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

TEOPETUYECKASA MEXAHUKA U EE lNPUJTIOXXKEHUA

VK 62-52 DOI: 10.33979/2073-7408-2023-358-2-3-13

B.M. YEPHBIIIEB, O.B. POMMHOBA

BEPUOUKALUA YITPABJIAEMBIX BUBPO3AILIIUTHBIX CUCTEM

AHHOTAUMA. B cmamve paccmampusaromcs meopemuyeckue AcCneKmvl eepupurayuy  ynpasisiemuix
BUOPO3AWUMHBIX CUCMEM HA OCHO8e UCNONIb308AHUSL OYEHOK COOMEEMCMEUsT MeXHCOY KOMNOHEHMAMU 6eKmopa
COCMOSIHUSL CUCTEMDbL, NPUCOCOUHEHHO20 GEKMOPA U YNPAGIEHUs, NPUHSMOU 6 KILACCUYECKOl Meopuu OnmumMaibHO20
ynpaenenus. [list npogedenusi gepupurayuu Heobxooumo umenms MamemMamuyeckylo Mooeib UCCIedyeMol CUCeMyl, d
MaKdice NPOSHO3HYI0 MOOelb ONMUMATbHO20 mund. Eciu pe3yniomamul npo2no3za ubpayuoHH020 COCMOSIHUsL COBRAOAIOM
¢ paxkmuueckum SUOPAYUOHHBIM COCMOAHUEM UCCTe0yeMOl MOOelU, MO MO O03HAYAem, Ymo ucciedyemas Mooeisb
sa61semcst onmumanbholl. IIpueedén psi0 meopemuueckux blKiA0O0K, KOMOpPble NOSICHAIOM 0COOEHHOCMU NPOBEOeHUs
6ePUDUKAYUOHHBIX UCCICO0BAHUL 8 PAMKAX PEUEHUSL ONMUMUSAYUOHHBIX 30y YNPAGLeHUSL.

Buinonnen xomniexc ebiduciumenvhblx IKCHEPUMEHMO8 O/l GbISICHEHUS. ONMUMAILHOCMU NPeoaazaemblx
aneopummos YnpasieHusi poyeccom 0emMnuposanus 0Jisi 6a308bIX MOOeiel CUcmem sUdOPO3aUuUMbL U SUOPOU3OAYULL.
B ycmanoenenvt ocnogononazaiowue Gaxmol 1 3aKOHOMEPHOCU, KOMOpble Xapakmepusylom OaHHvle 6a306vie
MOOenu Kak ONMUMATIbHO YRPAGIsiemble OUHAMUYECKUe 00beKNbl:

— paboma demngepa 653K020 CONPOMUGLEHUSL 8 PEICUME (GKIIOUUNIL-BbIKTIOYUMbY SAGNAEMC HEOOXO0OUMBIM
VCRogUeM GopMUpo8anus KOMREHCAYUOHHBIX 6030€lCMBUL AKMUGHO20 MUNA:

— ONMUMANLHBLLL NPOYECC NPEPLIBUCIO20 0eMIPUPOSaHUsL 0becneuusaem 3amyxXanue nepexoOnblx NPoyeccos 8
npedenax 00HO20 Nepuodd KUHEMAMUYeCKo20 GO3MYWEHUs, YMO XAPAKMEPU3Vemcsi KAk «O0OUH MOAYOK — O0OHO
Konebanuey;

— yCcmawoenen NpuHyun OYaibHOCMU, 6 COOMEEMCMEUU C KOMOPbIM YMEeplHcOaemcs Hamudue O08yx
PABHOZHAUHBIX ANCOPUMMOE  ONMUMATIbHO20 YNPAGLEHUS YCMAHOBUGUIUMUCS KOLCOAHUSMU, OOUH U3 KOMOPbIX
peanusyemcsi Ha 0CHo8e UHGOpMayuu 06 OMHOCUMENLHOM OBUNCEHUU CUCIEMbL, MO eCMb NOCPEOCMEOM AKMYAIUAYUU
KOHCMPYKMUGHBIX DNEMEHMOE.

Ipusedenvl maroce npumepvl epuuKayul  AKMUGHBIX CUCHEM GUOPO3AWUMbBL 6 MOM Yucile C
INEKMPOMEXAHUUECKUM UCTLOTIHUMENbHBIM MEXAHUIMOM « GUHIM-2AUKAY.

KaroueBble cioBa: onmumanbroe ynpasienue, eepupukayus, UOpoO3auuma, euGPOU30IAyUs, NPOSHO3HAS
Mo0enb, 6a308as MOOenb ¢ NPEPLIBUCBIM OeMIYUPOSAHUEM, AKMUBHASL CUCEMA BUOPO3AUUMbL.
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V.I. CHERNYSHEV, O.V. FOMINOVA

VERIFICATION OF CONTROLLED VIBRATION PROTECTIVE SYSTEMS

Abstract. The article discusses the theoretical aspects of verification of controlled vibration protection systems
based on the use of conformity estimates between the components of the state vector of the system, the attached vector,
and control adopted in the classical theory of optimal control. For verification, it is necessary to have a mathematical
model of the system under study, as well as a predictive model of the optimal type. If the results of the prediction of the
vibrational state coincide with the actual vibrational state of the investigated model, then this means that the studied
model is optimal. A number of theoretical calculations are presented that explain the features of verification studies in
the framework of solving optimization management problems.

A set of computational experiments has been performed to determine the optimality of the proposed damping
control algorithms for the base models of vibration protection and vibration isolation systems. Founding facts and
patterns were established that characterize these basic models as optimally controlled dynamic objects:

- the operation of the viscous resistance damper in the on-off mode is a necessary condition for the formation of
compensatory effects of the active type:

- the optimal intermittent damping process provides transient attenuation within the same period of kinematic
disturbance, which is characterized as "one push - one oscillation;

- the principle of duality is established, according to which the existence of two equivalent algorithms for optimal
control of steady-state oscillations is confirmed, one of which is implemented on the basis of information about the relative
motion of the system, that is, due of the actualization of structural elements.

An example of verification according to the fact-forecast scheme of an active vibration protection system is also
given.

Keywords: optimal control, verification, vibration protection, vibration isolation, predictive model, basic model
with discontinuous damping, active vibration protection system.
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MALUIMHOCTPOUTEJIBHBIE TEXHOJIO A
N O6OPYL1IOBAHUE
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A.B. HEMEHKO, M.M. HUKUTUH

OLIEHKA BPEMEHHbBIX XAPAKTEPUCTUK ®UHUIITHOM OBPABOTKH
TOHKOCTEHHOM OBOJIOUKHA

AnHoTanmsl. [Ipeonooicena memoouxa OyeHKu 6PEeMEHHbIX XApAKMepUCmux MexHOL02ULeCKo20 npoyecca
Gunuwmol 0bpabomru demanei 8u0a MOHKOCMEHHOU 000I0UKU HA OCHOBAHUU MAPKOBCKO20 CIAYYAUHO20 OIYHCOAHUS
MencOy  NO2NOWAIOWUMU  VDOGHIMU C  HENpepbieHbIM — (az08blm  npocmpancmeom  cocmosnui. Obpabomka
paccmampueaemcsi Kak MHO20CMAOUIHbLIL HPOYECC, 8 X00e KOMOPO20 MEHsIeMC st KOHMPOAbHbIL NApamemp, iusiiouutl
Ha e20 3asepuienue. B Kauecmee RNO2IOWAIOWUX VPOGHEU PACCMAMPUBAIOMCS GepXHee U HUICHee 3HAYEHUs.
KOHMPOALHO20 napamempa, no OOCHMUICEHUU KOMOPbIX, COOMBEMCMEEHHO, U30eiue CHUMAEemcsi U320MOGIeHHbIM UL
Heobpamumo ucnopyeHuvim. IIpednosicennvim cnocooom mozym 6vims HAOeHbl CpeoHee MEXHON02ULEeCKoe 8PEeMsl, €20
oucnepcus u cpeonee K8aopamuieckoe OmKioHeHue, 0ist KOMmopbix NOJYYeHbl HeNOCPeOCTEEeHHblE PACYemHble hopMYLbl
8 6UOE CYMM COOMBEMCMBYIOUUX YUCLOBbIX PAOOE.

KuaroueBble cioBa: ¢unuwnas ob6pabomra, moHKocmeHnHvle 00040UKU, GbIX00 20OHBIX, MEXHOIOSUYECKOEe
8pemsi, npouU3B00CMBEHHOEe 8peMsl, MAPKOBCKULL npoyecc, Crydainoe Onyxicoanue.
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A.V.NEMENKO, M.M. NIKITIN

EVALUATION OF THE THIN-WALL SHELL FINISHING TIME
CHARACTERISTICS

Abstract. A technique for estimating the time characteristics of the technological process of finishing processing
of thin-walled shell parts based on a Markov random walk between absorbing levels with a continuous phase space of
states is proposed. Processing is considered as a multi-stage process, during which the control parameter that affects its
completion changes. The upper and lower values of the control parameter are considered as absorbing levels, upon
reaching which, respectively, the product is considered to be manufactured or irreversibly damaged. The proposed
method can be used to find the average technological time, its dispersion and standard deviation, for which direct
calculation formulas are obtained in the form of sums of the corresponding numerical series.

Keywords: finishing, thin-walled shells, yield, technological time, production time, Markov process, random
walk
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I'PAAMEHTHOE YIIPABJISSEMOE YIIPOUYHEHMUME ITPYKUH C/KATUA

AHHOTaIMSA. [Ipoananuzuposan npoyecc YnpouHeHus NPYHCUH COHCAMUS NAACMUYECKUM 0eOPMUPOBAHUEM —
KOHMAKMHbIM ~ 3aHesonusanuemM. Bapvupya naspy3koli  KOHMAKMHO20 — 3aHEBOIUBAHUA, MOINCHO  YNPABIAEMO
@Popmuposamv 10KANLHYIO NAACTHUYECKYIO 30HY NOBEPXHOCHHO20 YNPOUHEHUA NPYAHCUHbL. AKMUsHOU Oedopmupyemo
30HOU AB1AEMCA NOKANLHASA 30HA, KOMOPAA HAXOOUMCSL 8 MECAX KOHIMAKMA 6UMKOS NO 6cell Onune npyicunsl. Bapvupys
8bICOMOU NPYHCUHBL NEped 3AHeSONUBAHUEM, MONMCHO YIPABGIAEMO DOPMUPOSAMb 30HY 00BEMHO20 YNPOUHEHUs
npyscunvl. Konmaxmuoe 3anegonusanue MONMCHO OMHeCMU K SPAOUEHMHO YNPAGIAEMbIM NpOyeccam YNpOuUHeHUs
npyycun. Pasmepvl 30n u cmenenv ux YNPOUHEHUs 3A6UCATN OM TEXHOIOUYECKUX NApamempos8 KOHMAKMHOZ0
3anegonusanus. [lpedcmaenena KiaccupuKayuoHHAas cxema nPoYecco8 NIACMUYECK020 YNPOUHEHUs NPYIHCUH C YUemoM
KOHMAKMHO20 3AHeBOIUBAHUS.

