU
IHOBEPXHOCTMU JIEIIECTKOBBIX IOJAIIUITHUKOB

AHHOTALMSI. 8 CIAMbE PACCMAMPUBAIONICS OCHOBHbIE NPUYUHBL, CONYMCMEYIOWUE USHOCY YIPY2UX INEMEHMO8
JIeNeCmKO8bIX NOOUWUNHUKOS, YO HANPSIMYIO CE53AHO C YMEHbUIEHUEM Pecypca (YHKYUOHUPOBAHUSL PONOPHO-ONOPHOU
cucmemvl. A6mopsl npediazarom 6 Kawecmee YHpYeUux IJIeMEeHmOo8 — MHO2OCIOUHble NIeNecmKU ¢ NpUMEHEeHUEeM
OUMOPDHBIX NbE30INEKMPUUECKUX INIeMEHMO8, pabOMarwux 8 pexcume ceHepamopa 01 onpedeneHus oegpopmayutl
VApY2UX 21eMeHmo8, a Makdice 8 pedxiCcume axmyamopa Oasi QOpMuposanus ORMUMALLHOU ONOPHOU NOBEPXHOCMU.
Ipedcmasinenvl 0CHOGHbBLE CROCOODL, 0CODEHHOCMU U OCHOBHbLE XAPAKMEPUCMUKU NOOKIOUEHUSI OUMOPPHO8 K UCHOYHUKY
numanust. Ilpeonooicena Konyenyus MHOLOCIOUHBIX YIPY2UX INEMEHMOB, MEXHOI02UHECKUL NPOYECC UX U320MOGNEHUs U
pe3yibmamsl  HPAKMUYECKOU pedanu3ayuu 8 Gude pPAoUdIbHO20 U 0Ce8020 MEXAMPOHHLIX MHO20IENECTNKOBbIX
2a300UHAMUYECKUX —~ NOOWUNHUKOE ¢ OUMOpHbLIMU — Nbe3odnekmpuyeckumu  nenecmxamu.  Ilpedcmaenena
Mamemamuyeckdas Mooeib OAHHbIX GUA08 ONOp HA OCHOSaHuu ypashenusi Peilnonvoca Ons cros 2azo6oil cmasku, a
Makdice ypasHeHuti meopuuL ynpy2ocmu u nbe3021eKmpuieckozo s@gpexma. Onopras nosepxHocmy Kaxicoo2o ynpy202o
NEMEHMA ONUCAHA MOMEHMHOU meopuell MOHKOCHEHHbIX He3AMKHYMbIX YUTUHOPUYECKUX 000I04eK OJisl pAOUAIbHO2O
nodwunnuxa u ypasueruem Cogu-Kepmen 0151 MOHKUX NIACMUH 8 CIyYAe 0Ce6020 NOOWUNHUKA, GIUSHULE OUMOPEHbIX
Nbe30371eMEeHMO8 3A0AHO SPAHUYHBIMU YCI08UAMU HA CBODOOHOU 00pa3yIOWell Kaxic0020 enecmKd.

KuroueBble cioBa: ienecmrogulil 2a306viii noowunuux (JII'TI); uznoc ynpyaux snemeHmos; pecypc pomopHo-
ONOPHOUL cucmeMmvl; OUMOPGHbLI YRPY2ull SIeMeHm,; AKMUSHOe YRPAGIIEHUE, Nbe3091eMEeHN.
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A.V.SITIN, V.S. VLASOVA, A.V. GORIN, A.D. SEREBRENNIKOV

APPLICATION OF BIMORPHOUS ELASTIC ELEMENTS
TO ENSURE MINIMUM WEAR ON THE WORKING SURFACE
OF THE FLAP BEARINGS

Abstract. The article discusses the main causes associated with the wear of the elastic elements of the petal
bearings, which is directly related to the decrease in the service life of the rotor-support system. The authors propose as
elastic elements - multilayer petals with the use of bimorph piezoelectric elements operating in the generator mode to
determine the deformations of the elastic elements, as well as in the actuator mode to form the optimal supporting surface.
The main methods, features and main characteristics of connecting bimorphs to a power source are presented. The
concept of multilayer elastic elements, the technological process of their manufacture and the results of practical
implementation in the form of radial and axial mechatronic multi-lobe gas-dynamic bearings with bimorph piezoelectric
petals are proposed. A mathematical model of these types of supports is presented based on the Reynolds equation for a
layer of gas lubricant, as well as the equations of the theory of elasticity and the piezoelectric effect. The bearing surface
of each elastic element is described by the moment theory of thin-walled non-closed cylindrical shells for a radial bearing
and the Sophie-Germain equation for thin plates in the case of an axial bearing, the influence of bimorph piezoelements
is given by the boundary conditions on the free generatrix of each petal

