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TEOPETUYECKASA MEXAHUKA U EE lNPUJTIOXXEHUA

YIK 629.12 DOI: 10.33979/2073-7408-2021-346-2-3-17

AJL CYXOPYKOB

HCITIOJIb30BAHUE PU®JIEHBIX TIOBEPXHOCTEM
JJIA YAIYHIIEHUA TNAPOANHAMHNYECKHNX, KABUTAIIMOHHBIX
N AKYCTHYECKHUX XAPAKTEPUCTHUK KPBIJIBEB U JIOITACTHBIX
CUCTEM JABUKUTEJEH (OB30P)

AHHOTanusi. B pabome npogeden 00630p ucnonwv3o8aHus pu@reHvix NOGEPXHOCMEN U NUI00OPA3HbIX
(UeBPOHNBIX) KDOMOK 05l YRPAGIEHUS NAPAMEMPAMU NOMOKA Y KPbLIbEG, JONACMEN BUHMOS U INEMEHMO8 TONACHHbIX
cucmem Osudxcumernet, pabomarnwux Kak 6 2azo00pasnoll, maxk u 6 KHcuokou cpede. Ocoboe sHUMAHUE YOENeHO
uzUYeCKUM MEXAHUBMAM YIYYUEHU 2UOPOOUHAMUYECKUX, KABUMAYUOHHBIX U AKYCIMUYECKUX XAPAKMEPUCIUK NOO
GIUSIHUEM PUDTIEHOU NOBEPXHOCMU. DMU MEXAHUIMbL CEA3AHbL C U3MEHEHUEeM CMPYKmypbl NOMOKd 6 001acmu
JAMUHAPHO-MYPOYIEHMH020 Nepex00d, 0COOEHHOCHAMU BO3HUKHOBEHUSI KAGUMAYUU U AKYCMUYECKO20 U3NYYeHUs 8
obnacmu bIx00suux Kpomok. Ilpugsedenvl pesyibmanmol 6epuGUKAyUU PACUEmHbIX MOOeLell, ONUCHIBAIOWUX NOGedeHUe
HOMOKA ¢ Y4emoM JAMUHAPHO-MYPOYIEHMHO20 Nepexood, NPUMEHEHUe KOMOPbIX He0OXOOUMO Olsl UCCIEO08ANUS
meyeHul 60U3U PUPIEHOU NOBEPXHOCMIL.

KuaroueBble ciioBa: pugienas nosepxnocms, nuio00pasHas KpoMKA, UOPOOUHAMUYECKUE XAPAKMEPUCMUKU,
6000MEMHBIL  OBUdICUMENDb, TONACMHAS  CUCHEMA, KABUMAayus, aKyCmuyeckue XapaKxmepucmuku, IaMUuHapHo-
mypoyieHmHoU nepexoo.
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A.L. SUKHORUKOV

USE OF GROOVED SURFACES TO IMPROVE HYDRODYNAMIC,
CAVITATION AND ACOUSTIC CHARACTERISTICS OF WINGS
AND ELEMENTS OF VANE PROPULSION SYSTEMS (REVIEW)

Abstract. The paper reviews the use of grooved surfaces and sawtooth (chevron) edges to control the flow
parameters of the wings, propeller blades and elements of vane propulsion systems operating in both gaseous and liquid
media. Particular attention is paid to the physical mechanisms of improving the hydrodynamic, cavitation and acoustic
characteristics under the influence of a grooved surface. These mechanisms are associated with a change in the flow
structure in the region of the laminar-turbulent transition, the peculiarities of the occurrence of cavitation and acoustic
radiation in the region of the outgoing edges. The results of the verification of computational models describing the
behavior of the flow taking into account the laminar-turbulent transition, the use of which is necessary for studying flows
near a grooved surface, are presented.

Keywords: grooved surface, sawtooth edge, hydrodynamic characteristics, water jet propulsion, blade system,
cavitation, acoustic characteristics, laminar-turbulent transition.
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W.IT. IIOITIOB

JANPODOEPEHINAJIBHBIE YPABHEHHUSA TPOI'AHUSA ITOE3 1A
C YIIPYTUMMU CBA3SAMU

AnHoTanms. Peoicum mpoeanus 0na noesoa asisemcs Haubosee msdicenvim. Dp@ekmusHvim cnocobom
Mpo2anusl 6Islemcs 6blbop 3a30p06 8 cyenkax. Ilpu smom 6a2omvbl NPUBOOSMCSL 6 OBUIICEHUE NOCLEO08AMENbHO U
UHEPMHAs MACCd, A MAKJCe CULA MPEHUsL NOKOsL HENOCPEOCBEHHO 8 MOMEHM MPOSAHUSL MUHUMATIbHbL. DmMom cnocoo
umeem 08a CyujeCmeeHHbIX HeOOCMAmKA — MALYI0 (PUKCUPOBAHHYIO 8EIUNUHY 3A30P06 8 CYENKAX U YOAPHbILL XapaKmep
nepeoayu UMnynbcd. YKA3aHHbIX HEOOCMAMKO8 MOJCHO u3zbedcams, eciu UCHONb308amb ynpyeo Oehopmupyemvle
cyenku. Llenvio pabomvl s6151€MCsi NOCMPOCHUE MAMEMAMUYECKOU MOOEIU «A1e2KO20» MPO2AHUS N0e30d C Ynpyeumu
cyenkamu. CmseueHue pexcuma mpo2anus cocmasa no cywecmey 00yCl08IUBACMCs 3AMEHOU 0OHOBPEMEHHO20
mpoeanus cekyuil Ha noouepeonoe. Jlia UCKIIOUEHUs HPOOOIbHBIX KOLeOAHUU CcoCmaga nocie OO0CMUNCEHUs]
MAKCUMANbHO20 DACMSANCEHUS. CYEnKu cledyem MeXaHudecku ONOKUPOBams GO3MONCHOCb ee 2APMOHUYECKO20
corcamuis.

KioueBble ¢J10Ba: yCKOPEHME, 9HEP2Usl, MACCA, CEKYUsl, TOKOMOMUS, 6A20H, KOIebanus, demngep.
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|.P. POPOV

DIFFERENTIAL EQUATIONS FOR TRAIN STARTING
WITH ELASTIC CONNECTIONS

Abstract. The starting mode for the train is the most difficult. An effective method of pulling is the selection of
coupling clearances. In this case, the cars are set in motion sequentially and the inert mass, as well as the static friction
force immediately at the moment of starting, are minimal. This method has two significant drawbacks - a small fixed value
of the gaps in the couplings and the shock nature of the impulse transfer. These disadvantages can be avoided by using
elastically deformable couplings. The aim of this work is to construct a mathematical model of "easy" starting of a train
with elastic couplings. The softening of the train start-off mode is essentially due to the replacement of the simultaneous
start-off of the sections with alternate ones. To exclude longitudinal vibrations of the composition, after reaching the
maximum tension of the coupling, the possibility of its harmonic compression should be mechanically blocked.

Keywords: acceleration, energy, mass, section, locomotive, carriage, vibrations, damper.
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MEXAHUKA JE®OPMUPYEMOI O TBEPLOIO TEJIA,
ANHAMUKA U [TIPOYHOCTbH
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A.A. TIOJIIYBHbIN, B.A. TOPJIOH, T.B. IOTYPAEBA

JANHAMMUNYECKOE JOI'PYXKXEHUE CTEPXHS ITPU BHE3AITHOM
U3MEHEHHUU CTPYKTYPbI YIIPYT'OI'O OCHOBAHUA

Annoranust. [locmpoena mamemamuyeckasi MoOeib OUHAMUYECKO20 NPOYECCA 8 HASPYHCEHHOU NOCMOSHHOU
PABHOMEPHO pacnpedesienHol HAa2py3Kol KOHCMPYKIMUBHO — HEeIUHEUHOU cucmeme «0aika — 08YXHapamempuyecKoe
OCHOBaHUE», BO3HUKAIOWE20 6  pe3yibmame GHe3ANHO20 USMEHEHUsI (DUUKO-MEXAHUYECKUX CBOUCME OCHOBAHUSL,
npusodsaueco Kk 0OHyIeHUI0 e2o c08u208ou xcecmrkocmu. Pewenue cmamuyeckoii 3a0auu useuba danku, onepmoi Ha
ocnoganue Ilacmepnaxa, ciyscum HAUANbHLIM YCIOBUEM 3A0AYU O BLIHYICOCHHBIX KOLEOAHUAX OANKU HA OCHOBAHUU
Bunxnepa, eosnuxwux nocie ene3annozo obpazoeanus oepexma. Pewenus cmamuueckoii u ounamuyeckoi 3a0ay
CMpOAMEst MEMOOOM HAYAIbHBIX NAPAMEMPOE C NPUBTICUEHUEM BEKMOPOS8 COCIMOSIHUL CeYeHUl OAIKU U MAMPUY GIUSHUS
HAYAIbHBIX NAPAMEMPO8 HA COCMOSIHUE NPOU3EOTIbHbIX cedenuil. TIpu ananusze 8bIHYICOeHHbIX KONCOAHUL NPUMEHAECS
PA3N0dCeHUe HAZPY3KU U NPO2UBOE UCXOOHO20 CIAMUYECKO20 COCMOSIHUSL 8 PSIObL RO POPMAM COOCMBEHHBIX KOJIeDAHUTL
HO08020 COCMOSIHUL.

KawueBble cli0Ba: koHconbHas 6Oanka, ynpyeoe ocHosauue, Kodgpguyuenm I[lacmepHaxa, 6He3anHoe
00OHyIeHuUe, Kolebanus, npo2udsl, uzeudarouue MOMeHmbl, KOIPOuyUeHm OUHAMUYHOCTU.
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A.A. PODDUBNY, V.A. GORDON, T.V. POTURAEVA

DYNAMIC LOADING OF THE ROD IN CASE OF A SUDDEN CHANGE
IN THE STRUCTURE OF THE ELASTIC BASE

Abstract. 4 mathematical model of the dynamic process in the structurally nonlinear system «beam — two-
parameter foundationy», which arises as a result of a sudden change in the physical and mechanical properties of the
foundation, leading to zeroing of its shear stiffness, is constructed in a structurally-rnonlinear system «beam — two-
parameter foundationy» The solution of the static problem of bending of a beam supported on a Pasternak base serves as
the initial condition for the problem of forced vibrations of a beam on a Winkler base that arose after the sudden formation
of a defect. Solutions to static and dynamic problems are constructed by the method of initial parameters with the use of
vectors of states of beam sections and matrices of the influence of initial parameters on the state of arbitrary sections. In
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the analysis of forced vibrations, the decomposition of the load and deflections of the initial static state into rows
according to the forms of natural vibrations of the new state is used.