KitoueBble CJI0Ba: 2paoueHmHO YRPOYHEHHble CMPYKMYPbl, KOHMAKMHOE 3AHe0NUBaHUe, NIACMUu4ecKds
nosepxHocmuas obpabomia.
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N.A. ZEMLYANUSHNOV, D.O. DOROHOV, S.Y. RADCHENKO, N.Y. ZEMLYANUSHNOVA

GRADIENT CONTROLLED HARDENING OF COMPRESSION SPRINGS

Abstract. The process of hardening compression springs by plastic hardening — contact hardening is analyzed.
By varying the load of contact hardening, it is possible to form a local plastic zone of surface hardening of spring in a
controlled manner. The active deformable zone is the local zone, which is located at contact points of coils along entire
length of spring. By varying height of spring before hardening, it is possible to controllably form zone of volumetric
hardening of spring. Contact hardening can be attributed to gradient-controlled processes of spring hardening. The size
of zones and the degree of their hardening depend on technological parameters of contact drilling. A classification scheme
of spring plastic hardening processes is presented, taking into account contact hardening.

Keywords: gradient-hardened structures, contact predeformation, plastic surface treatment (of metals).
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B.1O. IABPUHEHKO, M.A. CEPEXXKHWH, H.A. BAJTAXOHIIEBA, XK. CAIIUKOB

IKCIIEPUMEHTAJIBHO UCCJIEJOBAHUSA NTPOLUECCA 'NBKHA
JIMCTOBBIX 3AI'OTOBOK HA ITPECCAX U JIMCTOIITAMIIOBOYHbBIX
MOJIOTAX C HCITIOJIb3OBAHUEM FDM-UHITAMIIOB

AHHOTaUMsl. B cmamve npugedenvi pe3yrbmamvl IKCNEPUMEHMANbHBIX UCCIe008aHULL npoyecca 2UOKU
JIUCMOBBIX 3A20MOBOK HA Hpecce U JUCMOWMAMNOBOYHOM MOJIOME NpU UCNOIb308AHUU PAOOYe20 UHCMPYMeHmd,
uzeomognennozo uz naacmuxa PLA memooom FDM newamu (FDM-wmamnos). Ycmanoeiena 603MONICHOCIDL
npumenenus FDM-wmamnog ons obecneuenuss mpebyemou mounocmu 0emaJiell npu u32omogieHuu oemaell 2uOKou Ha
npeccax u MOIOMAX 8 YCIO8UAX eOUHUYHO20 (MeaKocepulinoeo) npousgoocmea. Kpome smoco, 0is HeKOMOpPbIX
MAmepuanog Cco8MeCcmHoe UCNOIb308aHUue 0A0bl TUCMOWMAMROBOUHO20 Moaoma ¢ Hanoanumenem u FDM-wmamna
N0360IUNI0 YMEHLULUMb Y20 YNPY2020 NPYHCUHEHUS U NOBBICUMNb MOYHOCMb 3A20MOB80K nocie 2ubku om 2 do 8 pas.

KiroueBble ¢JI0Ba: eubKa JUCMOBLIX 3A20MOBOK, NPecc, AUCOumamnosoynviii morom, FDM — wmamno,
YHpy2oe npysicutenue, moYHocms oemanell nocie 2ubKu
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V.Yu. LAVRINENKO, M.A. SEREZHKIN, N.A. BALAKHONTSEVA, Zh. SADYKOV

EXPERIMENTAL RESEARCH OF THE PROCESS OF BENDING
FOR SHEET BLANKS ON PRESSES AND SHEET HAMMERS BY USING
OF FDM DIES

Abstract. The results of experimental research of the processes of bending for sheet blanks on presses and sheet
hammers by using of tools made of PLA plastic using the FDM printing method (FDM-dies) are presented.

The possibility of using FDM-dies to ensure the required accuracy of parts in the manufacture of parts on presses
and hammers in a single (small-scale) production has been established. In addition, for some materials, the combined
using of a stamping hammer head with filler and FDM-dies allow to reduce the angle of elastic springback and increase
the accuracy of parts after bending up to 2—8 times.

Keywords: bending of sheet blanks, press, sheet stamping hammer, FDM - dies, elastic springback, accuracy
of parts after bending.
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A.O. XAPYEHKO, A.A. XAPUEHKO

IPOIPECCUBHBIE YCTPOMCTBA U UHCTPYMEHTHI
I MEJIKOPASMEPHOI'O PESBbBOHAPE3AHUA B OTBEPCTUAX

AHHOTAUMA. B cmamve npedcmasienvi pe3yibmamsl UCCACO08AHUN 8 HANPABIEHUU COBEPULEHCIBOBAHUSL
TNEXHON02UUECKO20 000pY008anus 0Jisi 6HympeHnuell peabboobpabomiu. IIpoexmuposanue ycmpoucme u UHCmMpyMenmos
07151 MENKOPA3MEPHOU pe3bb00bpadbomKuy A6IAEMCA AKMYaibHoU 3a0adel, 07 bINOJIHEHUS KOMOPOU HeobX00uMo Ha
OCHOB€ CUCEMHO20 ROOX00A CO30AMb 8aAPUAHMbBL 000PYOO0BAHUS, OYEHUMb IPPHEKMUSHOCTb NPUHUMACMBIX PEULCHUTL C
YUemoM Onvlma, HAKONIEHHO20 UCCe008ameNAMU U paspadbomuuxamu 6 dannou ooracmu. Ilpedcmaesneno ycmpoiicmao,
no3eonaouiee NOBbICUMb HAOEHCHOCMb MEMYUKO8 U 3aWUMums Ux Om MNOJOMOK NO NPeoeibHO OONYCMUMOMY
Kpymawemy momenmy. Memuuxu c H080l ceomempueti 3y0be8 3a60PHOU Yacmu NO360JAI0M PAGHOMEPHO PACHPeOelums
HaepysKy no nogepxnocmu 3yoa npu pabome. Ilpu smom bonee HacpysceHHble nepavle 3y0bs 001A0AI0M UCKTIOYUMETbHO
8bICOKUMU pedicyuumu ceolicmeamu. Kpome moeo, snauumenvho ymenvuenst (00 15%) kpymswgue Hazpy3ku Ha Memyux,
yeenuuena e2o cmoukocms (8 1,2 pasa), a makoice noGvluieHO Kawecmseo 00paboOmKu 3a cuem YMeHbUleHUss NOOPe3aHUs
H pazobusanus nepevix 8UMK08 pe3vobi.

KarwueBble ci1oBa: ymenkopasmeproe pesbOoHapesanue, pe3booHapesHas 20J106Ka, YCMpOUCmeo 0Jis Hape3aHUs.
pe3bObl, MEXAHUZM 3AUUMbL UHCIPYMEHMA, Mem4uK, 3y0bsa 3a00PHOU YACmU, KA4eCmeo 00pabomKu.
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A.O. KHARCHENKO, A.A. KHARCHENKO

PROGRESSIVE DEVICES AND TOOLS FOR SMALL THREADING IN HOLES

Abstract. The article presents the results of research in the direction of improving technological equipment for
internal threading. The design of devices and tools for small-size thread processing is an urgent task, for which it is
necessary to create equipment options based on a systematic approach, evaluate the effectiveness of implemented
decisions, taking into account the experience gained by researchers and developers in this field. It is presented a device
that intend to to increase the reliability of taps and protect them from breakage due to the maximum allowable torque.
Taps with a new geometry of the teeth of the intake part allows to evenly distribute the load on the surface of the tooth
during operation. In this case, the more loaded first teeth have exceptionally high cutting properties. In addition, the
torsional loads on the tap are significantly reduced (up to 15%), its durability is increased (by 1.2 times), and the quality
of processing is also improved due to the reduction of undercutting and breaking of the first threads.

Keywords: small thread cutting, threading head, threading device, tool protection mechanism, tap, chamfer
teeth, processing quality.
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I''B.TTOI'OJIEB

METOA CPABHEHUSA DOPEKTUBHOCTU U MACCOI'ABAPUTHbLIX
MOKA3ATEJIEH TEIIVIOOEMEHHBIX AIIITAPATOB, UCITIOJIB3YEMBIX
B OHEPI'ETUKE U MAIIIMHOCTPOUTEJ/IBHBIX TEXHOJIOT'UAX

AHHOTAIMS. B cmamve paccmompen Memoo cpagHeHus 3ghpexmusHocmu u Maccozadapumusix nokasameineil
MenI00OMEHHUKO8 PA3IUYHO20 HA3HAYEHUs, KOMOPble UCNOAb3VIOMC 6 MAWUHOCHPOUMETbHBIX MEXHON02UAX U
0060pY00saHUY MeXAHUYEeCKOll, DUUKO-MeXHUYeckol o06padbomku u 6 dHepeemuxe. [lana CpAGHUMENbHAA OYeHKA
HAOEHCHOCU MENI00OMEHUKO8 HA OCHO8E MENI08bIX MPYO NO CPABHEHUIO ¢ OpY2UMU MenI1000MEHHbIMU annapamamu.

KuaroueBble c10Ba: maccozabapummsle nokasameinu, menioodMenHvle annapamyl, menio0OMeHHUKU Had OCHO8e
mennosvlx mpyb, HenpepvleHvle MEXHOIOSUYECKUe HNPOYeccyl, Memoobl CPABHEHUs 3POeKMUeHOCmU, OYeHKA
bezomkasHocmu pabomol, meniosvie mpyoul.
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G.V. GOGOLEV

METHOD OF COMPARISON OF THE EFFICIENCY AND WEIGHT
AND DIMENSIONAL INDICATORS OF HEAT EXCHANGERS USED
IN THE POWER INDUSTRY AND MACHINE-BUILDING TECHNOLOGIES

Abstract. The article considers a method for comparing the efficiency and weight and size indicators of heat
exchangers for various purposes, which are used in engineering technologies and equipment for mechanical, physical
and technical processing and in the energy sector. A comparative assessment of the reliability of heat exchangers based
on heat pipes in comparison with other heat exchangers is given.

Keywords: weight and size indicators, heat exchangers, heat-pipe heat exchangers, continuous technological
processes, methods for comparing efficiency, assessment of non-failure operation, heat pipes.
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B.I. KOBAJIEB, B.II. [TAHKOB, C.1O. PAAYEHKO, A.b.®YPCHUHA, M.B. CTEIIAHOBA

UCCJIEJOBAHUS TUCJIOKAIIMOHHOM CTPYKTYPHI JIOIIATOK
TYPBUH ABUAIIMOHHBIX I'T/I B ITPOLNECCE 3KCIVIYATALIUHU

AunHoTanust. [Ipogedenvl ucciedosanusi CmpyKmypHuIX UsMeHeHull 6 CRIA8ax 1ONamoK mypoun 6 npoyecce
akcnayamayuy. CmpykmypHot 0COOEHHOCHbIO UCCLE008AHHO20 CNIABA SGISIOMCS KPYnHble 08OUNHUKU. J{iumenbHoe
Hazpycenie 10NamKuy NPUBOOUM K U3MEHeHUsM 8 KapouoHou ¢asze cniasa. B pamkax kiaccuieckol cmpyHHOU MoOeau
UHMEPECHbL UCCIEO0BANHUS HENUHEUHOU OUHAMUKU KPAEBOT OUCIOKAYUU NOO OCUCMEUeM PABHOBECHOU BHYMPEHHEll CUIbL.