Keywords: petal gas bearing; wear of elastic elements; resource of the rotary support system; bimorph elastic
element; active management, piezo element.
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J.B. LIYTUH, K.K. HACTEITAHH

YIPABJIEHUE CEPBOKJIAIIAHAMM JJI51 PEAJIM3ALIUUA AKTUBHOM
CMA3BKU TN IPOCTATOAMHAMHNYECKHUX NTOAIIUITHUKOB

AHHOTAUMSA. AKMUBHASL CMA3KA 2UOPOCMAMOOUHAMUYECKUX NOOULUNHUKOS NO360Jsem 6030eliCmB08amy Ha
OuHamuyeckue U mpuborocudecKue Napamempvl POMOPHO-ONOPHOU — CUCEMbL  NOCPEOCMEOM  PA30eIbHO20
pe2yiuposanuss  0aeleHuss nooayu CMA304uHO20 Mamepuaia 8 numamwue Kamepol. s smux yeieu Ha
IKCNEPUMEHMANLHOU  YCMAHOBKE NPUMEHEHbl CePEOKIANAHbL C DNEKMPUHECKUM NPUBOOOM HOCMOSHHO20 MOKA.
Obpamnas cea3v peanuzyemcsi no oamuuxam oaenenus. Cucmema makdice MOjICem CONPSA2AmMbCsl ¢ OAMYUKAMU
NOJLOJICEHUsL POMOPA OJisk KOHMPOJISL PACHONIONCEHUsL €20 OpOumbl. sl 3aMKHYMO20 Pe2yIuposanusi OA8IeHUsE CMA3Z0YHO2O0
Mamepuana u nowoNCeHUsi POmMopa paspadoman u peanu308an NPOSPAMMHO-ANNAPAMHbLI KOHMPOILLep OJis YRPAGIeHUs.
NPONOPYUOHATLHBIMU  cepeoriananamu Ha o6asze [IH][-peeynamopa. Kouwmponnep npunumaem om Ynpasisiouje2o
yempoiicmaa 6ojiee bICOK020 YPOSHSL CUSHAIILL C 3A0AHUEeM MPedyeMblX 3HAYEeHUL BbIXOOHbLX NAPAMEMPOE NO HECKONbKUM
napannenvHoiM  Kanaiam. Paspabomannvie npoepammmno-annapammuvle cpeocmea Ynpasienus YCMaHAGIUSAIOM
peyupyrowull MexaHusm 8 nojodiceHue, obecneuusaiouiee 3a0aHHble 3HAYeHUst NApamempos Ha evixode. Pesyibmamol
OEMOHCMPUPYIOM  CROCOOHOCHb  PA3PAOOMANHOT CUCEMbL GbINOIHAMb Pe2YIUpylouue (QYHKYuu ¢ npuemiemvim
bvlcmpodelicmeuem U Kauecmeom NepexooH020 Npoyeccd, GKAIOHAsS OMCYMCmeue nepepesyiupoeanus 6 omeenm Ha
UBMeHsIoueecs 3HaYeHue YCmaeKu.

KiioueBble €10Ba: cepeoKIANAHbl, CUCMEMbl YAPAGILEHUS, POMOPHbIE CUCHEMbl, AKMUGHbIE NOOUWUNHUKLL,
KOHMPOJLEPbL.
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D.V. SHUTIN, K.K. NASTEPANIN

CONTROL OF SERVOVALVES TO IMPLEMENT ACTIVE LUBRICATION
IN HYBRID FLUID FILM BEARINGS

Abstract. Active lubrication of hydrostatic dynamic bearings allows you to influence the dynamic and
tribological parameters of the rotary bearing system by separately regulating the pressure of the lubricant supply fo the
supply chambers. For these purposes, servo valves with direct current electric drive were used in the experimental setup.
Feedback is realized by pressure sensors. The system can also interface with rotor position sensors to control the location
of its orbit. For closed-loop control of lubricant pressure and rotor position, a software and hardware controller has been
developed and implemented to control proportional servo valves based on a PID controller. The controller receives signals
from the control device of a higher level with the assignment of the required values of the output parameters via several
parallel channels. The developed software and hardware controls set the control mechanism to a position that provides
the specified values of the output parameters. The results demonstrate the ability of the developed system to perform
regulatory functions with acceptable speed and transient quality, including the absence of overshoot in response to a
changing setpoint value.