Keywords: cantilever beam, elastic foundation, Pasternak coefficient, sudden zeroing, vibrations, deflections,
bending moments, dynamic coefficient.
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A.B. HEMEHKO, M.M. HUKUTUH

ITOCTPOEHHUE OIITUMAJIBHOI'O TEXHUYECKOI'O
OBCJYKUBAHUA TEXHOJIOT'MYECKOM JINHUU

AuHoTamMs. [lpeonodcen cnocob ycmaHoenenus YNpaeniaeMulX 6HEWIHUM 6030elcmeuem UHMepeanos
KOHMPONSL U MEXHUUECK020 OOCIYIUCUBAHUSA DNIEMEHMOG MEXHOI0SUYECKOU JUHUU HA OCHOGAHUU MOHUMOPUHSA UX
KOHMPONbHBLIX  napamempos. Memoo ucnonv3yem KOMNIEKCHO3ZHAYHOe npeodpazoeanue CmenenHozo psaod,
B0CCMAHABIUBACMO20 U3 NOCIEO0BAMENLHOCIU USMEPEHHBIX 3HAYEHULl C NOAYYEeHUEM ACUMNMOMUYECKO20 3HAYEHUs.
cymmul psoa Ons coomseemcmeyroujezo napamempa. CoOvimue MEXHUYECKO20 O0OCIYIHCUBAHUA NIAHUPYEMCA NO
0HCUOACMOMY BPEMEHU OOCUICEHUS NPOSHOZUPYEMBIM 3HAYEHUEM Napamempa OOHOU U3 2paHUuy c60e20 OUanda3oHd
00NYCMUMbIX 3HAYeHUU. DMo cobblmue mpakmyemcs Kak 0mKka3 pabomocnocooHOCmu cOOMEeMCmMaYIowe20 1eMeHma.
Paccmompenvr aneopummbl npoenosa cobbimuli omxasa 6 oaudicHell u 0anbHell 00aacmu, pasiudue meicoy Komopbimu
npoU3BOOUMCsT N0 OMHOWEHUIO XAPAKMEPHO20 BPEMEHHO20 UHMEPSANd K pPACHONAcaeMOMy UHMEPEany U3MEHeHUll
spemenno2o psaoa. Ilonyuennvie pesyromamvl mo2ym ObimMb UCHOIL30BAHbL 0Nl NOCMPOEHUS UHMENNEKMYANbHOU
cucmembl 60CCIMAHOBIEHUS MEXHOI02UYECKUX TUHUL PA3TUYHO20 HAZHAYEHUS.

KiroueBble ciaoBa: cubkue npousgoocmeenHvie CUCmeMbvl, MEeXHOA0UUECKAs NUHUsA, CKpblmble OMKA3bl,
ynpedcoaroujee 60CCMaHOGAeHUe, UCKYCCMBEHHbII UHMENIEK.
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AV. NEMENKO, M.M. NIKITIN

CONSTRUCTION OF TECHNOLOGY LINE OPTIMUM MAINTENANCE

Abstract. A method for establishing controlled by external influence intervals of control and maintenance of
technological line elements on the basis of monitoring their control parameters is proposed. The method uses a complex-
valued transformation of a power series, which is reconstructed from a sequence of measured values to obtain the
asymptotic value of the sum of the series for the corresponding parameter. A maintenance event is scheduled for the
expected time when the predicted parameter value reaches one of the boundaries of its acceptable range. This event is
interpreted as a failure of the corresponding element. Algorithms for predicting failure events in the near and far regions
are considered, the difference between which is made in relation to the ratio of the characteristic time interval to the
available interval of changes in the time series. The results obtained can be used to build an intelligent recovery system
for technological lines for various purposes.

Keywords: robotic technology systems, technology line, latent failures, predictive recovery, artificial
intelligence.
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A.B. HEMEHKO, M.M. HUK1UTUH

OILEHKA HAFPY30‘;IHOI71 CIIOCOBHOCTHU CJABOI'O 3BEHA
CJIOKHOU MEXAHNUYECKOHU CUCTEMbI

Aunorauust. [Ipeonosicer cnocob oyenku meKywell HA2py304HOU CHOCOOHOCMU KDUMUYHO20 D1eMeHmd
CILOJCHOU MEXAHUYECKOU CUCMEMbL HA OCHOBAHUU AKMUYeCKoll npedvicmopuu Hazpyscenus. Paccmompena ckpvimas
NONYMAPKOBCKAsL MOOenb 0ezpadayuu diemenma. B xauecmee Kpumepus nazpy304HoOl CHOCOOHOCMU PACCMOMPEN
KOd(hpuyuenm 3anaca Kax CAVHQUHASL GEIUYUHA, (DYHKYU PACIPeOeneHuss KOMOPOU HAXOOUMCS NPeOi0HNCeHHbIM
cnocobom.
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KiloueBble c¢J10Ba: JKCHAYAMAYUOHHAS YCMANOCIb, MEXHON02UYeCKas HACIe0CMEEeHHOCHb, CKpblmble
Oeexmul, ynpexcoaiowee 60CCMAHOGICHUE, NPOSHO3 BLIHOCIUBOCU, UCKYCCTNBEHHbI UHIMENIEKM, HEeUpOHHble cemi,
CKpbimas Mooeb, MauluHHoe ooyuerue, oOyueHue be3 yuumerns.
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A.V. NEMENKO, M.M. NIKITIN

ESTIMATION OF LOADING CAPACITY OF ADETAIL SUBJECTED
TO CYCLIC LOAD

Abstract. A method for assessing the current load capacity of a component of a complex mechanical system
based on the failure statistics of similar parts and the actual loading history is proposed. A hidden semi-Markov model
of a fatigue crack is considered. As a criterion for the load capacity, the safety factor is considered as a random variable,
the distribution function of which is found by the proposed method. The scaling of the approach from detail to the system
as a whole is assumed using artificial intelligence methods.

Keywords: operational fatigue, technological inheritance, latent defects, preemptive recovery, endurance
prediction, artificial intelligence, neural networks, latent model, machine learning, unsupervised learning.
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E.JO. KPVIIEH, A.A. YEPEIIEHBKO, E.M. MMUHAEBA,
A.B. CUMVIIKVH, JI.B. MOPT'YHOB

AKTHUBANUSA ITIOBEPXHOCTHU METAJLJIA TIPA BUBPAIIMOHHOM
MEXAHOXUMHNYECKOHN OBPABOTKE

AnHotanusi. Cmambvs nocesujena MexaHuyeckol axmueayuu NOGEPXHOCMU MEemald 6 GUOPOCMANKAX.
Paccmompensvr paziuunvle cayuau akmusayuu nosepxuocmu. Paccmompen kombunupoganmwiii memood oopabomku u 6
yacmHocmu  GUOPAYUOHHOU MexaHoxumuueckou obpabomke (BuMXO) u 6ubpayuoHHbiM MeXaHOXUMUUECKUM
nokpvimuam (BuMXTI).
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ACTIVATION OF THE METAL SURFACE DURING VIBRATION
MECHANOCHEMICAL TREATMENT

Abstract. The article is devoted to the mechanical activation of the metal surface in vibrating machines. Various
cases of surface activation are considered. A combined method of processing is considered, in particular, vibration
mechanochemical treatment (VIMHO) and vibration mechanochemical coatings (VIMHP).

Keywords: Surface treatment, detail, mechanical activation, vibration mechanochemical coatings.
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E.A. 3BATMHA, A.10. MAJIBLIEB, C.I'. JAHUJIBYEHKO, A.B. IIETPYXUH, /I.1. TUTOB

PA3PABOTKA MOJEJIN OBKATBIBAHUSA OBOJIOYEK POJIMKAMUAX
B DEFORM-3D

AHHOTaUMsL. B cmamve paccmampugaemcs niacmuyeckdas mooeib oOegopmayuu Mamepuand 3a20MoeKu
cucmeme DEFORM-3D. [lonyuena kauecmeeHHO HO8As MOOelb Npoyecca O0OKAmuleaHusi 000JI0YeK POAUKAMU,
NpU2OOHAsL KaK O/ HAYYHO20 AHAIU3A U UCCIe008aHUs, MAK U OJid UHdICeHepHo2o pacyema. Paspabomannas moodens
Modicem  CyuCums  IPHEeKMusHbIM  UHCMPYMEHMOM — 8blO0PA  DAYUOHANLHBIX  3HAYEHUI  MEXHON02UHEeCKUX U
KOHCMPYKMOPCKO-MEXHOIOSULECKUX aKmopos 0OKamvl8anus 000104eK POIUKAMU.
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E.A. ZVYAGINA, AYu. MALTSEV, S.G. DANILCHENKO, A.V. PETRUKHIN, D.I. TITOV

DEVELOPMENT OF A ROLLER WRAPPING MODEL IN DEFORM-3D

Abstract. The article discusses a plastic model of the deformation of the workpiece material in the DEFORM-
3D system. A qualitatively new model of the process of rolling shells by rollers has been obtained, suitable for both
scientific analysis and research, and for engineering calculations. The developed model can serve as an effective tool for
choosing rational values of technological and design-technological factors for rolling the shells with rollers.

Keywords: Rollers, rolling contact stresses, temperature, coefficient of friction, nanocoatings.
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K.IO. [IEIHEXOHOB, A.C. TAPAITAHOB

PABPABOTKA METOJA IPOTTHO3UPOBAHUA TOYHOCTH
CIIMPOUJIHBIX KOJIEC

AHHOTanMsl. B cmamve paccmMompenvl G03MOJICHbIE NOSPEULHOCHU CHUPOUOHOL nepedayu Ha OCHOGe
MAMEMAMUYECcK020 MOOeIUPo8anUss npoyecca opmoodbpasosanus 3y66es cnupoudnozo koieca. K noepewnocmsm
3Y6be6 CNUPOUOHO20 KOIeCd NPUMEHUMbL maKue MUnosvle OuuoKu, Kax owuoxa npodhuns 3yoves, owubka waza 3y0ves,
owudKa MonuHsl 3y0be6, OWUOKA NPOOOIbLHOU TUHUY 3Y0bes. B nacmosiwyee 6pems HOpMbL MOYHOCIU 0I5t CRUPOUOHBIX
nepedau ne cmandapmuzoeansi. lloxkazano, umo Onpaska YUIUHOPUHECKOU CNUpOUOHOU ¢hpesvl 011 0bpabomku
CRUPOUOHBIX KOJIEC UMeem YBEIUUEHHYIO OIUHY, YMO CHOCOOCMBYem GOIbWUM OMIICAMUSAM ee OM CRUPOUOHO20 Koaecd
6 npoyecce opmoobpazosanus. Ha ocnose cocmasnsiiowux cun pezanus npeocmagien spa@ux Koiebanuii onpagku
@pesvi. [lpu uccnedosanuy moyHOCmu CNUPOUOHO20 KOLECA HA OCHOBE KOMIIEKCHO20 aAHAIU3A 00pa306anus npoQuis
3Y0be6 CRUPOUOHO20 KOAECA GbIAGIEHO, YMO 2eoMempudecKue OMmKIOHeHUs: OOKOGbIX nogepxHocmell 3y0bed Koleca
00y Cr0671IeHbL NOZPEeUHOCHAMU 3Y0000paAbAMbIBAIOWe20 UHCIMPYMEHMA U MEeXHOIOSUYECKUMU AKMOPaAMU.
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CIIMCOK JIMTEPATYPbI

1. Tonbadap6, B.M. Cnupouansie peaykTopbl TpyOonpoBogHoi apmarypsl / T'onpadapo B.W., T'naBarckux
J1.B., Tpy6aues E.C., Kysunenos A.C., Jlykun E.B., Banos /I.E., [1y3anos B.}O. — Mocksa: Beue, 2011. — 222 c.