KarwueBble cnoBa: cnias, 1onamka, mypouna, meepovlil pacmeop, OUCIOKayus, O80UHUK, KapOuoHas ¢asa,
OUHAMUKA CIPYHbI.
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V.D. KOVALEV, V.P. PANKOV, S.Y. RADCHENKO, A.B. FURSINA, M.V. STEPANOVA

STUDIES OF THE DISLOCATION STRUCTURE OF TURBINE BLADES
OF AVIATION GAS TURBINE ENGINES DURING OPERATION

Abstract. Studies of structural changes in the alloys of turbine blades during operation have been carried out.

The structural feature of the investigated alloy is large twins. Prolonged loading of the blade leads to changes in the
carbide phase of the alloy. Within the framework of the classical string model, studies of the nonlinear dynamics of the
edge dislocation under the action of an equilibrium internal force are interesting.
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Keywords: alloy, blade, turbine, solid solution, dislocation, twin, carbide phase, string dynamics.
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A.B. HEMEHKO, M.M. HUKUTUH

YIIPABJIEHUE IAPAMETPAMHU (I)I/IHI/III!HOP'I OBPABOTKHA
INOJIUPOBAHUEM INOBEPXHOCTEU BPAILIEHUSA

AHHOTAUMA. [Ipednosicen ancopumm ynpasinenus QuHUWHOU 06pabomKol nosepxHocmel 6paujeHusi Ha
OCHOBAHUU OANbHE20 NPOSHO3A NOIYYAEMO20 Pe3VAbama Npu COXPAHeHuu meKywezo pescuma obpabomxu. s
NPpOSHO3d UCHONIb3YEMCsl NOCAE008AMENbHOCHb USMEPEHHBIX 3HAYEHUTI KOHMPOIbHO20 NApamMempd, KOmopou CImagumcs.
6 coomeemcmeue cmoxacmuyeckoe Oughgepenyuanrvroe ypasuenue. Ilpeumywecmeom memooa  AGAAEMCS
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opmanuzayus uHme2pUPOSAHUs NOJYYEHHO20 YPASHEHUS. U NOCMPOEHUEe €20 ACUMNIMOMUKU, YIMO NO360Jislem HA PAHHUX
cmaousx 06pabomKu  GbIYUCIUMbL NPEOelbHOe 3HAYEeHUe N0 KANCOOMY U3 NApAMempos u3zlenus U 6Hecmu
KOppexmupyiowee 6ozoelicmsue. B xauecmee KOHMPOAbHbIX NAPAMEMPO8 MOSYH NPUMEHSMbCSA XAPAKMEPUCMUKU
pacnpeoeneHusi Mo4euHvbiX U JUHElHbIX 0epexkmos no oopadbamuleaemoll NOGEPXHOCMU, A MAKdice Opyeue GeUYUHbL.
Hapamempor pabouezo npoyecca, Ha Komopvle npediazaemcs UMb 8 npoyecce 00paboOmMKU, KIOYAIOM KUHEMAUKY
63AUMHO20 NepeMewerusi UHCMPYMEHMA U U30enusl, MmeMnepamyphblil PejiCUM, XapaKxmepucmuky nooayu abpazued u
CMA30UHO-0XANCOAIOWET HCUOKOCTIU.

KawueBble ciaoBa: ¢uuuwnas obpabomka, OanvHUuil NPoeHO3, cmoxacmuueckoe Ouggepernyuaivroe
VpagHenue, PEMEeHHOU Psi0, ACUMNIMOMUKA, YIPAGLeHUe NaApaMempamu.
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PARAMETERS MANAGEMENT OF ROTATION SURFACES FINISHING
BY POLISHING

Abstract. An algorithm for controlling the finishing treatment of surfaces of rotation based on a long-range
forecast of the result obtained while maintaining the current processing mode is proposed. For prediction, a sequence of
measured values of the control parameter is used, which is associated with a stochastic differential equation. The
advantage of the method is the formalization of the integration of the resulting equation and the construction of its
asymptotics, which allows, at the early stages of processing, to calculate the limit value for each of the parameters of the
product and make a corrective action. The integral characteristics of the residual error, as well as the distribution
measures of point and line defects, can be used as surface parameters. The parameters of the workflow, which are
proposed to be influenced during processing, include the kinematics of the mutual movement of the tool and the product,
the temperature regime, the characteristics of the supply of abrasive and cutting fluid.

Keywords: finishing, long-range forecast, stochastic differential equation, time series, asymptotics, parameter
control.
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E.B. CMOJIEHIIEB, M.B. KOHAPATBEB, B.I'. 'PULIOK, C.B. KOBAJIEB

OIITUMM3ULMA TPOUECCA ITPOEKTUPOBAHUA OBPABOTKHU
KOMBUHHWPOBAHHBIMHN METOJAMUA

AHHoOTaIMs. B cmamve onucatnbl 0cobeHHOCHU NPOEKMUPO8AHUs KOMOUHUPOBAHHO20 npoyecca 06pabomKu ¢
UCNONB30BAHUEM INEKIMPOMASHUIMHBIX NOJEl HA OCHOBE UCCIeO08AHHOU panee memooono2uu. IIpusedenvl docmouHcmea
mMakoz2o nooxX00a K NPOeKMUpOBAHUI0 HOBbIX MEMOO08 0O6padomKy demanel 8 MAUUHOCMPOEHU, YO NOOMEEPIHCOEHO
meopemuieckuMy paciemamu U pe3yibmamamu  NPakmuyeckoe0 UCHOIb308AHUS HOB020 cnocoba obpabomru
omeepcmuil.

KiaoueBble cJI0Ba: 391eKmpoIpo3uoOHHAs 00pabomKa, 9AeKMpoXumMudeckas o6pabomxa, memoooio2us,
nPOU3B0OUMENLHOCb.
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E.V. SMOLENTSEV, M.V. KONDRATEV, V.G. GRITSYUK, S.V. KOVALEV

OPTIMIZATION OF PROCESSING DESIGN BY COMBINED METHODS

Abstract. The article describes the features of designing a combined processing process using electromagnetic
fields based on the methodology previously studied. The advantages of this approach to the design of new methods of
machining parts in mechanical engineering are given, which is confirmed by theoretical calculations and the results of
practical use of a new method of machining holes.

Keywords: electroerosion treatment, electrochemical treatment, methodology, productivity.
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AHHoOTamMsl. B pabome npediodxcena memoouxa pacuema NOBEPXHOCMHOU Hepeuu, dHepeuu aozesuu u
OMHOCUMENbHOU NAOWA0U A02e3UOHHO20 KOHMAKMA O0Jid OUMemaniuyecko2o npogood. Memooduka 6Oasupyemcs Ha
sapuanme MoOenu CNIOWHOU YNpy2oll cpedbl, 6 OCHO8e KOMOPO2O NeHCUm NPeOnONONCeHUe O MHO20YACTUYHOM
NOMEHYUATTLHOM HENOKATbHOM 83AUMOOelicmeuy OeCKOHeUHO MATbIX Hacmuy, cocmasiarnowux cpedy. llapamempo,
onpedensiowue UCNOTbIVEMble NOMEHYUANbl HENOKATbHBIX — 83AUMOOCUCGULl,  8bIDAJCEHbI  Yepe3  U3BeCHiHble
Xapaxmepucmuxu CniowHou cpedsvl — mooyiem FOnea, koagpguyuenmom Ilyaccona (unu modyas cosuea), a maxaice
Xapakmepucmuxy HeauHeuHoCmuy OUCNePCUOHHO20 3aKOHA PACNPOCMPAHEHUs AKYCMUYecKux 80H. 3a8uUcumocms om
meMnepamypuvl onpeoeisemcs uepes yCmaHos1eHHble IKCNEPUMEHMATbHO 3a8ucuMocmu om Hee Mooy FOuea u mooyna
cosuza. Ilo npednodcennoi memoouxe ObliU NPOGeOeHbl pacuembvl dHEPeUU adze3uu U OMHOCUMENbHOU NIoWAoU
a02e3uoHHO20 KOHMAKMA 018 PA3HbIX TeMnepamyp.

KiloueBble ¢j10Ba: adze3us, HeNOKANbHOEe MHO20HACMUYHOE 63auMoldelicmeue, 2padueHmnas cpeod,
NOBEPXHOCIHAS DHEP2USL, DHEPRUS A02e3Ul, NA0WAOb A02e3UOHHO20 KOHMAKMA.
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L.Yu. FROLENKOVA, V.S. SHORKIN, E.P. KRYGINA, A.I. KONISHEVA

METHOD OF CALCULATION AND ANALYSIS OF ADHESION
PROCESSES OCCURRING IN BIMETALLIC WIRES UNDER HIGH
TEMPERATURES

Abstract. The paper proposes a method for calculating the surface energy, adhesion energy and the relative
area of the adhesive contact for a bimetallic wire. The technique is based on a variant of the model of a continuous elastic
medium, which is based on the assumption of a many-particle potential non-local interaction of infinitesimal particles
that make up the medium. The parameters that determine the used potentials of nonlocal interactions are expressed in
terms of the known characteristics of a continuous medium - Youngs modulus, Poissons ratio (or shear modulus), as well
as the characteristic of the nonlinearity of the dispersion law of acoustic wave propagation. The dependence on
temperature is determined through the experimentally established dependences of Youngs modulus and shear modulus
on it. The proposed method was used to calculate the adhesion energy and the relative area of the adhesive contact for
different temperatures.

Keywords: adhesion, nonlocal multiparticle interaction, gradient medium, surface energy, adhesion energy,
adhesive contact area.
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.C. MAKCHUMOB, B.I'. PAXUEEB, C.A. TAJJAHCKUI, T.C. MAKCUMOBA

OITPEAEJIEHUE TEPMOANHAMUNYECKOI'O COCTOAHUA
KOMITIO3NIIMOHHBIX HIVINPOBAJIBHBIX KPYI'OB
1 OBPABOTAHHOM ITIOBEPXHOCTMH PEJIbCOB
B MTPOLUECCE IIVINM®OBAHUA

AHHOTAIMS. B cmamve npeonpunsmuvl nONbIMKYU ONUCAHUS NPOYECCa MeMNEPanypHo2o 63auMo0elicmeus
KOMNO3UYUOHHO20 AOPA3UEHO20 UHCIMPYMEHMA ¢ 06pabamvléaeMoll NOSEPXHOCHbIO JHCENEIHOOOPONHCHO20 PelbCd.
Ilpeocmaenenvt pezyromamvl MOOEIUPOBAHUST NPOYeCca WAUPOBAHUS HCENEe3HOOOPONICHBIX DPelbCO8 08YMS GUOAMU
WAUDOBATLHBIX  KPY208  (YETbHOTUMBIM, KOMNO3UYUOHHbIM) 8 Cpede KOHEUHO-IIeMEHMHO20 aHanu3a Ansys.
Yemanoenenvl ocobennocmu opmuposanis memMnepamypHo2o nomoKa Ha no8epxXHOCmu 00pabom aHHo2o Closi perbed
U memMnepamypHo20 COCMOsIHUA pabouux noeepxnocmeil abpasusnozo uncmpymenma. Onpedeneno srusnue meepoocmu
INIEMEHMO8 KOMNOZUYUOHHBIX UWAUPDOBATLHBIX KPY208 HA (DOPMUPYEMbIll MUKpOpeTbed 6epXHeli Hacmu NOo8epxXHOCMU
KAMAHUA HCENE3HOOOPONCHBIX PENbCO8.