Keywords: servo valves, control systems, rotary systems, active bearings, controllers.
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SH. TAUHYJUIMHA

OBOCHOBAHUE NTPUMEHEHUSA CIIEHUAJIBHBIX I''TYBOKOBO/IHBIX
CUCTEM B OBECIIEYEHHMH NCCJIEAOBAHUU ITPOLOECCOB
AKNAKOCTHOI'O AbIXAHUSA

Annomauyusn. Vccnedosanue ocobeHHOCmelN NPOYecco8 JHCUOKOCMHO20 ObIXAHUSL OUOLO2UYECKUX 00BEeKMOos U
yenogexa, 0COOeHHO npu HeobxoouMocmu obecnedenuss 6cé boaee OIUMENLHBIX NEPUOO08 Ppabombl NOO 8000U mpedyem
COKPAWEHUsL CMOUMOCIU NOSPYNCEHU U VEeTUYCHUSI HA0ENCHOCMU PAOOMbL MEXHUYECKUX CUCTIEM U 2TIYOOKOBOOHO20
000py008aHusL.
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JUSTIFICATION OF THE USE OF SPECIAL DEEP-SEA SYSTEMS
IN PROVIDING STUDIES OF LIQUID RESPIRATION PROCESSES

Annotation. The study of the features of the processes of liquid respiration of biological objects and humans,
especially when it is necessary to ensure longer and longer periods of work under water, requires reducing the cost of
work and increasing the reliability of technical systems and deep-sea equipment.

Keywords: liquid respiration, deep-sea systems, special equipment, hyperborea.
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N.1. CBUPUJIEHKO, A.A. YYKJIMH, A.1. CBUPUIAEHKO

OB30P COBPEMEHHOI'O COCTOAHUA MOPCKHUX MAJIBIX
CKOPOCTHBIX HAZABOJAHBIX BECITMJIOTHBIX AIIITAPATOB

AunHoTanus. [Ipeocmasnen ananumuyeckuii 0030p COBPEMEHHO20 COCMOSIHUSL 3aPYOENHCHBIX U OMeUeCmBeHHbIX
MOPCKUX CKOPOCHHbBIX MATBIX HAOBOOHBIX becnunomubix annapamoe (HBA), npednasnauennvix 0nis nampyaupoeanus u
OXpaHbl B0OHBIX PAUOHOB, NPOMUBOOUBEPCUOHHOU U NPOMUBORUPAMCKOU OesIMeIbHOCMU HA Mope, PAa36eoKu U
Nno00epIHCKU cneyonepayull Ha aKkeamopuax u nobepexcve, npeceueHus 0essmeIbHOCMuU Hapyuwumesnetli 20CY0apCmMEeHHO
2PAHUYbI UNU UCKTTIOYUMENbHOU YKOHOMUYECKOU 30Hbl, OPAKOHbEPOS, NPECMYNHUKOS, d MAKH#Ce NOUCKOB0-CNACAMENbHbIX
onepayuii. Ilpusedena kraccugurayusa mopckux HBEA. [lan ananus 803m04#CHO20 npumeHeHus manvix ckopocmuvix HBA,
a makoice npedvABNAeMbIX K HUM mpebosanuu. Paccmompenvt ocobennocmu cywecmsyrowux u paspabamuléaemvix
manvix ckopocmuvix HBA, ux ocHO8HbIX C8OUICME U MEXHUYECKUX XaAPAKMEPUCTHUK, MEeHOeHYULl pa38umus, nepCcneKmue
npouszeodcmea u ucnoavzosanus. Coenan 6b18600 0 HeOOXOOUMOCHU YCKOPEHHO20 pA3GUMUS 8 OMeYecCmEeHHOM
Kopabnecmpoenuy HanpagieHus Mauwlx ckopocmuvlx HbA.