2. lF'ompadap6, B.W. duznueckoe MoaennpoBaHUE CIIMPOHUIHOTO 3aLETUICHUS Al OLCHKN aHTU(PUKITHOHHBIX
cBoiicTB cma3ouHbiX Macen / B.U. Tomeadap6, B.H. Audepos, A.Il. Tkaayk, .B. Cepreesa // Teopus u mpakThKa
3y0UaThIX Iepenad: COOpHUK TpyHoB MexmyHapogHoro cummnosuyma. — Mxesck: M3n-Bo k[ TY, 2014. — C. 258-262.

3. Aurdepos, B.H. OcobeHHOCTH IPOEKTUPOBAHKS MPUBOJOB MAIIMH C CAMOTOPMO3SIIIMMHI HWINHIPUIECKAMHA
crimpouHbeiME iepenayamu / B.H. Ardepos, A.B. Ky3smus // CtpouTenbHble U 10pokHbIe MamuHBL. — 2015, — Ne8. —
C. 47-50.

4. Topnos, B.B. AHamu3 BiMsHHUS MOrpemiHocTed mnpoduis 3y0a Ha Harpy304YHYH CIIOCOOHOCTh
LMIIMHApUYecKuX 3youathix kosec / B.B. I'opios, H.B. Cypuna // T'opHoe obopyznoBanue u snekrpomexanuka. — 2012.
—Ne 10. - C. 15-19.

5. Jlokres, JI.A. CoBpeMeHHBIE METO/IbI KOHTPOJISI KaueCTBa IIMIHHApUYIeCKHX 3y0uaThix kosec / I.A. Jlokte
// ObopynoBaHKE U HHCTPYMEHT i fipodeccronanon: Meramiooopaborka. — 2009. — Ne 4. — C. 6 — 11.

6. bepecneBa, A.B. Iloagxoapl K HOPMHUpPOBAaHHMIO TOYHOCTH CHHMPOMIHBIX Koiiec / BepecheBa A.B. //
WuTemekryanbHble cucTeMbl B pon3BoacTBe. — hkeBck: @T'BOY BO Mk TV um. M.T. Kanamraukosa. — 2011, — Ne 2
(18). — C. 83-94.

7. I'ynkos, I1.A. MoaenupoBaHrue TEXHOJIOTHYSCKHX MOrpemrHocteil 3yboobpabdorku / [1LA. I'yakos, A.M.
Muxanes, C.B. Xpumynos // [IpoctpanctBo 3anemiennii. — Mkesck. — 2001. — C. 170-174.

8. TIlemexonoB, K.}O. OcobeHHOCTH MaTeMaTHYecKOro MOJEIMPOBaHUS Mpolecca Hape3aHus: 3yObeB
cnupounnHbix kosec / K.1O. IMemexonos, A.C. Tapananos // @yHnaMeHTanbHble U NPUKIAIHbIC TPOOIEMbl TEXHUKH H
texnosiorun. — Opén: ®I'BOY BO OI'Y um. 1.C. Typrenesa. — 2016. — Ne 6 (320). — C. 77-81.

9. Kones, K.C. Tounocts 06paboTtku u pexxumsl pezanust / K.C. Koxes, J.M. I'opuakos. — U3n. 2-e, mepepad. u
non. — M.: MammHocTpoenue, 1976. — 144 c.

10. ®unatos, B.I1. XectkocTs 3ydopesnsix crankos / B.I1. @unatoB. — M.: MammnaocTpoenue, 1969. — 118 c.

IHemexonos Koncrantun IOpbeBny Tapananos Asexcanap Cepreesuy
OI'Y umenu 1.C. Typrenesa, r. Open OI'Y umenu 1.C. Typrenesa, r. Open
AcnupaHTt JIOKTOp TEXHWYECKUX HAayK, Ipodeccop
302026, r. Opeun, yn. Komcomonsckas, 95 302026, r. Opeun, ya. Komcomonsckas, 95
Ten. 89066650002 Ten. 89066650002

E—mail: topmega2014@yandex.ru E—mail: tarapanov@rambler.ru

K.Yu. PESHEKHONOV, A.S. TARAPANOV

DEVELOPMENT OF A METHOD FOR PREDICTING
THE ACCURACY OF SPIROID WHEELS



Abstract. The article considers the possible errors of the spiroid transmission based on mathematical modeling
of the process of shaping the teeth of the spiroid wheel. Typical errors such as tooth profile error, tooth pitch error, tooth
thickness error, tooth longitudinal line error are applicable to spiroid wheel tooth errors. Currently, the accuracy
standards for spiroid transmissions are not standardized. It is shown that the mandrel of a cylindrical spiroid cutter for
processing spiroid wheels has an increased length, which contributes to its greater squeezing from the spiroid wheel
during the shaping process. Based on the components of the cutting forces, a graph of the vibrations of the milling cutter
mandrel is presented. In the study of precision spiroid wheels on the basis of a comprehensive analysis of the formation
of the tooth profile of spiroid wheel revealed that the geometric deviations of the lateral surfaces of the teeth of wheels
due to the errors of gear cutting tools and technological factors.
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A.M. KOJIOCOBCKUI, B.. BUXTEBCKUM, E.b. TPUCTAHOBA, E.®. YEPKAIIIMHA

AHAJIN3 PASBUTUA KOMBUHUPOBAHHbIX SJIEKTPOPU3UYECKHUX
METOAOB YIIPOYUHEHUA JETAJIEU MAIIIMH U UHCTPYMEHTA

AHHOTAUMSA. B cmamve npediodcen AHAIU3 PA36UMUS KOMOUHUPOBAHHLIX IAEKMPOPUIULECKUX MEMO008
YIPOUHeHUs: 0emaiel Mawul U UHCMPYMEHMA HA OCHO8e UCNOJIb308AHUS JY4esol (Ia3epHOll, 3eKmMpPOHHO-TYYesoll,
VALMPA38YKOBOU U NP.) 00pabomru u 31eKmpomMazsHummulx noiei. Ilokazano, umo axmyaibHbiM U MHO2000ewaoumum
HanpaesieHuem 6 cghpepe nosvluleHUst IKCIYAMAYUOHHBIX XAPAKMEPUCTIUK KOHMAKMHBIX HOBEPXHOCMHBIX CI0€6 Oemdaiell
MAUwius, CO30aHUsl 8bICOKOIPHEKMUBHBIX NOKPLIMUL (KAK U MEXHONO2UI UX HAHECeHUsl) C 6blCOKUMU (DUIUKO-
MEXAHUYECKUMU  CEOUCMBAMU  OMBECMEEHHbIX Oemaiel AGNAemcs KOMOUHUPOBAHUE BbLCOKOIHEPLeMUUECKO20
(1azepro20, HNeKMPOHHO20 U HP.) ULYHEHUS U INEKMPOMASHUMHBIX NOAEU KAK MEXHOL02ULeCK020 hakmopa, a maxoice
U Opy2umMu UCMOYHUKAMU MEXHOL0ULECKOU IHEPRUL, SGITOUUMUCS NEPEOOSLIMU INEKMPOPUIUUECKUMU MEMOOAMU
opmuposanus pabouux nosepxHocmeti 0emaneil Mawiun U UHCMPYMEHMA C YHUKATbHbIMU QUSUKO-MEXAHULeCKUMU U
OKCHIYAMAYUOHHBIMU CEOUCTBAMIU.

KiwueBble caoBa: demaiu MAwiuH, UHCMPYMEHM, NOKpblMuUe, YNPOUHEHUe, NOBEePXHOCHb, NPUCAOOUHDbLE
Mamepuanslt, MOOUDUUUPOBAHUE, INSKMPOMASHUMHOE NOJe, JJIeKMPOHHbIL VY, NA3ePHbIL AYY, KOMOUHUPOBAHHbLIE
Memoobl.
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A.M. KOLOSOVSKIL, V.1. VICHTEVSKII, E.F. CHERKASHINA, E.B. TRISTANOVA

THE DEVELOPMENT OF COMBINED ELECTROPHYSICAL METHODS
OF MACHINE AND INSTRUMENT PARTS HARDENING ANALYSIS

Abstract. The article proposes an analysis of the development of combined electrophysical methods of hardening
machine parts and tools based on the use of radiation (laser, electro-beam, ultrasonic, etc.) processing and
electromagnetic fields. It is shown that the current and promising direction in improving the performance of the contact
surface layers of machine parts, creating high-performance coatings (as well as technologies for their application) with
high physical and mechanical properties of responsible parts is the combination of high-energy (laser, electronic, etc.)
radiation and electromagnetic fields as a technological factor, as well as other sources of technological energy, which
are advanced electrophysical methods of forming working surfaces of mechanical parts of mechanical and mechanical
components.

Keywords: machine parts, tool, coating, hardening, surface, additive materials, modification, electromagnetic
field, electronic radiation, laser radiation, combined methods.
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ABPA3BUBHOI'O 3EPHA JIUIA IIOBBILNEHUSA D®@PEKTUBHOCTHU
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0.G. KOZHUS, G.V. BARSUKOQV, V.S. SHORKIN, L.Yu. FROLENKOVA

FEATURES OF APPLYING THE POLYMER TO THE SURFACE
OF THE ABRASIVE GRAIN TO IMPROVE THE EFFICIENCY
OF WATERJET CUTTING

Abstract. The article deals with the issues that make it possible to create conditions that exclude the formation
of abrasive agglomerations during the application of a polymer coating in installations with a fluidized bed. The authors
give recommendations on the thermal regime in the zone of polymer solution spraying for the successful operation of
coating abrasive grains.