KiroueBble clioBa: abpasueuvili uHCmMpymMenm, KOMNOZUYUOHHBIN WAUDOBATHBIN KPYe, HCENe3HOOOPOICHBLU
penve, menioooMeH, memnepanypHoe noje, Wepoxoeamocis, KOHeUHO-2NeMEeHMHbII AHANUS3.
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L.S. MAKSIMOV, V.G. RAKHCHEEV, S.A. GALANSKIY, T.S. MAKSIMOVA

DETERMINATION OF THE THERMODYNAMIC STATE OF COMPOSITE
GRINDING WHEELS AND THE MACHINED RAIL SURFACE
IN THE GRINDING PROCESS

Abstract: The paper attempts to describe the process of temperature interaction of composite abrasive tool with
machined surface of railway rail. The results of rail rails grinding process modeling by two types of grinding wheels
(solid and composite) in Ansys finite element analysis environment are presented. The features of temperature flux
formation on the surface of machined rail layer and temperature state of working surfaces of abrasive tools are
determined. Influence of composite grinding wheels elements hardness on formed micro-relief of upper part of rail rolling
surface has been determined.

Keywords: abrasive tool, composite grinding wheel, railway rail, heat transfer, temperature field, roughness,
finite element analysis.
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C.M. BPATAH, 1.A. IIMYEHKO, B.1. I'OJIOBUH, }0.K. HOBOCEJIOB

METOJUKA PACUETA YHUCJIA ONEPAIIUM ITPU TOHKOM
IJIMPOBAHUU BAJKOB XOJIOJHOH MPOKATKH
N EE DKCIIEPUMEHTAJIBHAS ITPOBEPKA

AHHOTanMsl. B cmamve npogedeno ucciedoganue npoyecca MoOHKO20 WIUGOGAHUS BAIKOE XOLOOHOU
NPOKAMKU, PACCMOMPEHBL 3AKOHOMEPHOCMU ONPeOeeHUsi ONMUMATLHO20 YUCLA ONePayuil, 00ecneyusaruux noryyeHue
Uepoxoeamocmu NOBEPXHOCMU 8ANK08 X0n100HoU npokamxu Ra=0,04-0,02 mxm ¢ HaumeHvuwiel mpyooeMKOCmbIO
obpabomku Odemanu, HA OCHOBE MEOPEMUYECKO20 U IKCHEPUMEHMANbHO20 U3VUEHUs npoyecca waugosanus
MENKO3EPHUCMbIMU KPY2amMu paspabomana Memoouxa paciema yucia onepayuti. Bulnoanen ananus 3akoHomepHocme
pabomuvl  eOUHUYHBIX AOPAUBHBIX 3€PEeH  NPEONONCEHA 3ABUCUMOCIb NPOUZBOOUMENbHOCIU NPOYEccd MOHKO20
WAUGoB8anUsL OM 3ePHUCTIOCIU KpY2d, NPURYCKA HA WAUDOBAHUE, DENCUMA WAUDOBAHUSL, PA3MEPO8 00pabambieaemMol
demanu u xpyea. s obnecuenus onpeoeneHuss Npou3so0UmMeIbHOCIMU NPoyeccd WiupOBanUs MeiKo3epHUCTbIMU
Kpy2amu npeosiodiceHo UCNOAb306aMb 2PAPUUEcKUll Memoo, nocmpoenvl 2paguku u Homozpamma. Ilosedena
IKCNEPUMEHMANbHASL NPOBEPKA NPEONONCEHHBIX MEOPEMUUECKUX 3A6UCUMOCMEN U MemOOUKU pacyemad, 6 CpeoHem
OMKIIOHEHUe PACYemHblX 3HAUeHULl NPOU3E0OUMETbHOCMU OM IKCHEPUMEHMATIbHBIX COCMagnsno 25%, umo no3eonuno
coenams 3AKMOYEHUE O COOMBEMCMBUL NPEONIONCEHHOU 3AGUCUMOCIU PEeAalbHOMY NPOYeccy npu waugosanuu Ha
PAZTULHBIX PENCUMAX

KaroueBble ciioBa: menkozepHucmoie Kpyeu, wiugosanue, onepayus, nNOKA3amenb npou3800UmeIbHOCmU,
HAuMeHbUAsL MPYO0eMKOCb 00pabOmKU, pedcum Wiugposanus.
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S.M. BRATAN, LA. DYMCHENKO, V.I. GOLOVIN, Y.K. NOVOSELOV

METHOD OF CALCULATION OF THE NUMBER OF OPERATIONS
IN THE THIN GRINDING OF COLD ROLLS
AND ITS EXPERIMENTAL VERIFICATION

Abstract. The article studies the process of fine grinding of cold rolling rolls, considers the patterns of
determining the optimal number of operations that provide the surface roughness of cold rolling rolls Ra = 0.04-0.02 yum
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with the least laborious processing of the part, based on theoretical and experimental study of the grinding process with
fine-grained circles developed a method for calculating the number of operations. The analysis of the regularities of
operation of single abrasive grains is carried out, the dependence of the productivity of the fine grinding process on the
grain size of the wheel, the grinding allowance, the grinding mode, the dimensions of the workpiece and the wheel is
proposed. To facilitate the determination of the performance of the grinding process with fine-grained wheels, it is
proposed to use a graphical method, graphs and a nomogram are constructed. An experimental verification of the
proposed theoretical dependencies and calculation methods was carried out, on average, the deviation of the calculated
productivity values from the experimental ones was 25%, which made it possible to conclude that the proposed
dependence corresponds to the real process when grinding in various modes.

Keywords: fine-grained wheels, grinding, operation, performance indicator, the least labor intensity of
processing, grinding mode.

BIBLIOGRAPHY

1. Novoselov Yu.K. Identification of a static criterion for the analysis of the processes of material removal by a
tool during superfinishing / Yu.K. Novoselov, S.M. Bratan, I.A. Dymchenko, A.S. Batalin // Proceedings of the Tula
State University. Technical science. — Tula: Publishing House of TulGU, 2016. — Vol. 8. — pp.254-261. ISSN 2071-6168.

2. Bratan S.M. Quality improvement of manufacturing rolling mill rolls / S.I. Roshchupkin, A.O. Kharchenko,
S.V. Belousov // CIS Iron and Steel Review, 2021, 22, pp. 26-31.

3. Novoselov Yu.K. Dynamics of surface shaping during abrasive processing / Yu.K. Novoselov. — Sevastopol:
Izd-vo SevNTU, 2012. — 304 p.

4. Jurko, J.; Dzupon, M.; Panda, A.; Zajac, J. Study Influence of Plastic Deformation a New Extra Low Carbon
Stainless Steels XCrl17Ni7MoTiN under the Surface Finish When Drilling. Adv. Mater. Res. 2012, 538-541, 1312-1315.
[CrossRef]

5. Panda, A.; Duplék, J.; Jurko, J.; Behtin, M. New Experimental Expression of Durability Dependence for Ceramic
Cutting Tool. Appl. Mech. Mater. 2013, 275-277, 2230-2236. [CrossRef]

6. Glazyrin, V.; Ruzbarsky, J.; Nikitin, Y.; Bozek, P.; De Silva, W.T. Study of Dynamic Processes during the
Finishing of Spherical Parts Made of Difficult-to-Machine Materials. MM Sci. J. 2022,2022, 5937-5942. [CrossRef]

7. Bratan S.M. Ensuring the stability of surface treatment in operations of circular external grinding operations
from the standpoint of system analysis / S.M. Bratan, A.O. Kharchenko, D.A. Lysenko // Fundamental and applied
problems of engineering and technology. — Orel: FGBOU VO «OSU named after 1.S. Turgenevy», 2023. — Nel (357). —
pp. 84-94.

8. Bratan S.M. Analysis and synthesis of the vibration isolation system of a grinding machine, taking into
account the reliability of its elements / S.M. Bratan, A.O. Kharchenko, E.A. Vladetskaya // Processing of metals
(technology, equipment, tools). 2019. — Vol. 21, Nel. — pp. 35-49. doi: 10,17212/1994-6309-2019-21.1-35-49

9. Lysenko D.A. Improving the stability of fine grinding of the shaft journals of the shaft-propeller complex /
D.A. Lysenko, S.M. Bratan, A.O. Kharchenko // Scientific notes of the Crimean Engineering and Pedagogical University.
— Simferopol: RIO KIPU, 2023. — Vol. 1 (79). — pp. 232-239.

10. Hung, L.X.; Ky, L.H.; Hong, T.T.; Van Cuong, N.; Trung, D.D.; Phan, N.H.; Tung, L.A.; Vu, N.P.
Optimization of Manufacturing Time in Internal Grinding. In Proceedings of the International Conference on
Engineering Research and Applications, ICERA 2019, ThaiNguyen, Vietnam, 1-2 December 2020; pp. 557-565.

11. Bratan Sergey, Sagova Zuzana, Saga Milan, Yakimovich Boris, Kuric Ivan. New Calculation Methodology
of the Operations Number of Cold Rolling Rolls Fine Grinding. Applied Sciences. 13. 3484.2023. 10.3390/app13063484.

12. Bratan S.M. Influence on the probability of material removal of the relative vibrations of the abrasive tool
and the work piece during fine grinding / S.M. Bro, A.S. Chasovitina, S.I. Roshchupkin, K. Gupta // Processing of metals
(technology, equipment, tools). 2022. — T. 24. Ne 1. — pp. 33-47. ISSN of the printed version: 1994-6309 ISSN of the
printed version: 2073-7173

13. Golovin V.I. System for monitoring the state of the tool in the conditions of serial production / V.I. Golovin,
S.Yu. Radchenko // Fundamental and applied problems of engineering and technology. — Orel: FGBOU VO «OSU named
after I.S. Turgenev», 2020. — No. 4-2 (342). — pp. 161-168.

14. Golovin V.I. A system for predicting the occurrence of emergency situations during mechanical processing
based on convolutional neural networks / V.I. Golovin, S.Yu. Radchenko // Fundamental and applied problems of
engineering and technology. — Orel: FGBOU VO «OSU named after I.S. Turgenev», 2019. — No. 5 (337). — pp. 126-133.