KiroueBble c1oBa: manvili CKOPOCMHOU HAOBOOHBIL OeCNULOMHBIU annapam, OXpPaHa 600HO20 PAalioHd,
ABMOHOMHOE CPEOCMB0 NOUCKA U CNACEHUS, 039KUNAICHBI HAOBOOHBI KOPAOb.
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REVIEW OF THE CURRENT STATE OF SMALL MARINE HIGH-SPEED
SURFACE UNMANNED VEHICLES

Annotation. The article presents an analytical review of the current state of foreign and domestic high-speed
maritime small unmanned surface vehicles (USVs) designed for patrolling and protecting water areas, anti-sabotage and
anti-piracy activities at sea, reconnaissance and support of special operations in water areas and coasts, suppressing the
activities of violators of the state border or exclusive economic zone, poachers, criminals, and search and rescue
operations. The classification of marine USVs is given. An analysis of the possible use of small high-speed USVs, as well
as the requirements for them, is given. The features of existing and developed small high-speed USVs, their main
properties and technical characteristics, development trends, prospects for production and use are considered. The
conclusion is made about the need for accelerated development in the domestic shipbuilding of the direction of small
high-speed USVs.
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A.N. HEBHAHOB, K.B. [I0JIMACTEPLEB, O.A. CYCJIOB

CXEMbI OBPABOTKHN CUT'HAJIOB C TEH3OPE3UCTUBHbLIX
JATYUKOB ITPU KOHTPOJIE HAIIPAKEHHOI'O COCTOAHUS PEJIBC

AHHOTanusi. Paccmompenvl 3a0auu KOHMPONs. HANPSNCEHHO20 COCMOAHUS PelbC, d MAKdiCe CUTLOBbIX
(axmopos, deilcmeylowux Ha nyms, Npu UCRLIMAHUAX NOOBUNCHO20 cocmasa. [Ipedcmagnensvt cnocobwl pasmeuenus
MeH30pe3UCMOPO8 HA penbcax OJisl usmepenus oepopmayuti, OOKOBbIX U BEPINUKAILHBIX CUL, OeUCMBYIOWUX HA PelbChl
noo eo30eticmeuem nHazpy3ok. [Ipugedennvl cxemul GKIIOUEHUS. REPEULHBIX NPeobpazosamenetl, @ maKice Mamemamuyecku
NPOAHATUZUPOBAHDBL UX YYECHBUMETLHOCTND U TMOYHOCHb 8CLe0CmEUe pa30dpoca HA4AbHbIX 3HAYEHUL CONPOMUGIEHULL
MEH30PE3UCTOPO8,  NOKA3AHA — BO3MOJICHOCI — CXEMOMEXHUUECKOU  KOMNEHCAYUU  YKA3AHHOU — NO2PEUHOCHIU.
IIpedcmasnenvt  pezyibmamovl  UMUMAYUOHHOZO KOMNBIOMEPHO20 MOOCIUPOBAHUsL YKA3AHHBIX CXeM  GKIIOYEHUs.
nepeuyHbIX npeobpazosameell, NOKA3bIBAIUUE AOEKEAMHOCHb NPEOCMABIEHHbIX PACYUEMHBIX MOOEIEIL.

KuaroueBble ciioBa: peinvc, depopmayus, Cunosas Hazpy3Kd, ROOSUICHOU COCIMAB, MEH30PE3UCIOD, YCUTUMETD,
MOYHOCb.
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A.I. NEZNANOV, K.V. PODMASTER’EV, O.A. SUSLOV

SCHEMES FOR SIGNAL AMPLIFICATION FROM STRAIN-RESISTIVE
SENSORS UNDER CONTROL OF THE STRAIN STATE OF THE RAIL

Annotation. In this article, the problems of controlling the stressed state of the rail, as well as the force factors
acting on the track, during testing of the rolling stock are considered. Methods for placing strain gauges on rails for
measuring deformations, lateral and vertical forces acting on rails under the influence of loads are presented. The circuits
for switching on primary converters are given, and their sensitivity and accuracy are mathematically analyzed due to the
spread of the initial values of the resistance of strain gauges, the possibility of circuit compensation of the specified error
is shown. The results of computer simulation of the indicated circuits for switching on primary converters are also
presented, showing the adequacy of the presented calculation models.