Keywords: abrasive, waterjet cutting, polymer, coating, adhesion, agglomeration.
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A.O. XAPYEHKO, A.A. XAPUEHKO

AHAJIN3 U UCCJIEJOBAHUE INEPEHAJTAZKUBAEMOCTH
OBOPYAOBAHUA IJIA BHYTPEHHEU MEJIKOPASMEPHOU
PE3bBOOBPABOTKHA

AHHOTanMsL. B cmamue npedcmagiensl pe3yibmanul AHAIU3A U MEOPemuiecKux UCCie008aHull 8 HanpaeileHuu
COBEPUICHCMBOBAHUST  000PY006aHUst 0Nl GHYMPEHHell  pe3bboobpabomku  Oemanell 6 YCIOGUAX — 2UOKO20
ABMOMAMUZUPOBAHHO20 NPOU3B0OCcMEd. Paccmompenvi memoodsr oyenku eubrkocmu U NEPeHANANCUBAEMOCIIU
060pydosanus, Komopule MO2ym ObiMb NOJOACEHbI 8 OCHOBY PA3pabamvléaeMoll MemoOuKy CUHMe3d MEXHOI0SULEeCKUX
INEMEHMO8 MOOYIe 8 YCIOBUAX ABMOMAMUUPOBAHHO20 NpoeKmupoganus. TexHonocuueckyio cucmemy eubkozo
npousgoocmeernnoco mooyas (I'TIM) pe3vb6oobpabomku npeodnodiceHo paccmampuéams KakK cucmemy, 6 KOmopou
nepexoobl U3 COCMOSHUSL @ COCHMOSIHUE NPOUCX00sim NoO Oelicmeuem NpoCmeluux HOmMoKo8 ¢ napamempamu
6EPOSIMHOCMEN NEePexo0d HenpepbisHOT MAPKOBCKOU yenu. Paspabomannas mamemamuyeckas Mooeib, ONUCbIBAIOuas



cocmosanus I'TIM ¢ yuemom nepenanadok e2o mexHon02U4eckux 1emMennos, no3eonsaem ompasums eluaHue Ha pabony
MOOYNA NApamempog 3as80K HA NePEeHANAOKY PeXCUMO8 00pabomKu, UHCIMPYMeHma, CUio80ll pe3bOOHAP e3HOU 20106KU,
0a308bIX NEMEHMO8 CMAHKA, NPUCNOCOONEHU, 3a2PY304H020 yempoticmed. CmpyKmypa MoOenu u pasmeyentblil epag
COCMOAHUIL CUCEMbl MO2YM COBEPUEHCINEOBAMbCSA NO Mepe YMOYHEHUA YUCIA NAPAMempos U XapaKmepucmux.
Pewenue nonyuennoii cucmemul ypasHenuii QUHATbHBIX 8EPOAMHOCHIEN C NOMOWBIO YCI08UA HOPMUPOBKU NO360em
0151 3A0AHHBIX (UAU NOTYUEHHBIX IKCHEPUMEHMANbHO) UHMEHCUSHOCHEN NOCMYNIEHUs U OOCIYIHCUBAHUSA 3AA80K HA
nepenanaoxy ons I'TIM pe3vboobpabomxu noryuums 3Ha4eHus 6eposmHOCmu becnepenanadoyHol pabomol, a maxice
8epOAMHOCMEll HAXOHCOCHUS CUCTHEMbL 8 Hepaboyem COCMOAHUY N0 NpUYUHe COOMEEMCMBYIOWUX nepeHaraoox. [na
NONHOU UHpOpMAYUU U 0O0BLEKMUBHOU OYEeHKU NPeOnoumumenvino2o 0 ucnonvsosauus 6 ycnosuax I'TIC eapuanma
makoice HeoOXO0uM yuem CMOXACMUYECKUX NPOYeccos, HPOUCXOOAWUX 6 CUCHeMe 6 PealbHbIX YCA0BUSX
DYHKYUOHUPOBAHUS.

KiioueBble cJI0Ba: 2ubKOCMb U NEPEeHANANCUBAEMOCHb 000PYOOBAHUS, BHYMPEHHAS pe3bboobpabomka
Odemanneti, mexHolO2UYecKue 31eMeHmbl MoO0Yad, 2uOKull npouzsoocmeenuvitl mooyae (I'TIM) pesvboobpabomku,
npocmeiuuli NOMOK, MapKOBCKAs YeNnb, BePOAMHOCIb HeCnepeHanradoyHol pabomol.
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A.O0. KHARCHENKO, A.A. KHARCHENKO

ANALYSIS AND RESEARCH OF ADJUSTABILITY OF EQUIPMENT
FOR INTERNAL SMALL-SIZED THREADING

Abstract. The article presents the results of analysis and theoretical research in the direction of improving
equipment for internal threading of parts in a flexible automated production. Methods for assessing the flexibility and
readjustability of equipment are considered, which can be used as the basis for the developed methodology for the
synthesis of technological elements of modules in conditions of computer-aided design. It is proposed to consider the
technological system of the flexible manufacturing module (FMM) of threading, as a system in which transitions from
state to state occur under the action of the simplest flows with the parameters of the transition probabilities of a
continuous Markov chain. The developed mathematical model, which describes the states of a FMM, taking into account
the readjustment of its technological elements, makes it possible to reflect the influence on the operation of the module of
the parameters of applications for the changeover of processing modes, a tool, a power threading head, basic elements
of a machine tool, a device, a loading device. The structure of the model and the labeled graph of the states of the system
can be improved as the number of parameters and characteristics is refined. The solution of the resulting system of
equations of final probabilities using the normalization condition allows for given (or experimentally obtained) intensities
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of arrival and service of changeover requests for FMM of threading, to obtain the values of the probability of non-
changeover operation, as well as the probabilities of finding the system in an inoperative state due to the corresponding
changeovers. For complete information and an objective assessment of the preferred option for use in FMS conditions, it
is also necessary to take into account the stochastic processes occurring in the system under real operating conditions.

Keywords: flexibility and readjustment of equipment, internal threading of parts, technological elements of the
module, flexible manufacturing module (FMM) of threading, simplest flow, Markov chain, probability of non-changeover
operation.
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B.1. I'OJIOBUH, C.1O. PAJJTMEHKO

MOJEJIb TIPOTHO3UPOBAHWS OCEBOI CHUJIBI PE3AHUS ITPU
CBEPJIEHUHN OJHOHAITPABJIEHHBIX YTJVIEIINIACTHKOB C YYETOM
MN3HOCA PEXYIIEI'O HHCTPYMEHTA

AnHOTauMA. OOHOU U3 AKMYAIbHbIX 3a0a4 NPU HPOU3BOOCMBE VeAeNNAACMUKOBLIX U30eIUll s61emcs
obecneuenue 3a0aHHOT MOYHOCIU U KAYecmea npoceepienvlx omeepcmuil. Ilpednazaemes moodens npocHO3Upo8ans.
0Ce6oll CUbl pe3aHus ¢ Yy4yemom cmeneHu uzHoca urcmpymenma. CHAuaNa AHATUSUPYIOMCS 2eoMempuiecKue
XApaKxmepucmuky U3HOCAd UHCMPYMEHMA CAUPAIbHO20 C8epad. Jlanee, YCLO8Us KOHMAKMA MedlcOy C6epiom U
VAENIACIUKOM ONPeOeSIOMCsL 8 COOMBENMCMEUU C 2eOMEMPUYECKUMU XAPAKMEPUCMUKAMU U3HOCA uncmpymenma. Ha
OCHOB8E MEXAHUKU KOHMAKMHO20 63AUMOOCLCMEUSL HOBEPXHOCMEN MOOCIUPYIOMCSL 0Ce8ble YCUNUSL OCHOGHBIX PENCYUIUX
KPOMOK U NONEPEeUHOU KPOMKU C YHemom cmenenu usHoca uncmpymenma. Ilonyuennvle pe3ynbmamol UHmezpupyiomcs 8
MOOelb NPOSHOZUPOBAHUSL 0Ce6oll cunbl. TIpuseden npumep IKCREPUMEHMANLHO20 UCCIEO08AHUSI NPOYECCA CEepeHUs
yenennacmuxa. Ilonyyennvie pe3yibmamsl NOKA3bIEAION OOCMAMOYHO MOYHOE NPOSHOUPOBAHUE PENCYUlell CUTbL C
VUEMOM UBHOCA PedNCYUe20 UHCIPYMEHMA.



KnwueBble cioBa: npocHozuposarue Cujbl pe3aHusd, ceepjleHue yaieniacmuka, Uu3HOC UHCmpymenmad,
mexaHuveckas MO()eflb, KOHMAKMHOE 83aUMOo0eticmaue.
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V.I. GOLOVIN, S.YU. RADCHENKO

THRUST FORCE PREDICTION MODEL FOR DRILLING
UNIDIRECTIONAL CARBON PLASTICS WITH WEAR
OF THE CUTTING TOOL

Abstract. One of the most important tasks in the production of carbon fiber products is to ensure the specified
accuracy and quality of the drilled holes. A model for predicting the thrust force, taking into account the degree of tool
wear, is proposed. First, the geometric characteristics of the wear of the spiral drill tool are analyzed. Further, the contact
conditions between the drill and the carbon fiber are determined in accordance with the geometric characteristics of the
tool wear. Based on the mechanics of the contact interaction of surfaces, the thrust forces of the main cutting edges and
the chisel edge are modeled, taking into account the degree of tool wear. The results obtained are integrated into the
thrust force prediction model. An example of an experimental study of the drilling carbon fiber is given. The results
obtained show a fairly accurate prediction of the cutting force, taking into account the wear of the cutting tool.

Keywords: cutting force prediction, carbon fiber drilling, tool wear, mechanical model, contact interaction.
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MALUIMHOBEAONEHUE U MEXATPOHUKA

YK 51:621.891 DOI: 10.33979/2073-7408-2021-346-2-109-117

K.C. AXBEPJJMEB, E.A. FOJII'OBA, E.O. JJAT'YHOBA, C.B. KYMAHUWH

T'UIPOAUHAMMYECKUIA PACUET KJIMHOBUHOI CUCTEMbI
«ITOJI3YH - HATIPABJISIIOIIA SI», PABOTAIOIIEN HA C(KUMAEMOM
CMA30YHOM MATEPHAJIE B YCJIOBUSIX HAJIMUMS PACILIABA
HA TIOBEPXHOCTH HATIIPABJISIIOLIEN