Bratan Sergey Mikhaylovich Golovin Vasily Igorevich

"Sevastopol State University", Sevastopol "Sevastopol State University", Sevastopol

Doctor of Engineering, professor, head of the Candidate of Technical Sciences, Associate Professor,
department "Technology of mechanical engineering" Director of the Polytechnic Institute"

299053, Sevastopol, 299053, Sevastopol, st. University, 33
Universitetskaya St., 33 Ten. 54-24-04

Ne 2 (358) 2023 29



http://doi.org/10.4028/www.scientific.net/AMR.538-541.1312
http://doi.org/10.4028/www.scientific.net/AMM.275-277.2230
http://doi.org/10.17973/MMSJ.2022_10_2022013

KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

Ten. 54-05-57 E—mail: golovin@mail.sevsu.ru
E—mail: serg.bratan@gmail.com

Dymchenko Irina Alexandrovna Novoselov Yury Konstantinovich
"Sevastopol State University", Sevastopol "Sevastopol State University", Sevastopol
Competitor of the Department of Mechanical Doctor of Technical Sciences, Professor of the
Engineering Technology, Deputy Director of the Department of Mechanical Engineering
Polytechnic Institute 299053, Sevastopol,

299053, r. CeBacTomnons, yi1. YHUBepcUTeTCKas, 33 Universitetskaya St., 33

Ten. 54-24-04 Texn. 54-05-57

E-mail: iadymchenko@mail.sevsu.ru E—mail: yknovoselov@mail.sevsu.ru

© C.M. bparan, U.A. [Ipimuenko, B.1. I'onosun, FO.K. HoBocenogs, 2023

MAUIMHOBENEHUE U MEXATPOHUKA

VK 621.822 DOI: 10.33979/2073-7408-2023-358-2-106-114

A.}O. KOPHEEB, JI1 LISHEO, A.1O. KOJIBLIOB, E.B. MUIIIEHKO, JI.A. CABUH

PACYET KPUBBIX ITIOABUKHOI'O PABHOBECHA
B KOHNYECKHUX ITOAIINITHUKAX )KUJAKOI'O TPEHUA

AHHOTanusl. Paccmompenbl 0cobeHHOCmU pacuema Kpueblx HOOBUICHO20 DPABHOGECUSI 6 KOHUYECKUX
NOOUUNHUKAX CKOJIbAHCEHUSI C ICUOKOCTHOU CMA3KOU HA OCHOGe onpedeneHus noetl 0agieHull U peakyuil CMa3ouHO20
cnos. [lpedcmasnenvl pe3yibmamesl HUCIEHHO20 MOOCIUPOSAHUS NOJIONCEHUU YCMOUYUBO20 PABHOBECUSL NPU PAZIUYHBIX
napamempax noowunnuxa. Ilposeden cpasnumenbHblll AHAIU3 MeOPEeMULeCKUX U IKCHEPUMEHMATbHBIX OAHHbIX.

KitoueBble cioBa: KoHuyeckuli NOOWUNHUK JHCUOKO20 MPEHUsl, KPUeas NOOBUIICHO20 pPABHOBeCUsl,
YCMOUYU80OCMb  08UdICEHUs, OUHAMUYECKUe Kodpuyuenmol, napamemp NOOWUNHUKA, HeCYWds CHROCOOHOCMb,
MAMeMAmuyecKkas MoOelb, pe3yibmamol IKCNepUMeHmd.

Cmampsa evinonnena ¢ pamkax zpanma DYyy3ancko20 NpPoGUHUUATILHO20 HayuHo20 (onoa Kumas (Ne
2022J011249).
This project is supported by Fujian Provincial Natural Science Foundation, China (Ne 2022J011249).

CIIMCOK JIMTEPATYPBbI

1. KopoBuunckuit M.B. Teopetndeckre 0CHOBBEI pabOTHI MOJIIMIHUKOB CKOIbXKeHUS. — M.: Mamrus, 1959. —
404 c.

2. Bockpecenckuit B.A., [IpsikoB B.M. Pacdyer u npoexkTupoBaHHE OINOP CKOJBKEHUS (KUIKOCTHAs CMasKa):
Crnpasounuk. — M.: MammHocTtpoenue, 1980. — 224 c.

3. [IpoexktupoBanue ruapocrarnyeckux mnomuunaukos / Ilox pen. I'.Pummena (mep. ¢ anrm). — M.
MamunocTpoenue, 1967. — 136 c.

4. OpnoB IL.U. OcnoBbl koHCTpympoBanus: Cmp.-merox. mocobue / Ilox pex. ILLH. VYuaeBa. — M.:
Mamunoctpoenue, 1988. — T.2. — 544 c.

5. Kopuees, A. 0. Koanyeckue moaMMITHIKN XKUIKOCTHOTO TpeHuUs: MoHorpadus / A. 1O. Kopsrees, JI. A.
Casun, O. B. Comomus; oz o6mr. pexn. JI. A. Capuna. — M: MammnocTpoenue-1, 2008. — 172 c.

6. [Moznsik 3. JI. Konebanus poropos // Bubpanuu B Texnuke. B 6 T. Tom 3. KoneGanus mammH, KOHCTPYKITUI
1 uX dneMeHToB. M.: MammuocTtpoenue, 1980. C. 130 — 189.

7. Rao J. S. Rotor dynamics comes of age // Sixth International Conference on Rotor Dynamics: Proceedings.
Sydney, Australia: The University of New South Wales, 2002. V. 1. P. 15 - 26.

8. Yamamoto T., Ishida Y. Linear and nonlinear rotordynamics: A modern treatment with applications. New
York, John Wiley & Sons, 2001. 326p.

9. K Bompocy 00 yCTOHYHMBOCTH POTOPOB HA KOHMYECKHUX Omopax ckoibxeHus / Kopueer A.1O. / Matepuaisr
MexayHapo. HaydHO-TEXHUYECKOTO cuMIo3nyMa « 120 et rupoanHaMudeckoi Teopun cmaskm». — Oper, 2006. — C.
588 — 596.

30 Ne 2 (358) 2023




(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJOI'MA

10. JIyan. Pa3paboTka MOHATHS JUHAMHYECKAX KOI(PPHUIMEHTOB paIdaIbHBIX MOAMIUAITHAKOB KHIKOCTHOTO
tpenus // [IpoGmemsr TpeHust u cmazku. — 1987. — Ne 1. — C. 40 — 45.

11. OGo6menne MOHATHS TUHAMHYICCKUX KOA(P(OHUIMEHTOB CMa30YHOTO CIIOS HA KOHHYECKUE ITOAUTHITHUKA
xunkoctHoro TpeHus / Kopree A.lO., Comomun O.B., Anexun A.B. // Matepuansr VI MexayHaponHol HaydHO-
TEeXHUYECKOH KoH(epeHInn «BubpaionHble MauHbl U TexHoaorum». Kypcek, 2003. —c.132 — 135.

12. Korneev A.Y. Dynamic Equilibrium Surfaces for Conical Fluid-Film Bearings / A.Y. Koltsov, A.Y.
Korneev, L.A. Savin, Li Shengbo // IOP Conference Series: Materials Science and Engineering, 2017, 233(1), 012041

13. IIporpamMma pacyeTa XapaKTEpPUCTUK MOIIIMITHUKOB CKOJIBKEHUSI ¢ KPUOT€HHOM cMaskol «lloamunHuk-
Kpuoren» / JLLA. Capun, O.B. Conomun, A.}O. KopueeB u np. // CuaerenbcTBo 00 O(HUIIMATBHON PErHCTPaLuU
nporpammsl 1 O9BM Ne 2000610593. — 3aper. B Peectpe nporpamm s 9BM 7.07.2000 r.

14. Kopnees A.IO., JIu lllen60. DxcriepuMeHTaIbHBII CTEH/I AJIS UCCIICTOBAHMS KOHUYECKUX OMOP CKOJIBXKCHUS
¢ MP-gemndepom // Marepuansl [V MexIyHapoaHOTO HaydYHOTO CHMIO3WyMa «Y IapHO-BHOPAI[MOHHBIE CHCTEMBI,
MamuHb ¥ TexHonorum». Open, 2010. — C. 155 — 164.

15. Li S.B., Ao H.R,, Jiang H.Y., Korneev A.Yu., Savin L.A. Steady Characteristics of the Water-Lubricated
Conical Bearings [J] // Journal of Donghua University (English Edition), 2012, Vol. 29, No. 2, pp. 115 - 122.

16. Korneev, A.Yu. Lubrication Characteristics of Deep Cavity Hybrid Conical Bearing / S.B. Li, H.R. Ao, H.Y.
Jiang, L. Chen, A.Yu. Korneev // Journal of Harbin Institute of Technology, 2013. — Vol. 45, No. 1. — pp. 60 — 66
(Chinese).

17. Li S.B. Study of Dynamic Characteristics of Rotor System with Metal Rubber Ring and Conical Bearing
Combined Support // Dissertation for the Doctoral Degree in Engineering, Harbin Institute of Technology, China, 2012.
—119p.

18. KopneeB, A.H). OcoOEHHOCTH TPOCKTUPOBOYHOTO pacueTa KOHHYCCKUX TMOAIIMITHUKOB JKUAIKOCTHOTO
tpenus / A.1O. Kopuees, JI.A. CaBun //@yH1aMeHTanbHbIe U IPHUKIIAHbIE TPOOJIEMbl TEXHUKU U TexHOJoruu. — 2013. -
Ne 3 (299). - C. 3-8.

KopneeB Anapeii IOpbeBuu JIn I3u00 (Li Shengbo)

OI'BOY BO «OpnoBckuil rocy1apcTBEHHbII WHCTHTYT MallTMHOCTPOCHUS B aBTOMOOMIIECTPOCHHUS
yauBepcuret nmenu M.C. Typrenesa» CSIMBIHBCKOTO TEXHOJIOTHIECKOTO YHUBEPCHUTETA
302030, r. Open, yn. MockoBckas, 34 361024, r. Cambiab, KHP, oxpyr xumeit,
JHexan (akynpTeTa cpeqHero NpoQecCHOHAIEHOTO yi1. Jlurownr, 600

00pazoBaHUs, KanmunaTt TeXHU4eCKnX HayK, JOIEHT KadeIphl
JIOKTOp TEXHUYECKHUX HAYK, TOLEHT MeXaTPOHHUKH

Ten. 8-906-662-44-22 Ten. +86-133-9599-49-20

E-mail: korneev_andrey@mail.ru E-mail: hit4057@xmut.edu.cn

KoabuoB Anexkcanap FOpbeBuu Mumenko Enena BnagumupoBHa

OI'BOY BO «OpnoBckuii rocy1apCcTBEHHbIH ®I'BOY BO «OpnoBckuii rocy1apCcTBEHHbIA
yauBepcureT umenu U.C. Typrenesa» arpapHblii yHuBepcutet umenu H.B. Tlapaxuna»
302020, r. Open, Hayropckoe mocce, 29 302019, r. Opeun, yn. 'enepana Poguna, 69
Kananpar TexHudecknx Hayk, kadenpa Kannunat TeXHU4eCKnX HayK, JOIEHT Kaderpbl
MEXaTpPOHHUKN, MEXaHUKU B POOOTOTEXHUKH TeXHOC(EpHOH Oe3omacHoCTH

Ten. 8-910-205-29-61 Ten. 8-953-623-22-45

E-mail: alexkolzov(@gmail.com E-mail: art_lena@inbox.ru

CaBuH Jleonua AsiekceeBUY

OI'BOY BO «OpnoBckuii rocy1apCTBEHHBIH
yausepcuteT nmeHu U.C. Typrenesay

302020, r. Open, Hayropckoe mocce, 29

JloKTOp TEXHHYECKUX HayK, podeccop kadeapst
MeXaTpOHHUKH, MEXaHUKU B POOOTOTEXHUKH

Ten. (4862) 41-98-85

E-mail: savin@ostu.ru

A.YU. KORNEEV, LI SHENGBO, A. YU. KOLTSOV, E.V. MISHCHENKO, L.A. SAVIN

THE DYNAMIC EQUILIBRIUM SURFACES CALCULATION
IN THE LIQUID FRICTION CONICAL BEARINGS

Abstract. The dynamic equilibrium surfaces calculation in the liquid friction conical bearings on the basis of
pressure fields and reactions in fluid film is considered. The results of the numerical simulation of stable balance position
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with different parameters of bearing are presented. The comparative analysis of theoretical and experimental data is
carrying out.