Keywords: railway, deformation, power load, rolling stock, strain gauge, amplifier, accuracy.
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A.H. KAYAHOB, B.A. TUMOXUH, H.A. KAYAHOB

JANATHOCTHUKA 3JIEKTPOMAFHHTHOP1u OBCTAHOBKHA
B 30HE INPOKJIAIKHU KABEJIbHOU JIMHUHU
B ITPOTPAMMHOMU CPEJAE «ELCUT»

AHHOTanMs. B cmamve paccmompen aneopumm oyenKu d1eKmpoMacHUMHON 06CmanosKu basupyoweiics Ha
uyeH3uonHom npozpammuom npooykme ELCUT. Aneopumm cocmoum u3 06YX 63AUMOCGA3AHHLIX Hacmell
obecneuusaowux npogedenue OUASHOCMUKU OCHOBHBIX NAPAMEMPO8 dlleKmpomazHummuoz2o noas E u H 6 oxpannoii 3one
rkabenvrou aunutl Hanpsisicenuem 0,4 — 110 kB 60016 mpaccel npoKIao0KU ¢ y4emom peicumos eé pabomol, 8blOPaAHHOU
cucmemsl 3a3eMaeHUsL IKPAHOS, IEKMPOPUIUYECKUX CEOUCME BCeX INEMEHMO8, 6X00AUWUX 8 COCMA8 npedaazaemou
PAacuemno-2eoMempuyeckoli Mooeiu mpexgasnoii KaberbHol cemu, KaK Ha Cmaouu npoeKmupo8anusl, max u 6 npoyecce
€€ IKCRIYyamayuu.

KaroueBble ciioBa: kaOeibHas JIMHUA, AUATHOCTHKA, AICOPUIMM OYEHKU, PACHEMHO-2e0MEMPULECKasi MOOeb,
npoepamma ELCUT, nanpsisiceHHOCMb 3]1€KmMpuiecko2o U MAZHUMHO20 NoJel, NeKMPOMACHUMHASL 00CMAHOBKA,
INeKMpopu3uyecKue ceoONUCmMea Mamepuaios, OXPaHHAas 30Hd.
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AN. KACHANOYV, V.A. TIMOKHIN, N.A. KACHANOV

DIAGNOSTICS OF THE ELECTROMAGNETIC SITUATION
IN THE ZONE OF CABLE LINE LAYING IN THE "ELCUT"
SOFTWARE ENVIRONMENT

Annotation. The article considers an algorithm for assessing the electromagnetic environment based on the
licensed software product ELCUT. The algorithm consists of two interrelated parts that provide diagnostics of the main
parameters of the electromagnetic field E and H in the security zone of cable lines with a voltage of 0.4 - 110 kV along
the laying route, taking into account its operating modes, the selected screen grounding system, the electrophysical
properties of all elements that make up the of the proposed calculation-geometric model of a three-phase cable network,
both at the design stage and during its operation.

Keywords: cable line, diagnostics, estimation algorithm, calculation-geometric model, ELCUT program,
electric and magnetic field strength, electromagnetic environment, electrophysical properties of materials, security zone.
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A.A.JIVKHH, T.A. UCPUT'OBA

CPABHUTEJIBHBIN AHAJIN3 PAMAHOBCKOWM CIIEKTPOCKOITUA
I THAEHTUOUKAIIUA MUKPOIIVIACTUKA
B IIMIIEBBIX CUCTEMAX

AHHOTAUMAl. B cmamvsa npuseder cpagnumenvHvlll AHAIU3 PAMAHOBCKOU chekmpockonuu. Paccmompenbi
meopemuuecKkue u Quauyeckue 0CHO8bL IPPexma KOMOUHAYUOHHO20 pacceudanust. [Ipedcmagnenvl npeumywecmea u
NOKA3aHbl HeOOCMAMmMKU PAMAHOBCKOU CHEKMPOCKONUU U Opyeux Memooux Oasi OOHAPYIHCEHUs MUKPONAACUKA.
Obcyarcoenbl 8adiCHbIE BONPOCHL, CEA3AHHbBIE C NOO20MOBKOU npob. Ilpugedenvl npumepvl npumMeHeHus pamMaHo8CKOU
CREeKmpOCKONnUY 015l UOEHMUDUKAYUY MUKDORIACTIUKA 8 NUULeBbIX CUCTEMAX.

Knroueevie cnosa: muxkponnacmuk, MemoOuKu oOnpeoeieHus, pPAMAaHOBCKAs CHEeKMPOCKONUs, nuujesvle
cucmemvl, MUKPOCKONUSL, UOCHMUDUKAYUSL MUKDONIACTUKA
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A.A. LUKIN, T.A. ISRIGOVA

COMPARATIVE ANALYSIS OF RAMAN SPECTROSCOPY
FOR THE IDENTIFICATION OF MICROPLASTICS IN FOOD SYSTEMS

Abstract. The article presents a comparative analysis of Raman spectroscopy. The theoretical and physical
foundations of the Raman scattering effect are considered. The advantages and disadvantages of Raman spectroscopy
and other techniques for detecting microplastics are presented. Important issues related to sample preparation were
discussed. Examples of the use of Raman spectroscopy for the identification of microplastics in food systems are given.