AHHOTaUMA. B nocieonee epems 015 obecneyenus: cUOPOOUHAMULECKO20 PEeNCUMA CMAZbIBAHUSL NPUMEHSIOMCS
pasuvie cnocodwvl, 0OHOMY U3 CNOCODO8 NOCEAWEHA OAHHAs HAYYHAs cmambvsi. B cmamve, nHa ochose ypasHeHUs
OBUIICEHUSL CHCUMAEMOTU, UCTNUHHO G53KOU JHCUOKOCMU OISl «MOHKO20 CIOSLY, VYPAGHEHUS COCMOSHUS, VPAGHEHUS
HepaspuleHOCMU, 4 MAKI’CE YPAGHEHUs, ONUCHIBAIoOWUe NPOPUIL PACNIAGIEHHO20 KOHMYPA NOBEPXHOCMU ONOPHO20
KObYd, HAUOEHO ACUMNMOMUYECKOe U A8MOMOOeNbHOe peuleHue Olisl Hyleso2o (be3 yuema pacniasa) u nepeozo (¢
Yuemom pacniaea) npubrudicenuss, Ojisk OnpedeneHust Nois CKOpocmell u 0d8ieHUst 8 CMA30YHOM cioe. [ns npoghuist
PACNIABNenHo20 KOHMYpa U OAGleHUs, peluleHue HAUdeHO MemoOoM NOCIe008AmenbHO20 NPUOAUdICEHUS, OISl
IKCMPEMAIbHO20 U He IKCMPeMAalbHo20 Cayuas. B pesyiomame paspabomana YMOUHEHHAs MAMeMAamuyecKds
pacuemnas MoOeib KIUHOBUOHOU ONOPbl CKOJIbHCEHUS. C JIeKONIAGKUM MEMALIUYECKUM NOKPLIMUEM HA NOOSUICHOU
KOHMAKMHOU NOBEPXHOCIU, KOMNEHCUPYIOWUM ABAPULIHBLI HEOOCMAMOK CMA3Z0YHO20 MAMEPUAIa u 00ecnequsaouum
CMadUNbHBIIL PENCUM 2UOPOOUHAMUNECKO20 CMA3BIBAHUSL, NO36OIIOUAS. ONPEOeiUmMb HECYWYI0 CROCOOHOCIb U CULY
mpeHus. B pesynomame UUCIEHHO20 AHAAU3Q, NONYHEHHOU YMOUYHEHHOU MAMEeMAMUYeckKol pacHemHol Mooeiu
KIUHOGUOHOU ONOPbL CKOBICEHUSL C JIe2KONJIABKUM MEMALIUYECKUM NOKPHIMUEM HOBEPXHOCMU ONOPHO20 KOAbYA C
VUEMOM  COHCUMACMOCIU  JICUOKO20 CMA30YHO20 MAmMepuald U pacniasd HOKPuIMus U IKCHEePUMEHMANbHO2O
UCCNeO08AHUSL  YCMAHOBIEHA IPPEKMUBHOCIL  NOJLYHEHHbIX KOMNJIEKCA YMOYHEHHBIX MOOeel, NO360TIOUUX
BINOIHUMb KAK NPEONPOEKMHbIE OYEHOUHbIE, MAK U NPOCKMUPOBOUHBLE UHINCEHEPHBIE PACHEembl, 8 WUPOKOM OUANA30He
OKCHIYAMAYUOHHBIX HASPY30UHO-CKOPOCHHbIX PENCUMOS8, 4 MAKNCEe MEXAHU3M U 3Mansl nepexood K CMA3bl8aHUIo
MEMANIUYECKUMU PACAPABAMU, 0DeCne usaowWux noblUEeHUe YPOBHL OCHOBHBIX MPUBOMEXHUUEKCUX NAPAMEmMPOs U
pecypca mpubocucme.

KarwueBble ciaoBa: corcumaemvlii HCUOKULL CMA3OUHBIL MAMeEPUd, Hecyujdas CnoCOOHOCMb, CUla MpeHus,
KIUHOBUOHASL ONOPA CKOJIbHCEHUS, MEMOO NOCAEO08AMENbHbIX NPUOTIUNCEHUT, A8MOMOOENbHOEe peulenue, 1e2KONIA8Koe
Memaniuyeckoe noKpvlmue.
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K.S. AKHVERDIEV, E.A. BOLGOVA, E.O. LAGUNOVA, S.V. KUMANIN

HYDRODYNAMIC CALCULATION OF A WEDGE-SHAPED SYSTEM
«SLIDER - GUIDE» OPERATING ON A COMPRESSIBLE LUBRICANT
IN THE PRESENCE OF MELT ON THE SURFACE OF THE GUIDE

Abstract. Recently, various methods have been used to ensure the hydrodynamic mode of lubrication, one of the
methods is devoted to this scientific article. In the article, on the basis of the equation of motion of a compressible, truly
viscous liquid for a "thin layer", the equations of state, the continuity equation, as well as the equations describing the
profile of the molten contour of the surface of the support ring, an asymptotic and self-similar solution is found for the
zero (without taking into account the melt) and the first (taking into account the melt) approximation, for determining the
velocity field and pressure in the lubricating layer. For the profile of the molten contour and the pressure, the solution is
found by the method of sequential approximation, for the extreme and non-extreme case. As a result, a refined
mathematical calculation model of a wedge-shaped sliding support with a low-melting metal coating on the movable
contact surface is developed, which compensates for the emergency lack of lubricant and provides a stable hydrodynamic
lubrication mode, which allows determining the bearing capacity and friction force. As a result of numerical analysis,
the obtained refined mathematical calculation model of a wedge-shaped sliding support with a low-melting metal coating
on the surface of the support ring, taking into account the compressibility of the liquid lubricant and the coating melt,
and experimental research, the effectiveness of the obtained complex of refined models that allow performing both pre-
design evaluation and design engineering calculations, in a wide range of operational load-speed modes, as well as the
mechanism and stages of transition to lubrication with metal sprays is established, providing an increase in the level of
the main tribotechnical parameters and the resource of tribosystems.

Keywords: compressible liquid lubricant, load-bearing capacity, friction force, wedge-shaped sliding support,
method of successive approximations, self-similar solution, low-melting metal coating.
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O.B. JIOPO®EEB, B.11. BOPOGLEB, M.1. BOP3EHKOB, O.B. U3BMEPOB, C.H. 3JIOB1H

TSATOBBII ITPUBOJI JIOKOMOTHUBOB C BICOKOMOMEHTHBIM
KOJIUIEKTOPHBIM TAI'OBBIM 2JIEKTPOJABUI'ATEJIEM

AHHOTauMs. Paccmompensl 60npocul pasgumus msa2o8vix Npusooos J10KOMOMUE08. YcmanosneHo, ymo npu
CYUWeCmeYIoWUX —02PAHUYEHUAX CUNbl  MASU U CKOPOCMU  ONUMENbHO20  PeXCUMd ACUHXPDOHHble MA208ble
neKmpoogu2ameny He UMerom 0OHOIHAYHBIX NPEUMYUeCcns nepeo KOJINeKMOPHbIMU. J[0KA3aAHA 803MONCHOCINb CO30AHUS
KOJLIEKMOPHBIX Osucameriell 31eKmposo308 ¢ MOUWHOCIbIO, PABHOU NPUMEHAEMbIM ACUHXPOHHBIM, NPeOIOAHCEHbl HOBbLE
MexHuyecKue peuleHus Y3108, obecneuugaioujue HA0EHCHOCMb NOCIeOHUX NPU UCHOTb30BAHUU BbICOKOMOMEHMHBIX
odgucamernetl, (ynpyzoe 3ybuamoe KOIeCO ¢ WEBPOHHbIMU 3Y0biAMU, OBYCIOUHbIIL PE3UHOMEMANLIUYECKUU WAPHUD,
8aPUAHMBL PE3UHOKOPOHOU MYPMbL), 8 KAUeCmee ONMUMATLHOZ0 peuleHus OJi nPU00a ¢ KOLIEKMOPHbIMU O8ULATNENAMU
NPEONOACEHO UCNOB306AMNb NPUBOOD C ONOPHO-PAMHBIM 08u2amenem u ocegbim pedykmopom. Onpedenenvt Hanpaeienus
uccne0o8anull, HeoOXOO0UMbIX Ol NPAKMUYECKOU peanu3ayuu  npugooo8 ¢  BbICOKOMOMEHMHbIM — MA206bIM
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ANEKMPOOsU2amenem, nPedI0AHCeHO NPOBECMU UCCIEO0B8ANUS YETeCO0OPAZHOCIU CO30AHUS MENJ0BO308 C MENEHCKAMU,
VHUPUYUPOBAHHBIMU C dNIeKmposo3HbiMu. Ha npeodnosicennvie peuileHus noiyyeHo 08a namewma Ha U300pemeHus,
80CeMb NAMEHMO8 HA NOJIe3Hble MOOel, NOOAHO 08e 3AA8KU HA NOTYYeHUe nameHma.

KiaoueBble ciaoBa: macogvlii npusoo JOKOMOMUEA, MA208ble HJeKmpudecKue MAauuHbl, 3JeKmpuiecKkue
MAWUHBL C 0CeBbIM MASHUTNHBIM NOMOKOM, OUHAMUKA, HAOEHCHOCTb, KOHCIMPYUPOBAHUE.
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O.V. DOROFEEV, V.I. VOROBYEV, M.l. BORZENKOV, O.V. IZMEROV, S.N. ZLOBIN

TRACTION DRIVE OF LOCOMOTIVES WITH HIGH MOMENTUM
COLLECTOR TRACTION ELECTRIC MOTOR

Abstract. The issues of development of traction drives of locomotives are considered. It was found that with the
existing limitations of the traction force and the speed of continuous operation, asynchronous traction motors do not have
clear advantages over collector motors. The possibility of creating collector motors for electric locomotives with a power
equal to the used asynchronous ones has been proved, new technical solutions have been proposed for units that ensure
the reliability of the latter when using high-torque motors (elastic gearwheel with chevron teeth, two-layer rubber-metal
hinge, rubber-cord clutch options), as an optimal solution for the drive with collector motors, it is proposed to use a drive
with a support frame motor and an axial gearbox. The directions of research necessary for the practical implementation
of drives with a high-torque traction motor are determined, it is proposed to conduct research on the feasibility of creating
diesel locomotives with bogies, unified with electric locomotives. The proposed solutions received two patents for
inventions, eight patents for utility models, two patent applications were filed.

Keywords: traction drive of a locomotive, traction electric machines, electric machines with axial magnetic
flux, dynamics, reliability, design.
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A M. IIOJIIKOB, B.U. ITAXAJIIOK

MOJIEJb CMA3KHU CKATOM IVIEHKOM B TAPAX TPEHUSI

AnHoTtammsi. Ocmeoapmpos s6asemcst madcenviM 3a001e6aHUeM CYCMAB08 ¢ GbIPAICCHHOU decpadayueli Xpauwesoll mKaHu,
Komopoe no oaunvim Bcemupnoii Opeanusayuu 30pasooxpanenusi 6xooum 6 0eciamky Haubonee uHEANUOUIUPYIOUSUX 8 PA3EUMbIX
cmpanax. H3-3a nioxoti cnoco6HOCmU CYCMABHO20 XPAWA K CAMOPEe2eHepayul, leyeHue ocmeoapmpo3a seisaemcs CIOACHOU, d 60
MHOSUX CILYYAsX Hepeuwaemoll 3a0adell, Ymo npueoounm K HeoOXO0OUMOCMU 3AMeHbl CYCMA8d YHOONpome3om. B cessu ¢ smum,
HeCMOmps HA Mo, 4mo 3mad NAmono2us U ee passumue OOCMAMOYHO NOOPOOHO U3YYeHbl, OdnbHeliuue QYHOAMeHmanbHble U
NPUKIAOHble UCCIe008AHUL 8 3MOU 00IACMU NO-NPENHCHEMY OCMAIMCA aKmydaivubimMu. B nocneduwue decamunemus Ovliu
Pazpabomarsl HOGble MEXHOIOSUY Pe2eHePayull HeKOMOPbLIX OUOLO2UYECKUX MKAHEN, KOMOopble NPU ONPedeleHHbIX YCA0BUIX MO2YM
ObIMb UCNONB306aHbL U OJisL peceHepayuu Xpsuesol mxanu. IIpu 5mom ModuCcHo 060CHOBAHHO NPeOnoAa2amv, Ymo IPHeKkmusHo cmo
PE2eHePAMUGHbIX MEXHOL02ULL MONCem Oblmb CYUWEeCMEEHHO NOBLIUEHA C UCNOIb308AHUEM MeMO008 (MEeXHON02UL) Pe2eHepamueHol
peabunumayuu. B smoiti pabome Mmbl ucciedyem G03MOJCHYIO CMpPAMeUlo peceHepamueHoll peabuiumayuu xXpsauegot mKaHu,
NOPAdICEHHOL 0CMeoapmpo30M, NYMemM GblCOKOYACIMOMHO20 HASPYICEHUs] CYCMAGHLIX NOGEPXHOCMEU U CO30AHUsL JICeNAeMO20
0agneHUs UHMePCMUYUATLHOU JCUOKOCMU 8 NOPUCIOM XPsiye.