Keywords: liquid friction conical bearing, dynamic equilibrium surfaces, stability of motion, dynamic
coefficients, bearing parameter, load-carrying capacity, mathematical model, experimental results.
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APPLICATION OF THE METHOD OF NON-CONTACT THERMAL
DIAGNOSIS OF PLAIN BEARINGS

Abstract. The article considered methods for diagnosing bearing sliding units and methods for their
implementation. Based on the information received, an experiment was carried out to diagnose a sliding bearing unit
using a non-contact method of thermal control, followed by processing the data obtained using ResNet convolutional
neural networks. In the process of conducting a continuous experiment, four different states of the sliding bearing unit
were identified based on the images of thermograms. On the basis of the obtained data, a convolutional neural network
was trained with the subsequent solution of the problem of classifying defects according to the image data of
thermograms.

Keywords: sliding bearing unit, diagnostics, defects, artificial neural network, high-precision neural network.

BIBLIOGRAPHY

1. Burkovskaya N. P., Sevostyanov N. V., Bolsunovskaya T. A., Efimochkin I. Yu. Improvement of materials
for sliding bearings of internal combustion engines (review) // Proceedings of VIAM. - 2020. - No. 1 (85). - S. 78-91. —
DOI 10.18577/2307-6046-2020-0-1-78-91. — EDN BVRMFV.

2. Pavlov, A.P., Shaposhnikov, I.A., Investigation of the possibility of using composite materials in the
production of plain bearings, Avtomobil. Road. Infrastructure. - 2018. - No. 1 (15). - P. 3. - EDN YVDIJTP.

3. Collacott, R. A.: Mechanical Fault Diagnosis and Condition Monitoring. London: Chapman and Hall 1977

4. Allianz, Handbook of Loss Prevention. Berlin: Springer 1978

5. Bloch, H. P. and Gettner, F. K.: Practical Machinery Management for Process Plants, Volume 2: Machinery
Failure Analysis and Troubleshooting. Third Edition, Houston: Gulf Publishing Company 1999

6. Kolpakov, V. E. Diagnostics of autotractor engines using infrared thermography / V. E. Kolpakov, L. V.
Tishkin // Bulletin of the St. Petersburg State Agrarian University. - 2012. - No. 26. - S. 369-372. — EDN PIQTVP.

7. Kolpakov, V. E. Non-contact method of thermal control of automotive engines / V. E. Kolpakov // Transport
business of Russia. - 2015. - No. 4. - P. 130-131. — EDN UXWIQZ.

8. Vavilov V.P. Thermal methods of non-destructive testing: a Handbook / V.P. Vavilov. - M.: Mashinostroenie,
1991. - 264 p.

9. Pankov, E. A. Application of infrared spectroscopy for diagnostics of aircraft engines / E. A. Pankov, N. F.
Chaika //. - 2017. - T. 1. - S. 12-16. -EDN YMZJXV.

10. Pankov E.A., Chaika N.F. Possibilities of spectral methods for diagnostics of aircraft engines // Interexpo
GEO-Siberia-2016. XII Intern. scientific congr.: Masters scientific session "First steps in science": Sat. materials
(Novosibirsk, April 18-22,2016). - Novosibirsk: SGUGIT, 2016. - S. 8-13.

11. Ustinov, M. A. Review of existing methods for diagnosing electric motors / M. A. Ustinov // Forum of Young
Scientists. - 2020. - No. 5(45). - S. 481-486. — EDN VINYRT.

12. Feng Z, Liang M, Chu F. Recent advances in time-frequency analysis methods for machinery fault diagnosis:
a review with application examples. Mech Syst Signal Process 2013;38(1):165-205.

13. Li Y, Wang X, Si S, Huang S. Entropy based fault classifi-cation using the case western reserve university
data: a benchmark study. IEEE Trans Reliab 2019. (2019-03-07) [2019-03-28]. Available from:
https://doi.org/10.1109/TR.2019.2896240.

15. Wang Z, Du W, Wang J, Zhou J, Han X, Zhang Z, et al. Research and application of improved adaptive
momeda fault diagnosis method. Measurement 2019; 140:63-75.

16. Wang Z, He W, Du W, Zhou J, Han X, Wang J, et al. Ap-plication of parameter optimized variational mode
decompo-sition method in fault diagnosis of gearbox. IEEE Access 2019; 7:44871-82.

17.Li Y, Wang X, Liu Z, Liang X, Si S. The entropy algorithm and its variants in the fault diagnosis of rotating
machinery: a review. IEEE Access 2018; 6:66723—41.

18. Zhang C, Harne RL, Li B, Wang K. Statistical quantification of dc power generated by bistable piezoelectric
energy harvesters when driven by random excitations. J Sound Vib 2019; 442:770-86.

19. Zhang C, Liu Y, Wan F, Chen B, Liu J, Hu B. Multi-faults diagnosis of rolling bearings via adaptive
customization of flexible analytical wavelet bases. Chinese J Aeronautics 2019. (2019-03-25) [2019-03-28]. Available
from: https://doi.org/10.1016/j.cja.2019. 03.014.

20.LiY, LiG, Yang Y, Liang X, Xu MA. fault diagnosis scheme for planetary gearboxes using adaptive multi-
scale morphology filter and modified hierarchical permutation en-tropy. Mech Syst Signal Process 2018; 105:319-37.

21. Zhao M, Lin J. Health assessment of rotating machinery us-ing a rotary encoder. IEEE Trans Ind Electron
2017;65(3):2548-56.

22. Yongbo, L.I., Xiaogiang, D.U., Fangyi, W.A.N., Xianzhi, W.A.N.G. and Huangchao, Y.U., 2020. Rotating
machinery fault diagnosis based on convolutional neural network and infrared thermal imaging. Chinese Journal of
Aeronautics, 33(2), pp.427-438.

23. Choudhary, A., Mian, T. and Fatima, S., 2021. Convolu- tional neural network based bearing fault diagnosis
of rotat-ing machine using thermal images. Measurement, 176, p.109196.

Ne 2 (358) 2023 35




KOHTpOJ]b, AUArHOCTHKA, MCIIBITAHUA U YIIPABJICHUE KAY€CTBOM

24. Shao, H., Xia, M., Han, G., Zhang, Y. and Wan, J., 2020. Intelligent fault diagnosis of rotor-bearing system
under varying working conditions with modified transfer convolu-tional neural network and thermal images. IEEE
Transactions on Industrial Informatics, 17(5), pp.3488-3496.

25. Shao, H., Li, W., Xia, M., Zhang, Y., Shen, C., Williams, D., Kennedy, A. and de Silva, C.W., 2021. Fault
diagnosis of a rotor-bearing system under variable rotating speeds us-ing two-stage parameter transfer and infrared
thermal imag-es. IEEE Transactions on Instrumentation and Measurement, 70, pp.1-11.

26. Jia, Z., Liu, Z., Vong, C.M. and Pecht, M., 2019. A rotating machinery fault diagnosis method based on
feature learning of thermal images. Ieee Access, 7, pp.12348-12359.Author, F.: Article title. Journal 2(5), 99-110 (2016).

Rodichev Alexey Yurievich Gorin Andrei Vladimirovich

Orel State University named after I.S. Turgenev Orel State University named after [.S. Turgenev
candidate of technical Sciences, associate professor of the candidate of technical siciences, associate professor of the
department service and repair of cars department mechatronics, mechanics and robotics
302020, Orel, Naugorskoe Shosse, 29 302020, Orel, Naugorskoe Shosse, 29

E-mail: rodfox@yandex.ru E-mail: gorin57@mail.ru

Rodicheva Irina Vladimirovna Serebrennikov Artem Dmitrievich

Orel State University named after 1.S. Turgenev Orel State University named after 1.S. Turgenev
graduate student student

302020, Orel, Naugorskoe Shosse, 29 302020, Orel, Naugorskoe Shosse, 29

E-mail: rodfox@yandex.ru E-mail: gorinS7@mail.ru

Vasiliev Kirill Vladimirovich

Orel State University named after [.S. Turgenev
student

302020, Orel, Naugorskoe Shosse, 29

E-mail: rodfox@yandex.ru

© A.IO. Poguues, A.B. T'opun, N.B. Poguuesa, A./l. Cepe6pennukos, K.B. Bacunses, 2023

YK 629.4.027.4: 656.2 DOI: 10.33979/2073-7408-2023-358-2-124-137

A.C. KOCMOJJAMUAHCKW, C.H. 3JI0BUH, O.B. U3MEPOB

CHUHXPOHHBIE TATI'OBBIE SJEKTPOABUI'ATEJIN B ITPUBOJIAX
IHNEPCIHEKTUBHBIX IOKOMOTHUBOB

AnHoTanus. Paccmompena 3a0aua nepexoda omeyuecmseHHbIX T0KOMOMUBO8 HA OECKOLIEKMOPHbII MA208bll
npugod. IIpednosiceno ucnonb306ame CUHXPOHHbBLE MA208ble INEKMPOOBULAMENU C JLEKIMPOMASHUMHBIM 8030)HCOeHUEM,
N03601AI0WUe CHU3UMb CIMOUMOCTb NPe0dpa308amelia 3d cuem OmKa3a om Wupomuo-uUmMnyaibCHOU MOOYIAYUY PA3ZHO20
HANpsJCeHUsi U YMEHbUUMb HOMEPU 8 pedcUMax HacmuyHoOUu MOWHOCMU. YcmanoeienHa HeyenecooOpazHocms
UCNOIb308AHUSL 8 MAC060M NPUBOOE JIOKOMOMUBOS KOMMYMAYUu 3d C4em HPOMUE0-3.0.C.CUHXPOHHOU MAULUHBL.
Jokazano, umo, ¢ yuemom ocobeHHOCmel MA208bIX NPUBOOOE JOKOMOMUBOS, CUHXPOHHbIE O8ucamenu no
9Hepeemu4ecKUM NOKA3AMeNAM He YCMYnaom acUHXpOHHbIM. B xauecmee Haubonee npuopumemuoco HAnpagieHus
UCNONIL308AHUSL CUHXPOHHBIX Osucamenell npeodiodceHa MOOepHU3AYUs paHee CO30AHHBIX 2PY308biX IIEKMPOB0308,
CNPOEKMUPOBAHHLIX Ol NPUMEHEHUSl KOJIEeKMOPHO20 NPU80Od, Ol NOBbIUEHUA UX MA208bIX CBOUCME 00 YPOBHSA
9MEKMPOBO3086 C ACUHXPOHHBIM MA208bIM NPUo0oM. IIpednoscensv mepsi no ycunenuto ysia noogewusanus T3/ Taxoce
YCMAaHo8IeHa YenecoobpasHoCms NPUMEHeHUs. CUHXPOHHBIX Osucamerell 0Ji NOGbIUUEHUS MOUWHOCTU IKCHIYATNUDYEMbIX
NACCadCUPCKUX 3J1eKMpPo60308 C KOLIEKMOPHbIM NPUBOOOM U HPEONONCEHO NPOBECU UCCAe008aHUsL O BbISCHEHUs
YenecooOpazHOCmu UCNONIL308AHUS CUHXPOHHBIX Osucameieli OJisi NOGLIUEHUsSL HAOEICHOCMU 2PY308bIX MeNL080308 C
nepeoaueil NepemMeHHO-NOCMOAHH020 moka. Ha npednoowcennvie mexnuueckue pewieHuss NOLYHeH NAMEHm Ha
uszobpemeHue 1 NOOAHA 3A6KA HA NOJYYeHUe NAmeHmd.