Keywords: microplastics, detection methods, Raman spectroscopy, food systems, microscopy, identification of
microplastics
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H.C. KOBAJIb, B.A. JIEBE/IEB, A.A. IUP1H

METOA KOHTPOJIA I'PAHYJIOMETPUYECKUX XAPAKTEPUCTHUK
OEPPOMAI'HUTHBIX ATPET'ATOB IINTAMOBBIX OTXO/10B

AHHoOTauus. TexHonozus nepepabomru uLIaMOo8bIX OMX0008 C NOMOUBIO 8PAUATOU|e20CS INIEKMPOMASHUMHO20
nojis GKuIOYAem ONnepayuio UMenbyeHus QeppomMazHumublx azpe2amos. IIpumenenue mpaouyuoHHbIX Memooos
KOHMPOISL CMeneH UsMeNbYyeHUs A6IAeMCs 6ecbMd MPYOOEMKUM U 3ampamubiM. B amoii céasu yenvio pabomol a6naemcs
000CHOGANUE  BO3MOJICHOCMU — UCHONb306AHUSL  MemoOd  KOHMPOIs — SPAHYIOMEMPUHECKUX — XAPAKMEPUCUK
heppomacHUmMHBIX KOH2IOMEPAMO8 WIAMOBbIX OMX0008 NO BeUtUHe YOIbHO20 INEKMPULECK020 conpomusierus. A
MAK dlce Uccredo8amue ¢ e20 NOMOWbIO OCHOGHLIX NAPAMEMPOS NPOYECCAd USMENbYEHUS HACTHUY,.

Ilposedennvie  uccnedo8anus NO3GOMUNU  NOJYYUMb — 3AGUCUMOCMb  MENHCOY  CPEOHUM — OUAMEMPOM
Geppomaznummnozo azpecama u yOeabHbIM dAEKMPULECKUM CONPOMUBTEHUEM CRpecco8annblx 0opasyos. Ha ee ocnose
NOMYHeHbl 3A6UCUMOCTIU YACMOMbL 8PAWAIOWE20CS INEKMPOMASHUMHO20 NOJA U NPOOOINCUMENTbHOCU Npoyeccd
usMenb4yeHus om cmeneHu U UHMeHCUEHOCHU NPoyecca UsmenbyeHus.

KiroueBble cil0Ba: spawaiowjeecs d1eKmpomacHumuoe noje, yoeilbHoe IdIeKmpuyeckoe cOnpomueietue,
usmMepenue, pazmep 4acmuy, Wiamogsle 0mxoovl, PeppomMasHumublLll azpezam

Hccneoosanue epinonmneno 6 pamkax pynoamenmanvuvlx uccieoosanuii zpanma POOH Ne. 20-38-90006
«Paszpabomka puzuxo-mexnonozuueckux ocHo8 pazoeyieHus MAZHUMHOU U HEMAZHUMHOI KOMROHEHM W1AMOGIX
0MX0006 Memanionpou3800CMea ¢ NPUMeHeHUeM INEKMPOMAZHUMHO20 NOIAN.
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N.S. KOVAL, V.A. LEBEDEV, A.A. SHIRIN

METHOD FOR CONTROL OF GRANULOMETRIC CHARACTERISTICS
OF FERROMAGNETIC AGGREGATES OF SLUDGE WASTE

Abstract. The technology for processing sludge waste using a rotating electromagnetic field includes the
operation of grinding ferromagnetic aggregates. The use of traditional methods for controlling the degree of grinding is
very laborious and costly. In this regard, the purpose of the work is to substantiate the possibility of using a method for
monitoring the granulometric characteristics of ferromagnetic conglomerates of sludge waste by the value of electrical
resistivity. As well as the study with its help of the main parameters of the process of grinding particles.

The conducted studies made it possible to obtain the dependence between the average diameter of the
ferromagnetic aggregate and the specific electrical resistance of the pressed samples. On its basis, the dependences of
the frequency of the rotating electromagnetic field and the duration of the grinding process on the degree and intensity
of the grinding process were obtained.
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