KiroueBble €10Ba: MoOenb cMA3Ku CoHCAMOoll NAEHKOU, NOpOYynpyeas cpedd, CUHOBUANbHbIL CYCmas, CYyCMAsHbIll XpAuy,
ocmeoapmpos, pezenepayusi, peceHepamueHas peabunumayusi.
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A.M. POLIAKOV, V.I. PAKHALIUK

SQUEEZE-FILM LUBRICATION IN FRICTION PAIRS

Abstract. Osteoarthritis is a serious joint disease with severe degradation of cartilage tissue, which, according to the World
Health Organization, is one of the ten most disabling in developed countries. Due to the poor ability of the articular cartilage to self-
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regenerate, the treatment of osteoarthritis is a difficult and in many cases unsolvable task, which leads to the need to replace the joint
with an endoprosthesis. In this regard, despite the fact that this pathology and its development have been studied in sufficient detail,
further fundamental and applied research in this area is still relevant. In recent decades, new technologies have been developed for
the regeneration of certain biological tissues, which, under certain conditions, can also be used for the regeneration of cartilage tissue.
At the same time, it can be reasonably assumed that the effectiveness of regenerative technologies can be significantly increased using
methods (technologies) of regenerative rehabilitation. In this work, we investigate a possible strategy for regenerative rehabilitation
of cartilage tissue affected by osteoarthritis by high-frequency loading of the articular surfaces and creating the desired pressure of
interstitial fluid in porous cartilage.

Keywords: squeeze-film lubrication model, poroelastic medium, synovial joint, articular cartilage, osteoarthritis,
regeneration, regenerative rehabilitation.
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A.C. ®ETHUCOB, A.B. KOPHAEB

OITIOPA CKOJIB’KEHUSA C UBSMEHAEMBIMU IMHAMUYECKUMU
XAPAKTEPUCTUKAMM: PE3YJIBTATBI MOAEJIUPOBAHUSA
N BEPUOUKALHUA ITOJTYUYEHHDBIX PE3YJIBTATOB

AHHOTAIMS. B cmamve npeocmasinenvl pe3ynbmamsl bINUCTUMETLHOZ0 IKCNEPUMEHMA HO MOOETUPOBAHUIO
21a0K020 NOOWUNHUKA CKONbICEHUS C YNPABTAEMOll 0Ccegoll nooauell cmazounozo mamepuana. Ilpusedenvt ocrognuvie
COOMHOWENUST MAMEMAMUYECKOT MOOel, PAHUYHble YCI08Us U NAPAMempbl MOOETUPOBAHUA MedeHUs HCUOKOCIU &
obracmu 3a30pa onopul ckonvicenus. Ilpusedeno onucanue paciema onopsl CKOTbICEHUS 8 NPOSPAMMHOM nakeme Ansys.
Ilpugedenvt pe3ynomamvi MOOEIUPOBAHUA U DPE3VIbINAMbL PACYEmMAd CMAMUYECKUX U OUHAMUYECKUX NaApamMempos
Mmooenupyemozo noowunuuxa. Coenanvl 8bl800bl NO NPUMEHUMOCU NPOSPAMM GbIYUCTUMENbHOU 2UOPOOUHAMUKU OIS
pacuemog Onop CKOMbAICEHUS.

KiloueBble ci0Ba: onopa cKomvdiceHus, o0cegas nooaud, MAMeMAmuyeckas Mooelb, NpocpamMma
BLIYUCTUMENBHOU 2UOPOOUHAMUKLL.
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A.S. FETISOV, A.V. KORNAEV

JOURNAL BEARING WITH VARIABLE DYNAMIC CHARACTERISTICS:
SIMULATION RESULTS AND VERIFICATION

Abstract. The article presents the results of a computational experiment on modeling a smooth plain bearing
with a controlled axial supply of lubricant. The basic relations of the mathematical model, boundary conditions and
parameters of modeling the fluid flow in the gap region of the sliding support are presented. The description of the
calculation of the sliding support in the Ansys software package is given. The results of modeling and the results of
calculating the static and dynamic parameters of the simulated bearing are presented. Conclusions are drawn on the
applicability of computational fluid dynamics programs for calculating sliding supports

Keywords: sliding support, axial feed, mathematical model, computational fluid dynamics program
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A1O. POOMYEB, M.A. TOKMAKOBA, A.B. [TAHUYKWH, H.B. TOKMAKOB

KOHOENIOUA MEXATPOHHOI'O KOHUYECKOI'O
MNOJIIUITHUKA KAYEHUA

AHHOTanMs1. B cmamve npedcmasiiena KOHYenyusi MexampoHHO20 KOHUYECK020 NOOWUNHUKA KadeHust. [lanbl
pe3yabmamol Kpamko20 AHAAU3A GbIYCKACMbIX MEXAMPOHHBIX NOOWUNHUKOE Kauenus. I[lpusedena cmpykmypho-
DYHKYUOHATLHAS CXeMA MEeXAMPOHHO20 KOHUYECKO20 NOOWUNHUKA Kauenus. B ocnoey npednazaemoil Komyenyuu
NONLONHCEHBL MEXAHUYECKAS. CUCTEMA, A MAK JHCe CUCHeMA KOHMPOA U YRPAIeHUs. Bblagneno KOHCmpyKmueHoe peuienue
obecneuusaioujee pe2yiuposKy 3a30pa 6 KOHUYECKOM ROOwunuuxe kauenus. Onucamvl NpUHyUNUAIbHAS CXeMa U
CMPYKMYPHAS CXemMa CUCIeMbl YNPAGLeHUs MEXAMPOHHO20 KOHUYECKO20 NOOWUNHUKA KadeHus. Jlanbl pekomenoayuu
1o danbHenueMy pa3sumuio U NPUMEHEHUI0 KOHYENYUU MeXampoHHO20 KOHUYECKO20 NOOUUNHUKA KAYEHU.

KaioueBble C10Ba: MEXAMPOHUKA, KOHUYECKUL NOOUUNHUK, CKOJbXICEHUE, CUCIEMA YNPAGIEHUs, NAPAMEMPbL
OamyuUKy COCMOAHUA.
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A.Yu. RODICHEV, N.V. TOKMAKOV, M.A. GRIADUNOVA, A.O. IVANOV

CONCEPT OF MECHATRONIC CONICAL
ROLLING BEARING

Abstract. The article presents the concept of a mechatronic tapered rolling bearing. The results of a brief
analysis of the produced mechatronic rolling bearings are given. The structural and functional diagram of a mechatronic
tapered rolling bearing is presented. The proposed concept is based on a mechanical system, as well as a monitoring and
control system. A constructive solution has been identified that provides clearance adjustment in a tapered rolling
bearing. The schematic diagram and block diagram of the control system of a mechatronic tapered rolling bearing are
delslgrib(te)d. Recommendations are given for further development and application of the concept of mechatronic tapered
rolling bearing.

Keywords: mechatronics, tapered bearing, sliding, control system, parameters, condition sensors.
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A.B. CbITHH, A.A. KNPUYEK, O.A. UBAHOB, C.C. BHYKOB

PACUHET AIMHAMUMNYECKHUX XAPAKTEPUCTHUK PA/IUAJIBHBIX
JIEIIECTKOBBIX ITOAIIUITHUKOB MUKPOTYPBUH CUCTEM
PACHPEJEJEHHON SHEPTETUKHU

AHHOTanMsI. B pabome Kpamro u3n0A#CeHO COBPEMEHHOE COCMOSIHUE CUCMEM PACTIPEOeeHHOU IHePemuKu,
Komopas evicmynaem nepeoosviM NOCMABUWUKOM JIEKMPUUECKOll U Meniosoll IHepeul 8 Manvie 2opood, NOCeaKu u
OepesHuU, NPOMbIULTEHHbLE NPeONPUAMUSL, HCUBOMHOBoOYecKkue hepmbl u m. 0. OCHOBHBIM paboyUM azpecamom OaHHO20
Muna cucmem blCIMynarom MUKpomypOunHsie YCmaHo8KY MAiol MOwHOCMU. [isi OQHHBIX MUN08 YCMAHOB0K Hauboiee
KpUMUYeCcKou U OmeemcmeeHHOl YACmblo A6IAemcs pOMOpHO-0nopHbuIU y3el. B cmambe paccmampuearomes éonpocwl
MOOENUPOBAHUS OUHAMUYECKUX NPOYECCO8 8 POMOPHO-ONOPHBIX V3IaX NPU HATUYUU JIeNeCMKOBbIX 2a300UHAMUYECKUX
NOOWUNHUKOS C 20(DPUPOBAHHBIMU INEMEHMAMU, AGNAIOUWUXCS HA OAHHBIL MOMEHM NEPCREeKMUSHbLMU ONOPAMU POMOPO8
8bICOKOCKOPOCMHbIX Mawun. [Ipedcmasneno peuienue KOMRIEKCHOU 3a0ayu pacyema 1enecmKo8blX 2430 00UHAMUYECKUX
NOOWUNHUKOS, OCHOBAHHOE HA COBMECHMHOM DeuleHuu 2a300UHamMuKu, menio@uszuku u meopuu ynpyeocmu. Ha oasze
VpasHeHull OUHAMUKU NPeOCmAasieHa 0OHOMACCO8ASL MOOENb HCECIMKO20 CUMMEMPUYHO20 POMOPA HA YAPY2UX ONOpAXx,
COCTNOAWUX U3 HECKONbKUX YNPY20-NOOAMAUBbIX CO€8: MOHKOCIEHHbIX JenecmKo8 U 20(Ppupo8anHbIX 21eMeHmMOos.
Onpedenenue noas dagrenutl basupyemcs Ha pewenuu ypaswenus Petinonvoca, 0006wennoco na ciyyaii 08yMepHoco
MypOYIeHMHO20 MeUeHUs BA3K020 CHCUMAEMO20 CMA30uHo20 Mamepuand. Ha ocnosanuu evipascenuil meopuu
ynpy2ocmu paccmompeHna 3adaua paciema oOegopmayuii  enecmka u Kpy208020 20QpUpOBAHHO20 dleMeHma
JIenecmKo8020 NOOUWUNHUKA NOO OelicmeueM 2a300UHAMUYeCKUX CUl 8 cMazouHom ciaoe. Ilymem nuneapuzayuu 8
NPeonoNoNCEHUU MALOCMU CMEWeHUll 0N NOJONCEHUs PABHOBECUS, OCHOBbIBASCL HA pasiodceHuu 6 pso Teinopa 6
OKPeCmHOCMU —~ CMAYUOHAPHO2O  NOJIOJCEHUS,  ONPEeOeieHbl  3ABUCUMOCIU  KOIQDDUYUEHMO8  JHCeCMKOCMmU U
demnuposarus 011 0anHo2o muna onop. Ilpu smom xcecmrocms cucmemvl « CMA30UHbII 2A308bLU CNOU — JIeNeCmoK —
20DpUPOBAHHDIIL BNIEMEHM» NPeOCMAGIeHA KAK CYMMY NOCIe008AMENbHO COCOUHEHHBIX MelCcOy COOOIL: IHCeCmKOCmU
Cl0sL 230801 CMA3KU, HCECMKOCMU YAPY2020 TeNeCmKAd U HCeCmMKOCMU 20Qpuposaniozo snemenma. /Jemnguposanue
cucmemvt JIT /{1 8b1en10um ananioeuyHvim 006pa3om « CMA30UHbILL 2A306bl1 CLOU — IENeCmOK — KPY2080Ul 20(pUpo6aHHblil
NEMEHMY, KOMOPOe MOIICHO NPeOCmAasums Kax CyMMY NOCAE008AMENbHO COCOUHEHHBIX MedCcy coOOoll demnghepos: cnos
2a30801U CMA3KU, 0eMnuposanus renecmka u demnuposanus 2oppa. B cmamve npedcmasnenvl paccuumantvle no
OaHHOU MemoouKke KOIQuyueHmol dHcecmkocmu u O0eMn@uUpoBanus 6 3a8UCUMOCU OM OMHOWEHU YACMOmbl
6030YiICOeHUsL yanghvl pomopa K Yei060u CKOpoCmi.