KawueBble clIoBa: sjgexkmpuueckue MawiuHbl, OECKOLIEKMOPHbLL Ms208bll  NPUBOO  JIOKOMOMUBA,
HA0eHCHOCMb, UMNOPMO3aMeueHuLe.
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A.S. KOSMODAMIANSKIY, S.N. ZLOBIN, O.V. ZMEROV

SYNCHRONOUS TRACTION ELECTRIC MOTORS IN DRIVES
OF PERSPECTIVE LOCOMOTIVES

Abstract. The problem of transition of domestic locomotives to a brushless traction drive is considered. It is
proposed to use synchronous traction motors with electromagnetic excitation, which make it possible to reduce the cost
of the converter due to the rejection of pulse-width modulation of the phase voltage and to reduce losses in partial power
modes. The inexpediency of using switching locomotives in the traction drive due to the counter-emf synchronous machine
has been established. It is proved that, taking into account the peculiarities of locomotive traction drives, synchronous
motors are not inferior to asynchronous ones in terms of energy performance. As the most priority direction for the use
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of synchronous motors, the modernization of previously created freight electric locomotives designed for the use of a
collector drive is proposed to increase their traction properties to the level of electric locomotives with an asynchronous
traction drive. Measures are proposed to strengthen the TED suspension unit. Also, the feasibility of using synchronous
motors to increase the power of operated passenger electric locomotives with a collector drive has been established and
it has been proposed to conduct research to determine the feasibility of using synchronous motors to improve the
reliability of freight diesel locomotives with AC-DC transmission. A patent for an invention has been obtained for the
proposed technical solutions and an application for a patent has been filed.
Keywords: electric machines, brushless locomotive traction drive, reliability, import substitution.
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10.H. KA3AKOB, XAH IOJIEM, JKOY BEHBSH, JI.A. CABUH

BBICOKOHAI'PYXEHHBIE ITOAUIMITHUKHU CKOJIbKEHU A
C ITPOOPUNJINPOBAHHBIMMU NOBEPXHOCTAMUA

AnHoTanus. Paccmompensl npoyeccol GyHKYUOHUPOBAHUS NOOUWUNHUKOB HCUOKOCHIHO20 MPEHUS 8 YCI0BUSX
ynpyeux deghopmayuii ocell CAmerIumos niaHemaphvlx nepeoay. Hsnooicenvl npunyunst RpoGUIUPOSAHUS OROPHBIX
nogepxuocmeil 2uOPOOUHAMUYECKUX ROOWUNHUKOS. Paspabomana  aneopummuueckas Mooeib U npeocmasietbl
pe3yibmamul paciema Xapakmepucmux nOOWUNHUKA CKObIHCEHUS C MOOUPUYUPOBAHHOU NOBEPXHOCMBIO.

KatoueBble ciioBa: cudpoounamuieckue NOOWUNHUKY, OCU CAMENIUMO8, 8eMPO2EHePAmopbl, depopmayuu,
npoghunL NOBEPXHOCMU, MUHUMANBHBIL 3A30p, MOOEIUpOBanue, NPOEKMuposanue, UHMePaIbHble XapaKmepucmuKu,
MOMEHM MpeHUs, 2py30n00beMHOCb.
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EVALUATION OF THE EFFECT OF DEFORMATIONS OF SATELLITE
AXES OF PLANETARY GEARBOXES ON THE LOAD CAPACITY
OF SLIDING BEARINGS

Abstract. The working conditions of heavy-loaded plain bearings of planetary multiplier pinion axes are
considered. The calculation of axle deformations under the action of hydrodynamic reactions of the lubricating layer is
carried out. The results of calculation of load capacity and friction torque in bearings under conditions of rotation of
gears and relatively fixed axes are presented.

Keywords: satellite axles, planetary multipliers, plain bearings, hydrodynamic forces, modeling, deformations,
minimum clearance, friction moment, load capacity, energy characteristics, design.
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(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJOI'MA

AHHOTanms. Aumponomop@uas pobomomexuwuka 6 nepcnexmuge Oyoem umemv OOCMAMOYHO WUPOKYIO
obracme npumenenus: 6 Oblmy, 8 UHOYCMPUU 0OCTYICUBAHUA U CePBUCd, NPU BbINOTHEHUU ABAPULHO-CNACAENbHbIX
pabom, npu ucciredosanuu OIUNCHE20 U OANbHE20 KOCMOcd. B cmamve paccmampuaiomcs pe3yibmanbi
Uccne008amenbCckol  pabomsl N0 CO30AHUI0  MEXHOAOSUU YNPAGIEHUs AHMPOROMOPPHLIM  POOOMOMEXHUYECKUM
KOMAAeKcOoM mopcogozo muna. Paccmampuearomea ocobennocmu mexuono2uu ynpasieHus aHmponomMop@pHuim
PO6OMOM C NOMOWBIO 3a0ar0We20 YCMpOoUCHEa KORUPYIOWe20 mund ¢ 00pamuol CUIOMOMEHMHOU C8A3bI0.

B pamxax paspabomku anmponomopghnozo poboma paccmampugaromes e2o CimpyKmypHdas U KOHCIMpPYKMUBHA
cxema. B xauecmee 00HO20 U3 mMakKux mexHONO2UYECKUX DeuleHUll PpAcCMAmpusaemcs a0anmusHoe pezyiuposaHue
UHMEHCUBHOCIU  (YPOBHS) 00pAmHbIX C6A3€ll, KOMOopoe NPUCnocabiugaemcs K YCiosusim padomvl KOHKPEMHO20
onepamopa. Paccmampusaemcs uenoseko-mawunnoe 63aumooelicmgue 6 KOHMype YNpaeieHus «onepamop-pooom-
cpeoay» ¢ npumeHeHuem OUCMAHYUOHHO-YAPAGIAEMbIX POOOMO8 ¢ UHMEPAKMUBHbIM YNpAeleHuem, 001a0auwux
8bICOKOIL CMenenvio uHmennekmyanrvhocmu. Pobom ne monvko npunumaem om 4eiogeKa KoManHobl Yeaeykasanus s ux
UCNONIHeHUs, HO U CaM AKIMUBHO Y4aACmEyem 8 pACNO3HABAHUU OOCMAHOBKU U NPUHAMUU DeuleHUs, NnoMo2as 6 3MoM
4e06eKy-onepamopy.

KioueBble cioBa: pobom, anmponomop@uas pobomomexHuyeckas niam@opma, mexHoi0euieckutl MaxKen,
pobomomexHuueckuti KOMnIeKe, Konupyrujee ynpasienue, KOMOUHUPOBAHHOE YIPAGIEHUe, CULOMOMEHMHAS CEAA3b.
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Kangunat Texandeckux Hayk, goreHT kadeapst MuTOJuM MI'TY um. Hocoga,
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00beMHEHNE «AHAPOUIHAS TEXHUKA)

109518, r. Mockga, yn. I'paliBopoHOBCKas, 1. 23,

e-mail: dudorov@npo-at.com).

E.A. DUDOROV

THE METHOD OF COPYING CONTROL
WITH THE FORCE-TORQUE FEEDBACK

Abstract. The anthropomorphic robotics will have a sufficiently wide scope of application in the future: in
everyday life, in the service and maintenance industry, when performing emergency rescue operations, when exploring
near and far space. The article discusses the results of research work on the creation of a control technology for an
anthropomorphic robotic complex of the torso type. The features of the technology of the anthropomorphic robot control
using a copying-type control device with the force-torque feedback are considered.

As part of the development of the anthropomorphic robot, its structural and constructive scheme are considered.
Adaptive regulation of the intensity (level) of feedbacks, which adapts to the working conditions of a particular operator,
is considered as one of such technological solutions. The human-machine interaction in the control loop "operator-robot-
environment" with the use of remote-controlled robots with interactive control with a high degree of intelligence is
considered. The robot not only receives target designation commands from a person for their execution, but also actively
participates in recognizing the situation and making decisions, assisting the human operator therein.

Keywords: robot, anthropomorphic robotic platform, technological mock-up, robotic complex, copying control,
combined control, force-torque feedback.
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OCOBEHHOCTHU INTPOEKTUPOBAHUSA U U3I'OTOBJIEHUSA
I'MIHEPBAPUYECKUX MOAYJIEA AIIITAPATA
AKNAKOCTHOI'O AbIXAHUSA

AHHOTanus. B pabome paccmompenvl 0COOEHHOCMU NPOEKMUPOBAHUS U KOHCIMPYUPOBAHUS, UHHOBAYUOHHO20
annapama JHCUOKOCMHO20 ObIXAHUSL 3AMKHYMO20 YUKIA, OCHAUWEHHOM MOOYJSAMU OKCUSCHAYUU U O0ecamypayuu u
cucmemoi ouourbmpos. Annapam npeonazuaven 071 SKCNIYamayuu 8 YCiosusx eunepoapuu.

KawueBble ciioBa: ckpybbep, okcucenamop, Oecamypayus, HCUOKOCHMHOe ObiXaHue, eunepoapus,
buomeouyuna.
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YA.N. GAINULLINA, M.I. KALININ, E.V. PASHKOV, A.A. CHETVERKIN

FEATURES OF THE DESIGN AND MANUFACTURE
OF HYPERBARIC MODULES OF THE DEVICE
LIQUID BREATHING

Abstract. The paper considers the features of designing and constructing an innovative closed-cycle liquid
breathing apparatus equipped with oxygenation and desaturation modules and a biofilter system. The device is designed
for operation in hyperbaria conditions.

Keywords: scrubber, oxygenator, desaturation, liquid respiration, hyperborea, biomedicine.
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AN. BAJIAKUH, H.IO. MUP304H, H.A. BAJTAKMTHA

AHAJIN3 BJIUAHUSA 3A30PA MEK/Y BUXPETOKOBBIM
INPEOBPA3OBATEJIEM U ITOBEPXHOCTbBIO
HA TOYHOCTD KOHTPOJIA

AuHoTamus. [Ipoananusuposano enusAnue 3a30pa mMexcoy UXpemoKosviM npeobpasosamenem u 00bEKMOM
KOHMPOJA HA MOYHOCMb e2o pabombl. [Ipednosceno peutenue, no3gonsaouee ymeHbuums smo euanue. Ilocmpoensl
Mamemamuyeckue Mooenu padomvl GUXPEMOK08020 NpeodpaA306amens npu NPAMOM EKIIOUEHUU U GKIIOUEHUU e20 8
coCmas napanierbHozo pe3oHaHcHo2o Kowmypa. Ilpeocmaenenvi pesynomamvi mooenuposanus. Ilokazamo, umo
UCNONb308AHUE NAPATIETLHO20 PE30HAHCHO20 KOHMYPA YMEHbUAEeN 3HAYEHUE BHOCUMO20 HANPSJICEHUS U CROCOOCMEYem
NOGBIUEHUIO OOCIMOBEPHOCU U IPDEKMUBHOCTIU NPOYECCa BUXPEMOKOB020 KOHMPOJIAL.