KioueBble coBa: MukpomypOuHa, 1enecmrosviti NOOWUNHUK, 20(DPUPOBAHHbIIL DlleMeHM, VPA8HeHUs
OBUIICEHUSL, HCECMKOCMb, OeMNPUPOBaAHUe, OUHAMUYECKUE XAPAKMEPUCUKU.
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AV.SYTIN, A.A. KIRICHEK, O.A. IVANQV, S.S. VNUYKOV

THE CALCULATION OF DYNAMIC CHARACTERISTICS
OF BEARINGS RADIAL PETAL MICRO-TURBINES DISTRIBUTED
POWER SYSTEMS

Abstract. The paper briefly describes the current state of distributed energy systems, which acts as an advanced
supplier of electric and thermal energy to small towns, towns and villages, industrial enterprises, livestock farms, etc.
The main working unit of this type of systems are micro turbine installations of low power. For these types of installations,
the most critical and critical part is the rotary support unit. The article deals with the issues of modeling dynamic
processes in rotor-bearing units in the presence of lobed gas-dynamic bearings with corrugated elements, which are
currently promising supports for rotors of high-speed machines. A solution to the complex problem of calculating lobe
gas-dynamic bearings based on a joint solution of gas dynamics, thermo physics and the theory of elasticity is presented.
On the basis of the dynamics equations, a single-mass model of a rigid symmetric rotor on elastic supports consisting of
several elastic-pliable layers: thin-walled lobes and corrugated elements is presented. The determination of the pressure
field is based on the solution of the Reynolds equation, generalized to the case of a two-dimensional turbulent flow of a
viscous compressible lubricant. Based on the expressions of the theory of elasticity, the problem of calculating the
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deformations of the lobe and the circular corrugated element of the lobe bearing under the action of gas-dynamic forces
in the lubricating layer is considered. By linearization under the assumption of small displacements from the equilibrium
position, based on the Taylor series expansion in the vicinity of the stationary position, the dependences of the stiffness
and damping coefficients for this type of support are determined. In this case, the stiffness of the system "lubricating gas
layer-petal-corrugated element” is represented as the sum of the successively connected: the stiffness of the gas lubricant
layer, the stiffness of the elastic petal and the stiffness of the corrugated element. Damping system LGDP is the same way
"lubricating air layer — petal — circular corrugated elements"”, which can be represented as the sum of series-connected
dampers: a layer of gas lubrication, damping and damping petal corrugation. The article presents the stiffness and
damping coefficients calculated by this method, depending on the ratio of the excitation frequency of the rotor pin to the
angular velocity.

Keywords: micro turbine, lobe bearing, corrugated element, equations of motion, stiffness, damping, dynamic
characteristics.
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A.B.T'OPHUH, P.H. IIOJIZIKOB, M.A. I'PAIYHOBA, 1.B. POJUYEBA

NCCIEAOBAHUE IMHAMUKHU UMITYJIBCHBIX 'NIPABJINYECKHUX
MEXAHU3MOB C IHEBMATUYECKOU KAMEPOU PABOYEI'O XOIA



AHHOTAUMSA. B pabome kKpamko u310x4ceHo coCmosmue pazsumus UMnyibCHol mexuuku. [lpedcmagnenvt cxemol
2UOPABIUYECKUX MAWUH UMNYTLCHO20 0eliCMEUs ¢ YOAPHbIMU MEeXAHUSMAMU WeCTNo20 U cedbMozo Kiaccos. Ilpuseden
pacuem UMNYIbCHbIX MEXAHUSMOB C NHEeBMAMU4eckol Kamepou pabouyezo xoda. Ilpusedena usuveckas mooens
causHozo mpybonposoda. Ilokazana ouazpamma cun, Oelicmgyrowux Ha Ooex npu paboyem xode. IIpedcmasgnena
3A8UCUMOCTb OTMHOCUMETbHBIX NOMEPb dHEePSUU OM COOMHOWEeHUN naowadel ceuenull pabouell Kamepul U CIUEHO2O
mpybonpogoda. [lanvl pekomenoayuu no UCHOTbI0BAHUI) NHEBMOAKKYMYJAMOPA 6 CAUBHOU eemeu mpybonpogood
UMNYTILCHO20 2UOPABTUYECKO20 MEXAHUIMA C NHEEMAMUYECKOU Kamepoti pabouezo xooa.

KiroueBble cl10Ba: euopasiuyeckas mauuna, mpybonpogoo, #CudKocms, 2U0pomMacucmpans, boex, kamepa.
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A.V.GORIN, R.N. POLYAKOV, M.A. GRYADUNOVA, |.V. RODICHEVA

STUDY OF THE DYNAMICS OF PULSE HYDRAULIC
MECHANISMS WITH PNEUMATIC STROKE CHAMBER

Abstract. The paper briefly outlines the state of development of impulse technology. The schemes of hydraulic
machines of impulse action with percussion mechanisms of the sixth and seventh classes are presented. The calculation
of impulse mechanisms with a pneumatic chamber of the working stroke is given. The physical model of the drain pipeline
is presented. Shown is a diagram of the forces acting on the striker during the working stroke. The dependence of the
relative energy losses on the ratios of the cross-sectional areas of the working chamber and the drain pipeline is
presented. Recommendations are given for the use of a pneumatic accumulator in the drain branch of the pipeline of a
pulsed hydraulic mechanism with a pneumatic chamber of the working stroke

Keywords: hydraulic machine, pipeline, fluid, hydraulic line, firing pin, camera.
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N TEXHOJIOnn
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A.H. KAYAHOB, H.A. KAYAHOB, T.I'. KOPOJIEBA, A.C. AJJEXHA

AHAJIN3 JIEKTPOMATHUTHBIX U TEILIOBBIX ITOJIEH B PABOYEM
3A30PE UHAYKTOPA U1 HAT'PEBA META/VIMMECKUX U3JIEJINN
B ITOITEPEYHOM 2JIEKTPOMATI'HUTHOM IIOJIE

AHHOTAUMA. B cmambe paccmMompensl pe3yabmamol meopemuvyeckux U IKCNepUMeHmMAanbHblX UCCie008aHull
Xapakmepa pacnpeodeneHus OCHOBHbIX Napamempoé 31eKMpPOMASHUMHO20 NOAs 6 pabouem 3azope UHOYKmopa Ois
Hazcpeea MASHUMHBIX U HEMASHUMHbBIX MAMEPUAios 6 NONepeyHoM MASHUMHOM NOJe GbINONHEHHbIe AHATIUMUYECKUM
MemoooM U C UCNONb308AHUE KOMILIOMEDPHO20 MOOenuposanus 6 npozpammuoi cpede ELCUT. IToayuenmnvie
pesyibmamsl MO2ym Oblmb NOJE3Hbl CNEUUANIUCMAMUY, KAK NPU  NPOSKMUPOSAHUU UHOVKUUOHHBIX VCMPOUCME OISt
Ha2peea NJIOCKUX MASHUMHBIX U HE MAHUMHBLIX MAMeEDPUANo8 6 NONEPEYHOM JIeKMPOMASHUMHOM NOAe C VYEemoMm
UBMEHEHUsL UX INIeKMPODU3UYECKUX CEOUCME, MAK U 8 Npoyecce IKCIYAMAayuu yCmaHo8oK 011 OUASHOCIMUKU Ka4ecmed
INEKMPOMACHUMHBIX U MENJIObIX NOJIEH.

KnroueBple c10Ba: pacuem, OCHOGHbIE NADAMEMPbL, IJIEeKMPOMASHUMHOE U Menjioeoe Nnois, UHOVKmop OJis
Hazpesa, NONepeuHoe JIeKMPOMASHUMHOe Noje, MAZHUMHAS Yenb, pabouuil 3a30p MASHUMHblE U HEeMASHUMHbLE
Mamepuaol.
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AN. KACHANOV, N.A. KACHANOQV, T.G. KOROLEVA, A.S. ALYOKHINA

ANALYSIS OF ELECTROMAGNETIC AND THERMAL FIELDS
IN THE WORKING GAP OF THE INDUCTOR FOR HEATING METAL
PRODUCTS IN A TRANSVERSE ELECTROMAGNETIC FIELD

Abstract. The article discusses the results of theoretical and experimental studies of the nature of the distribution
of the main parameters of the electromagnetic field in the working gap of the inductor for heating magnetic and non-
magnetic materials in a transverse magnetic field performed by the analytical method and using computer simulation in
the ELCUT software environment. The results obtained can be useful for specialists, both in the design of induction
devices for heating flat magnetic and non-magnetic materials in a transverse electromagnetic field, taking into account
the change in their electrophysical properties, and during the operation of installations for diagnosing the quality of
electromagnetic and thermal fields.