KitoueBble c10Ba: Hepaspyuarowuii KOHMpoLb, BUXPEMOKO8bIl KOHMPOLb, BUXPEMOKOSbLIL npeobpazoeamen,
3a30p, BHOCUMOE HANpsdiCeHUue, mpewuna, degexm, 0b0OueH bl napamemp.
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A.I. BALAKIN, N.Yu. MIRZOY AN, N.A. BALAKINA

ANALYSIS OF THE EFFECT OF THE GAP BETWEEN
THE EDDY CURRENT CONVERTER AND THE SURFACE
ON THE CONTROL ACCURACY

Abstract. The effect of the gap between the eddy current converter and the object of control on the accuracy of
its operation is analyzed. A solution has been proposed to reduce this influence. Mathematical models of the operation
of an eddy current converter with direct activation and its inclusion in a parallel resonant circuit are constructed.
Simulation results are presented. It is shown that the use of a parallel resonant circuit reduces the value of the input
voltage and contributes to increasing the reliability and efficiency of the eddy current control process.

Keywords: Non-destructive testing, eddy current control, eddy current converter, gap, insertion voltage, crack,
defect, generalized parameter.
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IKCIIEPUMEHTAJIBHASA CBY-YCTAHOBKA OBE3BPEX KUBAHUSA
OITACHBIX MEJJMIJMHCKHUX OTXO10B

AnHotanusi. [Ipedcmasneno onucamue IKCHEPUMEHMATLHOU YCMAHOBKU —00€38DPENCUBANUS  ONACHBIX
MEOUYUHCKUX 0mX0008 ¢ ucnoavzosanuem CBY-mexnonocuu, nosgonsioueli CyujecmgeHHo YMeHbuums 06vem omxo0os
u npugecmu ux 6 Qopmy, npueoonyio 01 3axopouenus. Ilpoananusuposanvl uszgecmuvie Memoobl 00e36PeHCUBAHUSL
ONACHBIX MEeOUYUHCKUX OMX0008, PACCMOmMpPeHbl ux Heoocmamxu. Ilpueedenvl pesynbmamvl IKCNEPUMEHMATLHO2O
uccaeoosanus npumenenus CBY-mexnonoeuu: npoyecca CBY-nuponusa ucxooHvix mamepuanos, npoyecca nia3meHHou
CBY-0ecmpyKkyuu nupoausHvlx 2a3os, npoyecca KOHOUYUOHUPOBAHUS MEEPObIX OCMAamKo8 nupoausa. Ilpedcmasnenvl
gomoepaduu sKcnepuUMenmanbHOU YCManosKU U ee dIEeMEHMO8, d MAKHCe PA3TUYHBIX PENHCUMOB 2OPEHUSL NIA3MEHHO20
paspaoa 8 kamepe niazMOXUMUYECKOU 0eCMPYKYUY NUPOTUSHBIX 2308 U Pe3VIbmamo8 0CMeK108bI8aHUS Y21epoOUCHO-
30IbHBIX OCMAMKO8 ¢ 000a6IeHUeM Pa3IUdHbIX cmeKnoodpaszyrowux @uocos. Iloxasano, umo ycmanoeka CBY-
NUPOAU3A C NOCAEOYIOWUM OCMEKIOBbIBAHUEM 3016HO20 OCMAMKA A6AemCs HAuboiee ONMUMALLHOU 01 peuleHUs
3a0auu 06e368pedNCUBANUS ONACHBIX MEOUYUHCKUX OMX0008, MAK KAK He 00pazyem 6MOopuyHbiX OmMX0008 U NO36015em
noayYams NPoOyKm NOIHOCMbIO OE30NACHbIL 01 3AXOPOHEHUSL.

KiroueBble ci10Ba: onacuvie meouyunckue omxoowl, niasmennas CBY-oecmpykyus, evicokomemnepamypHoe
CHeKaHue 30JbHbIX OCIAMKO8 CO CMEeK1000pasyruumu 006asKamu.
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LI. SVIRIDENKO, D.V. SHEVELEV, V.F. TISHKOV, S.S. BEZOTOSNY, V.N. GRIGORIEVA

THE EXPERIMENTAL SHF-FACILITY FOR THE DANGEROUS MEDICAL
WASTE TREATMENT

Abstract. The description presented of the experimental SHF-facility for the dangerous medical waste
decontamination using SHF-technology which allows decreasing the waste volume and transforming them into the form
suitable for long term disposal. The known methods and their disadvantages analyzed of the dangerous medical waste
decontamination. The experimental results given of SHF-method applications, namely: SHF pyrolysis of raw medical
substances, SHF pyrolysis gases destruction in plasma, and conditioning of solid ash residue. The photos presented of
the experimental facility and its elements, and also of a different modes of plasma discharges in the plasmochemical
pyrolysis gases destructor chamber and results of ash residues glass-like agglomeration using different glass forming
additives. Shown that the method of SHF pyrolysis with consequent glass like agglomeration of ash residue is the optimal
one to solve the task of dangerous medical waste decontamination, because does not produce the secondary waste and
allows to obtain the stable substances completely safe for long term disposal.

Keywords: dangerous medical waste, plasma based SHF-destruction, high temperature agglomeration of ash
residue with glass forming additives.
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HCCJIEJOBAHUE CBOMCTB CUCTEMbBI MEHEI)KMEHTA KAYECTBA
TP HEIMHENMHOM XAPAKTEPE IIOTEHIIUAJIA
ITPOMBIIIVIEHHOTI'O ITPEAITPUATUSA

AuHoTtanusi. [Ipedcmaenena Heaunelinas Mmooeib OUHAMUKU —CUCHEMbl  MEHEONCMEeHmd Kauecmed,
VUUmMbeaowas KeaopamudecKkylo  HeluHeunocms nomenyuana npeonpusmus. IIpedcmaenenvl — pezynvmanmol
MoOenupoganus 01a 08yX yenell 8 00IACMU KAuecmed, eKuouaroujue cobcmeeHHvle 3HaueHus mampuyvl Hxodu,
KO3 uyuenmol npu ynpasisiiouwux Cmynenyamolx 6030eUCmeusix, 3HA4eHus SMux yenetl, npu U3MeHeHUU NOLONCEeHUs.
IKCMPEMYMOE NOMEeHYUana Ol paAcCCMOMPEHHLIX yeael. Bulseienvl 3HaueHus napamempos cUucmemvl, npu KOmMopbix
xapakmep ee NOBeOCHUsT COOMBEMCMEYem JUHEUHOU MOOeIU. YCmaHo8NeHo, 4mo UCHONb308aHUe N00X00d K
onpeoenenuro K03 uUyueHmos npu ynpasisiiomux 6030eicmeusix, NPUMEHSeMO020 6 TUHEUHbIX MOOeNsX U OCHOBAHHO20
HA UCNONb308AHUU CIAMUYECKOU XAPAKMEPUCMUKU CUCMEMbL, MONCem Npugooums K NOSAGICHUI) OMPUYAMETbHbIX
3HaueHull 3mux Koappuyuenmos. Onpeoeienvl NePCneKmuebl OANbHEUUUX UCCIe008AHUN HA OCHO8E CKPbIMO2O
VApAGNeHuss npu UCNOAb30BAHUU CUCHIEeMbl COQIAHCUPOBAHHbIX NOKA3amenel U COOMEEmMCmeUueM 3HAYeHUull yenell
HOMEHYUAY NPeOnpUsmusl.

KuaroueBble ci10Ba: yenu 6 0b1acmu Kayecmed, HeluHetnblil NOMeHYUual, YCmouyusoCcma.
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INVESTIGATION OF THE PROPERTIES OF THE QUALITY
MANAGEMENT SYSTEM WITH THE NONLINEAR NATURE
OF THE POTENTIAL OF AN INDUSTRIAL ENTERPRISE

Abstract. A nonlinear model of the dynamics of the quality management system is presented, taking into account
the quadratic nonlinearity of the enterprise potential. The results of modeling for two quality goals are presented,
including the eigenvalues of the Jacobi matrix, coefficients for control step actions, the values of these goals, when
changing the position of the extremes of the potential for the considered goals. The values of the system parameters at
which the nature of its behavior corresponds to the linear model are revealed. It is established that the use of the approach
to the determination of coefficients under control actions, used in linear models and based on the use of static
characteristics of the system, can lead to the appearance of negative values of these coefficients. Prospects for further
research on the basis of hidden management using a system of balanced indicators and matching the values of goals to
the potential of the enterprise are determined.

Keywords: quality objectives, nonlinear potential, sustainability.
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(I)yHZlaMeHTa.]'leble U IIPUKJIAIHbIC l'lpOﬁ.TleMbI TCXHUKH U TCXHOJOI'MA

VK 629.563.5 DOI: 10.33979/2073-7408-2023-358-2-188-195

M.I'. BAJIAIIOB, B.B. XUBOE/IOB, I'.B. IEKAPEB

UCNOJb30BAHUE MOJEJLHBIX UCCJIETOBAHMIA
JUISI OTNTPEJIEJIEHUSI XOJKOCTHU CYJIOB

AunHotanusi. O0noil u3 ob6nacmeil MAWUHOCMPOEHUsL GISAEMCSL CYOOCMPOeHUe U KAK CLedCEUe Cs13aHHble ¢
HUM 3a0a4u BPOEeKMUPOSAnUsi Cy008 U 00beKMo8 OKeaHOMeXHUKY. B cmambe paccmMompeno ucnonsb308anue ucnvlmanuil
Qusuueckoil modenu npu onpeoesieHul ConpOMuUGIeHUst 00bl Ha OGUNCEHUE MOOeU CYOHA HA NPUMepPe NOJYNOSPYHICHO2O
nagyyezco Kpama Ha Muxoll 00e 6 MpAHCHOPMHOM noJodiceHuu. Hccredosanus nposedenvl 6 onvimosom bacceiine
Cesacmononvbckoeo  20¢y0apcmeenio2o  yHusepcumema. Buinonnennvle npoconvl Qusuueckou mooenu Nno3607unu
nocmpoums 2pa@uru 3asucumocmu Kodgguyuenma conpomuenenus om uucia Ppyoa. Ilo nonyuennvim epaguxam
MOJICHO OYEeHUMb MOWHOCHb IHEPLEMUYECKOU YCHAHOBKU MAPUEBLIX dguzamenell NOIYROSPYHCHO20 NIA8yHe20 KpaHa
HA HAYATbHBIX CIAOUSX NPOEKMUPOBAHUS.

KaroueBble cioBa: cyono, MoOenvbhbie UCHbIMANUS, NPUOOpPbL, OACCeliH, CONpPOMuUGieHue 800bl, Kpumepuu
nodobus, Kpanosoe cyoHo, KO3 uyuenm conpomusienus.
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M.G. BALASHOV, V.V. GIBOEDOV, G.V. LEKAREV

MODEL RESEARCH OF PROPULSION OF SEMISUBMERCIBLE
FLOATING CRANES

Abstract. The article describes the effect on the water resistance of the movement vessel of the model of a semi-
submersible floating crane on quiet water in the working transport positions and different course angle. The research
was carried out in the experimental pool of Sevastopol state University. The model runs made it possible to plot the
dependence of the resistance coefficient on the Froude number. Each of the presented graphs refers to a certain horizontal
clearance and exchange rate angle, as well as the number of intermediate stabilization columns. On the resulting graph
it is possible to evaluate the power plant and main thrusters the semi-submersible floating crane selected design scheme
at the initial design stages.

Keywords: vessel, model tests, instruments, pool, water resistance, similarity criteria, crane vessel, resistance
coefficient.
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