Keywords: calculation, basic parameters, electromagnetic and thermal fields, inductor for heating, transverse
electromagnetic field, magnetic circuit, working gap magnetic and non-magnetic materials.
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A.B. BEJISIEB, P.H. [IOJIIKOB

AHAJIN3 HAJTEKHOCTHOI'O COCTOSAHUS CUJIOBOM
QJIEKTPOHUKMU ITYTEM KOHTPOJIA TEIIVIOJEKTUYECKHUX
ITAPAMETPOB

AHHOTAUMA. B cmambe paccmampusaemcs nooxoo0 K cO30AHUI0 UMUMAYUOHHOU MAMeMamuieckol mMooenu
pabomul cunosvix |GBT modyneil 0ns nocredyroueco ananusza OaHHbIX, NPUMEHAEMbIX 051 OYEeHKU pabomocnocobHo020
COCMOAHUSL U OnpedeNeHUs 0CmamoyrHo2o pecypca. [Ipedcmasnenvl Memoowvl paciemos OCHOBHBIX KOHMPOIUPYEMbIX
napamempos, paccmompensi pexcumvl pabomut |GBT npubopos 6 cocmase npeobpazosamenvHol mexHuKu.

KawueBble ciaoBa: cunosot noaynposoonuxoswiti  |GBT  moodyas, mepmoyuxnuposanue, mennogoe
conpomuenenue, MOWHOCMb HOMePb, pabomoCcnOCOOHOe COCMOsAHUEe, MOHUMOPUHS COCMOSAHUA, I1eKMPOMeniosds
MoOeib.
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A.V.BELYAEV, R.N. POLYAKOV

ANALYSIS OF THE RELIABLE STATE OF POWER ELECTRONICS
BY CONTROL OF THERMAL ELECTRIC PARAMETERS

Abstract. The article discusses an approach to creating a simulation mathematical model of the operation of
power IGBT modules for the subsequent analysis of data used to assess the operational state and determine the residual
life. Methods for calculating the main controlled parameters are presented, modes of operation of IGBT devices as part
of converter equipment are considered.

Keywords: power semiconductor IGBT module, thermal cycling, thermal resistance, power loss, working
condition, condition monitoring, electrothermal model.
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JAM. XETUUKOB, b.b. [TAHKOB, C.H. BYJIBIHEB, A.B. MAJIbKYTA

METOJIUKA IOCTUPOBKHA PAI[HOHOKAHHOHHOﬁ CTAHIIUU
110 9TAJIOHHBIM JAHHBIM MEKAYHAPOJIHOMU CJIYKbbI
JIABEPHOMU JIOKAIIUAN

AHHOTAaUMA. B cmamve onucama Memoouka HCMUPOGKU HAZEMHOU PAOUOIOKAYUOHHOU CMAHYUU No
OMANOHHOU UHDOPMAYUL, NOYYAEMOU OM KEAHMOBO-ONMUUECKUX cpedcms MedxcoyHapoonol ciyaicovl 1a3epHoOll
JIOKAYUY U NPUBEOCHbL PACHEMHble COOMHOWEHUsL 0TI 00PAbOMKU OAHHBIX IOCMUPOBOUHBIX USMEPEHU ...

KioueBble CJ10Ba: 10CmMuposKka, KOCMUYECKue annapaml, paouojioKayUOHHAsS. CIAHYUSL.

CIIMCOK JIMTEPATYPbI



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

1. Kypukma, A.A. ®dareeB, B.®. HabmoneHune cBepXManblXx KOCMHUYECKHMX almaparoB H (parMeHTOB
KOCMHYECKOT0 Mycopa — HOBasl 3aJiaua KOHTpoJist kocMoca // BozaymHo-kocmudeckast obopona. 2006. — Ne 6 — C. 34,

2. @arees, B.®. Kocmuaeckast 000poHa 3apyOe HBIX CTPaH Ha TEXHOJOTHSIX MaJIBIX KOCMUYECKUX alapaToB.
Tpynst Boenno-kocmuueckoit akagemun umenn A.@.Moxatickoro. 2013. — Ne 640 — C. 140-156.

3. BeanamuaoB, C.C. YepBoHoB, A.M. Kocmuueckuif Mycop - yrpo3a UeIOBEYECTBY BTOpPOE H3IaHUE,
UCIIpaBJICHHOE U JIoNoJHeHHoe MexaHuka, ynpasieHue u nadopmaruka. 2013. Ne 5 (17). C. 1-208.

4. TIpoartumosa, I'.A. Conosses, I.H. Eppemos, B.C. Conosses, A.I'. FOcTupoBka mapamMeTpoB yrioMepHOH
cucteMbl B 0030pHOI MoHOMMITYJIbCHOM PJIC. BecTHHK MOCKOBCKOTO rOCYAapCTBEHHOTO TEXHUYECKOTO YHHBEPCUTETA
nMm. H.D. baymana. Cepus [Ipudopoctpoenne. 2017. Ne 6 (117). C. 64-75.

5. Jleonos, A.1. Jleonos, C.A. Harynunko, ®.B. Ucnsitanus PJIC (onenka xapakrepuctuk). [ Tekct]: / Mocksa:
Paguo u cBs3p, 1990. — 208 c.

6. Maiizensc, E.H. M3MmepeHune XapakTEepUCTUK paccesHHs paauosioKanuoHHbIX uened. [Tekcr]: / E.H.
Maizensc, B.A. Toprosanos. [Tox pen. M.A. Komocosa. — Mocksa: CoBerckoe paamo. 1972. — 232 c.

7. lllmakos, A.II. I'appunenko, A.B. Tumomenko, A.B. Xopyxwuii, A.Il. Yepnenkuii, H.I1. SIky6oBckuii, C.B.
Be16op onTEManbHOM MOAENH IBIKEHUS HCCIEIOBATEIbCKAX MAJbIX KOCMHUYECKHX alllapaToB NPH PEIICHUH 3aaad
IOCTHPOBKH PaJMOJIOKAIIMOHHBIX CpencTB. V3BecTust BeicIInX yueOHBIX 3aBeneHuil. [Ipubopocrpoenue. 2007. T. 50.
Ne 6. C. 68-72.

8. XKykoB, A.O. Baiturpay6, A.U. T'epuman, I'.E. IllaxoB, H.U. Y6oxenko, /[.FO. OueHka BO3MOXKHOCTH
MIPEOCTaBIICHNUS 3TAJIOHHBIX IAHHBIX M FOCTHPOBKM W3MEPUTEIBHBIX CPEICTB IO KOCMHYECKHM alllaparam
MEXIyHAPOJHOW nasepHOi cetu. B cOopHuke: MuHileBckue uteHus. Bropas Bceepoccuiickas HaydHO—TEXHUUCCKAs
KOH()EepEeHINsI MOJIOJBIX KOHCTPYKTOPOB M WH)KCHEPOB, MOcBseHa 120-meTnio co IHS poxaeHus akagemuka A.JI.
Munna u 60 netuio acnupanTypbl Pagnorexaudeckoro uacturyra. 2015, — C. 214-221.

9. bonmapernko, A.Il. BbopomaBkun, JI.B. Jlo6pomymoB, A.b. CoxomoB, K.C. TapmaeB, H.I. O HOBBIX
BO3MOXKHOCTAX tocTHpoBKd PJIC nabmonenus KO c ucnonb3oBaHueM u3MepeHUil U opOUTaIbHBIX mapameTpoB KA
I'HCC. PagnonpomsimienHoCTs. 2014, — Ne 1 — C. 18-30.

10. AcranoBuu, A.B. Teopuss maremarmueckoii oOpabGorku wmsmepenmii. [Tekcr]: CII6.: BKA um. A.®D.
Moxaiickoro, 2017. — Y. 1: Ommbku m3mMepeHnii: y4ue0. mocodue. — 2-e u3., nepepad. u gom. — 191 c.

11. PycsieBa, E.A. Teopus marematiyeckoit 00padoTku reopeznueckux uamepenui. [Texcr]: M.: MUNUT' AuK,
2016. — Y. I: Teopus ommbox u3mMepeHuit. — 56 c.

12. Boaxkog, C.1. OBoaenko, B.b. Tymanos, I1./1. Boponaekus, JI.B. Bonnapenko, A.IT. Myxanos, B.A. IToaxon
K IIOCTPOCHHUIO BEPOSITHOCTHOM MOZENN OIIHOOK n3MepeHus koopaunat neneit 11 PJIC HabmroneHus 3a KOCMUYECKUMHI
00BeKTaMuU. Y CIIeXH COBPEMEHHOM paanodaekTponuku. 2016. — Ne 9 — C. 35-42.

Xeruukos JAmurpuii Muxaiiiosuy ITankoB bopuc bopucosu4

Boenno-kocmuueckas akagemust umeHn A.D. BoeHHO-KOCMUYECKas akageMusi HIMEHU
Mosxaiickoro, r. Caskt-IlerepOypr A.®.Moxaiickoro, r. Cankr-IlerepOypr

JIOKTOp TEXHUYECKUX HAYK, TOLEHT, HaualbHUK AIBIOHKT aKaJieMuH,

Kadeaps 197198, r. Cankr-IletepOypr, yi. XKnanosckas, 1.13
197198, r. Cankr-IlerepOypr, yin. Xnanosckas, 1.13 Ten. (+7 911 477 77 25)

Tem. (+7 911 180 32 43) E-mail: vka@mil.ru.ru

E-mail: vka@mil.ru.ru

ByabryeB Cepreii HukxosaeBuu MaJjbkyTa Anexkcanap Baagumuposuy
Boenno-kocMuueckas akagemMust iuMeHu A.O. BoenHbIii ”THHOBAITMOHHKBIN TexHomonuc «9PAy, . AHama
Mosxkaiickoro, r. Cankt-IlerepOypr Hauvansauk maGopatopuu,

IIpenonaBaTens akaieMuu, 353456, r. Anana, [lnonepckuii p-t, 1.41

197198, r. Caukr-IletepOypr, yi. XXmanosckas, .13 Ten. (+7 988 320 30 34)

Ten. (+7 999 028 01 34) E—mail: avm949@mail.ru

E—mail: vka@mil.ru.ru

D.M. KHETCHIKOV, B.B. PANKOQOV, S.N. BULICHEV, AV. MALKUTA

A METHOD OF RADAR STATION ALIGNMENT BASED ON REFERENCE
DATA OF THE INTERNATIONAL LASER LOCATION SERVICE

Abstract. The article describes the method of adjusting a ground-based radar station based on reference
information received from the quantum-optical devices of the International laser location service and provides calculated
relations for processing data of alignment measurements...

Keywords: alignment, spacecraft, radar station.
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Komnerorepnas Bepctka TroxTta A.B.

Ioamnucano B meyats 19.04.2021 r.
JlaTta BBIXOJ1a B CBET
dopmar 60x88 1/8. Yen. meu. 1. 11,4375
Ilena cBobomnas. Tupax 600 3k3.
3aka3

OTneyataHo ¢ rOTOBOIO OpPUTHHAI—-MaKeTa
Ha nonurpadudeckoii 6aze OI'Y umenu U.C. Typrenesa
302026, r. Opén, yn. Komcomonbckas, 1. 95



